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PARALLELISM BETWEEN VARIATIONS OF TAXONOMIC VALUE
AND CYTOLOGICAL RESEMBLANCES IN ALLIED SPECIES:

SPERMATQOGENESIS OF SCORPIONS

By Visawa NATH and GurDEv Kaur GILL

(Department of Zoology, East Panjab University, Government
College, Hoshiarpur)

IxrroDUGTION

Specimens of the scorpior, Buthus acule-carinatus, are easily obtain.
able in Hoshiarpur throughout the year, but more easily in the months of
June to September. Tn view of its availability and the importance of this
animal in general, we hoped that investigation of the spermatogenesis of
this classical animal might be profitable and might yield important results.
This hope has been fully realized.

Gurdev Kaur started this work in April, 1948, with the object of sub-
mitting a thesis for the M.Sc. degree of the East Panjab University under the
supervision of the senior author.

It was spon diseovered that the mitochondria in the spermatogenesis
of this species hehave exactly as they do in the classical apecies of the
Arizona scorpion, Centrurus, worked out by Wilson (1916) inasmuch as
in both species the mitochondria of the primary spermatocyte form a ring
which, in both meiotic divisions, divides equally, each spermatid receiving
two mitochondrial masses of more or less equal size. It may be noted
that in all other genera of scorpions whose spermatogenesis has been worked
out (Opisthacanthus, Vejovis, Hadrurus, and Palamngeus) the mitochondrial
balls do not fuse to form a ring, but remain separate and are more or less
egually sorted out to the four spermatids resulting from one primary
spermatocyte.

It may be stated that both Centrurus and Buthus, whose mitochondria
behave alike, belong to the family Buthidae.

Another important conclusion that we have arrived at is that the
acrosome is formed directly from the Golgi body and is not a secretory
product thereof. )

Regarding technique live scorpions were dissected in normal saline
and the testis was fixed in Flemming-without-acetic from 24 to 72 hours.
The material fixed in F.W.A._ for 48 hours gave very good results. Champy's
fluid was also used, but it gave identical results. Bouin’s fizative was used
for control. Staining was done in 0-59, iron haematoxylin. The material
was studied in smears also. '

PrEVIOUS LITERATURE

Wilson’s classical work on the spermatogenesis of scorpions (Opistha-
canthus, Vejoves, Hadrurus, and Centrurus) was published in 1916. Later,
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Gatenby and Bhattacharya (1925) published a paper on the spermato-
» genesis of Palamnaeus bengalensis and in the same year Nath published a
paper on Palamngeus Madraspatensis,

In all the scorpions the mitochondria are found to be very small and
numerous in the spermatogonia. But in the spermatocytes they coalesce
into & number of mitochondrial balls which remain separate in all genera
except Cenirurus. These balls do not divide, but are merely sorted out
more of less equally in both the meiotic divisions. In Palamnaeus bengal-
engis, according to Gatenby and Bhattacharya, the number of mitochondria
in the spermatid varies from four to eleven. The number of mitochondria
in the spermatids of Palamnaeus Madraspatensiz also varies (Nath, 1925).
The same is true of Opisthacanthus, Vejovis, and Hadrurus, except that in
the first-named the number of mitochondria in the spermatids is six in about
75%, out of the two hundred cases eounted, whereas in the remaining 26%,
the number varied from & to 7.

But in Centrurus (Wilson, 1916} all the mitochondrial balls of the
. primary spermatocyte coalesce to form a single ring-shaped body, which
places itself tangentially to the spindle of the first meiotic division. It is
then cut across transversely into two half-rings. At the close of the first
meiotic division each half-ring is cutinto two parallel rods, In the second
meiotic division these rods are cut aocross transversely into two shorter
rods. The spermatocyte ring is thus divided into eight short rods of equal
size, each spermatid receiving two such rods. These rods quickly turn
into ball-shaped masses. Later, they become attenuated along the axial
filament and twist round each other to form a close double spiral, which
ultimately becomes so fine as to become invisible as such.

OBSERVATIONS
Primary Spermatogonia

The primary spermatogonia are fairly large cells. As usual, each has
a vesicular nucleus, There are one or two deeply staining nucleoli (Text-
fig. I, 1). The mitochondria in the primary spermatogonis are granular,
and they occupy the usual juxta-nuclear position. They stain a deep blue
colour.

In spite of the most diligent search it has not been possible to observe
either the Golgi body or the centrosome, although both these cell elements
become conspicuous in subsequent stages of spermatogenesis.

The primary spermatogonia divide to give rise to the secondary sper-
matogonia (Text-fig. I, 2 and 3). A centrosome is conspicuous at either
pole of the spindie. It is worthy of note that the spindle appears as a
hyaline fusiform area showing no fibres whatsoever. This picture is similar
to the picture of the spindle in the living cells, It is clear therefore that
osmic acid csuses the least amount of coagulation and that the fibres in
the spindle area are artifacts,

The diploid number of chromosomes, as determined by the study of
gpermatogonial metaphase is 24 in Buthus acufe-carinatus (Text-fig, 1, 4).
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Secondary Spermatogonia
The secondary spermatogonia are exactly similar in structure to the
primary spermatogonia, except that they are smaller in"size (Text-fig. I, 5).

0.0% mus.

TexT-F16. I. 1. Primary Spermatogonia; 2 and 3. Spermatogonial metaphase;
4. Spermatogonial metaphase, polar view (24 chromosomes); 5. Secondary
spermatogonia. - '

1, 2, 3, and 5 from material fixed in F.W.A. and staired with 0-59, iron
haematoxylin, and 4 from material fixed in Bouin’s fluid and stained as above.

C., centrosome; Ch., chromosomes; M., mitochondria; N., nucleus; Nu.,
nucleolus; 7T'., tail,

3



Spermatocytes

There is no appreciable difference between the primary spermatocytes
and the primary spermatogonia, except that the mitochondria in the former
do not occupy juxta-nuclear position, but, having grown in size, are dis-
tributed evenly throughout the cytoplasm (Text-fig. 11, 1).

A remarkable process now takes place which has its parallel only in
Centrurus as described by Wilson (1916). The mitochondrial granules of
the primary spermatocytes, which were hitherto distributed evenly, now
take up a juxta-nuclear position and form a dense deeply-staining mass.

0-01 mw.

TexT-F16. I1. 1. Primary spermatocyte with scattered mitochondria; 2. Mitochondria
cloéely aggregated at one side of the nucleus; 3 and 4. Mitochondria assuming
"a vesicular form; 5 and 6. Mitochondria arranging themselves into a ring;
7. Mitochondrial ring. '
All from material fixed in F.W.A.
C.A., clear area; M.R., mitochondrial ring.



Gradually, by a progressive process of coalescence, the mitochondrial
granules form what may be appropriately described as mitochondrial balls
or vesicles. With suitable staining it is possible to demonstrate that each

TexT-F16. III. Primary spermatocytes before and during their divisions. - 1. Top view
showing the ring along with the Golgi elements lying over the nucleus; 2. Ring
with two Golgi bodies; 3-5, Ring lying at a tangent to the spindle; 6 and 7. Ana-
phase I showing a complete ring and the two daughter nuclei.

From material fixed in F.W.A,
@., Golgi bodies.



0-01L mm.

TexT-¥16. IV, Stages leading to the formation of the secondary spermatocyte.
1. Late anaphase I showing a break on one side of the mitochondrial ring and an
indication of & break on the other side; 2. Telophase I, mitochondrial ring dividing
into two half-rings and an extra piece; 3 and 4. Division of the two half-rings into
two rods each and an extra ball-like mass; 5. Metaphase I, polar view showing
twelve chromosomes; 6 and 7. Secondary spermatocytes with two rod-like pieces
and an extra piece of mitochondrial material.

1 from material fixed in F.W.A.; 24, 6 and' 7 from material fixed in Champy’s
fixative ; 5 from material fixed in Bouin’s fluid.
M,, extra mitochondrial piece.



mitochondrial vesicle shows a chromophilic cortex and a chromophobic
medulia (Text-fig. IT, 2-5). - ‘

The next step in the process consists of a gradual and a progressive
fusion of the mitochondrial vesicles to form a complete ring, in which the
chromophobic material can be still seen in the form of vacuoles, at least in
some cases (Text-fig. I1, 6.7 and Text-fig. 111, 1 and 2).

During metaphase 1 the mitochondrial ring places itself tangentially
to the mitotic spindle (Text-fig. III, 3-5) and continues to occupy this
position even during the early telophase I (Text-fig. III, 6 and 7).

During the late telophase stages of the first meiotic divisions the
mitochondrial ring is cut into two half-rings, each secondary spermatocyte
receiving one halforing (Text-fig. IV, 1-4), which quickly breaks up into
two parallel rods. :

There is, however, one important point of difference between Buthus
acute-carinatus and Cenirurus, viz., that in the former species a somewhat
round mitochondrial piece is differentiated at an early stage in the equatorial
region, and this gets pinched off from each of the two half-rings, and it
passes to one of the two secondary spermatocytes (see M; in Text-fig. IV,
1-4 and also in Text-fig. IV, 6 and 7). This mitochondrial piece, however,
soon fuses with one of the two parallel rods in the secondary spermatocyte
(Text-fig. V, 1-3).

During metaphase II the two mitochondrial rods in secondary sper-
matocyte again place themselves tangentially to the mitotic spindle (Text-
fig. V, 4 and 5). In the telophases each mitochondrial rod is cut across in
the middle, so that each of the two resulting spermatids will receive two
short rods. ‘ .

In Text-fig. IV, 5 is shown a polar view of the early telophase I, showing
the haploid number of chromosomes which is twelve. In Text-fig. V, 9
is shown likewise a polar view of the early telophase II, also showing the
reduced haploid number of chromosomes.

As a rule, it is easy to demonstrate the Golgi body during spermateleosis,
but in this species it has been possible to demonstrate it sometimes during
earlier stages also (Text-fig. III, 1 and 2). In these two figures the Golgi
body clearly consists of two pieces. :

_ Spermateleosis

In the earlier spermatids the two short mitochondrial rods quickly
round themselves off and the Golgi apparatus, which hitherto consisted of
two pieces, becomes a single compact body by the fusion of these pieces
(Text-fig. VI, 1-5). The spermatid nucleus now begins to elongate, and
the Golgi body places itself at its anterior end and the two mitochondrial
pieces at the posterior end (Text-fig. VI, 6-9).

Soon an axial filament springs up from the base of the nucleus (Text-
fig. VI, 10). It soon emerges out of the cell at the posterior end. Due to
mechanical disturbance it may not be possible to demonstrate the origin
of the axial filament from its natural position, that is, the base of the nucleus
(Text-fig. VII, 1-5).



With the elongaticn of the nucleus of the spermatid the Golgi body
begins to grow directly into the acrosome (Text-fig. VII, 6 and 7). At the
same time the two mitochondrial masses in each spermatid begin to elongate
and assume the form of two thick threads closely twisted round each other

©-0% mm.

TexT-FI¢. V. Secondary spermatocytes and their divisions. 1-3. Two rod-shaped
mitochondria; 4-8. Gradual stages in the division of these two rod-like mito-
chondria into two equal halves; 9. Metaphase II, polar view.

1-3 from material fixed in Champy’s fixative; 4-8 from material fixed
in F.W.A.; 9 from material fixed in Bouin’s fluid. :



(Text-fig. VIII, 1-5). Ultimately the mitochondrial spirals get so attenuated
that no trace is left of them in the tail of the ripe sperm, although the sheath
of the axial filament is formed definitely from the mitochondrial spirals.

0.0 mm.

TexT-Fic. VI. Spermatids. 1. With two mitochondrial pieces and the Golgi body
lying in front of them; 2-5. Movement of the Golgi body to the anterior side of
the nucleus; 6. Fusion of the Golgi body with the nucleus; 7-9. Early stages in
the development of the acrosome; 10. Showing the axial filament arising from the
base of the nucleus.

All figs. from material fixed in F.W.A.
A.F., axial filament.

DiscussioNn

We wish to emphasize only three points in this section: firstly, it. has
to be noted that the distribution of the mitochondrial material to the four
spermatids resulting from one primary spermatocyte is equal only in the
quantitative sense and not in the qualitative semse. The division of the
mitochondrial material is not on a par with the division of a chromosome,,
which divides equally not only in the quantitative sense, but also in the

-9
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qualitative sense. It has therefore been rightly held that chromatin is the
physical basis of heredity par excellence.

Secondly, it is to be noted that the acrosome is formed directly from the
Golgi apparatus and is not a secretory product thereof (vide Nath, 1944).

G

\

TexT-r1e, VII, Spermatids showing the formation of the acrosome, elongation of the
nucleus, and the origin of the axial filament.
All figs. from material fixed in F.W.A,
A., acrogome, . :

10



Lastly, we claim to have produced cytological evidence in support of
the taxonomic value of the seemingly unimportant external variations
which the taxonomist uses in his work of species building. -As has been
pointed out earlier by us, Centrurus and Buthus acute-carinatus have been
placed. in the scheme of classification clgse to each other in the family
Buthidae on the strength of external resemblances which are parallel, as we
have proved, to the identical behaviour of the mitochondrial material in
these two closely allied species.

A similar parallelism was brought out by Nath in the Decapod sperm
(Nath, 1942). In the Macrura, as illustrated: by Penaeus indicus, Palaemon
lamarrei, and Panulirus polyphagus, there is a single large centrosome.
A A

© 0L mm.

Texr-pie. VIII. 1-5. Elongation and twisting of the two mitochondrial pieces to
form the tail-sheath of the sperm tail; 6. Ripe sperm with acrosome, head, and
 the tail. .
1-5 from material fixed in F.W.A. and 6 from a smear prepared in F.W.A,

u



From some Macrura-like ancestors (probably forms somewhat like present-
day Penaeidea), with only single centrosome in their sperms, were evolved -
such Brachyuran forms as have two centrosomes in their sperms (Paratel-
phusa and its allies), and from some of these bicentrosomal forms were, in
turn, evolved Leptodius and its allies, which have three centrosomes in their
spertns. The Anomura seem to have arisen from the Penaeidea-like an-
cestors by the enormous enlargement of the centrosomal apparatus and its
differentiation into three well-defined parts. It was shown by Nath that
this process of evolution based on cytological difference runs parallel to the
process evolved by the taxonomists inasmuch as the taxzonomists are
generally agreed that the Penaeidea are the most primitive of the Decapoda.

SuMMARY

1. The remarkably equal distribution of the mitochondrial material
. in the spermatogenesis of Buthus acufe-carinatus has been fully described.
,2. The acrosome is formed directly from the Golgi body and is not a
secretory product thereof. :
- 3. Cytological evidence in support of the taxonomic value of seemingly
unimportant external variations has been produced.
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TABLES OF DIRTRIBUTIONS!
By HansrAs Guera, Government College, Hoshiarpur

1. Let u(m, a) denote the nuraber of distributions of m unlike things
into a { < m) groups; i.e. the number of ways in which 7 men can be accom-
modated in exactly e similar apartments, no apartment being left vacant.

Thus u(4, 3) = 6, because four men A, B, C and D can be placed in three
apartments in the following six ways:—-

(1) {A), (B), (C, D); (2} (A), (D), (B, C); {(3) (&), (C), (B, D);
(4} (B}, D), (A, C);  (B) (B), (C), (A, D); (6) (0), (D), (A, B).
Now suppose, we have to place (m+1) men in « apartments. Corre-
sponding to each of the u(m, a) distributions of the first m men into a apart-
ments there are @ ways of accommodating the (m +1)th person, because he
can be placed in any one of the a apartments. Again, corresponding to
each one of the w(m, a—1) distributions of the first m persons into {(a—1)
apartments, there is one way of accommodating the (m+1)th person and
that isin the a-th apartment. Hence, we have the fimdamental relation:—

ulm-+1, a) = a. ulm, a)+u(m, a—1), .. 1)
which holds when m 3> ¢ > 1. Moreover, !

uim,1) =1 =wu(m,m), mpa»1l; .. .. o (2

and we take :
u(0, 0) = 1, S
w(m, @) = 0, when 0 < m << a, or ¢ < 0. .. o4

The tables that follow, give the values of u(n, a) for 1 < a < n < 50;

and have been computed mainly with the help of relation (1). We give
also the values of
”

Un) = Z u(m, a), O )
ma=l
for values of  up to §0. These are the unrestricted distributions of » dis.
similar things into groups. Thus I7(6) = 203.
]
2. Let?8(@)= > uim,a).z™",
2,
a o
_ —tn
then E.S(u)._ 2 g.um-1,a), 2”7,
m=al
Subtracting, we get
2 Sy = D utm—1,a=1).27" _ Ha—1)

T &
L

i3



1 1
(z—a) (z—a+1)

Hence S(a) = x—i&.S(a-l) = .Sa=2)=....

= {(z— 1) r—2)(@—3)... (x—a}} ’;

because S(l)-—-+ + .|. L

z ' z? ) T z—1
Thus (2, a) is the coefficient of 2~ in the expansion of
{(E-lz-2E=3)...-a)} % .. .. (g
- Breaking {6) into partial fractions, we find that
- a—1 ) "— o— 1 "
{a=1)! ulm, a) =a 1-—( 1 )(a-—-]) 1+( )(a—-2} — .
L a=1f@=1\ _pm_q
=y () ()
In particular,
w{m, 1} =1,
1) ufm, 2) = 2™~ 11,
21 u(m, 3) = 3" 1—2, 2" 141,

g 1y = e (0) g (o (9).

Coefficient of «™ in the expansion of (¢"—1)"

_a” _(cla) (q—l)”+(g) @=2"_ {1y (ail)f,—:_.', s

m! m! m!

a!
=— u{m, a).
= u(m, a)

m
Hence U(m) is the coefiicient of x— in

ie—l) ie. in i €

In other words,
( ) o U(2)

U(3) 28 U{m)
=14 e 57 224 37 x34 . +-m—x"’+ ----- .. (8}
Diﬁ'erentmting, we get
Uim+1)
e* , e -1 T
Also e, et -1 = - —x,
=1 SZ y ¢!

Equating the coefficients of #™ in these two expressions, we have

Ulm+1) = U(0)+( )U(l (m U2+ .. .. +($)U(m), . (9
where U(0) = 1. )
14 IB



The value of U/(50) has been checked € with the help of (9).

3. The following congruences were very useful to me in checking the
results as the work of computation proceeded.

Throughout this section p denotes a prime > 2.
As a direct consequence of Fermat’s Theorem, we have

u(p,a) =0 (mod p), l<a<y; .. .. .. (10)

and = ] {mod p}), @ =1 or p. . (1
Moreover

u(p+m, a) = u{m4-1, a)+u(m, a—p) {mod p). o {12)

For supposing (12) to be trus for every positive m < n—1, we have
w(p+n, a) = a. . uptn~l, a)+ulpt+n—1, a—1),
e a{u(n, a)+u{n—1, a—p)}
. +{u{n, a—1)+u(n—1, a—p—1}}(mod p),
= {a.u(n, a)+u(n, a—1)}
+{a.u(n—1, a—p)+u(n—1, a—p—1)}(mod p),
= w(n+1, a)+u(n, a—p) (mod p).

The result follows readily by induction.
From (12) we obtain without difficulty

Ulp+m) = Ulm+1)+U(m) (mod p}; .. ..o (13)

where U(0) = 1 as already stated.
Using (13), & times in succession, we get

Ulkp+m) = U(m'.l.k).l.(’l“) U(m+k-1)+(’2‘) im4k—2)4....

. +(’£) U(m) (mod p). .. (14)
As a particular case of (14), we have

Ukp) = U(k)+(’1“) U(k-l)+(§) Uk=2)+ ...+ (ﬁ) U(0) (mod p),

= Uk4+1) (mod p). ..7 .. .o . .. .. (18)
4. An Inequality. For every m > 0,
(m4-2)1
U . 16
(m) < 2 5" (16)

Supposing this to hold for every m < n—1, we have
Un) = U{n—1)+(nTl) U(n-2)+(”§1) Un—3)+ ....
+(321) oo,

n—1
{n+1)! n! (n—1){n—2) (n—1)!
gty T et
3t
+(n_1)°3.2+ll

i5



(n+1)!

<E._2”__1{ + + +3l+ ..... },
|
TSN
3.2
<(7;+2) , pro 71ded?—1—1—_-g>eﬂ.

The result being true for every m < 2(e2—~1), is true for every m > 0.
5. 1. Some Asymplotic Results,
Let (m—1)/a = y, where y iz not necessarily an integer.

Then for large values of m and a,

U(m, a) = 11)!{ - 1_(w-1'1)(a—1)”’”1

+(a-2-1)(m_2)m-1; .... }’ .
ey -1 (-3)”

H7) (-8 -3

am—1

~ e e
m=1
Similarly, u(m, a—1) ~ H""__‘?? e~% (1 —g=9)3-2,
m—1
and wlm, g-+1) ~ aa—,e”(l—e‘?)“. .

Hence #(m, 6—1) < u('n;, a) > u(m, a+1) for large m, if
ae* < atl,ie loga <y < log (2+1).

Thus =(m, a) is maximal for & given large m, if
log a.<”—’%1 <log (a+1). .. .. .. (7

For m = 50, this gives ¢ =17, while ¢ = 16 from the table.
6. 2. Let r denote the value of g for which #(m, &) is maxzimal.
r 0

Then Ulm)= > uim,a)+ > wum, a),

a=] argl

(I—e=)=1 g=31—g~¥)-2
o~ =1 i .
¢ { =T T =g T

N +rm__1{e?(1—e"?)" B (l—e)rtt } _m=1,

rl r+1)! Y=
=1 < (¥ —1)
“ew-n“ A
pm=
~ =D exp (er —1).

16



Since ¥ = log r nearly,

For m = 50, taking r = 16, this gives
lOg]_o U(50) =34 lOglo 16+15 logm €,

<}

ym-r 'l

= 34 1-290412+15 % 0-43429,

= 47-46443 ;

while

Iogm U(50) = 4726878,

Even if we were to take v == 1

logio U(50) = 47-55349.
Within the limits of the table, the value of logys U{) computed from

(18) excewds the true value by < 0-3.

..

7, as given by (17), we would get

(18)

For forming a rough estimate of the value of U(m) for large m, (18) is

thus very useful indeed.

REFERENCES

1. This work was done at the suggestion of Dr. D. B, Kothari of the University of

Delhi in 1945.

2. See H. Gupta, ‘Symmetric Funetions in the Theory of Integral Numbers’, Lucknow
University Studies, xiv, 1940, 37-54.

3. See W. A. Whitworth, ‘Choice and Chance’, Cambridge, 1901, 81-—89

4. Sce the table at the end,

‘My pupils Om Pralash, Ranbir Singh and Umea helped me in checking this result,

Tug TABLE.
n—

a 1 21 3] 4 5 8 7 § 9 10
1 1 1 111 1 1 1 1 1 1
2 1] 3( 7 15 31 63 | 127 256 511
3 i| ¢ 25 80 | 301 | 9466 3025 9330
4 1 10 66 | 360 | 1701 7770 34105
] 1 15 | 140 | 1060 8951 42525
6 1 21| 266 2648 22827
7 1 28 462 5880
8 1 36 760
9 1 45
10 1
1 2] 516 62 | 203 | 877 | 4140 | 21147 | 1 15975
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7 —

. 11 12 13 14
1 1 1 1 1
2 1023 20477 4095 8191
3 28501 86526 2 61625 7 88970
4 | 1 45780 6 11501 | 26 32530 | 103 01746
5 | 246730 | 13 70400 [ 76 08501 | 400 75035
6 | 179487 | 13 23652 | 93 21312 | 634 36373
7 63987 6 27306 | 57 15424 | 403 20280
8 11880 159027 | 18 89612 | 209 12320
9 11585 22275 350502 | 51 35130

10 55 1705 39325 1 52762
11 1 66 2431 66066
12 1 78 3387
13 1 91
14 1

6 78570 | 42 13597 | 276 44437 | 1908 00322

n—

- 15 16 17 18
] 1 1 1 1
2 16383 32787 65535 1 31071
3 23 75101 71 41686 214 57825 644 38010
4 493 55950 1717 98901 6943 37290 27988 06985
5 2107 86920 10961 80550 56527 51651 | 2 89580 95545
6 4206 93273 27349 28558 { 1 75057 49898 | 11 06872 51089
7 4087 41333 32818 82604 | 2 57081 04786 | 10 74624 83400
8 2166 27840 21417 84053 | 2 04150 95028 | 18 90360 65010
9 671 28490 8207 84250 95288 22308 | 10 61753 95755

10 126 62650 1937 54990 27583 34150 | 3 71121 63803
1 14 79478 289 36008 5120 60978 83910 04908
12 1 06470 27 57118 620 22324 12563 28866
13 4550 1 65620 49 10178 1258 54638
14 106 6020 2 49900 84 08778
15 1 120 7820 3 87200
16 1 136 9996
17 1 153
18 1

13820 58545 | 1 04801 42147 | S 28648 69804 | 68 20768 06159




a 19 20
1 1 1
2 2 62143 b 24287
3 1934 48101 5806 06446
4 1 12596 66850 4 52321 16901
5 14 75892 84710 74 92060 90500
1 69 30816 01779 430 60788 95364
7 149 29246 34839 1174 33540 45652
8 170 97510 03480 1517 09326 62679
9 114 46146 26805 1201 12826 44726
10 47 72970 33785 591 75849 64655
11 12 94132 17791 190 08424 29486
12 2 34669 51300 41 10166 33391
13 28924 39150 6 10686 60380
14 2435 77530 630256 24580
15 139 16778 4523 20200
16 5 27136 223 50954
17 12597 7 41285
18 171 15675
19 1 190
20 1
583 27422 05057 5172 41582 35372
R -

a 21 22
1 1 1
2 10 485675 20 97151
3 17423 43626 52280 79450
4 18 15090 70050 72 77786 23825
] 379 12626 88401 1913 78219 12056
4] 2658 66794 62804 16330 53303 45225
7 8231 09572 14948 602786 23799 (7440
8 13251 10153 47084 1 14239 90799 91620
@ 12327 24764 65204 1 24198 33035 33920
10 7118 71322 912%5 83514 37993 77954
11 2682 68516 89001 36628 25008 70286
12 683 30420 30178 10882 33660 51137
13 120 49092 18331 2249 (8618 63481
14 14 93040 04600 829 51662 81331
15 1 30874 62580 34 56169 43200
16 8099 44464 2 60465 74004
17 349 52799 14041 42047
18 10 23435 533 74629
19 19285 13 89850
20 210 23485
21 1 231
22 1

47486 98161 56751

4 50871 57384 47323
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20

n -
a . 23 24
4
i i1 1
2 4] 94303 83 88607
3 1 56863 35501 4 70832 00806
4 201 63425 74750 1168 10668 34501
5 0641 88831 84100 48500 (7834 05260
6 99896 98579 83405 6 09023 60360 84530
7 4 38264 19991 17305 31 67748 38518 04640
8 9 74195 50199 00400 82 31828 21583 20505
9 12 32006 88117 96900 120 62257 43260 72500
10 9 59340 12973 13460 108 25408 17849 31500
11 4 86425 13088 51100 43 10016 56957 75560
12 1 67216 27734 83830 24 93020 45907 (38260
13 40128 25603 41390 6 88883 60579 22000
14 6862 91758 07115 1 36209 10216 41000
15 847 94044 20331 19682 02422 47080
16 76 23611 27264 T 2087 71824 65555
17 4 90189 58803 161 09499 36815
18 23648 85369 9 24849 25445
19 797 81779 38807 39170
20 18 59350 1168 72779
21 | * 28336 24 54606
22 253 33902
23 1 276
24 i
44 15200 58550 84346 | 445 95386 92048 05289
a n= 25 n= 26
1 1 1
2 167 77218 335 54431
3 -14 11979 91025 42 36107 50290
4 4877 12897 38810 18722 63569 46265
b 2 43668 49741 10751 12 23019 61602 92565
6 37 02641 70000 02430 224 59518 69741 25331
7 227 83248 20087 16310 1631 85379 72910 16600
8 600 22372 11183 68380 5749 62226 19456 64950
9 1167 92145 10929 73005 11201 51698 08551 25625
10 1203 16339 21768 87500 13199 55537 28468 48005
11 802 35590 44384 62660 10029 07834 09984 76760
12 382 26262 (7848 74680 5140 50735 38589 58820
13 114 48507 33437 44260 18560 5GB5T 42535 GOO6D
14 26 83811 03608 96000 477 89861 83962 88260
15 4 20039 46553 47200 80 44903 01911 04000
16 52665 51616 95960 12 2587 72424 82560
17 4808 33313 93110 1 34373 17953 78830
i8 327 56785 94925 10702 55461 01760
19 16 62189 69675 643 38390 18750
20 62201 94750 20 06228 64675
21+ 1685 19505 97591 04355
22 32 00450 2380 20405
23 40250 41 26200
24 300 47450
25, 1 325
26 , 1
4638 59033 22200 99353 | 490631 24652 36187 56274




G n= 27 rn= 28

1 1 1
2 671 08863 . 1342 17727
3 127 08658 05301 381 26645 24766
‘4 74932 90385 35360 2 99858 70199 46701
b 61 33820 Ti584 09090 307 44036 48305 80800
6 1359 80131 80050 44661 8220 14611 51886 76396
7 11647 57177 29112 41631 82802 80372 83837 35268
8 47628 83181 35563 36200 {1 3 02678 22628 13619 31131
o 1 06563 27328 06417 955675 | 10 06698 29133 84324 96375
10 1 43197 07050 24236 05675 | 15 38333 97837 47778 52326
11 1 23519 41712 38300 92365 | 16 01910 65887 15546 21690
12 71823 16658 72810 82600 | © 85397 41617 12138 83586
13 20206 89881 01531 09600 | 4 51512 85123 62724 07400
14 8541 14923 18015 85700 | 1 48782 98806 43753 09400
16 1834 63407 12628 48260 36060 66030 07443 00600
16 204 06306 60708 24060 6539 64312 83060 47620
17 35 56931 77639 22870 808 74146 80675 10350
18 3 27019 162562 10610 94 43276 70177 11850
19 22926 84874 58010 7 82629 28869 12700
20 1224 62963 12250 47419 44137 03010
21 49 56640 56130 2265 31414 90980
22 1 50155 51265 82 509061 83960
23 3338 32006 2 26936 87380
24 52 65000 4601 920056
25 55376 66 54376
28 351 64701
27 1 378
28 1

5 46717 04793

60599 89389

61 80539 40450 993465 2455




[ n= 29

1 1
2 2684 356456
3 1143 81277 92025
4 11 9816 07443 11570
& 1540 20041 11728 50701
6 49628 31705 50626 39176
ki o 884069 77221 38748 23272
8 32 24318 61397 92791 84316
9 94 52062 84832 72543 98500
10 163 92038 07508 62110 19625
11 180 59651 22596 18786 90915
12 133 26679 65292 61212 24470
13 08 55064 48224 27551 79765
14 25 34454 88413 75267 39000
15 6 89692 89257 55308 53400
16 1 40694 95035 50810 71520
17 21818 24808 53737 23670
18 2508 53127 43763 23650
19 239 33233 18690 53150
20 17 11918 11609 72900
21 94991 03850 13590
22 4082 30775 38100
23 134 78609 93700
24 3 37382 955010
25 6285 51380
28 83 36601
27 74907
28 406
29 1

713 39801 93886 02751 91172




n= 30

1 1

2 5368 70911

3 3431 46518 11530

4 48 00408 11050 38306

5 7713 00021 68085 65075

& 2 99310 10274 69486 85757

7 41 68916 72255 30864 02080

8 263 83018 68404 81082 97800

9 883 00984 24892 45687 70870

10 1733 73343 59918 93645 94766
11 2150 47101 56066 68766 19690
12 1779 79707 06107 53333 84555
13 102¢ 42517 92208 19385 61415
14 423 37710 06016 81295 25785
15 128 79868 07277 06260 40000
16 20 40812 09825 68370 97720
17 5 11605 16780 64343 72210
18 68591 81102 41475 49270
19 7146 84559 98883 33500
20 581 53595 50885 11150
21 37 05829 92462 58200
22 1 8480} 80908 51790
23 7182 38803 93200
24 215 75800 85700
25 4 94020 80000
26 8433 03006
27 103 59060
28 86275
29 435
30 1
8467 49014 51180 93324 50147
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24

o
I 1
2 10787 41823
"3 10294 44923 05501
4 192 55063 90719 64750
b 38613 00516 41478 63680
6 18 03573 61669 83006 79617
7 204 81727 18061 85535 00317
8 2152 33066 10453 79527 84480
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13 92685 05266 26386 08023 47053 D385 40786 93415




n= 46

3 1

2 3518 43720 88831

3 14 77156 31809 10447 60490

4 V0 63218 62724 56102 92523 B2405

5 1 18403 15703 32197 58384 63703 35115

6 885 02051 13855 64215 01044 83864 58661

7 1 47755 07902 87728 32001 08543 82220 91200

8 84 03004 06717 08008 51470 22095 228836 80400

0 2078 99424 57138 58279 03537 17528 00446 27250

10 45435 60883 80434 52057 44596 41968 53762 04760
n 1 74377 30862 48145 12406 42742 32982 71059 51170
12 % 98776 07362 26613 03739 56801 86378 41641 20815
13 19 50424 09220 87460 53700 24403 51806 40007 61305
14 38 12230 74336 10083 941D1 94603 90213 21412 01545
15 48 40711 00100 S1402 57120 46422 84112 16073 28000
i6 46 80650 37514 00034 58288 23766 68812 21397 08720
17 B4 07537 36802 B6U525 36485 54266 01971 27171 37460
18 10 0844) 07921 05024 80483 23630 50112 52467 18620
19 8 37243 04078 54060 44171 50513 30421 52743 75000
20 2 92114 08011 12028 23457 58251 01508 54231 81100
21 82104 05590 50049 51038 24365 98650 37459 32660
22 18704 57396 87085 10104 65180 67144 19717 63260
23 3536 66152 (04823 63367 79783 13363 80154 36400
24 551 41619 67924 83104 11185 06315 07742 28900
28 41 71250 22400 14283 46480 59362 90599 53700
26 W 82305 80845 15318 21669 22821 19161 48702
a7 71918 32225 18748 71964 49541 72960 84550
28 5502 54123 58106 19601 00228 18507 97825
29 308 92067 49629 44099 28789 76838 14425
30 20 68026 70774 87663 50480 02117 07651
3 98455 71157 50147 60336 82850 84384
32 4014 03038 37117 92830 30119 16808
a4 138 $6806 (6257 93826 71040 65339
34 4 08328 72843 74305 09218 12809
35 10179 15159 66490 84307 32150
38 214 31894 79705 57657 13431
ay 3 79085 47581 06986 64293
38 5592 09918 07635 63611
39 68 12385 22656 12000
40 67627 (06473 23480
41 B37 11775 51594
42 2 32535 78204
43 1543 73010
ad 5 04735
45 1035
46 1
226 54182 10334 40400 20284 Bddd4 70539 22761 58355
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a = 47
1 1
2 7036 87441 77663
3 44 314068 98945 75063 70301
4 82 52889 28054 56220 80542 90350
b 5 92036 41735 23712 48026 11040 58040
] 5101 36109 98837 17487 84653 65600 87081
7 10 35150 58269 87953 04522 60851 50210 97061
8 680 93087 61646 58998 44662 92505 65315 34400
9 18795 88725 20965 32419 83304 80756 17884 25650
10 2 56435 08263 51483 79853 49501 37214 37065 743860
11 19 43586 00371 18030 89518 14762 04778 35416 67630
12 §9 19690 19228 87501 57371 25444 GO523 TOT54 064950
13 264 G1289 27235 23717 03012 74137 81018 81740 18050
14 533 90654 50626 28364 72477 50119 40880 39775 83025 -
15 762 82885 Ta808 32452 50998 01036 60895 78011 21548
16 787 31261 00358 26045 80732 26680 85107 59326 67520
17 626 08794 63181 90965 78542 46304 32323 B2310 45540
18 377 80476 TOIB] 50071 85183 T9617 55996 TIS80 72620
19 178 16058 85419 02173 19741 83383 37127 24508 43620
20 66 79524 24301 24625 13323 15533 64592 67379 97000
21 20 16209 23411 83067 95260 69936 73366 40877 66960
22 4 95584 68321 65921 73340 58340 75822 71247 24380
23 1 00137 79353 08028 67564 00192 74511 63208 004680
24 16770 66044 35014 77866 48246 24926 65969 30000
25 2344 22875 30178 20195 73200 80137 72730 71400
26 275 11203 63464 12557 29880 47503 83708 10052
27 27 24100 59926 21533 84710 60247 89341 01562
28 2 28509 47685 48242 20817 75930 91193 03650
29 16201 50180 97450 24581 25131 49714 18150
30 989 60768 72875 74916 43100 40450 43055
31 51 30353 76657 42239 60921 70772 23555
32 2 27204 68386 37021 30006 46673 22240
33 8596 67654 60629 8B0TD 04160 72995
34 277 60983 31945 20229 45357 04245
35 \ 7 84590 03432 01485 56974 381569
36 17894 63372 35891 60164 15666
37 354 58057 40205 16162 92272
38 5 91580 24467 07140 81511
39 8248 02941 01224 31411
40 96 17467 81586 51200
41 89648 80269 51134
42 676 78278 36462
43 3 98016 17634
14 1765 81350
45 & 51310
46 1081
47 1

3745 00595 02461 51119 65053 42008 43151

01201 74682
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14073 74883 55327

132 94407 03874 12632 88566

330 11601 43687 23828 97235 31701

20 60264 61565 46616 06351 35745 80550

31154 (8806 34758 28638 35948 05185 80526

72 51245 83999 14514 70145 90614 30167 66508

5458 27051 51442 59925 51826 00896 81733 72261

1 60843 87514 50334 50774 94406 19311 26363 65250
25 83146 71360 35808 30954 78318 52800 88551 74160

216 35881 12348 60823 64553 11883 89776 26640 18780
1089 70868 31117 69049 77973 20098 39062 84464 79030
3620 16450 73286 95822 06536 BO233 62765 73370 47300
7739 30452 36003 20823 17697 75809 33344 18601 81300

11976 34090 85101 15152 37461 15068 54316 79944 06200
13519 B30T 81630 40186 86715 18074 22617 25238 01865
11440 80769 74110 72464 24954 13863 34612 75604 41700
7422 70376 92030 704569 11850 79420 40264 71783 52700
3762 64695 02343 01262 60278 63901 61414 38951 01400
1514 06043 71443 94675 86204 94056 28980 72107 33620

400 21808 15945 40052 13707 84206 05287 26811 03160
128 10162 26488 13346 (8753 53433 41466 03317 03320
27 98763 03463 20581 27812 62773 80590 26411 34060
b 02633 40418 33383 36369 58102 72727 46531 20460
76376 36926 80469 82750 78266 28368 84237 15000
9497 14168 50245 46685 50093 15238 81483 00152

1010 61919 76442 93985 77066 74197 01020 41856

91 22365 95118 72315 47607 86313 42746 03752

7 00963 02033 74299 33674 04744 32903 72000

46979 73242 83722 72074 20843 63227 $4800

2580 01735 49255 84344 31763 24389 74160
124 00903 64989 55721 40923 64315 35235
& 10885 00987 38707 70514 83977 31075
18038 47087 46766 76880 46300 17325

545 30940 B2065 72224 39460 39810

14 08805 84836 93583 22884 (2135

31014 11496 23482 58102 29730

579 38206 69988 (7513 80620

9 13203 40202 54889 14340

12056 91654 54644 79611

131 93072 41635 47604
1 18073 76960 82538
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2013 90300
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1 ) 1
2 28147 49767 10656
3 308 83221 25696 12782 21026
4 1320 46538 691565 99100 01574 16370
5 148 01633 10428 76772 055856 759684 34451
6 1 B6B34 12442 T01156 18447 12039 66860 63706
7 507 $9872 166890 36381 82658 70251 66350 46082
8 43738 67657 55539 03018 93753 97789 34037 44596
g 15 34054 04682 04453 16900 01481 74683 10006 59511
10 260 01311 11118 08367 60322 77591 48310 11881 06750
11 2405 77839 07173 04863 41039 00041 40438 81692 80730
12 13293 94300 85768 S8421 00231 53064 58530 40220 67140
13 46968 .03727 83848 14748 32052 80136 56017 88358 93930
14 1 11879 42783 77331 87347 44305 60564 20584 33801 85500
15 1 87384 41815 72520 48108 79615 10837 48096 17762 74300
16 2 28203 83230 05189 02142 24904 04856 16192 83752 36040
17 2 08013 56157 41512 81079 10936 53751 11034 10518 10785
18 1 46061 09554 30663 40728 38268 43430 50377 67347 90300
19 78013 06682 36547 94448 57144 93551 07138 11832 79300
20 34043 95469 81221 94779 84377 456027 41028 82007 73800
21 11808 64515 06209 24770 75950 62362 40013 14229 40080
22 . 3332 43377 08684 42666 06375 59740 17641 08785 76200
23 772 90502 76141 86715 36943 97233 02042 15778 07400
24, 148 61945 63504 41781 99942 57239 35040 43160 26000
25 23 87042 63500 75128 05354 14759 81948 52459 95460
26 3 22302 05307 95851 06592 80688 24678 02818 6852
27 36783 86002 14258 83761 30895 18558 09291 T0264
28 3564 83166 39769 18799 10086 90972 07944 16012
29 294 50203 86197 26996 24155 23898 90954 B1732
30 20 80355 00218 86080 95900 30053 29724 16000
31 1 25960 27043 10653 86748 05507 20309 33760
32 6548 30652 28921 67432 20470 92481 01680
33 292 60438 97573 33075 76918 36666 60710
34 11 24203 01061 28777 84450 58183 20126
35 37124 80320 80067 04734 27414 10676
36 1052 47960 06195 41220 63285 16670
37 25 56328 10197 62438 75090 02146
38 53030 66770 83029 43720 37050
38 936 56742 38887 48190 489450
40 13 95530 15384 40680 98780
41 17465 07623 81690 35065
42 181 52170 73980 14200
43 1 54551 38940 55670
44 1058 02800 64220
456 6 67237 60534
46 2290 37066
47 8 54052
48 11176
49 1

10 72613 71545 73358 40034 22155 18690

002683 30172 47281
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5281 865653 59845 22456

740 09586 43682 53016 27118

11 21872 76308 40119 87454 77823

3657 16059 29275 24647 97065 03801

3 50417 31132 61009 87713 32691 52566
138 50225 02795 95618 46019 07088 70073
26156 47165 15862 88129 20127 77396 57799

206723 §7540 90021 61865 11762 77046 93137

1 61933 09449 36279 77915 43817 46816 42803

6 23890 12762 75784 81140 28617 94826 73756

16 13280 92700 66494 37612 53229 88035 69168
29 236456 70019 65139 08979 38532 13126 51027
38 40082 53654 95544 82384 78079 88536 07181
37 64524 17016 00906 80487 10808 18625 03772
28 18933 28134 93454 14189 99767 35601 79832
16 44399 36510 25074 35251 24022 20900 95001
7 69792 16068 60086 20045 44693 04009 27714

2 82025 50285 63506 14965 79520 54637 81304
B5122 18830 77380 63424 16222 76646 26017
21109 24941 40947 37119 58088 96089 64510

4330 77438 00247 80483 35565 70077 43228
745 38021 53273 20008 33796 26234 83762
107 66896 01597 67260 16507 12654 20977

13 15466 27365 80840 58138 148558 25646
1 36600 54661 27796 10136 13328 65801
12106 46G86 65490 01690 1G588 84043
018 60943 86763 00425 01164 20497

59 85123 38555 16250 85000 00779
3 35508 07916 36147 44581 43864
16204 25138 48841 58932 67785
674 83341 64257 11522 48238

24 23553 63185 46124 50150
75013 56882 92101 88677

1698 32099 83507 51454

45 71403 47488 17557

BOS1T 79743 49641

1493 77049 04263

21 11508 27952
25088 98794
247 97880

2 01104

1313
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1
08534 21311
88113 73730
19078 82505
81305 876256
77128 16687
31376 86280
38658 02850
05086 80195
37817 27011

10501 94780
64412 86410
38802 88230
11584 30930
00243 00000
57800 50940
62475 19045
22715 36185
92170 97000
69987 65300

81727 23380
076516 26380
71681 46400
51624 31400
54659 12500
25743 28212
53694 56080
51728 43800
09633 87720
BBETH 81752

38313 62560
88701 87520
66179 05110
13795 44980
17676 93750
05680 10795
75248 96036
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23149 47000
75430 00150

70354 36445
89285 35246
48434 08100
53368 81350
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U(50) = Z (19){ U(r)+U(49—r))

=10

©Qo-ate W 00 bt S

10 72613 71545 73368 40034 221556 18590 00263 39172 47282
30 81707 00188 52802 35559 03122 49520 62734 95547 72338
44 04126 99748 04737 168709 02823 05408 45500 13264 28384
41 73806 62730 18717 50995 43974 00252 14720 69416 24640
29 50553 50617 94881 26066 68844 11959 45178 01251 74680

18 59363 48282 69537 15637 76794 76587 30989 05364 20352
7 73236 27184 37703 45430 37430 75334 27328 62013 56808
3 07030 68498 31889 96603 57645 44053 28414 17063 71296
1 06031 82108 11913 76761 14560 74813 06043 53685 30448

32347 52483 06925 96713 59352 84027 51645 02314 73676

8824 97443 77762 85309 06056 00440 78172 05673 22624
2174 38308 04767 73511 08383 51053 56878165057 33024
487 78329 21078 24120 11541 39506 72513- 772590 09768
100 30448 02966 35527 80866 21813 72927 41802 58066
10 01502 19594 86677 275156 28147 (2328 01845 02112

3 33944 95051 24953 29680 08207 78221 61148 48896
54560 64663 77891 61044 08438 04590 475601 09354
8323 26919 10637 17074 24727 82014 62717 80232
1189 32129 94993 53592 36321 77711 20063 36192
159 62645 60902 63682 63307 56870 08626 27136

20 17313 20167 38003 16289 47418 02406 04544
2 40568 58154 25822 75189 16469 88426 00344
27122 30481 03041 57460 35324 17950 37312
2898 22950 14528 31743 53654 54149 62880

321 37047 40136 60130 44635 06668 22392

T(50) = 185 72426 87710 78270 43825 77671 $1908 91749 92218 52770




A TABIE OF VALUES OF LIOUVILLE’S FUNCTION L(})
By Hawsray Guera, Government College, Hoshiarpur.

1. If p denotes a prime > 2, then for positive integral values of £,
Liouville’s Functions A(f) and L(t) are defined by the relations

A0)=0, Al}=1, Alpt)= —Alt)

and L{t) = A1) 4-A(2)4A3) + . . . -FA(D).
Thus M4T5) = —M(95) = A(19) = —a(l) = —1.
In 1919, Polya! conjectured that for values of { > 2,
Lty < 0.

He verified this conjecture for values of ¢ up to 1500,

In 1940, at the suggestion of Dr. Chowla, 1 computed a table giving
the values of A{f) and L{f) for values of ¢ up to 20000, and found Polya’s

conjecture to be true to that extent. The following is a specimen of this
table:

t ARy | LY
15801 ] 3.5267 -1 145
16802 | 2.7901 1 144
15803 P -1 145
15804 | 2.7902 -1 146
15805 | 5.3161 -1 147
15806 5| 2.7903 -1 148
15807 7| 8.5268 —1 149
15808 | 2.7904 1 148
15808 P -1 149
15810 | 2.7905 -1 150

The above table is here presented in a condensed form. It gives the value
of —L(t) when £ is a multiple of 56 and of A(t} when ¢ is not a multiple of 5.
The value of —L(f) when ¢ is not a multiple of 5 and of A{t) when ¢ is a

multiple of 5 are readily found with the help of the two fundamental
relations:

a) L{t) = LE~1)+A{t), and
) A(Bt) = ~A(t);

or by making use of the subsidiary tables of section 3.
2, To find the value of —L(5t), we write

t = bm-+n, where 0 K n < 4.
The value of —L(5¢f) is then found directly from the table,
3 45



Thus, when ¢ = 1183, we have m = 236 and n = 3.
Hence, looking up the entry in front of 236 (in column one) and under
3 (in the top row), we obtain

—L(5915) = 53.
To find the value of A(5t+-k), k=1, 2, 8, 4;
we again write ¢ in the form 5m+-n. Looking up the entry in the same
row as m and in the same column as A, we get & number r between 0 and
16. We write r as a four-figure number in the scale of 2. Thus, if r = 3,

we write it as 0011, Changing each zero into —1 in this representation
of r, we get in order the values of

ABt+1), A(5t+2), A(54-3) and A(5L-4-4),
Thas, to find the value of A{5918) say, we look up the entry in front of

236 and in the column Ay This is found to be 5. Now, 5is 0101 in the
scale of 2. This gives the scheme:

—1,1, —1,1.
Henee, A(5916) = —1, A(BILT) = 1, A(5918) = —1, A(6919) = 1,

The value of —L(5918) is now readily found.
Tn fact, —L(5918) = — L(5915)—A(5916) —A(6917)—A(5018),

= 53+1—141 = 54,
Lastly, to find A() when ¢ is & multiple of 5, we write
t = 5%.1,;, where ({4, ) = 1.

Then Alt) = (—=1)%. A(ty),
where A(f;) can be found from the table as stated above.

3. TFor ready reference, we give below the values of A(5¢+4k) corre-
sponding to the numbers 0 to 15 in the A—columns, as also the additives
for the values of —L(5t+k).

L
MBI4E) —L{5t+k) = ~L{5t}f..
k 1 2 3 4 1 2 3 4
0 -1 -1 -1 -1 1 2 3 4
1 -1 -1 -1 | 1 1 2 3 2
2 —1 -1 1 ~1 1 2 1 2
3 -1 -1 1 1 1 2 1 0
4 =1 1 -1 -1 1 0 1 2
5 -1 1 -1 1 1| 0 1 0
6 -1 1 1 -1 1 0 -1 0
7 -1 1 1 1 1 0 -1 -2
8 1 -1 -1 -1 -1 0 1 2
9 1 -1 -1 1 -1 0 1 0
10 1 -1 1] -1 -1 0 ~1 0
11 1 -1 1 1 -1 0 -1 -2
12 1 1 -1 -1 -1 -2 -1 0
13 1 1 -1 1 -1 -2 -1 -2
14 1 1. 1 -1 -1 —2 -3 —2
15 1 1 1 1 -1 -3 -3 —4
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4. Let (k) be the least value of ¢ for which

=Lty =h
Then the following table gives the values of #(k) for values of & from
0 to 150,
oo 1 2 3 4 5 6 7 8 9
0 3 8 13 20 31 32 63 76 79
1 80 117 176 181 182 193 200 283 284 285
2 286 293 440 443 468 G661 678 683 684 1075
3 1076 1087 1088 1991 1092 1093 1106 1106 | 1128 1129
4 1130 1131 1132 [ 1637 1638 17563 1766 1759 1760 2696
5 2700 2703 2712 | 2713 2714 | 2715 2720 | 2731 2732 2730
61 2742 2760 | 2770 2801 2802 | 2803 2804 | 4157 4256 4261
T | 4364 4373 4526 | 4527 4528 | 6317 6318 { 6331 6390 6391
8| 6392 8397 6393 | 6399 6480 | 6481 6482 6575 | 6582 6850
8 6864 6877 | 6878 8960 | 6872 6975 6976 68977 | 6978 6087
10| GO88 6997 7026 7027 0686 9689 0690 9685 9696 8eo9T
11 9608 0699 | 9700 9719 | 9720 9721 9724 | 9725 9726 978
12 9792 69795 9816 9817 | 9822 9823 9836 | 9837 9840 | 15669
13 | 16670 15871 | 15672 | 16676 | 15676 | 15679 | 15680 | 15745 j 15760 | 15753
14 1 16766 | 16981 | 15792 | 15795 | 15798 | 15799 | 15804 | 15805 | 15806 | 15807
15 [ 15810 [=20000

Within the limits of the table, {L(t)}%/t is the greatest when ¢ = 9840,
its value being just less than 5/3 then. It thus appears that

]L(z) | = 0(:d).

5. Tho following table will show the main variations in the value of
L(t) as t increases from 2 to 20000,

) =L ¢ —L{Y)
2 0 3281 7
483 24 4528 74
586 0 5645 ¥
684 28 7027 103
880 6 8512 14
1132 42 0840 128
1411 3 12798 32
1760 48 15810 150
2264 8 19880 10
2804 - 68
RererENCES,

1. Polya. (1819). Jahr. deut. Math, Verein., 28, 3840,

2, H, Gupta (1943). A Formule for L(n). Jour. Indian Math. See., 7, 68-71,

(With the help of a result in this paper, stray values of L{t) for values of ¢ up to
60000 can be computed. }
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:;\\\3\ 0 | A 1 2 3 4 As
50 28 3 27 26 25 26| 11
51 2 101 24 23 22 21 9
52 22 5p 21 22 19 16 4
53 19 9| 18 21 18 17 3
54 it 9| 13 12 11 10 8
55 11 ol 12 9 5( 10 14 7 4
56 8| 15 3 4 8 5 6 4 4
67 5 0 8 9 6 8 9 9 3
58 8 1] 11 10 8| 1 g 12 2
59 15 6| 16 17| 10| 18 1[ 21 4
60 22| 13| 21 T 20 3] 21 6| 20| 13
61 19 7| 18 0| 21| 14| 20 91 21 8
82 22 1| 23 0| 2| 11| 23 1 26 5
63 27| 12| 26 ol 29 1| 30| 15| 27 0
64 30 6| 31 0] 3¢ 4| 37 6] 38 6
65 37 40 41 1f 44| 1s5{ 41| 13
66 40 37 36 9 35{ 10| 38| 10
67 37 38 37 71 34 9| 36 8
88 38 39 38 11} 35 6| 36 4
69 37 38 37 1} 40 0} 43) 10
70 44 45 48 43 9| 42
71 46 44 41 T 44 3] 43
72 44 46 44 43| 15| 40
73 41 40 41 3| 10f 35
74 34 33 34 33 0| 386
75 39 42 39 40| 15| 35
78 38 39 40 37 65| 38
11 36 32 33 281 15| 23
78 28 27 24 2370 15| 20
(s 18 20 11 18 ol 17
80 22 21 22 o) 271 11| 24
81 25 26 25 2{ 26f 13| 23
g2 20 21 20 51 21 10| 22
83 23 22 217 2| 28 0| 31
84 32 27 28 41 20 13| 28
35 21 24 25 2| 26 1| 27
86 24 25 24 o 27| 14| 24
87 19 18 15 9| 14 91 13
88 14 15 14 4| 16| 161 12
89 15 14 13 8| 14 8| 15
90 12 13 10 7 9 0] .14
o1 13 12 13 10| 14| 12} 15
92 20 19 20 0| 23| 1| 20
83 17 16 15 8 18 5| 17 8
94 18 21 20) 18] 1T 9| 16 1
95 17 22 25! 10 26 81 27 0
96 30 29 32 2| 38 3 34 0
07 30 38 35 0| 40 71 39 9
98 40 4] 42| 14| 41 9| 40 9
99 41 40 39 7] 86| 12| 35| 15




N 0 A | Y iar| 2| 3] as| ¢ 2
100 30 13 29 5 30 2 31 16 28 ¢
101 33 2 34 8 33 12 32 9 31 0
102 36 1 30 3 38 14 37 13 30 10
103 37 14 16 14 35 i 34 1 37 9
104 36 14 33 8 36 9 35 3 34 é
106 35 i1 38 8 39 2 42 14 41 11
106 38 11 35 8 38 13 37 3 36 2
107 39 8 42 13 41 0 44 8 47 8
108 50 9 49 9 50 0 55 10 56 15
106 53 4 56 3 ab 0 58 3 67 14
110 56 1 59 13 56 12 57 0 a2 14
111 5% 9 58 8 59 6 60 8 61 10
112 62 0 65 i3 66 15 61 2 84 3
113 8o 14 04 12 63 3 84 12 63 10
114 64 5 63 1 62 2 65 15 60 12
115 58 2 62- 9 61 9 60 7 5% 1
118 a2 13 13 12 80 10 61 10 82 11
117 61 1i 60 i1 57 B 58 15 85 7
118 52 12 83 3 52 i2 51 8 52 K
119 61 G 50 1A 47 12 46 14 43 10
120 44 2 45 12 44 6 43 4 44 5
121 43 b 43 12 41 3 42 2 43 12
122 42 14 41 i 42 7 39 11 as 10
123 37 6 36 1 317 8 38 11 35 15
124 32 1o 29 12 30 7 29 14 28 1
126 31 4 34 15 29 9 28 [ 29 13
126 26 10 25 11 24 13 23 10 24 7
127 23 8 26 2 27 1 28 7 25 15
128 22 4 23 6 22 51 21 10 22 4]
129 21 14 18 6 17 3 16 12 17 7
130 16 b 15 2 16 11 13 3 12 7
131 11 13 8 8 9 4 16 10 9 8
132 10 0 13 9 14 1 18 6 18 1
133 17 12 18 1 21 7 13 9 18 3
134 18 15 15 0 18 1 19 3 20 C 4

- 136 21 b 22 11 19 12 18 3 16 14
136 16 11 15 3 14 0 17 3 16 9
137 7 5 18 12 19 7 16 8 17 10
138 18 2 19 11 16 1 10 8 22 7
139 21 8 22 13 21 15 18 3 19 8
140 .18 3 17 8 18 g 19 11 16 10
141 15 0 20 1 23 12 24 7 21 9
142 20 9 19 8 22 10 23 1t 24 &
143 23 3 22 i1 23 5 24 4 25 9
144 24 15 21 0 24 8 27 8§ 28 4
145 29 13 28 0 31 1 32 8 35 15
146 30 14 29 8 32 14 29 15 28 0
147 3l 1 34 3 36 6 36 7 33 1
148 38 1 a7 4 38 14 35 6 34 12
149 36 g 38 b 37 14 36 7 35 13
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N 0 Ay 2 | Ag 3 4 Ag
150 32| 3 { 2| 33 /| 7
153 35 ] 37 4 40 39 11
152 36 b 36 ] 37 36 0
153 41 13 41 13 38 a5 1
154 38 0 44 5 43 42 2
166 43 0 49 0 54 51 11
166 48 14 48 0 53 56 8
157 69 8 59 4 60 63 ]
158 62 6 60 10 61 a2 7
159 59 5 55 8 58 55 14
140 52 4 54 il 55 58 7
161 55 i0 B3 i3 54 53 10
162 54 1 54 11 53 it} b
163 55 6 59 12 60 a5 12
164 66 10 62 1 B3 62 12
165 63 8 63 2 84 61 2
166 62 8 66 7 63 60 13
167 59 2 5% 15 b6 53 6
168 b4 0 62 3 63 84 14
169 61 14 63 13 60 683 T
170 62 0 68 6 67 64 5
171 65 3 83 12 G4 63 1
172 111 6 62 4] 61 60 13
173 59 11 B7 2 60 61 4]
174 6] 10 66| o0f 69 68| 1
176 71 13 g 69 13 68 67 9
176 68 9 8 68 11 65 66 4
177 67 15 0 87 B 66 G5 3
178 64 2 9 64 3 687 64 11
179 63 11 1 B3 16 80 63 b
180 64 13 6d 8 65 2 68 4
181 71 1 67 i4 64 8 65 10
182 66 6 64 5 63 3 66 11
183 63 7 65 11 62 7 a9 11
184 56 12 56 2 59 16 54 5
185 53 15 49 8 52 L] 51 4
188 b4 2 54 8 57 14 56 9
187 b5 14 53 12 52 1 85 11
188 b4 13 50 11 49 b 48 0
189 61 & 53 13 52 15 49 13
1890 48 5 40 15 41 11 40 9
191 41 6 39 10 40 13 39 14
182 38 2 42 12 41 11 38 13
193 a7 7 33 5 32 15 27 15
194 22 2 20 6 21 4 24 T
195 23 10 19 4 20 g 21 12
1986 20 5 20 9 19 2 20 0
107 26 [ 25 9 26 1 29 8
198 30 8 32 3 33 4 36 12
199 37 8 39 11 38 [0 43 4




0 | 2 Ay 2 bLg 3 by 4 B
200 46 8 47 12 46 4 49 12. 48 5
201 47 i 46 10 47 0 50 13 47 10
202 46 7 45 i] 46 6 45 3 46 , 8
203 41 11 446 1 47 9 48 15 43 14
204 40 5 39 8 44 13 37 0 42 2
205 43 7 40 8 43 12 49 11 41 3
206 40 0 43 [}] 42 10 4] 3 440 8
207 41 12 42 7 41 12 40 9 a9 9
208 40 8 43 6 44 11 43 11 40 11
209 37 9 38 &6 39 0 44 12 43 7
210 40 12 39 13 36 3 35 15 30 i3
211 3 8 36 0 35 1] 34 3 35 1
212 38 9 a7 0 42 il 39 15 3¢ 8,
213 35 13 32 13 31 1 34 il 33 3
214 32 3 33 15 28 10 29 12 28 16
215 23 14 24 3 21 i1 20 1 23 10
216 22 11 21 8 24 ‘9 23 8 24 b
217 23 11 20 3 19 3 18 0 23 4
218 24 4 25 11 22 13 19 1 22 7
219 19 10 20 5 19 1 22 2 25 7
220 22 5 23 9 22 2 23 8 26 0
221 29 10 28 7 27 11 24 10 23 3
222 24 1 27 8 30 8 20 14 . 28 4
223 31 ki 28 G 27 7 24 1 27 ki
224 24 15 21 15 18 14 15 13 12 0
225 15 5 16 15 11 [ 10 & 9 0
226 12 ¢ 16 2 18 10 17 14 16 13
227 15 4 16 0 21 10 22 1 25 7
228 22 [ 23 12 24 3 23 0 26 15
220 23 3 22 8 26 1 28 0 33 14
230 32 7 29 3 28 9 29 12 28 11
231 27 12 28 4 31 1 32 7 31 g
232 30 2 33 g 32 0 36 10 36 1
233 39 2 4Q 11 38 8 a8 9 39 4
234 40 3 39 0 42 1 43 0 48 3
2358 47 10 48 0 53 0 56 14 53 1
226 56 0 69 11 &6 13 53 5 54 8
237 56 11 54 3 53 14 62 13 51 4
238 54 12 b5 3 56 10 %] 1 56 8
239 59 15 56 2 69 3 60 11 59 7
249 56 15 51 3 52 2 645 15 52 14
241 a1 4] 62 14 51 11 50 12 49 9
242 &0 12 61 9 52 0 &5 11 54 13
243 83 4 o4 13 51 6 52 0 a7 10
244 58 2 59 7 56 12 55 15 52 4
245 56 i} 56 1 59 1 60 1 61 2
246 84" 4 65 7 64 13 61 13 60 9
247 59 i1 88 11 b5 5 56 10 556 0
248 58 8 61 5 60 0 85 10 64 4
249 65 4 66 2 69 7 66 i5 61 9
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N 0 Ap ! Ay 2 Ag 3 by 4 Ay
250 60 4 61 11 58 8 61 4 64 3
251 6a 9 66 14 86 3 84 8 83 12
252 66 I 69 2 72 3 73 1 74 8
253 .15 12 74 i1 73 3 72 12 73 5
254 2 1 75 1¢ 74 7 T3 2 76 13
255 5 12 76 6 75 4 78 2 79 0
286 82 14 79 14 78 12 77 6 78 6
257 kel g 80 11 79 7 78 6 kL] 2
258 78 2 79 7 78 3] 79 ] 80 5
259 79 0 B84 2 85 15 80 [i] 81 5
260 80 ] 79 13 78 13 b i 76 3
261 77 4 80 7 7 5 78 12 7T 0
262 80 0 83 13 82 9 83 10 84 4
263 87 11 36 3 87 i 36 11 83 10
264 84 5 83 11 82 11 79 12 78 15
265 73 9 T4 14 71 3 70 i3 69 9
266 T0 0 73 10 72 7 71 12 70 12
267 69 4 72 3 73 8 74 ] 75 5
268 76 0 79 4 80 13 79 14 78 5
269 79 9 80 13 78 I BU 14 76 11
270 78 14 77 12 76 1 71 & 78 2
271 81 14 80 i 79 4 80 0 83 7
272 82 8 81 b 80 5 81 ) 82 13
273 81 10 82 b 81 1 84 3 85 12
274 84 4 37 8 88 8 88 14 86 4
276 89 1 92 12 91 7 88 11 87 6
278 86 15 81 3 82 3 83 0 88 b3
277 89 i2 88 11 87 15 82 14 81 ]
278 84 3 85 10 86 0 a1 ] 92 2
279 95 1 96 5 97 1 08 4 99 3
280 100 i 29 5 100 9 101 14 100 []
281 101 3 100 11 o7 4 100 9 09 [i]
282 100 15 97 10 96 15 91 12 90 10
283 91 10 90 12 91 4 84 11 91 13
284 20 9 80 8 92 11 88 15 B4 3
285 85 2 36 11 83 12 82 14 79 13
286 78 7 77 4 80 12 79 13 76 12
287 75 9 74 14 73 i¢ 74 9 73 13
288 72 B 5 0 78 7] 77 14 76 3
289 75 14 72 11 89 10 70 12 71 11
290 70 ) 71 8 72 15 67 11 [ 15
201 G 13 60 1 63 11 60 10 59 0
292 64 2. a7 2 68 11 (i1 15 60 2
293 63 L] 64 L] a7 1 68 15 65 10
294 64 i 61 12 60 15 87 4 58 14
295 b5 7 52 4 55 4 568 13 [i%] 12
296 54 15 49 9 1] 4 61 11 50 10
297 49 6 50 12 49 3 50 2] 61 14
298 48 3 47 10 46 6 46 8 48 8
299 49 3 48 [i] 49 0 62 2 53 8
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N 0 1Y) 1 Ay 2 Ag 3 Ay 4 Ay
300 56 13 [1i] 1 58 3 67 3 58 il
301 57 2 A8 16 [+ 10 56 L] ik 0
302 GO 4 61 2 62 3 63 11 62 12
303 61 10 60 8 63 14 62 3 a1 4
304 64 12 65 - 9 66 ki (1] 13 G2 1
305 63 13 60 10 81 14 60 13 50 14
306 56 10 55 L] b4 10 63 10 52 8
307 a5 b} 56 1 59 0 64 li] 63 12
308 82 & 63 11 60 13 67 3 60 12
309 59 ] 60 0 63 13 60 5 59 6
310 60 13 57 10 56 7 53 3 o4 15
311 bl 11 48 10 47 4 48 9 47 1
312 50 8 53 6 52 15 49 ] 50 13
313 49 14 46 9 45 16 40 1 43 11
314 40 12 39 3 40 15 35 2 38 12
315 37 10 38 1 41 11 38 9 37 13
316 36 6 35 3 34 10 33 4 34 9
317 35 2 36 5 35 1 36 12 37 0
318 42 4 45 12 46 9 47 5 48 9
319 47 15 42 1 43" 1 44 8 45 7
320 44 14 41 10 42 3 43 8 44 14
321 41 12 40 15 35 6 34 41 a3 ]
322 36 9 35 6 36 11 33 4 34 12
323 33 13 30 7 29 Li] 34 9 33 8
324 32 5 3 9 32 1 35 1 36 9
325 37 1 38 15 33 13 32 14 29 9
326 28 14 27 g 24 b 25 2 o6 2
327 27 10 26 5 25 15 20 2 23 14
328 20 11 19 [} 20 11 19 4 22 7
329 19 12 20 0 25 8 26 [1] 31 15
330 26 11 25 15 22 9 21 12 22 5
331 23 3 24 9. 23 1 26 8 25 3
332 26 9 27 16 - 22 5 21 2 24 12
333 25 4 28 11 20 1 28 8 29 i3
334 26 13 25 7 22 [} 29 4 28 10
335 27 4] 30 6 29 1] 34 12 36 7
336 32 15 29 15 24 14 23 14 20 5]
337 21 [¥] 24 b5 25 2 28 8 a1 2
338 34 10 35 7 32 7 29 10 30 10
339 29 9 30. 8 29 15 24 12 23 b
340 22 7 21 15 16 12 17 3 18 4
341 17 3 18 12 19 0 24 12 23 13
342 20 15 11 b 18 8 19 12 20 8
343 23 11 20 2 23 14 22 q 19 8
344 20 (] 19 2 22 8 22 5 22 12
345 23 2 26 10 27 13 24 0 27 9
346 26 11 25 b 24. ] 23 2 26 7
347 25 2 28 3 26 2 26 13 26 10
348 24 1 25 3 24 ] 23 4 24, 1]
349 25 14 24 4 25 8 28 7 26 8
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" 0 Ao 1 Ay 2 Ag 3 Aa 4 Ha
360 24 8 27 13 24, 1 25 12 26 2
351 27 12 26 12 27 0 30 9 29 12
352 28 9. 29 ] 30 1] 28 14 28 1
353 31 0 16 0 39 10 a8 6 39 19
354 40 8 41 8 40 7] 39 10 40 14
3556 37 9 a8 12 37 1 38 13 37 1
3606 40 15 37 7 36 3 335 12 36 9
357 37 14 34 0 37 13 38 1 a7 4
358 38 3 37 G 40 a 41 12 42 0
359 47 4 48 15 45 9 44 12 45 12
360 44 2 45 3 46 5 47 13 46 3
361 45 14 44 16 41 6 40 4 43 14
362 40 7 37 12 38 2 39 1 42 10
363 43 ki 42 3 43 11 42 1 45 7
364 42 12 43 6 44 10 43 9 42 14
365 39 8 40 13 39 0 42 3 43 b
346 44 4 45 g 50 7 47 15 42 1
367 45 5 46 (] 47 [4] 52 3 53 4
368 56 8 59 10 58 8 61 12 60 7
369 50 3 58 2 5] 4 82 B 63 13
370 62 2 65 1 66 11 65 6 66 9
371 65 10 64 1 87 13 66 4 67 11
372 64 13 Gl 6 62 3 61 12 62 1
373 66 16 80 2 61 2 82 1 83 12
374 G4 2 65 6 64 2 [it:] 11 64 0
375 67 11 66 ki a3 13 60 1 61 0
376 64 1} 69 13 68 13 67 0 72 3
377 71 4 72 4 73 8 76 b 76 11
378 74 12 75 10 76 5 77 8 78 8
379 81 8 82 8 86 ] 84 2 85 8
380 86 12 85 13 82 2 85 6 86 2
381 87 b 88 9 87 4 88 3 89 8
382 a0 6 91 6 a2 11 89 9 a0 11
383 89 [} 88 0 93 ] 92 b1 85 5
384 B4 7 93 7 90 13 89 6 90 (]
385 85 14 94 3 895 5 96 8 99 12
386 a8 12 97 5] 96 6 95 4 98 14
387 97 8 100 2 103 4 106 10 107 0
388 112 15 109 6 110 10 111 8 114 4
349 117 7 114 12 113 10 112 4 113 0
300 116 3 115 7 114 10 1156 2 118 14
391 115 14 114 1 117 8 118 2 121 15
392 118 12 119 9 120 6 121 2 122 1
393 123 12 124 5 125 2 128 13 127 15
394 122 6 123 2 126 i 123 13 122 1
383 123 8 124 13 123 8 124 11 121 15
395 118 ] 119 9 120 7 119 12 118 12
397 117 0 120 7 117 15 114 2 117 14
398 114 [§] 115 13 112 i1 109 11 108 1
399 111 & 7 107 15 102 14 99 15

110

55



N 0 Ao 1 A]_ 2 As 3 As & A.‘.
400 o4 11 41 10 92 0 95 11 o4 12
401 95 15 a0 10 89 10 % 12 89 9
402 90 4 91 4 92 3 91 2 92 15
403 87 14 86 10 85 9 86 1 89 6
404 90 12 91 1 02 [ 91 7 88 14
405 87 3 38 5 87 0 90 1 )] 14
406 90 -1 93 4 o4 5 95 12 a6 11
407 93 8 94 2 95 5 96 0 99 6
408 100 12 1 161 12| 102 3| 101 15 98 )
409 101 9| 102 16 99 15 o4 13 03 3
410 94 12 95 of 100 9 99 i1 96 0
411 g9 1a 96 ] o7 ol 100 13 99 B
412 100 5 ag 14 88 4 99 30 100 3
413 09 6} 100 5 99 0] 104 12} 103 7
414 100 10| 101 10 ] 100 14 99 4| 100 8
415 101 11| 100 11 99 9| 100 3 99 12
416 08 11 95 15 90 14 87 8 86 11
417 83 0 36 9 85 4 88 9 87 5
418 88 9 87 8 88 4 89 8 90 15
419 87 10 86 10 86 11 84 6 83 4
420 86 2 39 10 20 8 93 13 02 15
421 89 4 02 2 93 4 06 14 93 12
422 92 i4 ] .89 2 92 13 89 10 88 8
423 89 7 88 15 85 4 86 7 85 9
424 84 3 83 9 84 5 85 14 B2 3
425 83 0 88 2 471 4 94 11 91 il
426 90 0 93 9 94 8 7 ] 96 1a
427 a1 13 88 12 87 8 00 5 89 5
428 90 13 87 0 90 | " 2 91 5 92 8
429 03 6 92 8 25 10 96 10 97, 6
430 28 8 99 6| 100 7 97 ol 00 3

481 101 51 100 7 99 &1 100 11 99 2
432 102 9| 101 41 102 11 gt 15 04 11
433 03 13 92 1 95 11 94 14 91 9
434 92 9 03 4 96 7 95 1 98 15
435 25 4 98 5 99 10 a8 6 97 15
436 94 12 95 14 D4 11 93 1 96 8
437 a7 9 98 13 85 8 96 6 97 0
438 102 91 103 2| 104 14 [ 1ol 13 | 100 13
438 99 12 98 13 95 2 96 12 97 b
440 08 4| o1 8| 100 11 97 13 96 15
441 91 3 92 9 ]| 10 20 15 87 10
442 88 11 85 2 88 4 89 4 90 3
443 g1 0 06 9 97 3 98 13 97 1
444 98 15 o3 13 04t -9 91 10 90 1
4435 91 13 o0 0 95 2 06 14 85 14
446 92 6 03 4 96 4 97 v 96 4
447 97 1{ 100 15 9% 13 92 6 91 1
448 94 10 95 5 94 0 97 5 06 2
449 99 64 100 10 99 12 | 100 5} 101 11

56




1

N Y Bo 1 Ay 2 Ag 3 Ag 4 Ag
450 100 4] 99 ] 100 2 103 5 104 12
451 103 [} 104 14 103 8 106 15 101 10
452 102 15 97 16 94 7 93 2 96 b
453 87 6 06 2 97 6 06 8 97 13
454 94 4 a7 15 04 7 91 14 88 9
4355 89 T 86 13 85 13 82 12 83 0
436 85 14 856 ] 84 2 87 11 84 13
457 83 1 86 b 36 11 84 8 85 1
458 88 7 856 5 86 11 83 11 80 b
459 79 13 76 b5 76 10 T4 0 77 3
468G 76 4 77 5 78 7 76 [} B0 2]
461 81 B 84 10 85 15 30 ) 79 0
462 82 2 83 11 80 14 7 15 72 15
463 69 8 72 14 71 1 72 9 73 8
464 T4 7 73 2 74 11 73 8 76 k)
465 75 11 74 9 75 7 72 18 69 12
466 68 15 a6 3 66 11 63 5 82 12
467 63 2 i3 3 6b 8 66 14 63 10
468 64 5 63 4 66 [+ 6o 10 66 15
469 61 9 62 7 59 11 a6 13 63 5
470 b4 9 53 7 50 13 49 11 46 15
471 41 10 42 0 45 6 46 15 43 12
472 42 5 43 10 44 1 47 b 48 0
473 51 9 52 4 83 8 b4 11 63 10
474 o4 11 51 4 52 13 49 0 &4 2
475 67 3 56 8 B7 8 58 8 57 11
476 54 8 55 10 b4 5 49 4 50 1
4717 53 3 54 b5 53 8 66 1 57 14
478 54 1) 59 4 60 16 56 [i] b4 5
479 58 [} 58 3 57 1 58 6 57 4
480 60 10 g1 1 64 7 63 4 64 15
481 59 3 b8 10 59 1 60 0 63 ]
482 62 14 59 7 56 10 a7 6 56 1
483 59 5 58 10 b7 14 &6 9 57 B8
484 a8 2 [$:] 10 58 1 59 8 80 7
4856 57 14 56 11 &5 5] 54 8 67 12
486 56 14 63 11 52 L] 57 9 58 12
487 59 3 58 13 b5 14 52 11 49 3
488 48 13 46 3 46 8 47 5 48 2
489 49 11 48 2 49 4 50 6 61 14
490 458 4 49 8 50 i3 51 12 BO 15
401 47 9 48 7 45 12 4G ki 43 [}]
498 42 4 45 14 44, 14 43 5 42 8
403 43 8 46 2 47 ) 46 1 49 9
494 &0 3 61 1 52 9 i3 5 52 12
495 51 8 52 9 51 7 50 5 51 15
496 48 3 49 14 46 12 47 13 46 5
497 45 10 44 9 45 3 48 14 45 15
408 42 4 46 11 44 13 4] 3 40 12
499 41 4 44 10 45 0 50 1 53 9
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N 0 Ay 1 Aq 2 Ag 3 Ag 4 Ag
500 54 12 55 11 54 1 53 1 58 11
501 56 10 54 14 53 14 50 5 51 0
502 54 1 55 13 52 2 56 2 56 15
503 53 ) 58 ] 59 14 58 0 63 16
504 58 7 55 13 52 [ 51 2 52 7
505 49 & 48 15 43 8 46 3 45 10
506 46 8 47 14 46 9 47 4 48 5
507 49 5 50 2 53 14 50 14 47 9
508 48 13 47 13 44 1 45 2 48 [
500 49 1 50 13 47 6 46 0 49 8
510 50 10 49 11 46 12 45 7 44 6
511 43 16 38 7 35 6 36 7 35 14
512 34 0 39 2 42 10 43 7 40 0
513 43 14 42 14 41 3 40 4 43 7
514 40 9 41 8 42 o 43 5 42 12
515 4] 5 42 14 41 2 44 13 41 2
516 42 7 41 2 4d ¢ 45 0 48 4
517 49 3 48 14 47 8 48 4 49 9
518 50 5 49 10 48 13 43 3 46 0
519 49 4 52 12 i 3 50 12 51 12
520 52 4 55 2 58 10 59 13 56 ]
521 59 12 60 12 59 2 60 13 571 . 4
622 58 12 59 14 66 12 55 ;3 66 14
523 55 8 56 10 56 16 52 5 53 14
524 52 5 51 10 52 10 53 13 50 3
526 49 9 48 3 49 3 48 12 49 11
520 46 3 47 4 48 5 47 1 48 6
527 47 0 50 1 51 0 56 11 53 3
528 52 12 53 13 52 11 51 i} 54 11
529 51 4 54 8} - 55 10 56 0 61 4
830 64 3 65 12 64 10 65 3 66 15
531 63 0 68 2 69 9 68 3 67 9
532 86 16 63 14 62 1 63 3 64 6
633 63 0 66 2 87 10 68 10 69 11
534 68 6 67 10 66 13 65 1 66 11
535 63 11 62 4 63 13 60 14 57 8
536 58 7 57 10 58 4 &9 10 80 g
537 61 13 58 8 50 3 58 (] 57 9
538 56 3 57 9 56 0 59 8 60 15
539 57 9 58 2 59 2 60 3 59 0
340 62 8 85 7 62 8 63 16 60 13
541 59 9 60 12 59 9 58 15 55 3
542 54 8 55 6 54 14 51 1 52 12
543 51 11 50 13 47 11 46 4 47 0
544, 50 3 51 13 50 4 53 12 54 12
546 53 9 82 12 53 13 50 10 49 12
546 48 3 47 ] 46 14 46 12 46 8
547 47 8 48 7 45 1 46 0 49 10
548 50 14 47 10 46 1 49 10 50 1
549 53 10 Gd: 2 57 3 58 6 87 15




N 0 D 1 %1 2 Ag 3 Ag ¢ by
550 52 7 49 2] 50 8 61 10 53 14
551 49 4 52 1 55 4 56 14 55 2
662 58 8 61 1 g4 15 59 5 68 7
553 55 0 58 ki 55 4 52 8 51 13
5564 48 2 51 10 52 11 51 1 52 0
555 57 0 62 0 85 2 66 13 66 14
546 64 5 65 1 66 9 65 7 62 5
667 63 15 58 1 61 11 60 7 57 a
558 56 15 81 12 52 12 53 9 52 15
559 47 9 48 4 49 156 46 15 41 0
560 44 4 45 4 46 4 47 13 44 11
561 43 8 14 0 49 7 46 12 47 q
562 44 7] 45 1 48 3 49 i1 50 6
563 51 15 46 1 47 g9 48 14 45 3
564 44 8 45 1 46 11 45 7 44 10
565 43 1 46 8 49 14 48 ] 47 2
566 48 1 51 2 54 10 53 15 48 12
6687 49 11 46 3 4n 5 46 10 47 g
568 46 11 45 9 46 3 45 11 42 A |
569 45 4 48 2 49 1] a0 b 49 0
670 52 7 49 7 48 Il 45 i3 46 2
571 49 15 46 0 49 2 52 8 53 9
572 64, 12 a3 1 G4 12 53 16 . bo 0
573 53 10 54 2 57 i3 656 0 61 11
574 60 11 59 9 GO 10 59 -] 58 9
676 59 7 58 11 53 B 56 2 57 13
576 54 3 55 10 54 5 53 14 62 12
a877 53 13 582 4] hili] 3 64 13 &3 )]
578 58 10 57 3 58 1 61 1 64 11
579 61 [} 60 2 61 10 G0 11 59 0
580 62 9 63 15 60 3 59 10 60 8
581 61 4 64 bt 65 -0 68 0 71 [}
582 76 2 79 8 80 5 81 13 T8 1
583 79 1 82 11 79 1] 80 5 74 15
684 74 7 73 7 70 15 67 8 68 3
585 67 0 72 8 73 : 1 76 13 75 8
586 T 12 75 3 T4 & 75 14 74 13
687 73 13 72 8 73 5 72 3 71 6
588 72 14 71 1 74 8 77 11 78 0
589 79 4 80 4 83 11 82 2 85 3
690 86 12 87 4 90 14 87 11 34 4
591 85 14 82 0 85 13 84 10 85 11
592 B84 2 87 1 90 9 80 8 a0 (]
593 91 11 90 1 a1 4 82 9 81 7
504 80 8 89 7 86 2 80 10 90 15
595 87 0 90 11 89 10 20 2 91 3
596 92 15 89 b 90 1 93 7 92 12
597 91 2 94 3 95 10 04 L] 03 11
598 02 7 91 1 94 14 03 2 04 15
509 91 15 88 13 85 7 84 1 85 15
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\;?\\41 0 | ap | 1 2 | Ay | 3 4
600 so| 8| s | 13{ ™ 76
601 | 4| 78 ]l 5] 76 77
602 %] 5| 5 %] 2| 7o 80
603 si{ 3| s0 83| 3| 82 81
604 o 6| 79 8 18] 75 74
605 5| 5] 74| 3{ 75| o] w8 79
806 8| nf | 6| 1] 3| m 74
607 9y 7] 7| 7| 7w of = 79
608 8 10| 7| | | 1| m| o] 7.
£09 5| 1] 1| 8| sl s| s2| 7| 19
610 8| 1| 7| s se| o s3] 2] 84
611 g7! 20 8| o] ef 8| ot] 2| o5
612 o6| 3| es| 3| e8| 9| er| 8| 100
613 { 101 6| 02| 1| 103] 3| 14| 3| 106
614 | 102) 11| 101| 12| 100 7| m9| 8| 100
615 99| 11| 9] 4| 9| 9| w0 ol 103
e16 | 10| 6| o o e8] 1] eo| 5| 100
617 | 108| 8| 106] o 105| 14] 102| 8| 108
818 | 102| 3| 03| 9| 02| 5| 03| 11| 102
619 | 107 13| 08| 12| 107 12| 108 12| 109
620 | 108| 10 109 o 10| 3| 111 6| 1me| 4
621 nsl 1| ue| si n7| 5| us| 2| 17| ¢
s22 | 18| 3| 17| af 10| 3| 1= 6] 122] 12
623 | 121] 15| 18| 1| 121 8| 124 15| 18| 9
624 | 18| 1| 1e| 1| 16| 14| 113 2| nel 2
625 mr| 4{ ns| of me| 12| us|{ o 12| s
626 ] 122] 10} 123} 3} 124) 1| 12r| 8| 10| 2
627 | 133 | 4| 136| 13| 133| o 132| 3| 133| &
628 [ 134| 10| 133 15| 130] 15) 127| 5§ 126| s
620 | 127| 1| wmo| s 131} 2] 12| ol 137| 10
630 | 13| o) we| 7] 1] 7] 1| o} 1] 1
631 137 1| 140| 1| 137| s| 10f 2] 13| 8
632 | 144 | 4| 1a7| ‘2| 10| 15| 145} 1] 148| 9
633 47| 74 146{ 6| 45| 15| 42| 3| 141 9
63¢ | 40| 7| 13| 6| 138| 6| 130| 13| 138| 15

-]

635 | 133 8| 13| 2| wr{ 1| ws| 5] 11| n
636 | 128 4| 120 114 126| ‘8| 120) 12| 126 o
637 | 127| 13| 124| 12{ 123| 8] 124| 11| 123] 13
638 | 1z2| o 12| o 130| 9l 131} 15| 128| 5
639 | 1201 12} 130| 3| 1| 1§ me] ‘4| 133) 5
640 12| 2| 13l 3| 1| 1l 1 3| 130 18
641 127 1| 18| 1| | 11| 130 10| 120 '3
642 | 130| 10 120| 10 130| o 133| o 138| 4
63 | 141l a3l 1] w2l ial| 1w 1] e] 1wl 9
644 | 140) 1{ 141| 13| 140 ‘4| 143| 8| 12| 1
645 | 141 144 | 4| 17| 14| 16| 2| w7| 14
646 | 146 145 | 12| 146 | 14| 145| of 148] 15
847 | 145 1oi ol 30| sl a2l 12| 143l ¢
648 | 142 143 ] 12] 14¢| 3| 13| ‘8| 14¢] 13
640 [ 141 140 | 5| 11| 13{ 10| 11| 139 s




N 0 Llar| 2 fag] 3| as] ¢
660 140 137 13 126 2 137 1 140
861 143 140 10 139 2 142 11 139
6562 i40 145 7 142 14 141 0 146
653 1456 142 13 139 2 142 7 141
864 142 139 7 138 4 141 12 142
655 I41 144 5 145 7 142 8 145
856 146 145 1 146 6 145 2 146
857 147 148 12 149 15 144 14 141
6858 144 149 16 144 15 141 11 138
650 139 140 7 137 11 134 0 137
660 140 137 i1 136 0 139 4 140
661 141 144 10 143 14 140 6 141
662 142 138 & 138 3 137 9 138
663 137 136 12 137 13 136 15 131
664 132 131 ] 130 10 129 0 134
865 1356 136 5] 137 7 134 8 135
666 134 133 11 130 3 129 5 130
667 127 124 .9 126 11 124 0 i29
088 130 135 13 132 I+ 129 i) 130
669 126 122 6 121 11 120 3 121
670 124 121 14 120 4 123 3 124
871 119 114 10 113 11 110 6 109
672 112 8 113 0 118 0 119 4 122
673 127 2 128 0 131 6 1321 12 133
674 132 7 120 11 128 14 125 13 122
675 121 6 120 1 123 10 122 B 123
876 122 1 125 3 124 & 125 5 126
G77 127 1 130 1 133 3 132 9 131
878 130 3 129 13 124 12 127 3 128
G79% 127 4 130 0 135 10 136 12 135
680 134 4 137 5 136 0 141 i) 142
681 143 10 142 6 141 & 142 1] 143
682 142 5 141 5 140 10 139 14 136
683 133 11 130 2 131 16 128 0 183 |
684 136 2 139 0 142 14 139 8 142
683 143 16 138 10 139 10 138 E 130
686 134 11 133 4 136 13 133 2 134 |
687 135 7 132 12 133 0 138 1 141
688 138 12 137 2 140 15 137 3 136
689 133 1 132 8 131 12 132 2 133
690 128 i6 123 2 124 11 123 7 120 p
691 121 8 122 13 119 156 116 1 119
692 122 3 121 1] 120 12 119 8 122
603 121 8 124 & 123 7 120 ] 119
684 120 5 119 6 129 i5 117 1 120
8695 115 2 118 0 121 8 122 9 121 |
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AIR-CONTROL THERMO-REGULATOR.

By M. L. LARKHANPAL.

Temperature changes affect the value of most of the physical and
chemical constants so that the measurements of this kind have to be
necessarily carried out at fixed temperature in
a thermostat., Thermostat has therefore become
the need of almost every research bench. Various
devices of thermo-regulators have so far been made
on the following general types.

1. Gas Regulators RS
2. Electric Relay type @
3. Thyratron Relay type .. (1)

¢ Air-control thermo-regulator’ is a modifica- -
tion of the second type and is so named for the
control at different temperatures is done by de-
creasing or increasing the quantity of air enclosed
in the thermo-regulator by means of a glass
stopper. .
CONSTRUCTION,

It consists of a toluene tube A of 11" diameter
bore joined to a glass tube of 5-8 mm, diameter
B which is filled with mercury coming to level C,
The tube is bent into a U-tube as shown in
Fig. 1 and a ground glass stopper is sealed to it at
the point D. A bulb of about 1 c.c. in volume is
blown in the U-tube at E. Platinum points (3)
are sealed at the points F and G. Mercury level in the U-tube is adjusted
at F by means of a side tube bearing a glass stopper H. °

The platinum joints are joined to the mains or 90 volts battery as
shown in the circuit Figure IT in series with the electric heater. For better

£ o=
G e=

iy : =5
L Fa— e
BATTERY

F1e. II.

control of temperature the wattage of the electric heater should depend
upon the difference of the required and the atmospheric temperatures,—more
the difference, more the wattage. A condenser I of suitable capacity is
used as shown to minimize the sparking at F. Two aluminium plates “4)
immersed in distilled water may be used as a condenser.
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"L WORKING 0¥ THE APPARATUS. .1/ /

For the maintenance of;.any, temperature; open the ground glass
stopper at. D. Adjust, the level of mercury at the platmum point F, by
means of ground glass stopper*H “Heater’ clrcult belng o1 the: requu'ed
temperature is reached.’ Close 'stopper D’ Any further morease i
temper'y;hre will push down the mercury level at ¥ and ‘thus breaks the
heater 9}'01111; Thermostat Wﬂ.l} cool becéusé of Tadintion till*the" cu'cult
is agaun made,w For regulatlon ﬁo eg:aot temperatures ad;ustment 15
possxble by ‘hy toppér HO weET SRR I
h j as ‘the advantage of doing away-with’ relay system thch
suﬂ'ers from “the poss1b111ty of stwkmg and it consumes:much: less ‘current.
It can}; also‘ y e made§ava11able to eny laboratory havmg a glass blower,

Sparkitip: “fouls’the mercury level if cotidénser-is not used. With the
use. of a condenser I of suitable: capacnty and, condenser il over. the surface
of mereury it is minimized.: Tontims o wi Fos e

Iﬂ can.as well be used. Wxth thyratron rela,y to a:VOId least amount of
foulmg o mercury Thermo-regulators are, usua]ly conneeted in the grld
cn'cult*( 1)0f Vhe tube but in this-regulator this connection bemg 1mposs1ble,
it s éj' mfected in the filament circuit as shown in Figure III. In this.
vay with thie * make and TP
break of - filament circuit - ‘
the curren n the heater o
is SWL‘oched’ ‘on and off.
Filament ltage and the [
grid potenﬁlal will depend
upon - the’ charecterlstlc, o
curves of the thyratron’ tube' B,
used. S DT

' i TMY@&TR@WM
/ i ?U@E ,

Tt will be clear that ﬁla-f; |
’ ment shall not reach red |
heat so ‘soon to be able'v, h
to transfer full current
to the heater immediately. ...l . .u.con v ain
Thus the curr)‘ '1;' for thew

first few -seconds, Wlﬂ in- ; ) F oy el et T
crease with time till it { ' uﬂﬂ&{l’ﬁﬂﬁq ﬁu“a“"ﬂw}"’
reaches red heat. So an \?&@3 m BATTERY
equilibrium will be attained

" at a certain temperature of e

filament with the make and break at F, which will transfer ]ust sufficient.
current to the heater to make up for the radiation of heat.
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SPERMATOGENESIS IN THE SPIDER, PLEXIPPUS PAYKULLI
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IxTRODTCTION

Warren (1925) in a letter to Nature (September 12) reported that
the spérmatogenesis of some spiders especially Palysies notalins Earsch
exhibited interesting peculiarities which did not readily accord with the
rigid schemse required by the chromosome hypothesis of heredity. Accord-
ing to him the spermatogonial nuclei divide only by amitosis and the
spermatozoa arise in the following two different ways:—

(@) The nucleus of the spermatocyte buds or fragments in a some-
what irregular manner and gives rise to & small cluster of
nuclei, each of which becomes surrounded by differentiated
cytoplasm. These small cells are the spermatids and their
number seems to be more than four. The nucleus of the
spermatid now becomes hollow and the chromatin concen-
trates at one pole to give rise finally to the spermatozoon
which later on spreads over the cytoplasmic vesicle like
8 fish embryo stretched over its yolk sac.

(b} The numerous chromatin granules of the spermatocyte are
condensed to form a considerable number of large masses
resembling definitive chromosomes, These chromatin masses
become more or less rounded and uniform in size. The
cytoplasm of the spermatocyte now disappears and each
of these fres chromatin bodies becomes hollow to produce
one spermatozoon which is differentiated peripherally., These
spermatozos are somewhat smaller than those formed by the
first method,
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At the suggestion of Prof. J. Bronte Gatenby who adversely criti-
cized Warren’s work in a letter to Nature (October 3, 1925), Dr. S. D.
King worked out the spermatogenesis of the spider, Amaurobius sp. and
published her results in a letter to Nature (October 17, 1925). According
to her the whole process of spermatogenesis is quite normal without any
evidence of amitosis either in the spermatogonial or spermatocyte divi-
sions. Abnormal spermatids, however, are also formed either by an
extra division of the ordinary spermatids or by degeneration of normal
forms.

In view of these conflicting accounts the present work was under-
taken to work out, if possible, the whole process of spermatogenesis in this
ancient group of spiders. This material was considered all the more
valuable as none of the previous workers had paid any attention what-
soever to such imporfant cell inclusions as.the Golgi elements and the
mitochondria. Indeed even the names of these important cell components
do not figure in the previous accounts. .

It gives me great pleasure to acknowledge my deep indebtedness to
Dr. Vishwa Nath, for his helpful suggestions and criticism during the
course of this investigation which was carried out in the Department of
Zoology, Government College, Lahore. For the identification of the
material I am thankful to Mr. Sukh Dyal Malik,

PrEVIOUS LITERATURE

The earliest paper on spider spermatogenesis is that of Carnoy (1885}
who has described in detail the process of cell division in male germ cells
of & number of spiders. The whole of his Plate V beautifully illustrates
the division stages but still his work has no direct bearing on modern sper-
matogenctic investigations. This is not surprising as the cytologists in
those days did not properly follow the sequence of changes during the
maturation divisions.

Wagner’s (1896a) complete paper, published in the Russian language,
is not available anywhere. Nor has it been possible to obtain it from
Russia. However, from a preliminary report (1896 b) and from several
reviews I conclude that Wagner's work is quite comprehensive. He has
traced the history of the germ cslls from the earliest spermatogonium to
the ripe, sperm in Agalena. Previous workers had described the spider
spermatozoon as of a disc-like, aberrant form having no resemblance to
the normal type. Wagner was the first worker to point out that the pecu-
liar spider sperm is essentially normal inasmuch as it possesses the head,
tail and the apical body. He also demonstrated that the disc-like form
results from the rolling up of the ripe sperm.

Montgomery (1905} worked on Lycosa insopita and described the
heterochromosome or the accessory chromosome ag arising from two sper-
matogonial chromosomes. He, however, could not trace the course of
this body through the meioti¢ divisions but on aceount of the similarity
in its formation he suggested that it may behave like the other chromosontes,
dividing first reductionally and then equationally.
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Bésenberg (1905) in his remarkable paper on the spermatogenesis
of Arachnida has described in detail the process of spermatelecsis in Lycosa.
Starting from the telophase of the sccond meiotic division he has very
carefully followed the development of the spermatid nucleus and the
idiozome. The latter, according to him, is formed from the disappearing
spindle fibres. He has also described the division of the centrosome into
a proximal and a distal portion. The distal centrosome moves towards
the cell wall and from it is given out a delicate extra-cellular axial filament.
The proximal eentrosome moves over or through a portion of the nucleus
and lnter becomes quite large, It is then known as the ‘connecting piece’
or the ‘middle piece’. Both the proximal and the distal centrosomes
are connected by an intra-cellular filament. The apical hody, which,
sceording to Bésenberg, is derived from the idiozome vesicle, reveals in
its middle a delicate filament bearing o small granule at its tip. This is
derived from the ‘Connecting piecs’.

Berry (1906) was the first worker to report dimorphism in spider
spermatozoa. She worked on Epeira and showed that the odd chromosome
or the acecessory chromosome passed undivided to one pole during the
first meiotic division which was reductional for the ordinary chromosomes,
During the seecond meiotic division the odd chromosome also divided
equationally like the other ordinary chromosomes. She derived the odd
chromosome from one spermatogonial chromosome.

Wallace (1909) published her complete paper on the spermatogenesis
of Agalena nmerie. In this communication, while she pointed out the
discrepancies in the conclusions of the previous workers, she also men.
tioned two chief errors in her own previous investigations (1900, 1905).
The first error was that she failed to notice the division of the accessory
chromosomes during the second meiotic division and the second was that
she could not find the tail of the spermatozoon. Both these points have
been fully discussed in her last paper in which she has also attempted to
bring the observations of earlier workers in line with her own results.

Painter (1814) worked on thirteen different species of spiders but
confined his studies only to the autosomes, accessory chromosomes and
Ctetosomes, etc. He even did not describe the process of spermateleosis
snd the ripe sperm.

Warren (1925 and later) has also made an extensive study of the
spermatogenesis in a large number of spiders and has described many
different ways with regard to the formation of the ripe spermatozoon.
He has consistently stated that the germinal nuclei divide only by ami-
tosis. Spermatogonia can also divide without mitosis to form spermato-
cytes. In some spiders, according to him, even the primary spermato-
cytes may further divide amitotically to form secondary spermatocytes
and spermatids. Chromatin structures indistinguishable from spermatozoa
are also formed in cells which have originated either without mitosis at all
or without the full complement of mitotic divisions characteristic of typical
spermatogenesis., In many species there may be formed two kinds of
spermatozoa originating in different lobules of the testis. The presence of
typical spermatogenesis in many spiders, according to Warren, indicates
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that the various atypical methods which have been observed are to
be regarded as simplification of the typical process rather than as something
fundamentally new or as a survival of the primitive methods. Warren
has also described the origin of more than one sperm from a single sper-
matid. In none of his papers he hag been able to identify the centrosome,
aerosome and chondriosome, etc.

MATERIAL AXD METHODS

The spider, Plexippus poaykulli {Audouin) is commonly met with in
houses in Lahore. I collected a large number of them from the vicinity
of the Zoological laboratories of the Government Coliege, Lahore. The
male can be easily distinguished from the female by the presence of a pair
of black longitudinal bands on the white cephalothorax and abdomen.
In the female the cephalothorax and ‘the abdomen are dusty brown in
colour and these have a pair of deep brown lateral bands,

For preserving the testes the cephalothorax of the spider is first
removed by means of & sharp blade of a safety razor. The abdomen ig
then cut open from the side under normal saline with a fine pair of seissors,
The testes which are in the form of a pair of translucent and slightly con-
voluted tubes lie embedded on the ventral surface of the brown liver. The
latter occupies almost the entire abdominal cavity. These testicular
tubes are then carefully separated from the liver using a pair of fine needles.
In some cases it becomes quite difficult to distinguish the tubular testes
from the whitish spinning glands which lie immediately below them.

The testicular tubes thus taken out were fixed in Flemming-without.
scetic and were prepared for sectioning in the usual way. Sections were
cut 5-8p thick and these were stained with 0-5%, irdn-hematoxylin.
Smears of the testicular material were also made in Flemming-without-
acetic diluted with an equal quantity of water and these were also stained
with 0-69%, iron-hematoxylin. Bouin’s followed by 0-5% iron-h@matoxylin
was used as control, _

Feulgen’s reaction was also tried after fixation in strong Flemming
golution, ' :

OBSERVATIONS

The earliest spermatogonia of Plexippus paykulli (Audonin) are large,
more or less, rounded or oval cells with comparatively large nuclei (Plate I,
fig. 1). The nucleus which reveals inside it a number of faintly staining
chromatin granules arranged on a spireme-like net work, is surrounded
by a&-thin layer of cytoplasm showing no granulation whatsoever. In the
late spermatogonia, however, the eytoplasm on one side of the nucleus
appears to be denser and very often it is now possible to make out a few
greyish granules in this area. These granules are most probably the
mitochondria (Plate I, fig. 2},

During the spermatogonial metaphase (Plate I, fig. 3) the rod-like
chromosomes are o closely packed together that it is impossible to make
an approximately accurate count of them. In Plate I, fig. 4, the chromo-
somes arrange themselves in such a way that they occupy almost the
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whole of the spindlé area and consequently it is not possible to observe
any spindle fibre. At each pole of the spindle area there is a sharply
staining granule, the centrosome (Flate I, figs. 4 and 5). The astral rays
are conspicuous by their absence. The cytoplasm is either clear (Plate
I, fig. 4) or may revesl fine granules (Plate I, figs. 3 and 5) which are the
mitochondria. These are sorted out, more or less evenly, to the two
daughter cells. It has not been possible to make out any accessory chro-
mosome during the spermatogonial divisions.

The resting primary spermatocytes are definitely larger cells than the
spermatogonia, their nuclei also being larger (Plate I, figs. 6 and 7). During
the early prophases faintly staining spireme threads, with chromatin
granules arranged on them, appear in the nuclei. In Plate I, fig. 6 the
nucleus also reveals two rod-like structures which are most probably the
nccessory chromosomes. These, very often, fuse together to form a nu-
cleolus-like body (Plate I, fig. 7).. In the cytoplasm, as illustrated by figure
6, Plate I, there is a juxta-nuclear mass of fine greyish granules which are
the mitochondria. One or more deeply staining granules, appreciably
bigger than the mitochondria, can aleo be made out in this juxta-puclear
mass. These are the Golgi elements. As the spermatocytes grow the
(olgi elements as well as the mitochondria become circum-nuclear in
arrangement (Plate I, fig. 7). Some of the Golgi elements at this stage
reveal a definite duplex structure with a chromophilic cortex and a chromo-
phobic central core (Plate I, fig. 9). The spireme in figure 8, Plate I,
appears to break up into chromosomes and simultaneously the cytoplasm
reveals two sharply staining granules. These are the centrosomes which
will now form the apices of the first meiotic spindle.

During the first meiotic division the chromosomes arrange themselves
at the equator of the spindle which is a fibrillar structure with a sharply
staining centrosome at each pole (Plate I, figs. 10 and 11). As the chromo-
somes move towards the respective poles a pair of distinet rod-like bodies
can very often be seen passing undivided to one of the two daughter cells
only (Plate I, figs. 10, 12 and 13}. These are definitely the accessory
chromosomes. The mitochondria and the Golgi elements are distributed
.almost evenly to the two daughter secondary spermatocytes (Plate I, figs.
10-14).

When the process of nuclear reconstruction is going on & number of
granules appear at the equator of the dividing cell (Plate T, fig, 13), These
granules constitute the so-called mid-body which later on becomes con-
densed to form a conspicuous deeply staining ring surrounding the remains
of the spindle fibres. The latter persist for a long time in the form of
& bridge connecting the two fully formed secondary spermatocytes (Plate 1,
fig. 14). It is important to note that some of the primary spermatocytes
do not divide for a long time even after the nuclei of the two daughter
secondary spermatocytes have been completely formed in them. One
guch example is illustrated in fig. 15, Plate I. The spindle and the con.
spicuous ring-like mid-body can be clearly seen on one side of the cell,
the nuclei lying away from the poles of the spindle. This represents the
well-known phenomenon of telokinesis.
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Each resting secondary spermatocyte is almost similar to the primary,
but it is definitely smaller than the latter (Plate I, fig. 16). The nucleus
contains inside it & deeply staining nucleolns-like body which appears to
be formed by the fusion of the accessory chromosomes. This is also con-
firmed by the fact that the peculiar nucleolus-like body is met with only
in some of the secondary spermatocytes (presumably in one half of the
total number).. The remaining secondary spermatocytes which do not
receive any accessory chromosome during the first mejotic division are
conspicuous by the absence of this nucleolus-like body (Plate 11, fig. 17).

Just before the second meiotic division the cytoplasm reveals a pair of
sharply staining granules (Plate 11, fig. 17). Theze are the centrosomes which
are most probably formed by the division of the originally single centrosome.
Each of these will now take its position at the respective pole of the
second meiofic spindle, During this division even the accessory chromo-
somes divide equationally like the other ordinary chromosomes (Plate II,
fig. 18). Mitochondria and the Golgi elements are again sorted out, more
or less evenly, to the two spermatids thus formed (Plate I, figs. 18-23).
The formation of the comspicuous ring-like mid-body can also be
clearly seen in fige. 19-23, Plate II. It is again quite interesting to note
here that the process of spermateleosis may proceed on without the com-
plete separation of the daughter spermatids after the second meictic
division (Plate II, figs. 22-25). Very often, a oytoplasmic neck-like
structure (spindle-remains) can be seen connecting the two fully formed
spermatids (Plate II, figs. 23 and 24). After the complete separation of
the daughter spermatids this neck-like structure degenerates. In the
earliest spermatid as shown in fig, 26, Plate II, the chromosomal vesicles
are seen fusing together to form the mucleus. The latter during the rest
stage reveals a number of fine chromatin granules inside it (Plate II,
fig. 27). The mitochondrial granules are distributed uniformly throughout
the cytoplasm. A few prominent darkly staining Golgi granules can also
be seen here and there. But these now have a distinct tendency to come
together to form bigger granules (Plate IT, figs. 22, 23, 26, 27 and 28).
In figs. 27 and 28 can also be seen an extra-cellular axial filament which
has grown out from the granular centrosome situated in the cytoplasm.
This axial filament bears at its centre and the tip a bleb-like swelling which
stains deeply. '

One of the big Golgi granules now takes it position at the anterior
pole of the nucleus (Plate II, fig. 29). This wil! later on grow to form
a ring-like acrosome (Plate II, fig. 30). The remaining Golgi elements
degenerate in the cytoplasm.

The centrosome in the meanwhile divides into a proximal and a distal
portion (Plate IT, fig. 29). The former which moves towards or over the
nucleus becomes rod-like (Plate IT, fig. 31). Both of these, however,
remain connected through an intra-cellular axial filament. Ultimately
the proximal rod-like centrosome takes its position underneath the nucleus
just behind the acrosome (Flate IT, fig. 32).

The nucleus which now becomes pear-shaped begms to stain deeply
and this makes the task of d1ﬁ'erent1a.tmg the acrosome and the proxima
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centrosome a little difficult (Plate II, figs, 32-33 and Plate ITI, figs. 34-
35). The ring-like acrosome becomes triangular and at its apex is differen-
tiated a darkly staining granule (Plate II, fig. 31 and Plate III, fig.
36). The pear-shaped nucleus at this stage becomes sinuous and by ita
peculiar movements it gradually spreads over the clear space vacated by
it (Plate III, figs. 37-40).

_ As the spermatozoa are undergoing these changes the staining capacity
of the nucleus again decreases. It, however, does not reveal any chro-
matin granule inside it (Plate III, figs. 37-40). Soon after, the sinuous
nucleus along with the acrosome and the axial filament wriggles out of the
cytoplasm containing the whole of the mitochondrial material and the
degenerating Golgi elements {Plate ITI, figs. 41, 42, 45 and 46), These
cytoplasmic masses discarded by the ripe spermatozoa later on degererate
completely.

The ripe sperm, therefore, does not seem to have any trace of the
mitochondrial material (Plate IIT, figa. 48, 44, 47 and 48). The distal
centrosome disappears from view in the ripe sperm after it has wriggled
out of the cytoplasm (Plate III, figs. 47 and 48). The proximal centro-
some also cannot be made outsclearly as it completely fuses with the deeply
staining nucleus of the ripe sperm. The axial filament increases
in length and in the meanwhile its bleb-like swellings completely dis-
appear. The deeply staining granule at the apex of the triangular acrosome
appears to be connected with the nucleus by means of a lightly staining
fibre (Plate ITI, figs. 41-44). But in smears all these details are often lost
(Plate III, figs. 45-48), '

The fully ripe spermatozoa in the lumen of the testis coil themselves
in such a way that it becomes increasingly difficult to make out their
different parts (Plate TII, figs. 49-51).

Discussion
A, Golgi Material.

The Golgi elements could not be observed in the spermatogonia of
FPlexippus paykulli. They seem to make their appearance for the first
time during the early spermatocyte stage just at the time when the juxta-
nuclear mass of mitochondrial granules begins to spread out in the cyto-
plasm. They are in the form of one or more deeply staining granules
appreciably bigger than the mitochondria. As the spermatocytes grow
the number of the Golgi elements increases and they also become circum-
nuclear in arrangement. Some of the Golgi elements now reveal a definite
duplex structure with a chromophilic cortex and a chromophobic central
core.

During the meiotic divisions the Golgi elements are sorted out, more
or less evenly, to the davghter cells,

In the earliest spermatid there are a few prominent Golgi elements
which have a distinct tendency to come together to form bigger granules,
One of these big Golgi granules now takes its position at the anterior pole
of the nucleus and thus directly forms the ring.like acrosome. The rest
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of the Golgi elements remain in the cytoplasm which is completely dis-
carded by the ripe sperm. As the spermatozoa ripen the ring-like acro-
some becomes triangular and at its apex is now differentiated a deeply
staining granule which is connected to the nucleus by means of a lightly
staining fibre.

None of the previous workers on spider spermatogenesis has described
any Golgi element. This is not surprising as most of the previous work
is quite old and a few papers which can be considered as recent are con-
cerned mainly with chromosomes.

Wagner {1896) described an apical body in the sperm of Agalene,
and Basenberg (1905) derived the apical body of the sperm in Lycosa from
an idiozome vesicle. The latter, according to him, was formed by the
disappearing spindle fibres. Wallace (1809), working on Agalena nevia,
confirmed Bosenberg’s account in every detail.

On the other hand I have dlearly shown that the apma.l body
described by these workers is really the acrosome and is formed by the
fusion of & few Golgi elements. '

My observations are strongly supported by the pioneer work of Mont-
gomery (1911) who, working on the hemipteran Euschistus, demonstrated
the direct origin of the acrosome from a body called the ‘sphere’ or the
idiozome. This, as we now very well know, is nothing but the Golgi appa-
ratus. ILEven Gatenby (1917) clearly proved in Smerinthus that the acro-
gome was directly formed by the running together of several acroblasts
(Golgi elements).

Later in 1920, the late professor Doncaster and H, G. Cannon showed
that the acrosome in the lice (Pediculus corporis and Pediculus capitis)
was directly formed from a body which was considered to be the Golgi
apparatus, This account was further confirmed by H. G. Cannon (1922)
in the Mce, Hemalopinus consobrinus, Hematopinus asini and Lignogna-
thus piliferus.

Bell (1928) also, working out the spermatogenesis of the dog, clearly
demonstrated that the pro-acrosomic granules of Gatenby and Woodger
(1921) were in reality the Golgi elements and not the secretory products
of the Golgi dictyosomes which were merely artifacts. These Golgi gra-
nules later on directly fused to form the acrosome in the late spermatid.

Similar observations were made by Gobind Ram (1937) and Nath
{1932 and 1942) in Rhysida (a scolopendrid) and Paratelphusa and its allies
respectively.

In ticks also I have clea.ﬂy shown that the Golgi elements which can
be easily seen even in the living cells, directly fuse together in the spermatid
1o form the acrosome (Sharma, 1944,

B. Mitochondria.

In the earliest sperma.togoma of Plexippus paykbulli, the thin layer
of 'cybopla,sm does not reveal any granulation whatscever. In some of
the late spermatogonia, however, the cytoplasm on one side of the nucleus
appears to be den‘ser' and it is now possible to make out a few greyish
granules in this area. These are most probably the mitochondria. In
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the earliest spermatocyte there is a juxta-nuclear mass of fine mitochon-
drial granules which begin to spread as the spermatocytes grow.

The sorting out of the mitochondrial granules during the meijotic
divigions is almost even.

In the earliest spermat{ds the mitochondria are uniformly spread
thronghout the cytoplasm and they de not seem to change in any way
during spermatelecsis. Ultimately they are completely cast out as the
ripe sperm wriggles out of the cytoplasm containing these granules.

This account is quite unique inasmuch as there seems to be no trace
of any mitochondrial material in the ripe sperm. In every other animal
except the doubtful case of Peripatus (Montgomery, 1912} all or most of
the spermatid mitochondria form a sheath round either a part or nearly
the whole length of the axial filament,

Even in some of the non-flagellate ripe sperms, e.g. the Decapod sperm
{Nath, 1942) and the millipede sperm {Sharma, 1942) the mitochondria
persist in the form of & clear vesicle which completely fits into the nuclear
cup.

None of the previous workers on spider spermatogenesis has deseribed
any mitochondrial granule but most of them agree that the ripe sperm,
consisting of the nucleus, apical body (acrosome) and the axial filament,
wriggles out of the cytoplasm. I have also confirmed the above account
and therefore it is quite obvious that the whole of the mitochondrial material
which remains in the cytoplasm is also discarded by the ripe sperm.

Thus the ahsence of mitochondria in the ripe sperm of the spider
(Plexippus paykulli) and Peripatus (Montgomery, 1912) clearly disproves
the hereditary function attributed to them.

C. Spermatogonial and Meiotic Divisions.

- Warren (1925 and later) has consistently described that in spiders
the spermatogonial nuclei divide only by amitosis. But a glance at my
figures will clearly show that there is typical mitosis during all the sperma-
togonial divisions., Even in the meiotic divisions no abnormality could
be observed. The accessory chromosomes pass undivided only to one
ccll during the first or the reductional division and divide equationally
curing the second or the equational division. After each meiotic division,
just before the two daughter cells are separated, a number of granules
appear at the equator of the dividing cell. These granules constitute
the so-called mid-body which Iater on becomes condensed to form a con-
spicuous deeply staining ring surrounding the remains of the spindle fibres,
These persist for a long time in the form of a bridge connecting the two
daughter cells. It is quite remarkable that the neck-like structure con-
necting the two sister spermatids may persist till the end of spermateleosis,

Similar observations have already been made by Wagner (1896),
Basenberg (1905) and Wallace (1909). Wagner called this neck-like struc-
ture as the ‘connecting body’.

Carnoy (1885) was the earliest worker who described in detail the
division of the male germ cells in a number of spiders, but, as I have
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already pointed out, his work has no direct bearing on modern spermato-
genetic processes, as he could not properly follow the sequence of changes
during maturation,

Wagner (1896), working on Agalena, states that the spermatogonia
do not divide by the ordinary method of kaiyokinesis; nor do they divide
amitotically. I, therefore, fail to understand the exact method of division
observed by him. He has also described a peculiar nuecleolus in the growth
period and also in the primary spermatocytic division. This, I believe
is the fusion product of the accessory chromosomes. He, however, has
not been able to trace this body correctly during the meiotic divisions.

Montgomery (1905) has followed in detail the history of the sperma-
tocytes in Lycose. According to him there is no rest stage at any period
of the spermatocytic history. But in Plexippus paykulli I have clearly
shown that well-marked rest stages occur not only in the spermatocytes
(both primary and secondary) but also in the spermatids, The mode of
division of the bivalent heterochromosome during the meiotic divisions
was also not positively determined by Montgomery but it was suggested
that it may behave like the other chromosomes, dividing first reductionally
and then equationally, On the other hand, I have proved beyond doubt
that the accessory chromosomes pass undivided to only ome of the two
daughter cells during the first meiotic division and divide equationally
during the second,

Bosenberg’s (1905) observations on Lyeosa begin with the telophase
of the second meiotic division and are mainly concerned with the trans-
formation of the spermatid into the ripe sperm. He, like Wagner, has
also mistaken the accessory chromosomes for a nucleolus which, according
to him, disappears before the final maturation of the spermatid nucleus,

Borry (1906), working on Epeira, described in the telophase of the
last spermatogonial division a chromosome which had no mate. This
odd chromosome, according to her, passed undivided to only ome pole
during the first meiotic division. She could not identify this odd chromo-
some during the second meiotic division but she correctly conjectured
that it divided equationally.

Wallace (1908) has very carefully described the behaviour of the
accessory chromosomes in the spermatogenesis of Agalena n@via but X have
not been able to confirm her statement that these accessory chromosomes
persist and form an important part of the chromatin plate in one half of
the spermatozon,

Painter’s (1914} description of the accessory chromosomes during
the meiotic divisions in a number of spiders is also in conformity with
my own observations.

D. Centrosome and Axial ﬁlament

It will be recalled that I have described a consplcuous gharply staining
centrosome at each pole of the spermatogonial and the meiotic spindles.
In the earliest spermatid, to begin with, there is a-single centrosome from
which an exira-celluar axial filament is given out. This axial filament,
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which is quite delicate, bears at its centre and the tip a deeply staining
bleb.like swelling. Later on the single. centrosome divides into & proximal
and a distal portion. The former, which moves towards or sometimes
over the nucleus, becomes rod-like, Both of them, however, still remain
connected through an intra-celluar axial filament. As the spermatozoa
ripen the distal centrosome disappears from view and the proximal, which
now fuges with the underside of the nuclens, cannot also be made out very
clearly. These observations of mine confirm the work of Wagner (1896),
Bosenberg (1905) and Wallace (1909) who called the proximal centrosome
ag ‘little tooth’, ‘middle piece’ or the ‘ connecting piece’ and the ‘end knob’
respectively.

In the ripe sperm the axial filament has considerably increased in
length and its bleb-like swellings have also completely disappeared.
Similar observations were also made by Bésenberg (1905) and Wallace
(1909). '

Gatenby (1917), working on’ the cytoplasmic inclusions of the germ
cells in Lepidoptera, has also described large clavate structures at the tip
of the outgrowing flagella. The flagellom, according to him, passes through
the substance of the clubbed end and bears at its tip a dark apot (terminal
body). What exactly is the function of such formations, I have not been
able to ascertain but these may be the storehouses for nutritive matter as
urged by Gatenby. Their later disappearance also seems to be correlated
with the growth of the axial filament.

SuMMaRY

1. The spermatogenesis of the spider, Plexippus paykulli (Audonin),
has been worked out in this paper.

2. Both the mitochondria and the Golgi elements are in the form
of granules but the latter are appreciably bigger than the former. Some
of the Golgi elements reveal a definite duplex structure.

3. During the division stages both the mitochondria and the Golgi
elements are sorted out more or less evenly to the daughter cells.

4, The accessory chromosomes pass undivided to only one pole
during the first or the reductional division and divide equationally during
the second or the equational division.

5. In the spermatid the Golgi elements have a distinet tendency to
come together to form bigger granules. One of these big Golgi granules
directly forms the acrosome.

6. The single centrosome of the early spermatid divides inte a
proximal and a distal portion, The former which moves towards and
sometimes over the nucleus becomes rod-like, In the ripe sperm it is
difficult to make out any of these.

7. There is an extra-cellular as well as an intra-cellular axial filament.
The bleb-like swellings on the former seem to be connected with its growth.

8. This investigation tends to disprove the hereditary function
attributed to the mitochondria.
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ExrLavaTioNn OF LETTERING IN PLATES

A.—Acrosome,
A.Ch.—Accessory Chromoromes.
A F.—Axial filament.
¢.—Cenftrosome.
C;.—Proximsl Centrosome.
Cg.—Distal Centrogome.
C.G.—Chromatin granules.
Ch.—Chromogomes.
G.—Golgi sloments.
M.—Mitochondria.
N.—Nucleus.
N’.—Nucleolus.

Further explanation of figures will be found in the text.

EXPLANATION OF PLATES

All figures have been drawn with a camera lucida at the table level
with Zeiss 4 eye piece and oil immersion objective giving a magnification of
1300 times.

All figures except figures 46 to 51 have been selected from sectioned
material fixed in Flemming-without-acetic followed by 0-5% iron-hema-
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toxylin, Figures 45 to 51 are from smears fized in Flemming-without-
acetic diluted with an equal quantity of water and stained with 0-59
iron-hematoxylin.

PraTe 1

F16. 1.—Earliest spermatogonium, ' .

F1a. 2,—Late spermatogonjum.

F1a. 3.—Spermatogonial metaphase.

F1¢. 4,—Spermatogonial Anaphase,

F1a. 5.-—Spermatogonial telophase.

Fias, 6 and 7—Resting spermatocytes I

F1a. 8.—Spermatoeyto I. The spireme is seen breaking up mto chromosomes. Mito-
chondria and the Golgi elements are uniformly spread throughout the cytoplasm.
Note also the centrosome which has just divided. '

Fi¢. 9.—Spermatocyte I with fully differentiated chromosomes. The Golgi efements
reveal a duplex structure.

F14. 10.—Metaphase 1.

Fre. 11.—Anaphaso L.

Fi1a. 12.—Telophass 1.

F1a. 13,—~Telophase 1.

F16. 14.—Two fully formed secondary spermatocytes which are not yet completely
separated. Note the remains of the spindle fibres with the conspicuous ring-
like mid-body. )

F1e. 15, —Spermatocyte I in which the nuclei of the two daughter secondary sperraato-
cytes have been completely formed and yet no division of the eytoplasm has
taken place. Note the spindle fibres and the conspicuous ring-like mid-body
on one side of tho cell.

F1e. 16,—Resting spermatocyte IT with a nucleolus-like body formed by the fusion of
the accessory chromosomes,

Pramg II

Fi1g. 17.—Resting spermatocyte II without any nucleolus-like bady. Note also the
centrogome which has just divided.

Fia. 18,-~-Metaphese IT.

Fi1¢. 18.—Anaphase II.

F1a. 20.—Telophase II.

Fi1a. 21.—Telophase IT

F1g. 22.—Late telophass IT with fully formed spermatid nuclei.

F1a. 23.—Two fully formed spermatids which are not yet separated, Note the remains
of the spindle fibres and the conspituous ring-like mid-body.

F1as, 24 and 25,—Daughter spermatids showing the process of spermateleosie without
their complete geparation after the second meiotic division.

F1a, 26.—Earliest spermatid.

Fia, 27.-Resting spermatid.

Fr¢, 28.—8permatid showing & distinct tendency of the Golgi elements to come to-
gothor to form bigger granules. Note also the axial filament growing out from
the centrosome.

F1a. 20,—A later spermatid with one of the big Golgl granules situated at the anterior
pole of the nucleus. Note also the division of the centrosome into a proximal
and a distal portion.

F16. 30.—8till later spermatid in which a ring.like acrosome has also been differentiated.

F1a. 31.—A late spermatid. The ring-like acrosome becomes triasngular at the apex
of which is differentiated & deeply staining granule. Note elso the proximal
centrosome (which has become rod-like in the meanwhile) lying on the surface
of the nucleus.

F16. 32.—A nearly ripe sperm before it wriggles out of the cytoplasm.

F1a. 33.—Illustraten the beginning of changes in the shapo of the spermstid nucleus
during spermateleosis. Note elso the acrosome and the centrogomes.
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Prare 111
F16g. 34-36.—As for Fia. 33.
F168. 37 to 40.—Nearly ripe spermatozon before they wriggle out of the eytoplasm,
Fics, 41 and 42, —Tlustrate the ripe spermatozoa wriggling out of the cytoplasm.
F16s. 43 and 44.—Ripe spermatozoa,

SMEARS

Fias. 45 and 46, —Tlustrate the ripe spermatozoa wriggling out of the eytoplasm.
Fias. 47 and 48.—Ripe spermatozos.
Fias, 49 to 51.—Coiling up of the Tipe spermatozoa.
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‘A SIMPLE PROOF OF THE PRIME NUMBER THEOREM
BASED ON SELBERG’S FORMULA

By Haxsras Guera

(Government College, Hoski'arpur)

1. Notations.

In what follows, p, denotes the rth prime; p, ¢ run over primes ; all

small letters other than z denote positive integers unless stated otherwise ;
and « denotes a positive number. Moreover,

f(z) = Z'logp, R ¢ )
. # e ,
and #(x) denotes the number of primes not ex_ceedirig z.
2. The primne number theorem states that
lim ~7r(x) log-x -1
x>0 . X .
or what is the same thing

z>om &

Using elementary methods, Selberg ! has recently proved that

> (ogpy+ . (logp) (logq) = 2rlogx-+0(a)
e P w

_ This has led him to the important result :

U+L=2, .. C e .o .. (3)

where .
U=limsupgf—),andL¥1iminf@; 0<LU.

X =» 0 x>0

Erdos and Selberg have obtained proofs of (2). Giving these in a recent
paper,2 Erdos has stated that Selberg has now & more direct. proof of (2).
This is, however, not available to me. I give here an extremely snnple
proof of (2) in the hope that it is different from Selberg’s.

3. Consider the function {6(x)/z} as z varies from 2 to co.
Let p, <z <p

r+1 €

"where € is a preassigned positive quantity however small

Then since .
() = 9(p,),

therefore, {0 )z} decreases continuously in this 1nterval from {6(p,)/p,}
to {0 /(p,+1 €)}.
81



In fact, {B(x)/x} is a decreasing function except when # is a prime .
The curve
consists of portions of several hyperbolas running from one prime value of
x to the next. :

Now _ :
. U=1msup {g(z)/x} = lim {8(p,)/p,} ;
X~> 0 . 7 ~=>.0 B
and .- - _
| L =lim inf {§(a)/c} = lm {6(p)/(prs1—e)},
xX—> 0 ‘ 7> .
= lim {§(p,_1)/(p,—¢)}.
r—=> o0 N
Since . .
0(p,) _ 0(pr-1) , logp,
Pr Py . P
< ) | Logp,
) . DPr—€ Pw,
Therefore,

U < L+1im 1087,

>0 p?‘ .

For every positive quantity § however small, there is an 7 such'tha.t for
every.r >1rg, -

e,
" Ps

Hence : C

L<U<LYS. .
Since .

L+U =2,
we must have , _
’ : L=U=1.
This proves the theorem.
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SOME OBSERVATIONS ON THE FORMATION OF THE HEN'S EGG
WITH SPECIAL REFERENCE TO THE CHALAZIFEROUS
LAYER AND THE CHALAZA *

By GANPATI PARsEAD SHABRMA, M.Se,, Ph.D. (Penjab), Ph.D. (Edinburgh),
Animal Geneticist, Government Livestock Farm, Hissar, Panjab (I)

IxTRODUCTION

In connection with investigations on the origin of blood and meat
spots in the hen's egg opportunities arose to examine the ovaries and the
oviducts of & number of Brown Leghorn birds killed from time to time at
the Institute of Animal Genetics. Occasionally during such examinations
immature eggs in various stages of formation from different levels of the
oviduot were obtained. On opening some such eggs obtained from the
uterus, mo distinct structure resembling the normal twisted chalazes, so
conspicuous in & laid egg, could be found. These observations, in view of
the existing confusion in the literature with regard to the formation of the
chalaziferous layer and the chalazw, led to a more extended and detailed
study. '

PREVIOUS WORE

Pearl and Curtis (1912} stated that the yolk during its passage through
the magnum region of the oviduct acquired its chalaza, chalaziferous
layer, the dense albumen and also the inner layer of thin albumen. They
were, however, doubtful about the existence of the last named layer. The
outer layer of thin albumen, according to them, was added in the isthmus
and the uterus by osmosis through the shell membranes already formed,

Surface (1912), in his description of the infundibulum, has described two
kinds of epithelial cells lining the folds of the mucous membrane, namely
ciliated and non-cilisted, the former being confined to the more superficial
parts of the folds, The non-ciliated cells, according to him, line the deeper
parts of the grooves between the folds and he regards these as glandular,
Consequently the grooves they line are named by Surface as ‘glandular
grooves’ or ‘gland pouches’. He has also distinguished certain other non-
ciliated cells in the region of mergence of the infundibulum into the magnum
and has named these as ‘unicellular glands’.

The presence of glands in the infundibulum led Surface to suggest that
the chalaz and the chalaziferous layer are secreted in this part of the
oviduct.

Bradley (1928), while confirming Surface’s statements, has added that
Surface’s ‘unicellular glands’ (his goblet cells) produce a secretion which,

* This work was carried out at the Instituto of Animal Genetics, Edinburgh,
during the period 1945-47 when the author worked there as Government of Indm_
Research Scholar,
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‘from its staining properties, must be looked upon as either mucin or some-
thing akin thereto’.

Richardson (1935) showed that the chalazs and the chalaziferous
layer were secreted in the caudal half of the infundibulum and he celled
this the * chalaziferous region’ of the oviduct.

Hansen (1933) found that in the magnum region of the oviduct only
the very viscid layer of albumen was secreted and as he could not see any
chalazz till the egg had been in the uterus for some time he concluded that
they were formed in the uterus, He also doubted the observation made by
Pearl and Curtis (1912) with regard to the taking in of the outer layer of
thin albumen as such through the shell membranes. According to him,
this layer appears as the result of dilution of the dense albumen with the
watery solution of salts diffusing through the shell membranes,

Conrad and Phillips (1938) confirmed Hansen’s observations. Accord-
ing to them the layer of demse albumen next to yolk becomes more like a
fluid before the egg reaches the uterus. There, due to the rotation of the
albumen around the yolk, the mucin of this fluid-like gel is sezregated to
form the chalaze and the chalaziferous layer, leaving a much more fluid
inner thin albumen. They even produced this change experimentally.

Scott and Huang (1941}, on the other hand, confirmed Richardson’s
obgervation on the formation of thechalaziferous Iayer. The chalazal
formation was first noted by them in the small end of eggs removed from the
posterior magnum,

MATERIAL AND METHODS

Al eggs removed from the various levels of the oviduct were carefully
examined for the nature of the albumen and also for the presence or absence
of the chalazss. The yolks were then carefully separated from the albumen
and after being agitated for a few minutes in 0-8%, normal saline, were
immediately fixed in Formol Saline. The dehydration was done as usual
by passing the specimens through up-graded alcohols and cedarwood oil
was uged a8 a clearing agent. The yolks were embedded as such but for
sectioning small pieces were cut from the two poles and also from the
sides,

Sections were cut 5-6u thick and stained with Delafield’s hematoxylin
and Eosin technique. Thionin blue was also used to differentiate the
chalaziferous layer from the vitelline membrane,

(QRBRSERVATIONS

A cagual observation of all the eggs removed from the anterior and the
mid-magnum region of the oviduct shows the yolk to be surrounded by a
very dense envelope of albumen only. No definite chalaze can be made
out at this stage. Figures 1 and 2 are the photo-micrographs of sections
of such yolks from the anterior and the mid-magnum region respectively.
These clearly reveal two membranes surrounding the yolk. The outer of
these is the chalaziferous layer and the inner the vitelline membrane. Both
the layers can be easily seen even in preparations stained with Delafield’s
hematoxylin followed by Eosin. Thionin blue, however, gives the best
differential results, staining the chalaziferous layer a purplish pink and the
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vitelline membrane & pale blue. It is very difficult, however, to preserve
this stain during dehydration.

Apparently the eggs from the posterior magnum region of the oviduct
are ai3o similar to those described above. However, on closer observation
a faint whitish cloud can very often be observed near that pole of the yolk
which is towards the isthmus. Figure 3 represents the section of such a
yolk from the polar region. Here, in addition to the two membranes
covering the yolk one can also see a cluster of fibres outside the chalaziferous
layer. These fibres, which constitute the whitish clouds referred to above,
stain with all the mucin stains exactly like those of the chalaziferous layer.
These are, therefore, nothing but mucin fibres and are the precursors of the
chalaze. Simultaneously with the appearance of the mucin fibres the
inner layer of thin albumen also becomes visible. It can be made to flow
out by puncturing the envelope of thick albumen. Very often the mucin
fibres forming the faint whitish clouds also flow out with it.

Figure 4 is a section of that pole of a yolk which was inside the isthmus.
When this egg was removed from the oviduct only approximately one half
of it was covered by a thin shell membrane while the other half, not yet
within the isthmus, was without it. This section has been particularly
selected to show the muecin fibres joining the chalaziferous layer at two
points. These represent the bases of the chalazal core. Even in laid eggs
the bases of the chalaza can very often be seen to form cap-like structures
at the two poles of the yolk.

In the isthmian eggs faint whitish clouds can be made out at both
poles of the yolk. The inner layer of thin albumen is also present in these
eggs. The thick albumen is still quite dense and no definite outer layer of
thin albumen can be seen.

Figure 5 represents the contents of a shelled egg from the uterus.
Here the outer layer of thin albumen is also quite conspicuous. The chalaza
towards the narrower end of the egg is larger than that in the other. The
normal twisting of the chalaze is still not very distinct.

Discvssion

Acocording to Conrad and Phillips (1938) the layer of dense albumen
next to the yolk becomes more like a fluid before the egg reaches the uterus.
There, due to the rotation of the albumen around the yolk, the muein of this
fluid-like gel is segregated to form the chalaziferous layer and the chalaz.
On the other hand, it has been clearly shown in the present study that the
chalaziferous layer is to be found even in eggs removed from the anterior
magnum region.

As early as 1898 Mitrophanow described the envelope of yolk as con-
gisting of two layers—an internal or the vitelline membrane and an external
or the albuminous layer. The presence of blood spots in between the two
layers led Mitrophanow to suggest that the external albuminous layer
(chalaziferous layer) was secreted in the oviduct.

Lécaillon (1910, ¢ and ) thought that the external layer was completed
hefore the egg reached the oviduct but later on (1910 ¢} he modified his
view in favour of that of Mitrophanow (1898).
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 Burface (1912), Bradley (1928), Richardson (1935) and Scott and
Huang (1941) have all presented evidence that the chalaziferous layer is
secreted in the posterior portion of the infundibulum to which the name
‘chalaziferous region’ of the oviduct was given by Richardson (1935). It
has not been possible to confirm their observations directly as egge from the
‘chalaziferous region’ were not obtained. However, from the present
observations and in the light of the previous work it can be concluded that
this layer is secreted in the posterior portion of the infundibulum, the true
chalaziferous region’. |
- It would not be out of place to mention here the work of Burmester
and Card (1939). They removed sections, 2-7 em. long, from the ‘chala-
ziferous region’ of the oviduct and reported that such resection was con-
ducive to the formation of dwarf or yolkless eggs. It could be suggested
that as no chalaziferous layer was secreted, due to the absence of this
particuldr region, the delicate vitelline membrane could not remain intact
while passing through the narrow oviduet. The yolk, thus set free, was
sither pushed back into the body cavity perkaps by antiperistalsis or was
included in the dwarf eggs.

Agz already pointed out by Burmester and Card (1939) that the resection
of the ‘chalaziferous region’ did not have any significant effect in decreasing
the weight of the chalazz, Scott and Huang (1941) also showed that the
quantity of mucin secreted in that region could not possibly form the
chalazm. These are, according to them, formed by the mucin secreted
in the magnum region. These observations have been confirmed in the
present study. Figures 3 and 4 show clearly that the mucin fibres secreted .
in the magnum region are added on gradually to the chalaziferous layer
at the two poles of the yolk and these constitute the material for the
chalazzs. The normal twisting of the chalazz (Almquist, 1836) is seen only
after the egg has been in the uterus for some time. This resnlts from the
rotation of the thick albumen around the yolk as already proved experi-
mentally by Conrad and Phillips (1938). It may also be pointed out here
thet in the miniature eggs where, due to the absence of the normal yolk,
the thick albumen does not find anything to rotate around, the normal
chalaz® are absent.

It is now a well established fact that the inner layer of thin albumen
is present long before the egg reaches the uterus. Almquist (1936) suggests
that it probably results from syneresis of a part of the dense albumen as
dilution of this with water or a watery solution cannot account for the
formation of this layer. To support his view he also quotes Almeuist and
Lorenz (1933) and Romanoff (1929), according to whom, the inner layer of
thin albumen has a higher solids content than the dense albumen or the
outer layer of thin albumen. The chalaziferous layer, according to them,
has even a still higher solids content.

Conrad and Phillips (1938) state that the dense albumen just near the
‘yolk becomes more like o fluid before the egg reaches the uterus. This
‘regults not from the chemical destruction of muecin but by the breaking
down of the gel structure. They could not, however, decide whether this
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change was brought about by some mechanical sction of the oviduet or
by the presence of chemical agents.

Scott and Huang (1941) noted that the staining reaction of the layer
nearest the yolk changed gradusally during egg formation. They, therefore,
ascribed this change (from the gel to the suspension of mucin fibres) to the
presence of some chemical agent.

It is also quite posgible that the inner layer of thin albumen may be
secreted as such by the anterior magnum region of the oviduct as would
appear from the work of Asmundson and Burmester {(1936). The resection
of 7, 8 or 10 cm. long parts from the anterior portion of the albumen tube
resulted in the reduction of liquid albumen while the amount and percentage
of firm albumen did not show any significant change. The work of Cole
(1937 and 1938) also points towards the same conclusion. He suggests
that the number and distribution of the mucin fibres determine the condition
of & particular sample of albumen. He further states that the height of the
goblet cells which secrete the mucin fibres averages 11-4u in the anterior
portion of the magnum, 15-7n in the middle region, 30p in the posterior
region and reaches a maximum of 33-9y at the junction with the isthmus,

There is no doubt that the outer layer of thin albumen appears only
* after the shell membranes have been formed, but the method of its ap-
pearance has been the subject of much discussion.

According to Pearl and Curtis (1912), the egg, during its stay in the
isthmus and the uterus, receives its outer layer of thin albumen by a process
of osmosis through the shell membranes. McNally (1934), by a study of
the amount of the various proteins in mature and immature eggs, found
that the former contained more of ovoglobulin than the latter. This,
according to him, is taken in through the shell membranes.

Hansen (1933) doubted the observation of Pearl and Curtis (1912} as,
sceording to him, the shell membranes must be impermeable to albumen.
This doubt originated from the non-diffusion of albumen when a shell-less
egg was placed in water, He, therefore, concludes that only the watery
solution of salts is taken in after the shell membranes have been formed.
Indirect evidence presented by Asmundson and Jervis (1933) and Asmundson
and Burmester (1936 and 1938) is also in support of Hansen's view that no
epprecisble amount of protein enters the egg after the formation of the shell
membranpes.

Hughes and Scott {1936) found that after an egg was laid the greatest
increase in ovoglobulin was in the inner layer of thin albumen while, ac-
cording to McNally (1934), it should be in the outer layer of thin albumen.
They suggest that the increase in the amount of ovoglobulin is due to a
chenge in the solubility of the egg white proteins,

Similarly Scott, Hughes and Warren {1937) have presented evidence
to show that proteins would not pass from the uterine secretion of low
protein concentration into the egg white of high protein concentration
through the shell membranes.

Beadle, Conrad and Scott (1938) have found that the uterine secretion
js not an albuminous solution like that which forms the outer layer of thin
albumen in a laid egg. The uterine secretion, according to them, is a
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mineral golution made wp of sodium, calcium and potassium in the form of
chlorides and bicarhonates. From an analysis of uterine and laid eggs
they have concluded that the principal additions to the albumen of an egg,
while it is in the uterus, are water, potassium and bicarbonste ions with
smaller amounts of sodium and chloride ions,

That water is added to the egg, while it passes through the isthmus and
the anterior uterus, has also been conclusively proved by Burmester (1940).

It can, therefore, be safely concluded, as has already been suggested by
Conrad and Scott (1938), that the outer layer of thin albumen is formed by
the inflow of uterine fluid. As the uterine secretion diffuses into the egg
the soluble prote'ns of the dense albumen come out and increase the solids
content of the outer liguid layer.

SuMmary

1. The chalaziferous layer is secreted in the posterior portion of the
infundibulum, the so-called ‘chalaziferous region’ of the oviduct.

2. In eggs removed from the posterior magnum & faint whitish cloud
of mucin fibres can often be observed in that end of the egg which is towards
the isthmus. These mucin fibres are the precursors of the chalaza.,

8. Simultaneously with the appearance of the mucin fibres the inner
layer of thin albumen also becomes visible.

4. In the isthmian eggs faint whitish clouds of mucin fibres can be
seen at both poles of the yolk.

5. The normal twisting of the chalazz is observed only after the egg
has been in the uterus for some time. This takes place due to the rotation
of the thick albumen round the yolk.

6. The outer layer of thin slbumen becomes distinct only in the
uterus.

7. The mode of formation of the inner and the outer layer of thin

albumen is discussed.
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ExrravaTion oF Prate

Fic. 1. Section of a yolk from the anterior magnum region of the oviduct. X 500.
F1o. 2. Section of a yolk from the mid-magnum region of the oviduct, x500.
F16. 3. Section of that pole of the yolk which is towards the isthmus from an egg

obtained from the post-magnum region of the oviduet w500,

F1a. 4. Bection of that pole of the yolk which is inside the isthmus from an egg obtained

from the magnum-isthmus junction, X 60,

Fig. 5. Contents of & sholled egg from the uterus.
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INTRODUOTION

In India, where hygienic standards are low, helminths constitute a very
real menace to the health of man and his live stock. For a long time, the
importance of parasitic worms was not recognized and the serious damage
to health caused by them was not properly appreciated. This was perhaps
largely due to the fact that the common symptoms of helminthiasis are not
always sufficiently spectacular to aftract iramediate attention. In recent
years, however, there hag been a gradual realization of the importance of
worms as & factor in the health of man and animals,

Prevention is always the best method of control of worm infestations.
Helminths do not multiply within the body of their hosts and prevention
in helminthology is largely a matter of biology of the paragite, A detailed
knowledge of the features of taxonomy, bionomics, anatomy and biology
must necessarily be the first pre-requisite in the formulation of effective
control measures against them. A considerable amount of work has been
done along these lines during the last two decades and useful information
on the occurrence of worms in Indian animals is available. However, details
of the anatomy and bionomics of some of the common parasites of economic
importance still need further investigations. It was at the kind suggestion
of Dr. George Matthai that the investigations on the anatomy of Param.
phistomum. (Cauliorchis) crassum were undertaken.

MaTERIAL AXD TECHNIQUE

Material—The material for these studies was collected during 1941
from cattle slaughtered in the Municipal abattoir at Lahore. A large
collection of Amphistomes was made, out of which five species were selected
for detailed study. These are:—

(a) Paramphistomum (Cawliorchis) crassum Stiles and Goldberger
(1910).
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(b) Paramphistomum bathycotyle Fischoeder (1901).

(¢} Paramphistomum dicranocoelium Fischoeder (1901).
(d) Paramphistomum cervi Zeder (1790).

(e} Paramphistomum explanatum Creplin (1847).

The account of only the first species is being published for the present

Technique.~~The methods employed in the study of amphistomes are
mostly those ordinarily used in Helminthology. For the study of the
exoretory system special methods of impregnation were used.

Fukni (1929) suggested a method for the study of the excretory system
in Amphistomes. It consists in fixing flattened specimens in the acetic
sublimate solution for 12 hours and then washing them in running water
for 10-20 minntes. After this the specimens are treated with 1-5%, aqueous
solution of potassium hydroxide, and dehydrated and cleared in xylol or
turpentine. The excretory system shows itself prominently in black. The
whole mounts of the specimens thus prepared can be studied at leisure,
The author has, however, deviated slightly from Fukui’s procedure, Only
1% solution of KOH was used instead of the higher strength suggested by
Fukui and the specimens kept in the solution for 1-2 hours only. If higher
atrengths of KOH are used, it materiaily damages the specimens, possibly
due to higher temperatures of our laboratory.

Hypodermic injection of methylene blue in living worms for staining the
excretory system was tried with unsatisfactory results.

Amphistomes stain readily and a wide choice of stains is available,
though certain stains may give better results with one species than with
others. In order to get sharp differentiation it is better to overstain the
specimens in dilute solution of the stain and then to differentiate them.
Of the several stains borax-carmine, Mayer’s haemalum, Delafield’s hacma-
toxylin, acetic-acid-alum carmine and Mayer’s carm-alum as modified by
Gower (1939) were employed by the author, the last one gave by far the best
results. '

Mayer’s carm-alum as modified by Gower is prepared in the following
way —

{a) 10 grms. of carmine i3 added to 100 c.c. of glacial acetic acid and
gtirred well. The mixture is fltered and the filirate after
drying is called acidified carmine.

(b} One grm. of acidified carmine and 10 gims. of alum are dissolved
in 200 c.c. of distilled water, The stain can be used when
required but to prevent any growth of mould a crystal of
thymol is added to it. For the differentiation of stained
specimens, Mayer's chlorinated aloohol is preferable to 70%,
acid alcohol. It is prepared by passing chlorine through 709,
aleohol. Preserved and flattened specimens are first brought
down to water and kept in the stain overnight or even longer
depending upon the thickness of the specimen. They are then
washed in distilled water, differentiated in chlorinated alcohol
.and mounted in the usual way.

92



For ssction cutting, specimens were embedded by the usual ordinary
and double embedding methods. The materjal after clearing was embedded
overnight in 60°C. paraffin wax in an electric bath for ten to twelve hours.
Serial sections 8-12 p thick were cut.

No reliable methods are available for the study of the lymphatic and
nervous systems of amphistomes in entire mounts. The excretory and
lymphatic systems were studied in living specimens as far as possible. Re-
constructions from serial sections were used to confirm the results of the
study of these systems in living specimens, and also for the study of the
nervous system. Golgi’s method failed to make the nervous system clear
in whole mounts. Incidentally, a specimen of Peramgphistomum (Cauliorchis)
crassum which was impregnated to bring out excretory system also revealed
the nervous system,

A brief survey of the systems of classification of Amphistomes.

The trematodes with an opening at either end were all referred to as
Amphistoma by Rudolphi in 1801. In 1809, he divided ‘ Amphistoma’
into two groups ‘Capite discreto’ and ‘Capite continuo’. Ten years later,
Nitsch proposed the genus Holostomum for the former group and retained
the name Amphistomum for the latter. Monticelli (1888) created the family
Amphistomidse, but four years later separated Qastrodiscus Leuckart (1877)
from the rest and created the sub-family Gastrodiscinae. Fischoeder (1901),
finding the name Amphistoma preoccupied, proposed the genus Paramphisto-
mum and erected the family Paramphistomidae. The family Paramphisto-
midae has received considerable attention of subsequent workers, several of
whom, notably, Fischoeder (1901-1904) Stiles and Goldberger (1910},
Maplestone (1923), Stunkard (1925), Fukui (1929), Travassos (1034},
Southwell and Kirshner (1937), and Nasmark (1937) have tried to formulate
a sound scheme of classification. Nevertheless, opinions differ very widely
in regard to the status of the family and its sub-divisions.

ANaTOMY OF
Paramphistomum (Cauliorchis) crassum STILES AND GOLDBERGER (1910).

Host—DBes bubalis.

Habitat—Rumen.

Locality—Lahore (Punjab).

Exlernal characters-—Live worm is light pink in colour, the extremities
being slightly deeper. It has a glasgy shine due to mucus. It is comical
in shape, tapering posterc-anteriorly (Plate 1, fig. 1).

The worm may be slightly flexed ventrally due to the contraction.
The preserved unpressed specimens measure from 6-1~6-46 mm. in length,
4-18-4-83 mm. in breadth in the middle region, the maximum breadth being
4-27-5-11 mm. The flattened preparations vary from 11-25-13-57 mm,
in length, 4-42-5-58 mm. in breadth in the middle region, the maximum
breadth being 5-48-6-78 mm.

The outer general surface appears wrinkied owing to transverse grooves
formed as a result of contraction. The body is free from hooks and aspines
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but on its ventral and dorsal surfaces there are small conical papillae which
can be best observed in sagittal sections. The mouth is placed at the
anterior end of the worm. The genital pore is situated on a slightly raised
area in the median line on ventral side of the body (Plate I, fig. 1). Ina
specimen of average size, it is situated at a distance of 1-395 mm. from the
oral aperture and 4-371 mm. from the acetabular. The excretory pore lies
in the lower half of the dorsal region, The opening of the Laurer's canal is
gituated a little posterior to the excretory pore, but both these pores can be
seen in sagittal sections only (vide infra). The oral sucker (interpreted by
some authors as pharynx) is situated at the anterior end. The acetabulum
is a large muscular organ at the posterior end of the body. The acetabular
opening, 1-4 X 1-6 mm. in size, is directed terminally in the natural condition,
but in preserved forms it becomes somewhat subventral or ventral in position,
It is difficuit. to measure its length and breadth, as on contraction the opening
gets covered by the proximate folds of the body (Plate I, fig. 1).

The Body-wall. —The body-wall (Plate II, fig. 9) consistsof (a) the
cuticle, () the subeuticle, (¢} the muscular layer, and (d) the layer of
snbeuticular cells. The cuticle is the external layer measuring 0:024 mm. in
thickness, and is beset with small conical papillae both on the dorsal and the
ventral sides of the body. The cuticle appears striated in sections. Internally
it extends up to oesophagus, ductus ejaculatorius, metraterm, Laurer’s canal,
excretory canal and the acetabular lumen. The subcuticle is broader than
the cuticle, and runs all round the body, and measures about 0-032 mm., in
thickness. It is traversed by strands connecting the subeuticular cells
and the cuticle and the presence of these makes it striated, This layer does
not pick up any stain. The subeuticle is followed by a layer of circular
muscle fibres and four to five bands of longitudinal muscles. Oblique
muscle fibres are present in groups in between the clusters of subeuticular
cells.

The Muscles and Parenchyma.—There are two pairs of inner and outer
retractor muscles, which extend from the acetabulum up to the oral sucker
(Plate III, fig. 14). The peripheral muscle bands are also in two pairs which
run longitudinally on the lateral sides of the worm. There is another
pair of fongitudinal muscle bands, dorsal to the subouticular cells, The
dorso-venfral musele fibres running between the two main longitudinal
muscle bands are also present,

The body parenchymatous cells are irregular in outline due to the
contraction of the body. The cells below the integument are narrower than
those surrounding the internal organs, At some places the walls of the
adjoining cells become fused.

The Digestive System.—The digestive system (Plate I, fig. 2) consists of
the mouth, the oral sucker, the cesophagus and the intestinal caeca. The
mouth is & small circular narrow aperture in the centre of the oral sucker
and measures (-36-0-4 mm. in diameter. The oral sucker measures 1-35-
1-95 mm. x 1-48-1-86 mm.; in sections it is from 1-4-1-66 mm. in length,
from 1-05-1-24 mm. in thickness and 1-4 mm. in breadth. Tt lies in the peri-
suctorial cavity and is attached to the body parenchyma at ite oral and basal
ends, and by delicate mesenterisl bands to both the dorsal and the ventral
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sides. The lumen of the oral sucker is spindle-shaped having its either side
lined by 13 to 17 small conical papillae. It measures from 1-4-1-69 mm. in
length and 0-234 mm. in dorso-ventral diameter.

The cesophagus is 8 thin tube arising from the basal portion of the oral
sucker and is continuous with it, It bifurcates into two intestinal caeca
which run laterally. On reaching the ventro-lateral aspect of the body,
they change their course and each caecum then runs posteriorly in a coil
towards the acetabulum along the body-wall, The caeca end blindly, the
right caecum is slightly longer than the left and terminates close to the middle
of the acetabulum. The blind ends of the caeca are a little dilated (Plate I,
fig. 2). The cesophagus is lined with cuticle which is co-extensive with the
cuticle of the lumen of the oral sucker. Round the cuticle is a layer of cir-
cular muscle fibres and next to this is a thin layer of longitudinal muscle
fibres. Subeuticular cells are present all round the oesophagus. The caeca
are lined by ciliated eolumnar epithelium, which is followed by circular and
longitudinal muscle fibres (Plate 1, fig. 3; Flate IV, fig. 20).*

The Suckers.—There are two suckers: the oral sucker and the ace-
tabulum. The oral sucker is a globular museular organ situated antertorly
(Plate I, fig. 2). It measures from 1-35-1-95x1-48-1-86 mm. in whole
mounts and in sections 1:656 x1-24 mm. It is composed of cuticle, muscles,
parenchymatous cells, subeuticular cells, nerve cells and limiting membrane
(Plate II, fig, 7; Plate IV, fig. 17). The cuticle is the extension of the outer
cuticle and forms a thin lining to the lumen of the oral sucker.

There are seversl layers of muscles in the oral sucker. Immediately
surrounding the cuticle is a layer of interior circular muscle fibres which are
present in bands. It is followed by a layer of interior longitudinal muscie
fibres, which are crossed dorsally with some oblique rouscle fibres. Next
to them, there is some more thick crossing of the same fibres (Plate IT, fig. 7).
Alittle further is a layer of poorly developed middle longitudinal and exterior
cireular muscle fibres. The former layer makes & curve as it extends towards
the oral and aboral poles. The limiting membrane forms the outer lining
of the oral sucker and underneath it is a layer of exterior longitudinal muscle
fibres. Apart from these there are radial muscle fibres, present in bands,
extending from the cuticle up to the limiting membrane, Basally thera are
a few bands of circular muscle fibres, which are feebly developed. In
addition to the basal circular muscles, there are 3—4 bands of cireular musecle
fibres, known as the posterior sphincter muscles (Plate IV, fig. 17).

The parenchymatous cells of the oral sucker are of a smaller size than
the body parenchymafous cells and those of the acetabulum. They are
more clogely packed up in the outer and inner regions.

There are two layers of subcuticular cells, the first consisting of scattered
cells is just below the crossing of longitudinal and oblique muscle fibres:
while the second layer, slightly apart, has its cells lying in compact groups
(Plate I, fig. 7). Besides these there are a few more cells scattered all over
its surface. The subcuticular cells are deeply stained with haematoxylin,

In well-differentiated serial sections, scattered nerve cells are clearly
vigible in the upper region of the oral sucker (Plate IT, fig. 7).
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The ratio between the length of the oral sucker and the length of the
body is 1 : 9-1-1 : 10-5 in flattened specimens and 1 : 4-2-1 : 4-6 in sagittal
sections.

The acetabulum is & strong muscular organ placed at posterior
extremity of the body. Ithas 2 small opening as compared to its large size.
The acetabulum measures 2-95-3-48x2:9-3-34 mm. and its opening
102 1-58x1-11-1.76 mm. In transverse sections the dorsal wall measures
(-018-0-99 mm., the lateral wall 0-684 mm. and the ventral wall (-342 mm,
in thickness. The opening of the acetabulum is irregular due to the
adjacent folds of the body surface. The acetabulum is attached to the
body parenchyma by mesenterial bands, Histologically, it is composed of
the cuticle, the muscles, parenchymatous cells, subeuticular cel]s, the nerve
cells and the limiting membrane.

In this there are oblique, circular, longitudinal and radial muscle fibres,
Underneath the cuticle there is a meshwork of oblique muscle fibres, On
the dorgal side of the oblique muscle fibres are the circular muscle fibres,
which are arranged in bands and sdre better developed on the lateral sides.
These lateral circular muscles are called the dorsal exterior circular, dorsal
interior cireular, ventral exterior ecireular and ventral interior circular.
The dorsal exterior circular muscle fibres are in 25 bands, the dorsal interior
cireular muscle fibres in 43, the ventral exterior circular musele fibres in 18
and the wventral interior circular muscle fibres in 55. Underneath the
limiting membrane there are bands of longitudinal muscle fibres. The
radial muscles are many, and extend from the cuticle to the limiting
membrane (Plate ITIT, fige. 12, 16).

Parenchymatous cells are, as compared to those of the body, smaller
in size and are present in between the muscle fibres, A little away from the
cuticle, thers are subcutioular cells present in groups (Plate I11, figs. 12, 16).
Large-sized nerve cells are found dorsal to the layer of subcuticular cells.

The ratio between the diameter of the acetabulum and the length of the
body is 1 : 41 in flattened specimens and 1 : 1-9-1 : 2-3 in eagittal and longl
tudinal sections.

The Excretory System.—There ate two main excretory eanals each run-
ning along either side of the oral sucker and the intestinal caccum. Posteri-
orly near the acetabulum, the two canals bend inwards and meet to form a
prominent, excretory vesicle (Plate 111, fig. 15). Dorsal to the vas deferens
lies & small vesicle, which is connected to the main excretory canals by two
connecting canals. From the dorsal side of the exeretory vesicle arises a
canal, which opens on the dorso-median line of the body. The excretory
pore lies just above the opening of the Laurer’s ecanal (Plate IV, figs. 18, 21)
in level with the excretory vesicle.

The Lymphatic System —For 4 long time the lymphatic system received
little attention on account of the difficulty in tracing it, specially in thick
forms, and it was therefore considered to be of no taxonomic importance.
Van Beneden (18569), Walter (1893), and Looss (1806) considered it as a
part of excretory system or excretory system itself, Looss (1902) was the
first to recognize the lymphatic system as independent of the excretory
system and called it ‘Lymphgefass system®. He mede it definitely clear
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that the lymph system had no connection with the excretory system and the
lympk vessels ended blindly. Maccallum (1905) described the lymph
vessels as ‘endothelial tubes’ and thought that they communicated with
the excretory channels. Stiles and Goldberger (1910), while describing the
species of Paramphistomide made no mention of it. In 1912, Looss showed
its importance in taxonomy. Stunkard in 1917 deseribed the lymphatic
system in A¥lassostome. Maplestone (1923) also ignored this system and
disposed it off as too complicated for practical purposes. Stunkard in 1926
again supported Looss’ view on the lymphatic system, Fukui in 1929
deseribed it in his general description of Amphistoma, and Willey (1930)
made & detailed study of this system in digenetic trematodes.

The lymphatic system in the species under investigation was studied
in living specimens but its details could not be worked out owing to the
thickness of the body-wall. Attempts were made to impregnate this system
with eorrosive sublimate without much success. It has been possible to
study the system only from the longitudinal serial sections of the worm.
The two main lymph vessels run longitudinally in the body along the intes-
tinal caeca throughout the greater portion of the course (Plate II, fig, 11).
They give off a large number of lateral branches, which encirele the various
organs without directly communicating with them. Anteriorly they sur-
round the oral sucker and posteriorly the acetabulum. In sections the
Iymph vessels can be easily differentiated from excretory vessels by the
presence of granules in the former. The wall of a lymph vessel is mem-
branous, The close association of the lymph vessels and their branches
with the intestinal caecs indicates that they carry the digested food from
them to the various organs of the body.

The Nervous System.—A little posterior to the oral sucker there is a
mass of nervous tissue, the brain, lying over the oesophagus. Three pairs
of nerves arise from its anterior end and three pairs from the posterior end
{Plate 111, fig. 13).

The Reproductive System.—All amphistomes are hermaphrodite. The
male genital system (Plate I, fig. 2) consists of testes, vass efferentia, vas
deferens and ductus ejaculatorius. A pair of testes is situated diagonally
in the middle of the body in between the intestinal caeca. They are multi-
lobed giving the appearance of small cauliflowers and show a great affinity
for the stains. In flattened preparations the anterior testis is 0-74-1-3%
1-11 mm. in dimensgions; the posterior testis measures 0-93-1-11x1-11~
1-58 mm. In sagittal sections the anterior testis measures 1-332 mm. trans-
versely and 0-612 mm, longitudinally. The posterior testis measures 0-99 mm.
transversely and 0-612 mm, longitudinally (Plate II, fig. 8; Plate IV, fig. 21).
In longitudinal sections the anterior testis measures (-4 mm. transversely,
0-28 mm. longitudinally and the posterior testis measures 0-48 % 0-28 mm.
Put the testes are placed above the region of the acetabulum and are sur-
rounded by lymph vessels. .Arising from the lateral side of each testis is a
vas efferens and the two vasa efferentia unite in front of the anterior testis,
to form the vas deferens. Ifs first part is known as the vesicula seminalis,
the second as pars-musculosa and the least ag pars-prostatica, which is eon-
tinued into the ductus ejaculatorius. The short and coiled vesioula seminalis
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is continued into the pars-musculosa, which iz more convoluted. The pars-
musculosa is strongly developed in this species. The duct at either end
of the pars-musculosa is narrowed. These narrow parts, one between the
vesicula seminalis and the pars-musculosa and the other between pars-
musculoss and pars-prostatica, ate known as pars-intermedia. The pars-
musculosa beyond the pars-intermedia is confinued as the pars-prostatica.
This is & straight tube and is enveloped by the prostate gland cells (Plate I,
fig. 5; Plate I, fig, 8). As the pars-prostatice emerges out of the prostate
gland cells, it gets considerably reduced in calibre and is called the ductus
ojaculatorius, The latter unites with the terminal portion of the uterus
and leads into s delicate chamber- called the ductus hermaphroditicus
{Plate I, fig, 10), which opens out through the genital papilla. The walls of
the genital papilla are studded with sphincter papillae (Plate IT, fig. 10). The
genital atrium is strengthened by the genital-atrial-radial muscles. Besides
these muscles there are genital sphincter musecles which are extremely small.
The ventral atrium is without such muscles and in itself is not quite distinct.
The male genital ducts throughout their course are surrounded by two
layers of muscle fibres, an inner circular layer and an outer longitudinal.
These are particularly well developed in the region of pars-musculoss
{Plate IV, figs, 18, 21).

The female genital system (Plate I, figs. 2, 4) consists of the ovary, the
oviduct, the Laurer’s canal, the vitellaria and their ducts, Mehlis® glands,
the ootype, the uterus and the metraterm, The ovary is situated on the
right side of the post-testicular region of the body in front of acetabulum.
It is more or less spherical in shape and measures 0-42-0-54 X 0-3-(0-35 mm.
It is surrounded by lymph vessels. The oviduct emerges from the posterior
border of the ovary. After a short free course it enters the Mehlis’ gland
complex and comes out as the uterus. The Laurer’s canal arises from the
oviduet at a place where the latter enters Mehlis’ gland complex. Then it
runs laterally and after crossing the excretory vesicle, opens on the right
side of the median line, a little posterior to the excretory pore (Plate I, fig. 4;
Plate IV, fig. 18\,

The vitellaria are feebly developed. In gravid worms they are pro-
minently seen extending from the sides of the oral sucker along the intestinal
caeea up to the middle of the outer sides of the acetabulum. The cells
forming the follicles are well differentiated being swrrounded by a thin
struotureless membrane. The nuclei of vitellaria are conspicuous and stain
deeply with haematoxylin. The nucleoli pick up a still deeper stain.

The Mehlis’* gland complex, like the ovary, is a compact structure and
is visible even to the naked eye in flattened specimens. Typically it is
more or less in the form of an oval, the long axis being directed transversely.
Tt measures 0-36 x0-45 mm., and is composed of a large number of cells
aggregated together and not enclosed within a membrane. Each cell is
club-shaped, radiating out from the octype, into which it empties itself
by a narrow drawn out duct (Plate I, fig. 6; Plate IV, fig. 18). The ootype
is & rounded structure, measuring 0-05x 0-05 mm. It receives a duct of the
yolk reservoir, which is formed by the two vitelline ducts, one from each
aide of the vitellaria.
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The uterus winds its way towards the left side of the ovary forming
coils, and then proceeds anteriorly dorsal to the testes and opens into the
ductus hermaphroditicus through s metraterm, just beneath the ductus
ejaculatorius (Plate I, fig. 5). The ductus hermaphroditicus is formed by
the union of ductus ejaculatorius and the metraterm, and opens at the tip
of the papilla. The genital pore lies in the ventromedian line, just below
the bifurcation of the intestinal caeca (Plate I, fig. 2). The eggs, in the
specimens sectioned, measgure 0-104 %006 mm.

SuMMARY oF CONOLUSIONS

(@) Paramphistomum (Cauliorchis) crassum has been retained as a va.lid.
species and is not a synonym of P, explanatum Creplin (1847).
The following peculiarities have been observed:—
{b) The Body-wall :
Cuticle is thick and papillated.
(¢) The Muscles:
There are two pairs of retractor muscles which extend from the
acetabulum to the oral sucker.
{d) The Digestive System :
Intestinal caeca are coiled.
(e) The Oral Sucker :

(i) Its lumen is lined with small conical papille,
(ii) Interior circular muscles are present in distinet bands,
(iii) Interior longitudinsl muscles are interlaced with oblique
muscles. ) -
(iv) There is another layer of oblique muscles present next to the
interior longitudinal muscles.
(v) Subcuticular cells are in two rows and a few of them are scat-
tered all over its surface.
(vi) Middle longitudinal muscles are present.
(vii) Posterior sphincter muscles are in 3—4 bands.
(viii) Exterior circular muscles are present but feebly developed.
(ix) Basal circular musecles are present in bands at its bage.
(x) Anterior sphincter, lateral exterior circular and middle circular
muscles are absent.

(f) The Acetabulum:
The ecircular musculature of the acetabulum is not identical in
the dorsal and ventral halves,
{9) The Excretory System: )
The excretory canal is in level with the excretory vesicle.
(%) The Lymphatic System:
Two main lymph vessels are longitudinal and their branches
surround the internal organs.
() Ratio between the length of the oral sucker and the length of the
body is:—1:9-1-1:10-5 in flattened specimens and 1:4-2-1:4-6 in sagittal
sections,
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(7) Ratio between the diameter of the acetabulum and the length of
the body is :—1:4-1 in flattened specimens and 1:1-9-1:2:3 in sagittal and
longitudinal sections.

(%) The Genital System :

(i) Cauliflower-like testes are diagonal in position.
(ii) Pars-musculosa and Pars-prostatica are very strongly
developed.
(iii) The walls of the genital papilla are studded with genital
sphincter papilize.
(iv) Ventral atrium is without genital atrial-radial layers of
muscles,
. (v) Genital atrium is with genital atrial-radial layers of muscles,
' (vi) Laurer’s canal crosses the excretory vesicle.
(vii) The genital pore is situated on an elevated area.
{) Size of the egg 0-104 % 0-06 mm.
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Prare T

T'1e. 1. Ventral view of a preserved specimen.

F10. 2, Shows the internsl organs in & balsam mourt.

F1c. 3. SBagittal section through the intestinal eaecum.

Fic. 4, Bagittal section through the ovary and the Laurer’s canal.

F16. 5. Gonital ares surrounding the genital pore {enlarged).

Frc. 6. Sagittal section passing through one of the testes, Mehlis® gland comyplex and

excretory vesicle.

Adct., acetabulum ; Act. ap., acetabular aperture; B.w., body-wall; D. ¢j., ductus
ajaculatorius; ILE., ductus hermaphrodificus; F.o., exeretory vesicle; Fig., figure:
@.p., gevital pore; Fnt.c., intestinal caecum; Lym. ¢., Lymph vessel; L.c., Laurer’s
canal; M., mouth; M.gl.,, Mchlis® glands; M¢., metraterm; M.b., Mesenterial bands;
Ov., ovary; Oes, Oesophagus; O.s, oral sucker; P.c., Perisuctorial cavity; Pr.g.,
Prostate gland cells; P.p., pars-prostatica; P.m., Pars-musculosa; T., anterior testis;
Ty., Posterior testis; Ut., Uterus; Vae. def., Vas deferems; Vit., Vitellaria; Vaa.ef.
Vasg efferons,

Prare IT
Fia. A portion of the oral sucker (highly magnified).
Fia. Median sagittal section through the genital pore and the second testis.

7.
8.
¥ic. 9. Body-wall (highly magnified).
F1a. 10. Genital pore (highly magnified).
¥1e, 11. Longitudinael section through the main Iymph vessels,

C.m., circular mugscles ; Cu., cuticle; Cu, pl., cuticular papillae; Ex.C.m., exterior
vircular museles ; Ex. L.m., cxterior longitudinal muscles: @.a., genital atrium; Garl,
genital-atrial-radial-layers of muscles; @.pl., genital papillu; @.5.51., gonital sphincter
papillae; @.aph.m., Genital sphineter museles ; I.C.m., interior circular museles; I.L..,
interior longitudinal muscles; Li.meb., limiting membrane ; L.m., longitudinal muscles:
Mid.L.m., middle longitadinal munscles; N.c., norve cell; Oban., oblique muscles; Ron.,
radiel muscles; Ri.m., retractor muscles; §.cu., subeuaticle; 8.cu.c., subcuticular cells;
¥.a., ventral atrium.

Prate ITL

F1c. 12, A portion of the acetabulum (highly magnified),

Tre, 13. Brain and the norves in & balsam mount,

Fre. 14. Longitudinal section through the retractor muscles,

Fte. 15. Diagrammatic view of the excretory system.

Fie. 16. Shows the arrangement of lateral circular muscles in the acetabulum.

Br,, brain ; C.c., connecting canal; (.v., connecting vesicle ; D.e.c.m., dorsal oxterior
cirenlar muscles; D.f.com., dorsal interior circular muscles; H.m.c., main excretory
canal; N., nerve; V.e.c.m., ventral exterior circular muscles; V.i.c.m., ventral interior
eircular muscles, '

Prate IV

Fic. 17. Diegrammatic view of one half of the oral sucker.
Fre. 18, Diagrammatic view of the relation between the excretory vesicle and the
Laurer’s canel.
F1a.19. A portion of the Pare-musculosa (magnified).
Fia. 20, A portion of the intestinal cascum (magnified).
F1e. 21. Sagittal gection passing through the excretory poro and the testis.
Ba.C ., basal circular museles; Cle., cilisted epithelium; E.c., excretory canal;

E.p., excretory pore; L.c.p., Laurer’s canal pore ; L.c.s., lumen of oral sucker; P.sph.m.,
Posterior sphincter muacles; Vit.d,, vitelline duct.
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MORPHOLOGY AND NATURE OF BLOOD AND MEAT SPOTS IN
HEN'S EGGS*

By Ganpatr ParsEAD SHARMA, M.Sc., Ph.D. (Panjab), Ph.D. (Edinburgh),
Animal Geneticist, Government Livestock Furm, Hissar, Panjab (I).

INTRODUCTION

Although the eggs with blood and meat spots are quite edible yet the
presence of even & slight. trace of blood in an opened egg causes such &
psychological effect on the mind of the consumers that they cannot help
complaining about it to the poultry farmer. The latter, in order to please
his customers, takes extra care in candling out these defective eggs and in
doing so he sometimes discards even perfectly normal eggs. Since all
such eggs are not marketed they constitute a considerable loss to the
poultry farmer. The problem of blood and meat spots, therefore, has
attracted the sttention of a number of workers in recent years,

PrEvVIOUS LITERATURE

Meat spots have frequently been described as pieces of glandular tissue
or abnormal growths which have been torn from the wall of the oviduct
during the passage of an egg through it. Benjamin and Pierce {1937)
believe that these are due to an abnormal condition of the oviduct. Bur-
mester and Card (1938), however, showed that red blood corpuscies or a
significant amount of iron was present in all except 3%, of the meat spots
examined by them.

Evidence was presented by Nalbandov and Card (1941 and 1944) to
indicate that the haemorrhages which resulted in the formation of blood
clots occurred before ovulation, These blood clots were, according to them,
transformed into meat spots by changes in pH and high environmental
temperatures. The transformation took place either before ovulation,
or during egg formation, or even after the egg had been laid. They at-
tempted to prevent intra-follicular haemorrhage experimentally by the
administration of vitamins A, C, D, E, K and P but were unsuccessful.

Lucas (1846) prepared smears from blood spots and demonstrated
macrophages and fibroblasts in addition to intra-vascular cell types. (It
was also suggested that the fransfer of viable parent connective tissue cells
to the egg might have some significance in the problem of transmission of
lymphomatosis and other avian diseages through the egg.)

Denton (1947) observed that in general the eggs from an individual
hen contained meat spots which were predominantly of one colour. The

* This work was carried out at the Institute of Animal Genetics, Edinburgh,
where the author worked as Government of India Research Scholar during the period
194547,
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transformation of a blood clot into & mest spot, according to him, was
influenced only by the time which elapsed between the haemorrhage and the
subsequent removal of the blood clot from the body cavity along with th

egg content. ‘
MarERIAL AND TECHNIQUE

All the candled out defective eggs laid by the Institute flock of Brown
Leghorn birds during the period from November, 1945 to the end of February,
1947 were opened and their contents thoroughly examined. Altogether
207 guch eggs formed the basis on which this study was made.

A record was kept of the gross appearance and location of all blood
and meat spots encountered.

To determine the actual position of the blood spot the yolk with the
blood spot on it was carefully separated from the albumen and after being
agitated for a few minutes in 0-8%, normal saline was immediately fized in
Formol Saline. Dehydration was done as usual by passing it through
up-graded alcohols; cedarwood oil was used as a clearing agent. The yolk
was then embedded in lofo in paraffin but for histological examination only
the portion with the blood spot on it was used to prepare sections.

Similarly the coloured and white meat spots were also fixed and prepared
for sectioning. During the earlier part of the invesfigation the fixatives
used were mainly Bouin's and Formol Saline, but later on Flemming—
without acetic was also employed. Direct study of normal and degenerating
yolk immersed in & drop of 29, osmic acid was also made,

Sections were cut 5-6p thick and, in general, stained with Delafield’s
hematoxylin followed by alcoholic Eosin. The following stains were also
used: 0-5% Iron-hmmatoxylin, Thionin blue, Mucicarmine, Mucih@matin,
Giemsa’s, Mann’s and Wiegert’s Fibrin stain. Prussian blue and Feulgen's
reactions were employed to detect the presence of iron and nuclear chromatin
respectively in white meat spots,

In order to overcome the existing confusion with regard to the classi-
fication of foreign substances found in the hen’s egg, all the blood formations
{dots, streaks, sheets and clots, ete.) which are in close adherence to the
vitelline membrane have been included under the term  blood spot’. The
term ‘meat spot’ has been reserved for all the discrete solid substances

lying either free in the egg albumen or entangled in the chalaza.

OBSERVATIONS
Morphology of Blood Spots

The blood spots vary greatly in size and shape (Plate I, Figs. 1-5).
The smallest of them is no larger than a pin-prick and it is extremely
difficult to identify such faults by candling. In some eggs, however, the
blood apot is so large as to cover almost the whale yolk (Plate I, Fig. 1).

The blood spots are nsually in the form of sheets or streaks adherent
to the yolk. The sheets may be thin or thick, the Iatter being darker in
colour than the former, Sometimes they are very faint, discontinuous
streaks (Plate I, Fig. 3), but they may also be quite thick and distinct
{Plate I, Fig. 2). In some cases the blood spot is in the form of & thick and
rounded clot intimately attached to the yolk (Plate I, Fig. 4).
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Very often it is seen that the blood spot is situated on that pole of the
yolk which is towards the broad end of the egg. Occasionally associated
with such a blood spot can be seen a blood streak which may be either
narrow or broad (Plate I, Fig. 5). This streak may or may not end in a
large blood clot but it is usually surrounded by the fibres of the chalaza.
Consequently the blood streak also reveals in some cases the typical twisted
appearance of a chalaza (Plate I, Fig. B).

Figure 1 (Plate II) shows the section of & blood-spotted yolk. The
spot is in the form of & sheet and can be seen lying in between the two
membranes covering the yolk. Figure 2 (Plate II) reveals & portion of the
same section under higher magnification. Here can be easily seen a mass of
blood cells separated from the yolk by means of the vitelliine membrane.
The cuter membrane covering the blood cells is identified as the chalaziferous
layer. Most of the blood cells at this stage are apparently quite normal
as their nuclei and cytoplasm take up the nsnal blood stains (Plate IT, Figs. 3
and 4). A few of them, however, degenerate and these are represented only
by their nuclei.

Morphology of Meat spots

Meat spots also show great varistion in size, shape and colour. They
may be found in any part of the egg albumen, lying either free or entangled
in the fibres of the chalaze (Plate I, Figs. 6-8). The smallest of them may
be of such an order that it cap easily be overlooked by the naked eye in an
opened egg, but the largest could readily be distinguished by candling
through the shell by even an inexperienced observer. They are usually
rounded in shape but may be angular and sometimes elongated. The colour
is generally dark red but they may be red, liver-like or of various shades of
brown. Some of them are perfectly white or white with some red or brown
specks included.

In Figure 5 (Plate IT) a section of a red meat spot is shown. It reveals
a central mass of blood cells surrounded by a fibrous layer. Figure 1
(Plate III) depicts a portion of the same section under higher magnification,
Here the granular substance present in between the central mass of blood
cells and the outer fibrous layer is seen infiltrating into the mass of blood
cells; the blood cells are still normal except that their cytoplasm does not
take up any stain. This, however, is not a general rule but depends rather
upon the state of degeneration of the blood cells in particular cases. In
Figure 2 (Plate 1II) a section of ancther red meat spot is shown in which
some of the blood cells are quite normal but the cytoplasm of others does
not stain.

With the progress of degeneration the meat spots show extensive
vacuolization ‘due to the complete disintegration of blood cells some of
which are, at this stage, represented by their nuclei only (Plate ITI, Fig. 4).
These nuclei have a tendency to group together and can be seen in the section
of a white meat spot with a red speck in the centre (Plate III, Fig. 5). A
piece of the white portion of this meat spot is shown under high magnification
(Plate IV, Fig. 1) and reveals it to be made up of coagulated albumen in
which are seen masses of degenerating yolk in addition to the bloecd
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cells. A little albumen is invariably coagulated outside the fibrous layer
surrounding the coloured meat spotsand very often normal and degenerating
blood cells can be seen in it (Plate III, Fig. 3). Degenerating yolk can
at times be identified in the coagulated albumen and even entangled in
the constituent fibres of the layer surrounding the coloured meat spot
(Plate IV, Fig. 2).

Generally white meat spots have as their basis such & cosgulated mass
of albumen but they may show great variation with regard to the amounts
of albumen, degenerating blood cells and yolk they contain. In a perfoct
white meat spot, however, there are few, if any, blood cells and these, if
present, ars in an extremely degenerate condition. The bulk of a white
meat spot, consists of coagulated albumen mixed with yolk in various stages
of degeneration (Plate IV, Fig. 3).

It is not uncommon to observe a few cells with extreme vacuolation of
the cytoplasm in a white meat spot but it becomes increasingly difficult to
identify these in view of the gemeral degeneration in progress. Even
broken egg membranes are sometimes included in white meat spots. For
further details regarding white meat spots please also see Sharma (1949a).

Discussion
Origin of Blood and Meal Spots

In general, blood spots are structurally composed of & mass of blood
cells lying in between the two membranes enveloping the yolk., The inner
covering is the vitelline membrane and the outer is the chalaziferous layer.

As early as 1898, M trophanow also noticed the presence of blood cells
in the thickness of the envelope of yolk (enveloppe du jaune) which, according
to him, consisted of two layers namely the external or the albuminous
layer and the internal or the vitelline membrane. This albuminous coat
of the yolk envelope may be identified as the chalaziferous layer.

It has been shown in this study that the coloured meat spots also are
encapsuled by a fibrous layer which stains exactly like the chalaziferous
layer. It seems highly probable, therefore, that the chalaziferous layer
of the ovum and the fibrous covering of the coloured meat spots are similar
structures and are secreted in the same region of the oviduet.

During the course of another investigation (Sharma, 1950} evidence
has been obtained that the chalaziferous layer is secreted by the posterior
half of the infundibulum to which the name ‘chalaziferous region’ was
given by Richardson (1935). It can, therefore, be inferred that blood
spots and coloured meat spots are present before the egg reaches this region
of the oviduct and in consequence the lower portion of it can safely be
excluded as the source of blood and coloured meat spots.

This conclusion is further supported by the fact that in most of the
double yolk blood.spotted eggs the blood apot is present on one yolk only.

" It was not uncommonly held that blood spots are formed as & result
of haemorrhage at the time of ovulation following the rupture of a small
blood vessel near the stigma. However, the observations on ovulation
in timed laparotomized hens made by Nalbandov and Card (1944) have
shown that bleeding may occur at this time but it is so rare and insignificant
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a phenomenon that it cannot be held to be an important agency in producing
blood spots in eggs. Thoy further state that the bleeding is intra-follicular
and that it may occur several days before pvulation. Though they have
never observed active intra-follicular bleeding in laparotomized hens they
have noted follicles containing small as well as large submembranous
haemorrhages in ovaries both excised and in situ, They have also observed
the yolks being released with small and large blood clots adhering to them
although there was no active bleeding at the time of ovulation.

Experience derived from the present investigation confirms the findings
of these workers as follicles were encounttered containing submembranous
haemorrhages (Plate IV, Fig. 4). How extensive intra-follicular bleeding
can be was shown by an abnormal egg laid by a Browm Leghorn hen of the
flock at the Institute of Animal Genetics. In this egg, instead of a normal
yolk, there was a complete follicle, surrounded by the usual layers of albu-
men, shell membranes and shell. The follicle appeared to be filled with
blood and very little yolk could be detected. (For a detailed description of
this egg please see Sharma, 19495.)

Ag already pointed out by Nalbandov and Card (1944) bleeding may
occur anywhere in the follicle. If it is slight the blood remeins in between
the vitelline membrane and the follicle and thus forma a smail blood spot
on the former. However, if the bleeding is copious the whole of the vitelline
membrane may be smeared with blood and the blood may even accumulate
in the pedicel and its funnel-shaped base. This results in the formation
of & blood streak with or withont & blood clot at itg tip and remains attached
to the main blood spot on the vitelline membrane. Since many of the
formations of this type are seen on that pole of the yolk which is towards
the broad end of the egg (Plate I, Fig. 5) and most of the eggs are laid with
pointed end first, the hypothesis stated above seems to be quite acceptable.
This is further supported by observation on the abnormal egg, referred to
above, in which the pedicel contained a blood streak within it.

Frequently during ovulation, this blood streak, with or without a clot
at its tip, loses itz connection with the main blood spot on the vitelline
membrane and may become an inclusijon in the albumen of the same egg or
of subsequent ones,

When such a blood clot reaches the ‘ chalaziferous region’ of the oviduct
it is surrounded by the fibrous layer secreted there and thus forms a meat
spot. If this remains lying in the oviduct then, simultaneously with the
degeneration of the blood cells, the adherent albumen is also coagulated
on its surface giving it a whitish appearance. In these meat spots, however,
reddish specks can still be demonstrated in the centre,

According to Nalbandov and Card (1944) all meat spots, including
white ones, are merely degenerated blood clots resulting from changes in
pH of the albumen and that the transformation from red to white meat spot
is hastened by high environmental temperatures. It was proved experi-
mentally by using artificial blood clots in albumen and also in buffer
golutions of known pH exposed to temperatures of 50°F. and 88°F.

A repetition of their experiments carried out at Edinburgh at a tem-
perature of 103°F. did not change an artificial blood clot into a white meat

107



spot. Blood and meat spots from infertile eggs which had been incubated
for more than 7 days were still not white. The colour of the meat spots in
such eggs changed from red to dark red, brown or even tan but never to
white,

Artificial and natura! blood clots kept in 0-8% pormal saline
changed their colour to pinkish white leaving the medium reddish even at
ordinary room temperature after a fow days. However, on sectioning these
and also the artificial and natural blood clots and coloured meat spots which
had been in the incubator for more than a week the same appearance a8
that of the section of a white meat spot was not obtained. In all sections
from the former blood cells in various stages of degeneration could always
be seen.

A typical white meat spot, as far as the observations go, is formed in
the oviduct by the coagulation of the albumen around free yolk left degener-
ating in the oviduct by the rupture of the membranes surrounding it. Pieces
of the broken membranes are sometimes visible as inclusions in white meat
gpots. For details please see Sharma (19492).

Frequently blood cells and also some other cellular elements can be
detected in white meat spots but, because of the extensive degeneration,
it becomes increasingly difficult to identify them, It is quite possible that
these cells may be derived, either from the follicular epithelium or from the
developing germ of a yolk which has ruptured in the oviduct.

Lucas (1946) has described macrophages and fibroblasts in addition to
intra-vascular cell types from smears of blood spots. Though it has not
been possible to confirm his findings many of the weird structures figured
by him have been noted in sections of white meat spots. Tt is clear that the
problem of white meat spots is one that requires further evidence from an
experimental approach towards its solution.

The so-called ‘bloody white’ appears to be formed by the dissolution
of a blood clot as frequent observations have shown that the albumen in
the proximity of a large blood spot or a red meat spot is blood coloured.
Sometimes it is even possible to detect blood cells in such albumen under the
low power of a microscope. This is further substantiated by observations
on artificial blood clots which dissolve out, sometimes completely, leaving
the medium reddish.

It is also possible that the ‘bloody white’ may be produced following
haemarrhages from the wall of the oviduct. Nalbandov and Card (1944),
bowever, could not succeed in producing ‘bloody white’ by injecting blood
in the magnum region of the oviduet,

The so-called ‘cloudy white’, according to Nalbandov and Card {1944),
results from the bloody white after svitable pH changes, provided the
temperature is favourable. It appears more probable, however, that the
cloudy white is produced by the disintegration of the chalezz and the
dispersion of the free yolk granules.

StumMARY AND CONOLUSIONS

1. Blood spots in eggs are due to intra-follicular bleeding. If the
haemorrhage i8 only slight it results in the formation of thin sheets and
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streaks of blood in close adherence to the vitelline membrane, Copious
bleeding, on the other hand, leads to the formation of large blood clots
which, if separated from the yolk, are included in the egg albumen and
form coloured meat spots.

2. 'White meat spots are formed in the oviduct by the coagulation of
albumen around a degenerated coloured meat spot, degenerating free yolk,
or even broken egg membranes.

3. The so-called ‘bloody white’ appears to be due to the dissolution
of & large blood spot or & coloured meat spot.

4. Cloudy white may be formed by the disintegration of the chalazm
and the dispersion of degenerating free yolk granules.
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EXPLANATION OF PLATES

Flate [
Fiea. 1-5: Vardous types of Blood spots.

Fia. 1. A very large blood spot covering almost the whole yolk,

Fig. 2. Blood spot consists of distinct sheets and streaks adherent to the yolk. The
blood streak towards the left (broad end of the oge)is continued into the
albumen end ends in & large dark red blood clot.

Fia. 3. Blood apot consists of faint and discontinuous streaks on the yolk,
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Fig, 4. Blood spot consists of a dark red thick and rounded bloed clot intimately
attached tothe yolk. Twosmallblood dots can alsc be seen near it.

Fia. 5. The blood sheet is situated on that pole of the yolk which is towards the
broad end of the egg. It is continued into the albumen in the form of a
thick and dark red blood streak which ends into a large blood clot of the
same colour, The blood streak presents a typical twisted chalaza-like
appearance due to the chalazal fibres surrounding it.

Fias. 6-8. Various types of Meat spots.

F1e. 8. A red meat spot entangled in the fres end of the chalaza.

F1a. 7. Moeat apots of various colours in the albumen and two emall blood gtreaks on
the yolk. ’

F16. 8. White meat spots in the albumen and & blood sheet on the yolk,

Plate 11

SECTIONS

Unless otherwise mentioned, all seetions have been stained with Delafiold’s hama-

toxylin and eosin.

Fro. 1. Bection of a blood-spotted yolk. x40,

F1a. 2. A portion of the same section. X 350.

Fra. 3. Section of another blood-spotted yolk, %360,

F1a. 4. Section of a blood-spotted volk stained with Thionin, Here the chelaziferous
layer stains purplish pink while the vitelline membrane is pale blue. X 700,

Fia. 5. Bection of a red meat spot stained with Delafieid’s heematoxylin and muci-
carmine. x40,

Plate 111

SECTIONS

Unless otherwise mentioned, all geetions have been stained with Delafield’s
hematoxylin and eosin.

Fi10.1. A portion of the section shown in Fig. 6, Plate ITI. x350.

Fi16. 2. Section of another red moat spot. Somse of the blood cells are quite normal.
x 350,

Fia. 3. Section of o red moat spot whero the blood cells ¢an even be seen outaide the
fibrous layer embedded in the coagulated albumen. x350.

F16. 4. Section of a dark red raeat spot showing extensive vacvuolizetion dve to the
disintegration of blood cells. 0-59 Iron-hematoxylin and eosin. X 45.

F1c. 5. Section of a white meat spot with a red speck in the centre, x40,

Plate I'V
Figs. 1-3. Sections stained with Delafield’s hmmatoxylin and eosin,

Fie. 1. A portion of the section shown in Fig. 5, Plate ITL.  x350.

Fig. 2. Bection of a tan-coloured meat spot from an infertile egg which had been
incubated for nearly two weeks., x300.

Fic. Section of & white meat spot., %20,

Fia. 4. Exvised ovary showing submembranous heemorrhages in tho follicles.
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ON THE STORM VARIATIONS OF COSMIC RAY INTENSITY -

By O Parkase and H. R. Sarwa, Panjab Un‘fivsrsity Physics Department,
GQovernment College, Hoshiarpur, Panjab (I).

ABSTRACT

- A brief discussion of the magnetic storm effects on cosmic radiation
is followed by the analysis of observations taken at Lahore (22° N.) during
February 12-April 8 (1947), a period of pronounced solar activity. The
Cosmic Ray intensity I was measured by a triple coincidence telescope
and the magnetic data for the same period obtaified from the nearest
magnetic observatory at Alibag (Bombay). It is found that over this
period of almost two months the correlation coefficient between I and H
though showing a slight positive tendency, is not statistically significant.
However, during fairly strong storms on February 16, and March 2, the two
quantities AI/I AH and B AI/I AH are negative in the first, and positive
in the second storm. The v&natxons are discussed in the’ hght of Cha,pman B
and Alfven’s hypotheses

1
A

I_’NTEODUCTION

Tt is well known (Hess, 1939) that regular and irregular variations of
cosmic ray intensity I with time, after being corrected for temperature
and pressure changes, do exist; and that some of theése variations are simul-
taneously observed at widely separated places all over the globe. It is
also observed (Forbush, 1937; Hess and Demmelmair, 1937; Duperier, 1942;
Hess and Dling, 1935; Sarna and Parkash, 1949), that, generally speaking,
during the time of appearance of the sun spots, earth’s horizontal magnetic
field H shows large fluctuations and simultaneously large changes in I are
observed.

For instance, in a storm occurring on February 27-March 6 (1942)
Duperier (loc. cit.) observed a 129 decrease in 7 and in another storm
(Fanuary 29-February 12) in 1946, Duperier and McCaig observed a 10-5
4049, decrease. A negative correlation existed between I and H
during these storms although, according to Clay and others in the case of
storms on March 1, 1942, the correlation is found positive if the calculation
had been restricted to this day, which from their point of view is undoubtedly
the most important of this storm. Forbush (1938) and Demmelmair
observed & very pronounced positive correlation (I increasing with H)
between the intensity changes of cosmic rays and geo-magnetic horizontal
force H during several storms in 1937-38. Forbush algo reported the
case of a storm ocewrring on August 21-25 (1937) when a -decrease and
a following inecrease of H by 120y (y = 10~5 gauss) produced almost no
change in I. ‘There are also cases (Duperier, and McCaig, 1946; Neher
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and Roesch, 1948; Dolbear and Elliot, 1947) when no appreciable change in
B was observed but C.R.I. showed variations of the same order as observed
in strong magnetic storms. The storms are termed ‘effective’ and ‘non-
effective’ accordingly, though the cause is not clearly understood. Another
important observation by Clay and Bruins {(1938) at §4° latitude showed that
under 110 cm. of Fe shield they did not notice any change in I. This
means that harder rays (E>>8x109 ev) are not affected.

The magnetic stormn effects on I are quantitatively expressed as
AIIIAHIH = HAI[IAH, ie. the ratio of the relative change in cosmic
Tay intensity and of the horizontal magnetic force. It is found (Ref. 1)
that this ratio does not remain constant but varies from storm to storm,

Thus, out of this mass of diverse results, it’ appears that if at all, there
is any relation between I and H variations, it will not be so simple, In
fact T. H. Johnson (1938} has remarked that in spite of the close relationships
observed between I and A the two quantities may not be casually related.
However, the fact, that storm variations of cosmic ray intensity are world
wide (these variations in I have been observed from 0-6° geomagnetic lat.
(Huancayo) to 756° geo. lat. (Godhavan, i.e. equator to the poles)} a study of
these effects at different latitudes can be helpful in giving valuable infor.
mation about the energy distribution in the speetrum of cosmic radiation.

The observations of which the analysis is reported in this paper were
taken with a view to find if any correlation existed between I and H at the
lat. of observation, i.e. 22° N. (Lahore). These ¢bservations extend over
two months period (February-April 1947) when there was pronounced
solar activity and some strong magnetic storms.

ExPEBIMENTAL PROCEDURE AND RESULTS

A triple coincidence counter telescope (Parkash and Sarna, 1948) was
employed for the present study. The cathodes of the counters were 25 em.
in diameter and 356 cm. long and with a distance of 25 oms. betwéen the
extreme counters, the zenith resolution was 11-3°. The telescope wasg set
up vertically with its plane in the magnetic meridian and hourly counting
rate, observed during the daytime for nearly two months, beginning from
12th February to 8th April, 1947. Hourly values of H for the same period
were obtained from the nearest magnetic observatory at Alibag (Bombay).
After correcting the counting rate for the temperature (temp. coeff. =
—0-18%,/°C.) and pressure (pressure coeff. = —6-4°(cm. Hg) the daily means
were caleulated. The mean of the horizontal intensity H was also found
for each day for the same period of the day. The results are shown in
fig. 1. Tt is found that the correlation coefficient (r} given by

e TE—B—y)
© A/ Zl—52 Zlyi—y)?
(whére x; and y; are the two variables and Z and § their meané) between

the daily means of I and H over this period is positive. (r = +0-14),
showing a tendency towards parallelism between I and H slthough its value
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is too low to be statistically significant. For the individual storms which
oceurred on the 16th of February and 2nd March (1947), H changed by 135
and 253 gamma respeotively during a period of nearly four hours. Our
observations of I in relation to H expressed as

-——-—-AI and -———HAI
IAH IAH

come out to be 4 0-097 £+ 0-0319%/y and + 38:3 4. 12-3 in the storm occur-
ring on 2nd March, and —0-103 + 0-060%/y and —39-7 & 23-0 in the
storm on February 16, (For these particular storms, the caloulations were
made on the basis of hourly means.) The values seem to correspond with
those of other observers, though the errors in our case are somewhat larger.

DisoussioN

Our results for a period of two months indicate that I values at Lahore
and H values at Alibag (Bombay) during magnetically less disturbed days
may not be correlated, as the magnetic changes observed at one place may
not be effective at another distant place. However, during strong storms,
the changes are observed simultanecusly all over the earth and in storms of
16th ¥ebruary and 2nd March we found a definite effect on J. The import-
ant thing is, that at the same place, the two storms gave opposite correlation,
in one negative and in the other positive.

In order to explain these we consider the storms in general. As men-
tioned earlier, one finds that during a magnetic storm, any one type of
change, out of the following might take place:—

(1) An increase in § with H (+ve correlation).

(ii) A decrease in I with H {—ve correlation).
(iil) Large change in I with no apparent change in H.
(iv) No change in I though H might show a large change.

Further that these changes occur and have been observed right from the
equator (Huancayo (-6°) to the pole (Godhavan 75°) and as shown by Clay
and Bruins in their observations at 54° Lat., harder rays (£>8x10° ev)
observed under a shield of 110 cm, Fe remained unaffected.

The above facts may be accounted for in terms of the Stérmer and
Lemaitre-Vallarta theories. According to these views any change in H
should affect the cosmic ray intensity. At a given place the minimum
energy, that can reach, is defined by the geomagnetic latitude, hence
assuming a certain enmergy spectrum any change in H will allow or cut
off a part of the spectrum thereby producing an increase or & decrease in I,
Alfven (loc. cit.), however, has the view that (i) a8 these changes occur even,
at 76° Geo = Lat, where changes in H should not produce any effect on I
and (ii) that changes in I as much as 209, cannot be accounted for on the
above views, the above hypothesis is untenable. Not only that, the above
theory demands an antiparallelism between J and H whereas people have

reported definite positive correlation. Lemaitre-Vallarta theory completed

with a ring-current hypothesis as given by Clay and Bruins gives a satis-
factory explanstion of the parallelism between I and H.
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. According'to Alfven, the variations observed in I are caused by the
eledtrostatio potential changes of the earth due to the approach of ion ¢louds

from the sun.. During a storm & cloud. of the ions.emitted from the sun,

and moving in the sun’s magnetic field, is polarized with the advancing
gide becoming negative and the following one positive and hence a potential
difference as 50108 volts or even higher (109) volts exists between the
. two ends of the cloud. As the earth quickly attains the potential of the

cloud, it becomes negatlve in the heginning and positive at the end of the

storm, giving an increass followed by & decrease in cosmic ray intensity;
assuming of course that cosmic rays are predominantly positive. As Alfven
has shown, these ‘clonds moving with v s *01 c. the ‘hesd’ of the ion cloud
would take about a day in reaching the earth, the storms should start'a day

after the ocourrence of solar prominences and the decrease a d&y or two still
later. 'This is generally the case.

Alfven’s hypothesis is, however, incapable: of explaining. (i) Clay and:

Bruing observations which show no change observed in cosmic ray intensity
at energies > 8 10? volts. The electrostatic potential effect should extend
over the whole of the spectrum (though with different magnitudes depending
on the shape of the. energy spectrum) and a chfmge should be observed
even .in this region.

(ii) Qur case of variations in two storms with apparently 1o, con.nect.lon
between the two. -

- (iit) The ohservations of Doibear and Elhot Where. an initial mcrease
in I was observed at about 18 hours on the 25th of July and & very.intense
flave ocowrting af 17 hour thesame day. Neher and Roesch have confirmed
the fact that the start of cosmic ray effect and the visual part of the solar
flare differ by about an hour, in this particular case.

Stormer’s hypothesis of ‘Ring Currents’ (with which Chapman explams
the positive correlatmn}, in a modified form, can explain all the observed
effects. According to this ion clouds emitted from the sun reaching the
earth, set up ring currents in the equatorial plane round the earth, at a
distance of a few times the earth’s radius. The ring current increases the
field outside it, while inside, it is decreased, and as most of the deflection
of charged particles takes place outside the ring, the positive correlation
between I and H is explained, This hypothesis, as it is, cannof explain
all the observed facts and needs to be modified in the light of fresh results.

According to Clay and Bruins and Forbush all' the effects can be ex-
plained by assuming (i) that the ring currents always exist and (ii} that
their distance and strength may vary from storm to sborm (2-16 times the
earth’s radius and 105-107 amps).

Asthe —veion cloud approaches the earth, the sastwardly —ve ion current
which we suppose to be always existing is strengthened giving an inorease
in H inside the ring but a decrease outside. At the beginning of the storm
H will, therefore, rise, which iz generally so observed in storms, so also
the cosmic ray intensity giving a positive correlation, However, if the ring
ig formed. at a preater distance (within the range of eourse), the deflections
may be appreciable inside the ring and we will observe a decrease in I with
increase in H {negative correlation). The relative magnitudes of the speci-
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fied quantities will depend on the strength of the ring current as well as its
distance from the earth, Both these factors may vary from storm to storm
giving different magnitudes of the observed effects. Sometimes large
changes in I are observed without any appreciable change in H. In a
particular case reported by Neher and Roesch 189, increase was observed
at a Geo-mag. lat. of 40°, the actual storm started 26-5 hours afterwards,
The observed increase coincided with a very prominent solar flare which
took place nearly simultaneously. Alfven’s reference is probably towards
this inerease which seems difficult to explain., Neher and Roesch {see
also Forbush Gill and Valarta, 1949) have explained this increase by
assuming that under favourable circumstances, the sun might emit very
high energy charged particles, and in the case reported by Neher and Roesch
ab 40° Lat. they must possess energies 6 B ev. Assuming the validity of
such a process, the increase observed at 75° may be explained (as at such a
latitude, lower energy is necded, and that might be comparatively easy
to get). We are inclined to agree with Alfven that normal field finctuations
should produce no effect at so high a latitude. Both solar fares and storms
have, therefore, to be considered in discussing the changes observed.

Angther cage in which H showed large variations though no change
in I was observed is explained by Clay and Bruins. "According to them,
the cosmic rays need not be always affected by storms. A ring current
at a distance of 15 times the radius of the earth does not influence the cosmic
ray intensity but can give an appreciable variation of H. All other effects
can be explained by assuming the existence of the rings between 2-4 X earth’s
radius,

The obgervations of Clay and Bruing with 110 cm. Fe shield
(F>>8x10% ev) are also explained in terms of ring current and Stormer
Vallarta theories. According to this theory, lower end of the energy spec-
trum should be affected by changes in H and if this portion is cut off hy
shield of 110 cm. thickness, the rest of the spectrum should remain un-
affected. No change should be observed under such conditions, as shown
by Clay and Bruins. This, however, cannot be explained on Alfven’s
hypothesis, which would demand a variation throughout the energy spee-
tram, though the actual magnitudes might differ in different energy regions.

The changes obgerved can also be easily explained on the above ideas.
However, in order to have a clear and better understanding of the subject,
a eo-operated programme of observing any such changes with apparatus of
similar geometry at different latitudes can be of real help.
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. THE TERNARY SYSTEM ANTIMONY.CADMIUM-BISMUTH
By Ram Craxwp, M.Sc., Ph.D., and VeDp Parrasm, M Sc.
{(Department of Chemistry, Panjab University, Hoshiarpur)

The three binary systems involved in the problem are Antimony-
Cadmium, Cadmium-Bismuth and Bismuth-Antimony. These systems are

represented in one diagram (¥ig. 1) along with the ternary system. The
necessary thermal data are taken from ‘Landolt— Borenstein Physikalisch—
Chemische Tabellen® which contains a summary of previous work, and
‘Meatal Industry handbook’ (1945).

SvysTEM ANTIMONY-CADMIUM

The full curve in the diagram (Fig. TA) corresponds with the condition
of stable equilibrium and has been obtained only after inoculation with
crystals of the compound Cd Sb. The dotted curve representing a meta-
stable condition is realized in alloys cooled without stirring or inoculation.
The stable curve has a maximum at 50 at. %, antimony, with a eutectic
point Cd Sb—=Sb at 584 at. 9% antimony. In the ahsence of inoculation,
however, the curve corresponding with the separation of free antimony is
prolonged downwards, and when the separation of a second solid phase
does take place it is not the stable compound Cd Sb that crystallizes but
the metastable compound CdgShy which has its own solubility carve with
a maximum at 40 at. % Sb and 423°C. as maximum temperature, ie. a
temperature 32°C. lower than that of the stable compound. This is in
accordance with the general rale that metastable modifications melt or
freeze at lower temperatures than the stable ones. To make clear the whole
system let us consider an alloy containing 56 at. %, sntimony. If slowly
cooled and inoculated it deposits crystals of Cd Sb (the stable compound)
and shows a eutectic point 4456°C. If cooled without inoculation, crys-
tallization does not set in until later when antimony separates as the firat
phase and there is a eutectic arrest at 402°C. corresponding with the simul-
taneous separation of Sb and CdgSbs. On further cooling the reaction

_ CdgShe+-Sb ~ 3CdSh
.occurs with considerable evolution of heat, and the solid alloy passes more
or less completely, into the stable condition. To the left of the vertical
line at 50 at. %, antimony the compound CdySby appears to be stable at
low temperatures and occurs along with CdSh. But below 40 at. 9,
antimony, only CdgShe is found along with Cd—CdgShs eutectic at 290°C,

SysTEM BISMUTH-ANTIMONY

The two metels are completely miseible in both liguid as well as solid
state, i.e. they form a series of solid solutions showing neither 2 maximum
nor a minimum temperature.



SysTem BismyrHE-CADMIUM

The freezing point curve has been determined by Kapp and Stoffel.
The system is of a simple type in which there is a eutectic Iying at 44-5 ab. %,
or 59-8%, Bismnth and 146°C. According to the investigations of Hycock
and Neville the two metals do not form solid solutions and are entirely
non-migeible in the solid state. But there is a difference of 20°C. in the
readings of Kapp. and Stoffel. Barlow has given a summary of the previous
work and has given 146°C. as eutectic temperature. G. I. Petrenko and
A. 8. Yedorov give 140°C. as the eutectic temperature. In view of the
existing differences regarding the details of the system, it was repeated.
It was found that eutectic temperature is 140°C. and not 146°C. as given by
certain authors. The thermal data and diagram for t]ns system are gwen
in Table I and Fig, 2.

TABLE 1.

No. |Percentage | Percontage Froezing Points.

Cd Bi 1 T
1 80 20 258 140
2 86 36 220 140
3 55 45 187 140
4 43 55 164 141
5 25 75 178 140
6 20 80 192 140
7 10 0 230 L
8 28 62 . 140

Thermal Investigation.—Antimony, Bismuth and Cadmium metals
employed throughout this work were pure, almost free from foreign matter,
and their freezing points agreed with the standards. The freezing points
and other thermal arrests of the alloys were taken by means of a platinum-
nichrome thermocouple. The free ends of the couple were attached to a
sensitive mirror-galvanometer. By tracing a spot. of light reflected from
the galvanometer mirror on to & moving screen, the thermal arrests were
obtained on direct time-temperature cooling curves. The couple wires at
their brazed end were covered with a very thin layer of fireolay cement
and inserted in the molten alloy. This formed a protection for the couple
againgt the attack of metals and at the same time did not intpair its sensi.
tiveness. On acoount of its fragile nature the coating had to be repaired
from time to time but this was not a long and tedious process. The thermo-
couple was standardized by means of the following fixed points: B.P.
water = 99-5°C., M.P.Tin 232°C., M.P. Bismuth 268°C., M.P. Cadmium
321°C., M.P. Zinc 418°C., M.P. Antimony 630°C. The st-a.ndardmatlon was
cheeked after analyzing six samples.

A 150 gram sample of each alloy was prepa.red by weighing out the
reqmsxte quantities of the metals on a sensitive balance, Powdered charcoal
was used as protection against oxidation durmg heating and cooling of
alloys. All proportions of the metals in the alloys were rackoned in weight
per cent, The rate of cooling and the apeed of the screen were regulated
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to be the same for all alloys. It took about two hours for an alloy to cool
from 630°C. to about 100°C. The results of the thermal analysis are given
in Table II. '

TasLe I

Thermal Arrests of Alloys in the System Bi-Sb-Cd. :

t
Composition in %, by Thermal arrests. : : :
AlL weight. °C. . Number of layers
No in the sblidified
' allaya:
Cd Sb Bi I I 111
1
1 5 90 5 620 . $
2 10 85 5 592 384
3 5 85 10 618 .
4 i5 80 Ei] 668 388
b 10 80 - 10 580 376
] b &0 16 685 ‘e
7 20 75 ] 549 396
8 10 76 16 572 368
9 26 70 5 516 302
10 15 0 15 564 372
11 3] 70 25 567 .
12 30 65 5 488 303
13 15 65 20 548 387
14 30 60 10 483 395
15 20 60 20 514 423
16 15 680 25 529 393
17 5 80 36 548 324
18 40 5h 3 407 391
19 26 &6 20 485 . 301
20 15 55 30 “498 365
21 45 50 b 407 ..
22 a5 50 15 308 ..
23 25 50 26 466 370
24 10 50 40 506 368
25 50 45 5 407 .. d
26 45 45 10 394 . ]
27 35 45 20 390 383 .
28 20 45 35 446 370 =
29 5 45 80 494. 336 o
30 bb 40 5 411 .. [
31 45 40 16 394
32 40 40 an 390
33 30 40 30 380 A
34 20 40 40 438 © 368
35 10 40 50 475 a26
36 60 3b 5 407 .- .-
37 65 35 10 401 154
38 40 35 25 as8s .
39 35 35 30 388
40 30 36 35 376
41 25 35 46 377 ..
42 15 35 50 421 368
43 5 35 60 469 308 ..
44 65 30 5 302 282 144
45 50 30 20 381 257 148
48 40 30 30 376 .. 158
47 35 30 a6 369 320 175
48 30 30 40 364 .. .
49 25 30 45 373 ..
&0 10 30 60 .. 202 .
51 k1] 25 5 360 281 144
52 80 25 16 377 242 150
63 | 60 25 25 368 . 158 1




Tapue IT—(Contd.) -

Composition in % by Thermal arrests. o
Alloy weight T Number of layers
No in the solidified
™ alloys.
cd Sb Bi 1 11 I
. H
54 40 25 36 £
55 { 30 26 16 R R -t
56 25 25 50 325 203 !
57 15 25 60 .. .. i
58 5 25 70 419 251 ..
59 15 20 5 323 269 | 144 | 0 0 p 7T -
60 80 20 20 327 262 144
61 50 20 30 346 225 150
62 40 20 40 222 275
63 30 20 50 331 283 158
64 20 20 60 307 264 140 :
65 10 20 70 .. .. .. ‘
66 80 15 5 202 257 o ;
87 70 15 15 317 235 161 :
68 60 15 25 317 237 158 X
89 50 15 35 330 .. 157 {
70 40 15 45 336 276 168 o
7 35 16 50 334 249 158
72 30 15 55 337 210 149 \
"3 25 15 60 289 243 144 -
217 :
74 15 15 70 308 . 150 :
5 85 10 5 292 .. L
76 80 10 10 285 » 158 g
Mmoo 10 20 283 248 {1 185 s
78 60 10 30 305 219 155 |
9 { &0 10 0 239 197 163 e
80 465 10 45 297 . 176
81 40 10 50 297 166 |
82 35 10 55 315 141 -
83 30 10 60 301 .. 142 -
84 25 10 85 284 228 158 .
208 . :
85 20 10 70 987 .. 155
86 10 10 80 287 166 ,
87 5 10 85 320 155 :
88 90 5 & 297 .
89 85 5 10 276 161
90 7 5 20 269 169
91 85 5 30 254 .. 176
92 55 5 40 242 201 151
93 50 5 45 241 181 148
94 45 5 50 253 184 150
05 40 5 55 268 .. 144
96 35 5 60 269 148
07 25 B "0 238 148
08 15 5 80 247 150
99 10 B 85 278 148
100 5 5 90 287 . t

The numbering of the alloys.—In Fig. 3 the scheme of numbermg of
the alloys is given. The percentage of a metal in an alloy is represented
on the well-known system of distances from ﬁhe gides of an equﬂataml
triangle. Starting from the apex or antimony corner the alloys are num-
bered from left to right on lines parallel to the Cadmmm Blsmuth base
By this system it is easy to locate alloys on Fig. 4.
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The liguidus surface.—In Fig, 4 the isothermals of the freezing points
of the alloys are given. The solid solutions formed by Sb with Bi extend
fairly deep into the whole system and this solid solution area is represented
by afoh Sb A B C Bi. Microphotographs 1, II and IIT are from this area.
Photograph I is of a pure binary solid solution of Sb and Bi while IT and
ITI represent alloys Nos. 43 and 74 which show two phases only. The
gradient of the isothermals is regular from Sb corner to Bi corner and
isothermals are slightly inclined to the base of the triangle or Bi-Cd line,

Area A B C Cd is very much complicated due to the presence of two
binary compounds CdSh and CdgSh, and due to the meta-stable part of
the curve representing the system Sb-Cd in which CdgShs, which sometimes
separates earlier than Cd Sb, changes into Cd Sb with evolution of much
heat thus magking all the latter arrests. This part is represented on the
diagram roughly by area A D E F. Microphotograph No. IV of the alloy
No. 40 which lies in this area depicts very clearly the change of one phase
into the other represented by the equation CdgSby+4Sh—3 CdSh.

There is another small area G Cd.C Q in which Cd separates out,
The general slope of the isothermals in this small area is from Cd corner to
C. Area DEF B Q G has got & small hump near B which may be due to
a ternary compound. But from the present study nothing can be said
definitely as to its presence or absence. There are chances for the formation
of two ternary compounds one of CdSb with Bi and the other of CdgSh,
with Bi.  All over, this area has three arrests which are supported by three
phases shown in microphotographs of alloys Nos. 91, 95, 96 on line 5%, Sb
and micro-photographs of alloys Nos. 59, 63 and 77. These three phases
indicate the presence either of a ternary eutectic or a ternary compound
or some ofther complexity. If has not been possible to locate the position
of any of these two major possibilities with great definiteness and are
therefore, not shown on the diagram.

Isothermals of Binary Arrests.—From the alloys lying in area Sh Bj
C B F A a solid solution of 8§b-Bi separates out on freezing as firat solid

phase.  The change in composition of the liquid portion of the alloy there-
fore, always follows a straight line drawn from the Sb-Bi base joining the
binary valley A F B C. This is made clear by graphs Nos. 5 and 6 re-
presenting section through 5%, Bi and median through antimony. The
section through 5%, Cd Fig. 7 shows very clearly this very fact.

About the rest of the area nothing is very clear as yet, Median
through Cadmium and section through 5%, Antimony Figs. 9 and § fix
clearly the position of the two binary valleys.

Ternary arrest which is obtained can most probably be due to a
ternary eutectic, but examination of micro-structure of & large number of
alloys in this area has so far failed to show the position of the ternary
eutectic. The third arrest which is obtained in this area is 140 which
coincides exactly with the freezing point of binary eutectic of Cd-Bi and can
be due to this very phase, and the ternary eutectic may be entirely absent
or the binary and the ternary eutectics may be very close to each other,

The two compounds CdySb, and CdSb are stable at temperatures
up to their melting points. To clear up the whole problem it now appears
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essentisl that systems Cd 8b-Bi and CdySbe-Bi be studied. Also the
latgs triangle be subdivided into three small ones and three ternary systems
Gd Bl-CdSsz, Ongbg-Bl CdSb and CdSb-Bi-Sb, be studied. o

") o ’ SUMMARY

" Thermal analysis and microscopio study of a large number of alloys
of the ternary system Antimony—Cadmium—Bismuth have been carried
out. ‘Cd forms ternary eolid solutions with Sb and Bi up to a limited
composition. The rest of the area of the ternary diagram is very much
complicated due to the presence of two stable compounds of Sb and Cd
and also die to the meta-stable part of the eurve of the binary system
Sb- Gd
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DIAGRAM REPRESENTING THREE BINARY SYSTEMS
ENCLOSING THE TERNARY SYSTEM Bi-Sb-Cd
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MEDIAN THROUGH ANTIMONY
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Prate I

f

Microphotogrhph I. Pure Solid Solution Microphotograph II. Alioy No. 43 %100
Bi 609, Solid Solution
||Sb 4000 } % 100

{Microphotograph I11. Microphotograph IV.
Alloy lNo. 74  x100. Two phases Alloy No.40 X100




Prare 1.

Microphotograph V. Alloy No. 91 x 100 Microphotograph VI.  Alloy No. 95  x 100

Vicrophotograph VIE.  Alloy No. 96 x 100 Microphotograph VIIT. Alloy No. 59 x100




Prars III.

Micfrophobograph IX. Alloy No. 63 x100 Microphotograph X. Alloy No, 77 X100

Uu{ti] and unless the nature of the third phasc is exactly defined no explanation can be given for the
phases present in theso photomicrographs.
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ABSCORPTION SPECTRUM OF LEAD MOLECULE (Pb,)
IN THE VACUUM ULTRAVIOLET REGION (600-900) A.

By B. M. AxaxDp
University Physibs Department, Hoshiarpur

ABSTRACT

The absorption spectrum of lead vapour has been studied at 900,
1000 and 1100°C. in the spectral region (600-900) A. with & one metre normal
incidence vacuum grating spectrograph using Helium continuum. An.
intense absorption band extending between 672-676 A. occurs when the
lead is heated to 900°C. and broadens as the temperature is raised. This
absorption band is attributed to diatomic lead molecule and is being reported
for the first time. It shows a sharp edge towards the longer wave-length
side. _ )

- It is postulated that the upper state involved in this absorption band
is a repulsive state of (Phy)* molecule dissociating into a mormal neutral
atom of Pb in 3P, ground state and an excited atom of Pb* in ZD% state
of the electronic configuration 6s2 7d.

INTRODUCTION

Lead is the last member of the spectroscopically homologous series
of elements, C (6), Si (14), Ge (32), Sn. (50), Pb (82), having (P2) electrons in
their valence shells, in each case resulting in the ground state 3P of the
neutral atom. The Spectrum of C; is well known, but very little is known
about the spectra of the elementary molecules of the remaining elements
of the series. ‘

Vapour of lead is known to form diatomic molecules (Phy) and its
band spectrum has been studied by Shawhan (1935), both in absorption
and emission. A large number of band-heads lying between 4600-5200 A.
were measured and the vibrational analysis was made by him. In the
extreme ultraviolet region, however, no data is available for the molecular
spectrum of diatomic lead.

For some time past we have been attempting to get the inner transitions
of lead, extending Beutler’s (1933) investigations of the so called I° spectra
of elements. In a number of our plates a continuous band in absorption
appeared, extending between 671-676 A. The band is degraded towards
the shorter wave-length side, and shows a sharp edge on the longer wave-
length side. This band has been studied at different temperatures and
we have no doubt that it is due to diatomic lead molecule in the vaporous
state.
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EXPERIMENTAL

The source of continuous radiation was a pyrex glass discharge tube
100 cm. long and 2-4 cm. in diameter, with aluminiam cylindrical electrodes,
containing pure helium at about 5 mm. of Hg pressure. A 15000 volts
luminous tube transformer, with a small condenser of about 5000 cm.capacity
in parallel, was connected to the electrodes of the discharge tube through
& spark gap of about 2 mm. The weak condensed discharge in Helium
produced an intense continuum between 600-900 A., first discovered by
Hopfield (1930).

The main absorption chamber was a transparent silica tube 70 cm.
long and 1-2 cm. internal diameter. Merck’s pure lead, containing less
than (-001%, Ag, was contained in a side tube attached to the main absorp-
tion tube about 20 cm. from one end. Starting from the side tube 30 cm.
of the main quartz tube was wound with S.W.G. 30 nichrome wire using
100 turns. In order to ensure uniform temperature the turns were wound
closer near the ends of the 30 cm. length than in its remaining portion.
The whole of the 30 cm. length of the tube was lagged closely with successive
layers of asbestos paper about 5 mm. thick. Above this asbestos were
wound another 100 turns of the same nichrome wire and was similarly
lagged: with asbestos paper to reduce the loss of heat by conduction, A
current 1-7 Amperes through both the heaters simultaneously raised the
temperature of the absorption tube to 1100°C. This, of course, is the
limiting temperature up to which the nichrome heaters can be used. Proper
care is taken to lower the temperature of the heated quartz tube gradually,
otherwise it divitrifies when heated above 1000°C. The temperatures
above 800°C. were measured by a Cambridge disappearing filament type
optical pyrometer. The lower temperatures were measured by an iron-
constantan thermo-couple. The side tube containing the lead was similarly .
wound by a double heater and lagged with asbestos. The side tube was
usually kept at a temperature lower than that of the main tube and the
temperature of this side tube determined the concentration of the vapour
in the absorbing column. On both sides of the firnace, adjacent to the
heated portion, about 10 cm. of the silica tube was kept cool by circulating
water through flexible metallic tubes wrapped round the quartz tube.
This absorption tube was adjusted in between the slit of a normal incidence
vacuum- grating spectrograph and the helium discharge tube producing
the continuum. Two four stage mercury diffusion pumps were suitably
arranged to maintain the circulatory differential system. Inside the
spectrograph the pressure was maintained less than 0-02 mm., while on
the discharge tube side it was anything between 7 to 4 mm.

A one meter speculum metal grating with a ruled area (3 x 5) cm.2 and
.giving a dispersion of about 17-5 A. per mm. was used.

A technique for ‘preparing ovr own plates of the Schumann-type has
been developed. Nelson’s gelatine No. I or Kodak photographic gelatine
is invariably used. A fresh batch of Schumann plates is prepared a few
weeks ‘before the contemplated exposure. The plates are stored in damp-
proof tins kept in a refrigerator at 10°C. In general, the plates show good
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sensitivity for about a year. The sensitivity of the plates passes through
a maximum after which the deterioration is more rapid. The full size of
a plate is (16 x3-8) cm. and covers range of spectrum vp to 2500 A. For
trial purposes half plates (8 3-8) cm. are exposed. For good focus extra
thin glass plates, which can be curved to 1 meter curvature, are used. Oun
one plate up to four exposures can be given. The exposure time ranged
between 40 to 60 minutes.

The condition for the development of the helium continvum are fairly
critical. It appears almost equally strong at 4 to 6 mm. pressure of helium,
provided the mercury spectrum is subdued to the disappearing stage
and the helium is pure and dry. Three pyrex glass traps, cooled by liquid
air, are employed to eliminate mercury vapour from the discharge space
and the spectrograph. Two activated charcoal traps, cooled to liquid air
temperature are put in the circulating system to remove traces of oxygen
and nitrogen. An electrically heated silica tube containing coppel oxide
was introduced in the system to remove hydrogen.

The plates are measured with both a Carl Leiss and a Hilger comparator,
reading up to 1/100 of a mm. The following lines, which are always present
are taken as reference standards.

58433 A .. . .. Hel
736-89 A .. .. .. Nel
74370 A .. . .. Nel
2]
N
N
7y~
Rooar : ‘;
TEMPERATURE -
&‘ N
Se0° (.
PR
7000’ C.
1100°¢

- F16. 1 gives the enlargement of the spectrogram -
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Table 1 gives the ra,rig'es of the absorption‘band at the various
temperatures.

RANGE OF ABSORPTION BAND
TEMPERATURE
‘Aand 4 A. vand Avinem,”l | E and AF ine.v.

900° C 675-5-671-3 148040~148960 18-28-18:39

- (4-2) A. - (920) »em.‘l 0-11 o.v,
1000° C. 677-7-668:1 147560-149680 18-22-1847

(9:6) A. 2120 cm, =1 0-25 e.v.

1100° C, 706-0-656-8 141640-152250 17-48-18-80
= (49-2) A, 10610 cm,~1 1-32 e.v.

The band shows no structure, has a sharp head towards the longer
wave length side and'is degraded towards the short wave length side.

A number of attempts to extend the absorption spectrum of molecular
lead in the hydrogen continuum between 1600-2000 A. have not met with

success. , :
Discussion

The correct assignment of a single band to its emitter is usually a
matter of some difficulty,as often an unexpected impurity may be responsible
for the observed,band. In this case, however, the band has appeared a
number of times with fairly good intensity, under different conditions of
absorption by lead vapour, and the identity of the absorbing molecule is
not much in doubt.

It is postulated that this continuous band absorption may be due to
the transitions from the ground state X of neutral lead molecule to an
upper state B of the ionised molecule.

The lowest state X of the normal lead molecule may be supposed to be
dissociated into two normal 3P,, Pb atom and an excited atom of the Pb+
ion with the electronic energy of 81222 cm.-t above the ground state of
Pb+ ion 2Py/, (6s2 6p configuration). Such an excited state of Pb+ known
from the work of Earls and Sawyer (1935) on First Spark Spectrum of
lead as the transition 6s2 6p, 2Py 6s27d, 2D,y the total energy of this
excited state with respect to ground state of neutral lead atom becomes
81222459821 =141043 cm.~! 1In this the value 59821 cm.~1 corresponds
to the ionisation potential of lead, as given in Atomic energy states, Bacher
and Goudsmit (1932). The. long -wave-length limit of the continuous
absorption observed at the highest temperature (1100°C.) comes out to
be 141640 cm.~! This almost exact correspondence is a very favourable
support to the above postulate of the upper state to be the repulsive state
B of Pb+,

Weak ionisation continua occurring below 1000 A. and at the end of -
Rydberg series of bands, have been observed in the case of Oy and Nj by
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F1e. 2. Potontial energy internuclear distance diagram for molacular states of
Pb,. X is the lowermost state and B is the upper repulsive state. The transitions
from X to B give the continuous absorption band. The atomic states of the pro-
ducts of dissociation are given on the right. On the left, energy in wave.numbers
is given.
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Price and Collins (1935}, and Worley and Jenkins (1938) respectively. From
the convergence limits of the Rydberg scries corresponding to the long
wave-length limits of the continua, the ionisation potentials of the molecules
have been calculated.

The continuous absorption of lead vapour reported in this paper is
not accompanied by any discrete bands due to lead molecule. Moreover,
the absorption is intense and at the highest temperature fairly extensive.
These features lend support to the view that it is the case of a dissociation
continuum, The long wave-length limit of the above continuum observed
at the lowest temperature should give one of the ionisation potentinls of
the lead molecule equal to 148040/8066=18-28 volts,

If we subtract the total atomic energy of the excited ion in the product
of dissociation from the above molecular energy we shall get the heat of
dissociation of the molecule in the ground state.

E molecu!c‘:"Entf)m = D
18-28—17-49 = -79 volt.

This value is also of the right order as compared to the value found by
Shawhan. ‘
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POTENTIOMETRIC STUDIES IN OXIDATION-REDUCTION
REACTIONS

Part XII. OxXipaTION WITH POTASSITM META-PERIODATE

.

By Barnwart SineH, ATPAR SINeH arnd MADAR GOPAL

Potassium meta-periodate reacts with potassium iodide in presence
of sulphuric acid

In acid medium potassium chromate, potassium permanganate,
potassium dichromate, sodium iodate and potassium bromate react with
potassium iodide according to the following equations:—

9K,Cr0, 4-8H;S0,+6KI = 5K580,+Cry(S0,);+8H0+ 31,
9KMnO, +8H;80, +10KI = 6K,80,+2MnS0,+8H,0+ 5,
K,CryOq+THsS0+6KT = 4K,80,+Cre(S0,)5+7H,0+31,
ONaT0; +6H; S0, +10KT = NayS0,+5K,S0,+6H,0+61,
KBP03+3H2804 +6KI = KBI‘+3K2804+3H20+312

The reactions have been utilised in the quantitative determination of
these substances by the potentiometric method.

EXPERIMENTAL

Potassium meta-periodate was prepared by the method of Bahl and
Singh (J. Ind. Chem. Soc., 1940, 17, 167) by passing a brisk current of
chlorine gas through a boiling solution of iedine in potassium hydroxide.

The oxidation-reduction electrode which consisted of a bright platinum
foil immersed in & solution to be titrated was coupled with a saturated
calomel electrode through an agar-agar potassium chloride bridge. The
cell was placed in & water bath, the temperature of which was maintained
at 25°C. EM.F. of the cell was read on a potentiometer.

Potassium iodide, acidified with 7N sulphuric acid, was directly titrated
against 80 potassium meta-periodate by the potentiometric method.
A known weight of each of the other substance was mixed with an excess
of potassium iodide and the mixture acidified with 7N sulphuric acid.
The excess potessium iodide was titrated potentiometrically against
standard potassium meta-periodate. The titrations were conducted in
an atmosphere of carbon dioxide and the mixture was kept stirred by a
mechanical stirrer,

A sgeries of potentiometric titrations were performed with different
amounts of each substance. One titration for each substance, as typical
of that set, is recorded in the following tables:
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7 N sulpfuric acid, against potassium meta-periodate (M [80).

TanLE I
Titration of 0°4357 gm. of potassium dodide mived with 60 c.c. of

Potassium Potassium
. BE.MF. bifle] . EM.F. ElC
meta-periodate (volte) (m.voltfe.c.} meta.periodate (voits) (m.voltfc.c.}
{e.c.) {e.c.)
' 260
0-00 0-2200 29-90 0-4876
29 290
1-060 0-2486 29-96 0-5120
3! 296
3-00 0.2705 20-00 0-5268
7 . 564
7.00 0-2936 ] 30-06 0-5550  (Maximum)
260
12400 0-3290 . 30-10 0-6676
95
18:00 0-3605 30-20 0-58770
4 42
24-00 0-37656 . 30-50 58085
. 41
27-00 0-3880 31-00 0-8100
12 40
28-00 0-4105 32:00 0-8500
18 21
29-00 0-4286 36-00 0-71156
37 6
29:50 0-4471 38-00 0:7280
a5 2
28-70 0-4600 ) 45-00 0-7387
116
29-80 0-4716
Taprr II

Titration of 03108 gm. of potassium chromate mixed with 1 0624 gm. of potasstum todide
and 50 c.e. of ¥ N sulphuric acid, agatnst potassium mete-periodate (M [80).

Potassium . Potagsium
; EMF, Ejo p EMPF. BiC
meta-(;:eéu)oda.te {volta) (m.voltfe.c.) meta-(;;eé'r)o date {volts) (m.vo{t[e,c.)
0-00 0-3470 17-80 0-4770
. & 135
1-00 03517 18-00 (-5040
3 190
3-00 03675 1810 0-5230
3 840
6-00 0-3670 . 18-15 05550 (M&g%mum)
0
9-00 0-3780 18-20 06745
5 207
12-60 0-3915 18-36 0-6180
8 175
1400 0-4037 18-680 0-6432 -
9 84
1500 0-4126 18-70 0-6620
11 36
16-00 0.4232 19-20 0-6800
16 20
16:50 0-4307 20-00 0-6860
19 . 21
1700 0-4402 21-00 0-7170
34 4
17-50 0-4572 66 23-00 0-7287
1
25-00 0-7282




Tasie ITI

Pitration of 0:0948 gm. of potassium permanganate mized with 0" 6640 gm. of potassivm
iodide and 60 c.c. of ¥ N sulphuric acid, against potassium mete-periodate (M[80).

Potassium Potassium
: EMF. EjC . EMLF. ElC .
meta.igegl)odate (volts) (m.voltfe.c.) metaa;ﬂ:n)odate (volts)  (m.voltfe.c.}
180
0-00 0-4020 1146 0-5280
4 500
3-00 04130 1150 0-5610  {Maximum
4 300
§-00 0-4210 11-55 0-5660
& 300
7-00 0-4312 11-60 0-5810
8 195
9-00 0-4480 11-80 0-6200
' 13 85
1000 0-4612 12:00 0-6370
22 28
10-60 04722 12.50 0-8510
28 23
10-80 0-4805 13-00 0-06627
38 10
1100 0-4880 1400 0-6725
446 (]
11-20 0-4870 18-00 (-6840
82 L]
11-30 0-6052 18-00 0-8950
115 5
11-35 0-5107 21-00 0-7090
146
11-40 0-56180
TasLe IV

Titration of 0-0490 gm. of potassivm dichromate mezed with ¢-3820 gm. of potassium todide
and 30 e.c. of 7 N sulphuric acid, agatnst potassitum meta-periodate {M[80),

Potagsium Potagsiom
: BE.ME. B . EMF. Bic
meta.-(ge::}odate {volta) {m.voltfe.c.) metaiﬁ?} aste|  (volts) (m.vo{t{c.c.)
0-00 0-3645 11-20 0-4710
2 70
1-00 0-3660 11.40 0-4850
5 300
3-00 0:3767 11-50 0-5150
13 700
5-00 03850 o 11-55 065645 (Maximum)
360
7-00 0-3970 11-60 0-5720
8 210
8:00 0-4050 11.%70 0-5830 )
10 107
9-00 04164 12-00 0-6250
11 28
2-50 0-4210 16-00 0-7100
16 . 4
10-00 0-4200 . 1800 0-7312
20 3
10-50 0-4390 58 20-00 0-7385
1
10-80 0-4506 256.00 0.7425
51




TasLE V

Titration of G-2460 gm. of sodéum fedate mized with 1-2460 gm. of polassium sodide and
40 c.c. of 7 N sulphuric acid, ageinst potassium meta-periodate (M [80).

Potassium Potagsium
" EMF. B . E.M.F, B¢
meta.-(};fa;:;:datn {volta) (m.vo{t]c.c‘] mata-(gfaéx;) date {volta) {m. vo{tfc.c.)
0-00 0:3786 14-95 0-6176
3 830
300 0-3885 . 1600 0-5690 {Maxizzgum)
3
500 0-3955 15-05 0-5760
4 228
8§00 0-4065 6 15:10 0-6864
1606
11:00 04230 15:20 0-5970
8 61
13-00 (-4382 15-60 0-6162
20 G2
14-00 (0-4680 1600 0-6460
40 31
14:30 0-4700 17-00 0-6770
49 22
14-60 0-4820 18-00 0-64856 -
60 10
14-80 0-4940 20-00 0-7176
90 1]
14-80 0-5030 22-00 (-7276
280 [
2500 {7386
TaspLe VI

Pitration of 0-1670 gm. of potassium 'bromate mixed with 1-1066 gm. of potasstum dodide
und 40 c.c. of T N sulphuric acid, agasnst potassium meta-periodate {M[80).

Potagsium

Potasshun

i E.MF. BJC ! EMF. EjC
meta'(lgoj x)o date (volts) ({m.voltfc.c.) met.aigeé'l)od&te (volts) (m. vo{t/c.c.)
240
0-00 0-3720 800 0-65930
6 156
2-00 0:3840 8:10 0-6086
é 104
4-00 0-3960 8-20 0-8190
1¢ 81
6-00 0-4057 8-40 0-0352
12 41
6-00 0-4175 870 0-6475
18 32
5-60 (-4282 400 0-6512
24 28
7-00 0-4376 9-50 0-6710
. 48 1%
T-60 0-46156 1000 0-§795
93 16
770 0-4800 1100 0-6850
180 13
7-80 (-4990 12-00 0-7076
300 11
7-85 0:5140 14-00 0-7301
972 8
790 0-5626 (Ma:amgs:lum} 1700 0-7538
6
7-85 0-6810
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Insoussior

In these titrations it is evident that with the addition of the titrant
the EM.F. rose steadily till the equivalence point. At the equivalence
point there was 2 sharp jump in potential followed by a steady rise in each

case.

From the volume of potassium meta-periodate used, corresponding
to the equivalence point in each titration, the amount of each substance
waa calculated. In the following tables the values obtained are compared
with the amounts of the substance taken.

TasLe VIIL

Potassium ITodide

KI taken K1 found
(gm.) (gm.)
0-0726 00723
0-1452 0-1448
0-2178 0-2180
0-2805 02900
0-3631 0-3634
0-4357 0-4361

Tasre VIII

Potgssium Chromate

Excess KI KI used .
K,Cr0y taken KI added corresponding for K,CrO KyCr0, found
(gm.) (8m.} to K10, {gm.) 4 {gm.}
{gm.)

00517 0-3984 02656 0-1328 0-0617
0-1293 0-5644 0-2320 0-3324 0-1285
0-2199 0:8632 0-2089 06643 0-2196
¢-3103 1-0624 0-2641 0-7983 0-3111
0-4138 1-2632 0:2017 1-0615 04138

TapLy IX

Potassium Permanganaic
Excess K1 KT nsed
KMnQ, taken KT added corresponding for EMnO EMnO, found
(gm.) (gm.) to KIO, @m) (gm.}
{gm.)

0-0316 (-3320 0:1654 (-1666 0-0317
00474 0-4150 0-1682 0-2468 0-0469
0-0790 0-5810 0-1661 04149 00789
00948 0-6640 0-1668 0-4972 0-0946
0-1517 1-0790 0-2853 07837 0:1511
0-2250 1.4100 0-2337 1-1763 0-2239

27



Tasir X

Potasgium Dichromaide

Excess K'I KT used ‘
KyCrgO, taken K1 added corresponding | oo K,CrgO K,yCryO, found
(gm.) (gm.) to KIO, (@m) {gm.)
{gm.)
0-0400 0-3320 0-1879 0-1841 0-0484
0-0736 04482 0-2000 0-2482 0-0732
0-0980 -4980 0-1659 0-3321 0-0980
0-1225 0-5810 0-1882 0-4148 0-12256
0-1470 0-7470 0-2472 0-4998 0-1476
TasLe XI
Sodium Iedale
NaiO, & Excess KI KI used
g taken KI added corregponding for NalQ NaJOg4 found
(gm.) (gm.) O, - (gm.) © (gm.)
(gm.)
0-06460 0-6633 0-2781 (2752 0-0854
0-1112 0-8640 0-1985 0-4645 0-1109
0-1510 0-8024 0-1704 0-68320 0-1608
0-2460 1-2480 0-2178 1-0282 0-2452
0-3445 1:6260 0:1820 1-4440 0-3436
TasLe XII
Potagsium Bromaie
' i Excess KI . EI used
KBr0Q, taken KI added corresgorndmg for KBrO KBrOy found
{gm.} {(gm.} to 0,4 {gm.) 3 (gm.)
{gm.)
0-0656 0-4703. 0-1966 - 0-2787 0-0551
0-0946 G-6363 (-1664 0-4699 00945
0-1670 1-1086 0-2B05 0-8261 0-1663
0-2337 1-6216 (-3694 1.1622 0-2337
0-3329 20050 0-36526 1-6624 0-3324
0-4200 2:7400 0-2308 2-5092 0-4206

The results show that potassium jodide can be determined directly
and potassinm chromate, potassium permanganate, potassium dichromate
sodium iodate and potassium bromate determined indirectly by the poten-
tiometric method, using potassium meta-periodate as an oxidising agent.

The authors are indebted to Dr. Vishwa Nath, Principal, Government
College, Hoshiarpur, for providing facilities for the research work.
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ON CIRCLES OF ANTI-SIMILITUDE
{Abstract published in the Proceedings of Indian Science Congress, 1950)
By Same Raw Mawnaw, M.A.

Certain properties of twelve circles of anti-similitude of four circles two
at o time are oblained from some simple properties of a triangle by Inversion
which may be enumerated as below :

(t) Four sets of 6 circles tn each set consisting of 3 externals and 3
internals have a common orthogonal circle.
(¢i) Four sets of 6 circles tn each set consisting of three internals and
three externals concur,
(144} Four sets of 6 circles in each set consisting of all externals or two
externals and four internals concur,

The centres of the circles touching the sides of a triangle 4’B'C’ form
an orthocentric tetrad of points, say I1,1,15, A’B'C’ being its pedal triangle
and the eircle A'B'C’ its nine-point circle which bisects the six joins of the
tetrad; the six circles on them as diameters pass through two vertices of
triangle 4'B’'C’ leaving one through which the join under consideration
passes ; hence they are the gix circles of anti-similitede for the eixela A'R'C*
taken with one of the sides of friangle 4'B’C’ at a time.

Consider two of them passing through A4'f; now a cirele touching
the circle A'B'C’" and A’B’ and A'C’ must be orthogenal to them, hence’
A’, I must be inverse points for that eircle; similarly A4', I; for another and
8o on for B’, Is,...1.e., inverse of 4’ w.r.t. a circle touching the circle
A'B'C’, A'B' and A’'C’ is the same as that of B’ w.r.t. a circle touching
circle A’B'C’, B'C' and B'A4".

We may note that

(i) The circle orthogonal to any three of the six circles enumerated
above has its centre at one of points of the tetrad.
(i) Through each vertex of triangle 4’B'C" there pass two bisectors
and four of the above circles.
(iii) Through each point of the tetrad there pass three of them.

Now let us invert the results got above w.r.t. a point O and remembering
that the internal biseotor of a pair of lines inverts into the external circle
of anti-similitude for the inverse circles through O of the pair of given
lines and the external bisector into internal circle of anti-similitude; or
orthogonal circles invert into orthogonal circles; inverse points for a circle
into inverse points for the inverse circle; a circle touching another circle
into one touching the inverse of the second circle,

Given four ecircles OBC, OCA4, OAB and ABC, sndlet O; (i =1, 2, 3, 4)
be the inverses of O w.rt. four circles touching the 3 circles through 0,
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then the inverses of 4, B, € w.r.t. circles touching the 3 circles throngh
each of them remain same as 0; and hence we have:

(i) Four sets of the twelve cireles of anti-similitude of the four
given circles two at a time have & common orthogonal circle,
each set consisting of six circles, three externals and three
internals.

(ii) Four sets of 6 circles in each set consisting of three internals
and three externals pass through 0, A, B, C: in reality these
are determined by the three circles through them.

(ii) Four sets of 6 circles in each set consisting of all externals or
two externals and four internals pass through 0, (i = 1,2, 3, 4).

A THEOREM ON CONFOCALS*

(Abstract published in the Proceedings of Indian Science Congress
Agsociation, 1951)

By Samre Ranm Mawpaw, M.A.

If the normal 1 fo a quadric S at P meets it again in P’ and another quadric

confooal with 8, 1n Qy, Qg, the normals 0y, 1y to 8’ at @y, Qq, inlersect ¢t @

pomt R in the tangent plane p' to S at P’ and the locus of R, as & varies, 1«9 a
conic (T By, Ex. 8, p. 102) through P'.

Since 7 contains the pole of the tangent plane p to S at P w.r. '+ S
the common line a of the t&ngent planes g,, g, to §* at Qy, @, lies in p 2nd
is ab right anglds 1o n and also t0 7y, ng. Hence 7, 7y lie in the plane ¢
through n perpendicular to « and intersect, say, at B. As §' varies, to
_each line ¢ corresponds & point R uniquely. But the lines ¢ envelope &
conic (f By, Ex. 2, p. 100), hence R traces a conic if we prove that it lies
ih p’.

~ Let the sections of § and 8’ by the plane g be the conics s and &'; let
¢ meet the planes p, »', ¢y, gz in lines Iy, Ly, lyps b, Tespectively; I, lo,
touch &’ at @y, @2 and meet in B’ on the tangent line I, to s at p where
g meets the line @; ny, 7y are normals to &' at @y, @ and contam the poles
of l,, I, respectively w.r.t. s, which are the poles of gy, g; w.r.t. §; i.e.,
iy Iy and g, Iy, are pairs of conjugate lines for s,

Let the pencils of lines at B and B’ be related in the manner that to
line { through R correspond the line I’, through R’, conjugate to ! w.r.t. 2.
We notice that RP, m,, n, meet their corresponding lines I, I, lye
respectively in the points P, @1, @ which lie on the line #, normal to the
conic & at P and it, therefore, contains all the meets of the corresponding
rays of the pencils. Now P is & point of #, hence to R’P’ corresponds the
line, through P’, conjugate to B’P’ w.r.t. s, this is no other than the tangent
line 1, at P’ to.s; Iy, therefore, must pass through R, i.e. R lies on iy
whioh again lies in p".

* Q, 1810, Math. Btudent, Vol. X, No. 2, June 1942,
t B, stands for H. F. Baker, Prineiples of Geometry, Vol. i.
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Tt is interesting to notice that RR’ touches s, as it is the self-correspond-
ing ray of the pencils.
Cor. If the normal » to a conic 8 at P mests it again in P’ and another
conic &', confocal with s, in @), @, the locus of the point of intersection of
the normals at @, Qs to &, as s varies, is the tangent line at P’ to s.
(*B,, p. 94.)

COMMUTATIVE LAW IN FOUR DIMENSIONS SPACE 8,

{(Abstract published in the Proceedings of the Conference of the Indian
Math. Soc. held at Delhi in Dec, 1945)

By Sams Ram Mawpax, M.A.

1
A 8Set of Five Associated Lines.

Lot a, b, ¢, d, ¢ be a set of five associated lines (*B,, Chap. 5) and P,
B, C' bepoints ona, @, A', Con b, R, 4, B'onc, P',Q', R ond, I, M,
N on e such that -

A+B+C0+4'+B'4-C" = 0 (syzygy determining the space);

P+B+(C"' =0=@Q+C+4A"= R+A+B";

PAB4C=0=0'4+0'+4 =R +A'4+B;

LiA4+A'=0=M+B+B = N4+04+C';and

A+A' = P+P;B+B = Q4+ ;040" = R+ R,

Let yB4=C", 20+2A’, zA+EB’ be points on the lines a, b, ¢ respectively,
if the plane determined by these points is to meet the line ¢, we must have
then I{yB+:C)4+miC+z4Y+rizd +EBY) = VL+m'M+n'N which is
= {44+ AV +my(B+ B4+ n(C+C"), Lo, ma=nx=1; nk=1Iy=m;
Iz = mz = ny; which proves that I =m = », and hence, ¥ = y; i.e. the
plane determined by the points yB+z(’, 20+4-24’, x4+ yB’ meets the
lines @, b, ¢, e&. Now z{yB+20")+y(zC+zA")+z(x4+yB') is & point of
this plane, which may be written as (xyB+4yrd") 4 (y2C+2zyB )+ (zxA -+
22C"). Ifzy =ya, . . . ie, if the commutative law holds, this point takes
the form axyR'+4-yzP'+zx()’ save for sign, that is a point on the line d.
Hence, the plane infersecting four lines of an associated set intersects the fifih
tf and only if the commutative law holds.

2

Mutually + Self-polar Pentads in 8,

Let: ABCDE be a pentad Pyand A4, apoint, such that 4;+ A+B+C 4
D+E =0. The polar prime of 4; w.r.t. Py contains all the ten points
that have the symbols A—B, B~C, C—D, D—E, E—A, B—D, B—E,
C—E, C—4, D—A. Any point B in this prime may be taken as 4 —B

* B, stands for H. F, Baker, Principles of Geometry, Vol. i.
1+ Bull. Cal. Math, Soc., Vol. 33, No. 4, 1941, p. 148.
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+(B—C)+UC —D)+m(D—E), i.e. A+(k—1)B+(—=k)C+(m—{)D—nE,

whose polar prime contains A+(1—k)B, (1—k)B—(k—1)C, (k—0)0—

(l—-m)D, {({—m)D—mE, A+4mBE,.... Now the condition that

A, may lie in this prime is obtained by making a linear relation of the

above points identical with A4y, i.e. A4+B+C+D+E. Thus we should

have:

i) A4+mB+E(I=m)D—mE]+1I[(k—1)C~—(I—m)D1+m[(1— k) B—(k~-1)C]
= A4+B+C+D+E, ie. 1l = (1=kjm = (k—=l){(I—m) = (I—m)(k—1)
=m(l—k), or (1—=km=m{l—k), FE-D{il-m)=_l—m)Ek=1),
showing that the commutative law must hold and 1= (1—kim
= (k—D){I—m).

(i) mE4-A4-{m—1)[A+(1—k)B]+{1-)[(1—~k) B~ (k—1)C]+{1—k)
[(k—DC—(l—m)D] = m[A4+B+C+D+E}, ie. —m =(1—=k)(l—m)
= (k—1)2 assuming the commutative law to hold here.

 Now if we put m = —r, we have 1—k= —%_— from (i} and.then
I—m = —r? from (ii) and finally &~ = — ’-_lé from (i). Putting this value of

E—Ilin (i) we find r = —m = (k—[)2 ='1—4, i.e. r& = ] ghowing that r is a

6th root of unity (not unity itself) and there heing four such roots we
oan say that there are four positions of B, only such that its polar prime
passes throngh 44, say B, (i = 1, 2, 3, 4). Evidently polar prime of each
passes through the other three completing a self-polar pentad ByB,ByBeA,
wrt Py . : :

1t is easy to note that Py is self-polar w.r.t. ByB;BgB.4, and they
are mutually self-polar.

Hence we establish the existence of mutually self-polar pentads if and
only if the commutative law holds,

Published by the East Panjab University, Hoshiarpur, and Printed by Norman A, Ellis, Baptist Mission
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‘ON THE MORPHOLOGY OF PARAMPHISTOMUM BATHYCOTYLE
FISCHOEDER (1901) A COMMON AMPHISTOME IN THE BILE
DUCTS OF INDIAN BOVINES.’

By N. K. Guera, M.Sc.
(Lecturer in Zoology, Governmeni College, Hoshiarpur)

INTRODUCTION

Paramphistomum bathycotyle was another worm which I collected
from Indian bovines in 1941 at Lahore. This worm is very common in
the bile ducts of these animals, Due to their heavy infestation, they
generally block the bile duct and the flow of bile is hindered.

This worm is generally confused with P. explanatum Creplin (1847)
because the latter has got the same habitat. It is also mistaken for P. cervi
Zeder (1790) for having antero-posteriorly placed testes.

The preliminary description of the worm was given by Fischoeder in
1801 who also recorded it for the first time, In 1923, Maplestone, on the
basis of the position of testes synonymised it with P, cervi, Later workers,
prominent amongst whom were Fukui (1929), Stunkard (1929}, Sprehn (1932),
Travassos (1934) and Ben Dawes (1936), concurred with Maplestone’s view,

Rasmark (1937) revised the family Paravaphiztomidae and split up
the genus Paramphistomum into many genera. He proposed the gepus
Gigantocotyle for P. bathycotyle Fischoeder (1901), P. explanatum Creplin
(1847), P. gigantocotyle Brandes (1896}, Gigantocotyle symmeri Nasmark
(1937}, P. formosanum Fukui (1929), G. duplicitestorum Nasmark (1937),
P. anisocotylea Faumst (1920), P. birmiense Railliet (1024}, P. siamense
Stiles and Goldberger (1910) and P. fraternum Stiles and Goldberger (1910).

Considering P. bathycotyle, he points out that its identity with P. cervi
is absolutely erroneous because of differences in habitat and in the ana-
tomical structures of the Pharynx (Oral sucker), the acetabulum and the
genital atrium.

Ben Dawes (1946), in his book ‘The Trematoda’, has retained the genus
paramphistomum and treated P. bathycotyle as synonym of P. cervi. From
his book it appears that he does not recognise the scheme of classification
put forth by Nasmark, 1937.

In view of the diversity of opinion about the validity of this species,
its morphology is described here. My observations are based on the
freshly collected material of which the whole mounts were prepared and
serial sections were cut,

I have great pleasure in expressing my indebtedness to Prof. Dewsn
Anand Kumar, M.A. (Cantab.), Vice-Chancellor of the Panjab (I} University
under whose guidance the work was carried out. T am also grateful to
Dr. H. D. Srivastva, D.So., Helminthologist, Indian Veterinary Research

33



Institute, for his valuable suggestions in the preparation of this paper and
to Dr. Vishwa Nath, Ph.D. (Cantab.), P.E.8. (I) for accepting it for publica-
tion in this bulletin.
Diagnosis

Shape and size: elongated, like a cone. 6-14'48 mm. in length and
4:48-4-84 mm. in maximum breadth. Cuticle: thin. Oral sucker: globular;
ratio between its length and that of the body of the worm 1: 12:6-1: 12-7 in
fully relaxed and 1:9-3-1:10-3 in unrelaxed specimens. Acetabulum:
ratio botween its diameter and the length of the body 1 :32-1 :3'6 in
fully relaxed and 1 : 1-8-1 : 2-1 in unrelaxed specimens. Gut: oesophagus
0-68-0-80 mm, in length. Intestinal cacca almost straight (not spiral),
Reproductive systems: testes in tandem, one behind the other. Ovary
somewhat spherical situated hehind the posterior testis, Vitelleria on the
lateral sides extending from the level of the oral sucker to the acetabulum.
Laurer's canal crosses the excretory vesicle, opening dorsally behind the
excretory pore. Genital pore close to the oesophagus in front of intestinal
bifurcation. Eggs: 0-12x0-08 mm.

The Morphology

Paramphistomum bathycotyle is found in the bile duct of Indian bovines.
Live worm is of light brown colour, reddish at the extremities. Tt is
elongated, conical in shape, and tapering postero-anteriorly to a blunt oral
extremity. Fixed specimens may be straight (Plate I, fig. 1) or slightly
bent dorso-ventrally. They measure 6-14-48 mm. in length and 4-48-
484 mm. in maximum breadth. The dorso-ventral side in unflattened
specimens measures 2-64-2-8 mm. across the testicular region and 3-6 mm,
across the acetabular region. The body surface is generally smooth without
any wrinkle or groove. The oral aperture is situated terminally at the
anterior end and the genital aperture in the santerior one third on the ventral
side of the body (Plate I, fig. 1). The oral sucker is globular in shape and
measures 0-64-1-12x0-6-1 mm. The ratio between its length and that of
the body is 1 :12-6-1 : 12-7 in fully relaxed and 1 : 9-3-1 : 10-3 in un-
relaxed specimens. The Iatter specimens were cut sagittally and trans-
versely. The acetabulum is placed at the posterior end of the body and
measures 4-0—4-6 mm, in diameter in relaxed and 3-32 mm. in dorso-ventral
direction in unrelazed specimens. The acetabular aperture is either sub-
terminal or ventral in position. It mesasures (-83-1-86x2-40-2-88 mm.
The ratio between the diameter of the acetabulum and the length of the
body is 1:3:2-1: 36 in flattened specimens (Plate I, fig. 2) and ratio
between the dorso-ventral diameter of the acetabulum and the length of
the body in unflattened specimens is 1: 1-8-1: 2:1 (Plate I, fig. 4).
Nasmark gives 1 : 2:22 the mean ratio for the genus, and this ratio is not
applicable to the fully relaxed specimens, Even in unrelaxed specimens
Nasmark himself shows that this character varies from 1 : 1-50-1 : 2-60.
Such & variable character should not be retained for generie diagnosis.

The cuticle of the integument is very smooth and thin (Plate IT, fig. 10).
Tt is without any striation. The subouticular region is, however, striated.
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In the oral sucker, next to the cuticle of its lumen there are bands of
interior ciroular muscles fibres and then s wide layer of interior longitudinal
muscle fibres. Oblique muscles interlacing the interior longitudinal muscles
as in P. (Cauliorchis) crassum, are absent in this species. At about an equal
distance from the cuticle and the limiting membrane, there is a row of
bands of middle circular muscle fibres, the distal bands of which gradually
approach the oral and aboral poles of the oral sucker. On the lateral sides,
there are a few bands of anterior lateral circular and basal circular musele
fibres (Plate II, fig. 9). Just below the limiting membrane there are a few
bands of exterior Jongitudinal muscle fibres. The radial muscles connecting
the cuticle with the limiting membrane are feebly developed. The sub-
cuticular cells are placed dorsal to the bands of middle circular muscles.

In the acetabulum (Plate II, fig. 12), underneath the cuticle there are
prominent bands of circular muscles and on their dorsal side a few bands of
longitudinal muscles., The nands of circular musecle fibres on the lateral
sides have been counted. They are fifty-four on the dorsal exterior, forty-
one on the dorsal interior, twenty-three on the ventral exterior and fifty-
four on the ventral interior sides of the acetabulum. These bands were
not counted by Nasmark, 1937, probably due to the badly fixed material
he had at his disposal. The radial muscle fibres are present in bands
alternating with the bands of the circular muscles. There are also present

exterior longitudinal muscles underneath the limiting membrane and bands
~ of oblique muscles over the lateral circular muscles.

The mouth js in the centre of the oral sucker (Plate I, figs. 2 and 3).
When the specimen is left unstretched or unrelaxed the oral sucker is
retracted inside with the result the body surface forms a short camal in
front of it. This canal in front of the mouth also forms two papillae like
projections which are due to the inward growth of the body surface (Plate T,
fig. 4). The oesophagus is s tubular structure measuring ¢-68-0-80 mm. in
length and 0-2 mm. in thickness. Behind the genital pore, the cesophagus
bifurcates into two intestinal caeca, each of which then runs along the
lateral wall of the body ending blindly in front of the acetabulum. Both
the intestinal caeca may be straight or might show slight curvatures during
their course (Plate I, fig. 2). They are not in a spiral as in P. (C\) crassum.
The cilia of their epithelial cells are grouped in such a way that they
form villi like structures projecting into the lumen (Plate I, fig, 7),

The excretory vesicle is situated in the posterior region of the body
dorsal to the testes extending backward up to the acetabular region, Ttis
a bag like structure dilated posteriorly and tapering anteriorly to form the
excretory canal which opens in the mid-dorsal line in the testicular region
{Plate T, fig. 4).

In genital system, the paired testes are placed antero-posteriorly in
the middle region in between the two intestinal caeca. They are slightly
lobulated (Plates I, fig. 2). The anterior testis measures 2:48-3-2x 2-40—
280 mm. and posterior testis 2-0-2-56x2-40-3-08 mm. in size. A vas
efferens arises from the anterior side of each testis. The vesieula reminalis
is very prominent as compared to pars musculoss and pars prostatica which
are shorter in size (Plate I, fig. 4). The ductus ejaculatorius unites with
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the metraterm and opens into the ductus hermaphroditicus (Plate II,
fig. 8).

The ovary is single and somewhat spherical lying behind the posterior
testis. It measures 0'48-0-56 X 048052 mm. The Laurer's canal runs
on the left lateral side of the excretory vesicle and opens dorsally posterior
to the excretory pore (Plate II, fig. 11). The Mehlis’ gland-complex is
globular in shape and measures 0-46x0-46 mm. (Plate I, fig. 7). The
vitelline glands, on both sides, extend from the Ievel of the hase of the oral
sucker (Plate I, figs. 5 and 6) or from the cesophagus to the acetabulum.
They consist of distinov follicles overlapping one another and also the
intestinal caeca at some places (Plate 1, fig. 2). The two main vitelline
ducts, one from each vitellaria open in the yolk reservoir (Plate II, fig. 11)
which in its turn opens by a short duct into the ootype. The uterus emerges
from the lateral side of the Mehilis® gland-complex and proceeds anteriorly
along the left border of the posterior testis then changes its course and
becomes dorsal to the anterior testis. Further it runs beneath the vas
deferens and finally opens through a metraterm into the small and delicate
chamber, the ductus hermaphroditicus (Plate I, fig. 4 and Plate II, fig. 8).
It has & wide lumen containing & large number of eggs. The ductus herma-
phroditicus opens out on the genital papilla which is strengthened by small
gphinoter muscle fibres, The eggs measure §-12 x 0-08 mm, in size.

Nome of the organ. Mosgurements a8 given Mpasmuremenia according to
by Nasmarlk, 1937. * writer's observations.

Length of the worm .. 10-5 mm, 8-14-48 mm.

- (11-16 mm.) >

Breadth .. <« More than 2{6 of the 4-48-484 mm,

length of the body.

Dorso-ventral dimen. 4¢-32 mm. 2-G4-2-8 mm., across the posterior
Bion, . testiculer region and 3-6 mm,

across the acetabular region.

Ratio * batween the 1 :10-0 1:12:6-1:12:7 in fully relaxed
length of the oral (1:12.2-1:150). and 1:93-1:10-8 in un-
sueker and the length relaxed specimens,
of the body.

Diameter of the gceta- 4-64 mm, . 404.6 mm. in relaxed end
bulum. (4-4-6 mm.). 3832 mm, in dorso-ventral

direction in unrelaxed speci-
mens.

Ratio between the 31:2:32 1: 32-1:36 in flattoned
diameter of the aceta- (1 : 2:6). specimens 1 : 1-8-1: 21 in
bulum and the length unflattened specimens,
of the body. .

Qesophagus .+ 10 mm, (1-0-1-05 mm.} 0-68-0-80 mm. in length 0-2 ram.

in length. in thickness.

Testes .. .. 20 mm. (1-0~1'3 mm.) Antorior testis 2-48-3-2%2.40--

in length. 2-80 mm. Posgterior testis 2-0—
1.5 mm, {1-5-1'8 mm.) 2:56 % 2-40 % 3:08 mam.
D.V. Direction.
Egg . .. 014%x0-078 Tam. 0-12 % 0-08 mun,
REMARES

From the morphology, it is quite evident that P. bathycotyle is not a
synonym of .P. cervi Zeder (1790) but a valid species.

With regard -to the acceptance of the new genus as proposed by
Nesmark, 1937, there are certain objections, His system of classifieation,
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if adopted, will not prove practicable. In an immature specimen the units
of muscles on the basis of which the various types of acetabula have been
made, may not be fully developed. Moreover, the shape of acetabulum
may vary with fixation.

Similarly the ratic between the diameter of the acetabulum and the
length of the body depends upon the state in which the worm has been
fixed. In a contracted specimen the ratio will decrease, while in a relaxed
specimen, it will increase.

In my flattened specimens, the ratio between the dia. of act..and the
length of body is 1 : 3-2-1 : 3-6; whereas according to Nasmark, the mean
ratio for the genus is 1 : 2-22. This means that this ratio is not applicable
to the whole mounts, I, therefore, prefer to retain this species under the
genus Paramphistomum.

Prate 1
Fi1e. 1. Ventral view of & preserved gpecimen.
F1a. 2. Veniral view of a flattemed specimen showing the internal snatomy.
F1a.3. Bide view of a laterally fiattened specimen.
Fia. 4. Median sagitta)l ssctioned specimen showing the excretory vesicle, ovary, &

portion of Mohlis’ gland-complex, Laurer’s canal and festes,

Fra. 5. Trensverse section through the oral sucker and lateral intestinal caeca.

Fia. €, Transvorse section through the genital pore.

Fro.7. Transverss section through the ovary, Mehlis' gland-complex, yolk reservoir
and excratory vesicle.

Act., acetabulum; Eg., egg; E.v., excretory vesicle; E.m.v., Main excretory vessel;
E.p., Excretory pore; G.p., genital pore; Int.c., intestinal eaocum; L.c., Laurer’s canal;
M., Mouth; M.gl., Mehlis' gland-complex; Ooa., Qesophagus; O.s., Oral sucker; Ov.,
Overy; T,., anterior teatia; Ty., posterior testis; Ut., uterus; Vas. def., vas deferens;
V. sem., vesicula seminalie,

Prame IX

F16. 8. An enlarged portion of the genital area.

Fra. 9. One half of the oral sucker showing the plan of its component parte.

F1a. 10. A portion of tho integument.

F1c.11. BShowing the relation between the Laurer’s cansl and the excretory vesicle.
F16.12. The acetabulum showing its structure.

Ba.C.m., basal circular muscles; (.m., circular muscles; Cu., enticle; D.h., ductus
hermaphroditicus; D.ej., ductus ejaculatorius; Ex.L.m,., exterior longitedinal muscles;
G.6., gonitel atrium ; G.s.pl., genital sphincter papillae; I.C.m., interior circular muscles;
LL.m., interior longitudinal rouscles; L.e.c.m., lateral exterior circular museles; L.m.,
Longitudinel musecles; L.c.p., Laurer’s canal pore; Mt,, metraterm; Mid.C.m., middle
circalar muscles; Qot., cotype; Ob.m., obligue muscles; P.m,, Pars musculosa; P.p.
Pars progtatica; 8.cu.c,, subouticular cells; 8.0u., subcuticle; ¥ .d., yolk duct,
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1. IxTrODUCTION -

A glance at the next section of this communication, ‘Previous
Literature on Ingect Spermatogenesis’, will show that most of the previous
work on insect spermatogenesis—at any rate, work carried out with the
modern technique of studying the Golgi apparatus and the mitochondria—
hes been carried out on the Lepidoptera and Hemiptera. Bowen (1924),
in his remarkable paper on ‘the Formation of Sperm in Coleoptera and
Aptera’, states that the testicular material of Chelymorpha is unsuitable
both for the study of the condensation of the mitochondrial nebenkern and
for the development of the acrosome from the Golgi apparatus.

In view of the above, work in this laboratory on the testicular material
of Plocacderus obesus, Coccinelle septumpunctate and Awulocophora foveicollis
—all coleoptera—was started by Bawa, Bhardwaj and Gupta respectively
at the suggestion and under the supervision of the Head of the Department
in October, 1949. The investigations were completed early this year and
it has been considered best to record the findings of all the three authors
in one communication, which has been prepared for the press by the Head
of the Department.

Amcengst the three beetles studied the testicular material of Aulocophora
Jfoveicollis turned out to be the most suitable inasmuch as the sperm-forming
cells of this beetle are large, and the behaviour of the mitochondria and
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Golgi elements can be followed easily throughout the process of spermato-
genesis. .

2, PrEvious LITERATURE ON INSECT SPERMATOGENESIS

To the best of our knowledge Gatenby (1917) was the first worker to
study insect spermatogenesis with modern technique, which brings out the
Golgi elements and the mitochondria clearly. Prior to this publication all
the investigators on insect spermatogenesis used fixatives containing fat
solvents and were thus unable to study the mitochondria and the Golgi
elements correctly. Indeed; their investigations were confined mostly
to the study of the nucleus.

Gatenby {1917) working on Smerinthus (Lepidoptera) shows that the
acrosome is formed by the Golgi elements, and he also gives details of the
formation and ultimate fate of the mitochondrial nebenkern. Although
some of the conelusions of Gatenby were challenged subsequently by Bowen,
Gatenby’s publication must be considered as & pioneer one in this field
ingsmuch as it stimulated interest in the study of not only insect spermato-
genesis but also spermatogenesis in general.

Subsequently Doncaster and Cannon {1920) published a paper on the
Sperm of two species of Louse, viz., Pediculus corporis and Pediculus
capitis. This work was continued by Cannon who confirmed the earlier
findings in & subsequent paper on the Sperm of Louse published in 1922.

Bowen (19820, 1922a, 19225 and 1924) published four important papers
on insect spermatogenesis covering the Hemiplere, Lepidoplera, Coleoplera
and Aptera. In his paper on Lepidoptera Bowen (1922b) gave an altogether
different interpretation of the detailed structure of the mitochondrial
nebenkern from the earliest description of Gatenby (1917). Briefly speaking,
whereas Gatenby had described a ‘spireme’ structure in the mitochondrial
nebenkern, Bowen advanced the conception of a ‘plate-work® structure.
Similarly Bowen differed from Gatenby in the interpretation of the detailed
formation of the acrosome.

Nath (1925), on an invitation from Prof. Gatenby, was permitted to
examine the slides of Lepidopterous testes, which the latter had recently
prepared, and confirmed Bowen’s conclusions about the ‘plate-work’
structure of the mitochondrial nebenkern.

Chang-Chun Wu (1946) studied the spermatogenesis of an Orthopterous
form Diestrammena; and confirmed the earlier conclusions of Bowen.

3. OBSERVATIONS

In this section will be given a comparative account of all the three
«coleopteran species, so as to avoid unnecessary repetition.

Spermatogonic

Of all the three coleopteran specics studied Aulocophora foveicollis
forms the most favourable material for cytological studies inasmuch as the
sperm-forming cells from the spermatogonia to the ripe sperm are com-
paratively much larger than in either of the other two species, Ploceederus
-obesus and Cocecinella septumpunctate. In Pl I, Figs. 1 and 2, are shown

40



two spermatogonia of 4. foveicollis. In figure 1 there is a juxtanuclear mass
consisting of fine granules, which stain darkly with haematoxylin. Although
most of the granules of this juxtanuclear mass are mitochondrial in nature,
it is likely that a few granules are Golgi in nature, but the latter cannot be
distinguished as such from the mitochondria on account of overcrowding.
But this juxtanuclear mass hags become almost circumnuclear in figure 2,
when the Golgi material appears as a prominent juxtanuclear bedy of
irregular form, staining more intensely with haematoxylin than the mito-
chondria. This Golgi mass is undoubtedly formed by the running together
of closely situated Golgi granules, which could not be distinguished as such
in the stage represented by Fig. 1. The nucleus of the spermatogonium
reveals a prominent darkly staining nucleolus, round in form.

In Pl IO, Fig. 62, is shown the spermatogonium of Coccinella
septumpunctate. Here the Golgi elements are not aggregated together in
a juxtanuclear mass, but are spread out amongst the mitochondrial granules.
One or two of the Golgi elements appear in the form of crescents.

The spermatogonia of Plocacderus obesus are the smallest of the three
species, and reveal at best mitochondrial granules only. It has not been
found possible to observe at this stage any granules, which could be identified
a8 Golgi elements in this species (PL IV, Figs. 105 and 106).

Primary Spermotocytes

In the primary spermatocytes of Aulocophora foveicollis (Pl. I, Figs. 3
and 4) both the mitochondria and the Golgi elements are in the form of
granules, the latter staining more deeply, and both are distributed uniformly
thronghout the cytoplasm. The Golgi elements remain granular through-
out meiosis I, but they grow in size towards the later stages of this phase.
On the other hand, radical changes of a chemical nature seem to have taken
place in the mitochondrial material. Soon after the stage shown in Fig. 4,
PL 1, the mitochondrial granules run together and arrange themselves
in the form of a horseshoe-shaped nebulous mass, which hardly reveals
any definite structure within itself (Pl. I, Figs. 5 and 6). In Fig. 8, P11,
the mitochondria have appeared in the form of delicate bubbles, which
generally put in an appearance as late as the early stages of insect sper-
mateleosis. In other words, the running together of mitochondrial bodies
to form a nebenkern in sperm formation is, in this species, A. foveicollia,
anticipated as early as the spermatocyte stage. During meiosis I, the
mitochondrial mass is roughly divided into two; and the Golgi granules
which have grown in size by this time, are also sorted cut roughly in two
halves (PL 1, Fig. 12). :

Although the number of diploid chromosomes in A. foveicollis seems
to be 30, the chromosomes are large and easy to count. In Fig. 10, PL I
thirty diploid chromosomes can easily be counted. In Fig. 9, Pl. T, which
gives a polar view of metaphase I, 15 pairs of chromosomes can also be
easily counted.

In the resting primary spermatocytes of Plocaederus obesus the Golgi
elements appear in the form of crescents and granules, and the mitochondria
in the form of small granules or vesicles (Pl. IV, Figs. 107-110}. The
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diploid number of chromosomes in this spécies seems to be 10 (PL V,
Fig. 111); and the Golgi elements and the mitochondria are sorted out into
two sub-equal halves as illustrated by Figs. 111 and 112, P1. V.

In the primary spermatocytes of Coccinella septumpunciata the Golgi
elements and the mitochondria appear in the form of crescents and granules
respectively (Pl. III, Fig. 63). The diploid number of chromosomes is
here also 10, as is shown by Figs. 65-71, PL III. Tt will be noted that the
chromosomes of this species are much larger than the chromosomes of
Plocaederus obesus, although the diploid number of chromosomes in both
is 10,

Secondary Spermatocytes

We now turn to a description of the secondary spermatocytes and
meicsis 1. TIn all the three coleopteran species described here there is a
distinct pause between the two meiotic phases. In Fig. 13, Pl. I, is shown &
resting secondary spermatocyte of 4. foveicollis; in Fig. 14, PL T, metaphase
I1; and in Figs. 15 and 16, PL. I, telophase IL.

In Tigs. 113-116, Pl. V, are shown resting secondary spermatocytes
of Plocaederus obesus; in Fig. 117 metaphase II; and in Figs. 118 and 119
telophase II. The Golgi elements in the secondary spermatocytes and in
mejoses I1 are crescent-like; and the mitochondria, which have now grown
in gize, are in the form of vesicles.

In Fig. 72, P). IM, is shown the resting secondary spermatocyte of
Coccinella septumpunctata; and in Figs. 73 and 74, P1. 11, telophase II.

Spermateleosis

As the details of the process of spermateleosis, occurring in the three
species under discussion here, vary, particularly the details of the formation
of the acrosome, it will be best to describe this process separately for each
of the three species.

Undoubtedly the most favourable of the three species for the study of

- spermateleosis is Aulocophora foveicollis, as, apart from the fact that the
cells are large in this species, the details of acrosome formation are easier
te follow than in either of the two other species. A study of Figs. 19 and
20, P I, and Figs. 21 and 22, PL. I1, will show that in the early spermatids
the mitochondrial nebenkern is an amorphous mass, showing no structure
inside its interior, the Golgi elements in these early stages existing in the
form of granules varying in size. Most probably, however, the mitochondria,
exist at this stage in the form of extremely fine and delicate bubbles—more
delicate than those figured in the resting secondary spermatoeyte (PI. I,
Fig. 13). But the technique used has failed to bring out the real structure
of the mitochondria, which is alveolar.

From now onward a partial breakdown and confluence of the
mitochondrial bubbles take place, as is usual in insect spermatogenesis.
This process results in the formation of a body, which in reslity has a ‘plate-
work ' structure (Bowen, 19228), but was erroneously described as a ‘spireme’
(Gatenby, 1917). For the study of the beginning of this process reference
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may be made to Pl. I, Fige. 17 and 18. Soon, however, the mitochon-
drial nebenkern assumes & spherical form with lightly staining alveoli on
the periphery and more heavily staining alveoli in the centre (PL IL, Fig. 25).
The process of coalescence of mitochondrial bubbles continues, till we get
a compact sphere having a darkly staining central part, from which radiate
outwards a number of septa through a chromophobic peripheral substance
(Pl. II, Figs. 26 and 27). Gradually the septa piercing the chromophobic
part break down till they all disappear. The mitochondrial nebenkern now
consists of a perfectly round central chromophilic sphere and & peripheral
chromophobic part. At the same time the axial filament has put in its
appearance, and piercing the mitochondrial nebenkern, it divides it into
right and left halves (Pl. II, Fig. 28). During the later stages of sperm-
formation the mitochondrial nebenkern undergoes a progressive process
of lengthening. Side by side with this attenuation of the mitochondrial
nebenkern the peripheral chromophobic material is correspondingly reduced,
till it completely disappears (Pl. II, Figs. 29-32). With the lengthening
of the tail of the sperm the mitochondrial nebenkern also begins to lengthen
out (Pl. II, Figs. 356 and 37, and 38-47). It may be noted here that
the eentral substance of Bowen (19225) or *‘Sheath substance’ of Nath (1926)
is conspicuous by its absence in Aulocophora foveicollis. But the bleb-like
swellings on the tail of the sperm as described by Bowen (1922) in insect
spermatogenesis are coromonly met with in this species (PL ITI, Figs. 52-53).

While it is often easy to observe the minute centriole lodged in the neck
region of the ripe or nearly ripe sperm immediately behind the nueleus, it
is not possible to demonstrate axial filament during last stages of sper-
mateleosis of A. foveicollis.

Ag hag already been noted in the beginning of this section, it is easier
to follow the details of the acrosome formation in A. foveicollis than in either
of the other two species. The Golgi elements in the earlier spermatids of
A. foveicollis can be easily made out as deeply staining granules of varying
sizes (Pl 1, Figs. 19 and 20 ; Pl. I, Fig. 21). Soon, however, a few Golgi
granules seem to come together as illustrated in Fig. 22, PL II. It seems
likely that these Golgi granules ultimately unite to form a single large
vesiele with & chromophilic rim and a chromophobic interior, which, in
conformity with the terminology used by Bowen and Gatenby, may be
called the acroblast. Soon, however, the acroblast loses the siaining
capacity of its chromophilic periphery, the whole sphere appearing as a
pale structure in the finished preparations, never taking up any stain.
This is clearly illustrated by Figs. 23, 24, 26 and 27, PL. IL. It must be
clearly noted that only a few Golgi elements fuse together to form the
acroblast, whereas the rest of them, along with the acroblast after it has
secreted the acrosomal granule, are sloughed off.

The pale sphere, which we have named as the acroblast, seems to go
round the nuclens till it has completed a movement through an angle
of 180°. This will be made clear from a reference to Figs. 32-35, P1. TI.
The meaning of this journey on the part of the acroblast, before it begins
to secrete the acrosomel granule, is not clear. A similar journey on the
part of acroblast has been described by Bowen in Coleoptera (1924),
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Suddenly a deeply staining granule, the acrosomal granule, appears
on the border of the pale acroblasgt (Pl II, Figs. 38-41). It is difficult to
escape the impression that the acrosomal granule is secreted by the acro-
blagt. Soon, however, the acroblast and the aerosomal granule part
company, the former shifting backward into the tail to be sloughed off
subsequently, and the acrosomal granule beginning to move in front of the
nucleus, where it forms the acrosome (Pl. IT, Figs. 42-44).

The acrosomal granule, having seated itself in front of the sperm
nucleus, applies itself to the anterior aspect of the nucleus and undergoes
a process of progressive lengthening out, till it agsumes the form of a needle
broad at its base and narrow towards the anterior end of the sperm (PL III,
Figs. 49-51 and 54-61).

As we have already pointed out only a few Golgi elements fuse together
to form the acroblast. The remaining Golgi elements are slonghed off
along with the *acroblast’ (Pl. II, Figs. 37, 41 and 45-47).

The centrosomal granule, which can be seen often in both meiotic
stages, is lost to view in the early stages of sperm formation. 1t reappears
ag a definite granule in the last stages of spermateleosis at the base of the
nucleus of the sperm (Pl ITT, Figs. 54-61). But sometimes in favourable
preparations the centriole can be seen as a distinet granule, from which the
axial filament springs up (P II, Fig. 31).

In the early stages of spermateleosis in A. foveicollis the nucleus reveals
a structure which is characteristic of this phase of sperm formation in general.
That is, it has a lightly staining central area and a more darkly staining
periphery (Pl I, Figs. 19 and 20: PL II, Figs. 21-28 and 32-35).
Again, as is usually the case, there takes place a reversal of these two areas
of varying staining capacity. That is, the peripheral part of the sperm
nueleus now becomes lightly staining, the central part taking a deep stain.
In PL 11, Fig. 36, a beginning of this process of reversal has started and in
Pl 11, Fig. 37, the process of reversal has been completed. Soon the central
more deeply staining area extends right up te the nuclear membrane.
The rest of the process of the maturation of the nucleus consists, as usual,
of a process of condensation, till a long, compaet and homogeneously
staining nucleus has been formed.

In Coccinella septumpunciate the details of the formation of mitochon-
drial nebenkern closely follow those of 4. foveicollis. But in Plocaederus
obesus the central chromophilic part of the nebenkern progressively dis-
appears, and the tsil sheath is formed from o new substance, the ‘central
substance’ of Bowen (1922b) and ‘Sheath substance’ of Nath (1925). The
central substance puts in its appearance in the form of lightly staining
granules in the chromophobic area befove the final disappearsnce of the
central chromophilic part of the nebenkern (P1. V, Figs. 131-140).

In Coccinelln septumpunciate a very prominent acroblast broad at one
end and narrow towards the other is formed in the early stages of sperm
formation (Pl. III, Fig. 79 and Pl IV, Figs. 80 and 84). The acroblast,
more often than not, stains deeply with baematoxylin, It will be recalled
that the acroblast of Aulocophora foveicollis is perfectly spherical, whereas,
in Coccinella septumpunciate, it is an elongated structure broad at one end
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and narrow at the other. Sooner or later there appears a vesicle in the
_ immediate vicinity of the acroblast (PL IV, Figs. 82, 83, 85, 87-91). This
may be called the acrosomal vesicle. Soon a sharply staining granule, the
acrosomal granule, puts in its appearance in the interior of the acrosomal
vesicle {Pl. IV, Figs. 92-94). The acrosomal vesicle seems to condemse
and at the same time the acrosomal granule begins to grow in size, the
result being that the aerosomal granule completely fills up the space within
the acrosomal vesicle. In other words, the acrosomal vesicle as such
completely disappeats and the acrosomal granule, now grown in size, becomes
the definitive acrosome {Pl. IV, Figs. 95-97). The acroblast and the acro-
some now part company, and the acroblast begins to travel backwards
as 18 clear from a reference to Figs. 96 and 97, P1. IV. As it is travelling
backwards into the tail the acroblast undergoes shrinkage in size and
ultimately degenerates (Pl. IV, Figs. 98 and 99). On the other hand, the
acrogome grows in size and begins to travel forwards in front of the nucleus
(P, IV, Figs. 101 and 102). Seated on the anterior aspect of the nucleus,
the acrosome develops into a triangular structure with a broad posterior
and & fine needle.like anterior end (P1. IV, Figs. 103 and 104).

Of all the three coleopteran species under discussion Plocaederus
obesus seems to have the smallest sperm-forming cells. Whereas the details
of the formation of mitochondrial nebenkern and its ultimate fate can be
more easily followed in Plocaederus obesus, the details of acrosome formation
are most difficalt to follow in this species, as can be seen from a study of
Figs. 122-129, P1. V. The Golgi elements in the early stages of spermate-
leosis exist in the form of crescents, each enclosing a chromophobic area. But
suddenly the crescent-shaped Golgi elements disappear from view and the
only representative of the Golgi material in the eell at this stage is a small
acrosomal vesicle, enclosing an acrosomal granule within it (Pl V, Figs. 130
and 131). The acrosomal granule seems to grow in size and fill up
completely the space within the acrosomal vesicle, thus forming the acrosome
(P1. V, Fig. 132). The acrosomal granule now shifts to the anterior aspect
of the nucleus and there it grows into a pointed acrosome (Pl V, Figs, 134,
138-143).

Finally with regard to the changes in the nuclens we note a sharp
contrast between Aulocophora foveicollis on the one hand and Plocaederus
obesus and Coccinelln septumpunciaia on the other. Whereas a congpicuons
process of reversal of the chromophobic and chromophilic area of the nuclens
of the maturing sperm takes place in 4. foveicollis, in the other two species
this process of reversal is conspicuous by its absence. On the contrary
in both €. septumpunciata and P. obesus a sharply staining granule puts in
its appesrance in the nucleus at an early stage in spermateleosis, to dis-
appear only during the late stages. The significance of thie granule is not
known,

4. Discussion

A careful study of Bowen’s paper on the formation of sperm in Cole-
optera and Aptera (1924) leaves the impression that the coleopteran sperm
is most unsuitable for the study of the development of the acrosome.
Indeed, Bowen says that in the Coleoptera, ‘the development of the
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acrogome proper is very difficult to follow, owing to its extremely small size’.
We are in a position to support this statement o far as the sperm of Plocae-
derus obesus is concerned. In this species there are prominent Golgi
elements in the spermatids before the spermatid has begun to elongate.
But just before the process of elongation begins there appears a small
vesicle with a tiny granule within it, which we have called an acrosomal
vesicle and the acrosomal granule respectively. We have no evidence to
show that the acrosoma) vesicle with its contained granule has been actually
derived from the Golgi clements, except on the basis of analogy. The
acrosomal granule seems to grow in size and fil up the whole space within
the acrosomal vesicle, thus forming the acrosome, which gets itself seated
on the anterior aspect of the nucleus. The material, however, is much
more favourable for the study of the details of the acrogome formation in
Aulocophora foveicollis and Coccinella septumpunctate, in spite of the fact
that in both these species of beetles we have been unable to demonstrate
the origin of the acroblast from the Golgi elements; nevertheless the
acroblast is a comparatively large structure in both these species, being
larger in Coccinella septumpunctata than in Aulocophora foveicollis.

In A. foveicollis the form of the acroblast is perfectly spherical. and
the acrosomal granule always puts in its appearance in its close neighbour.
hood, perhaps pointing towards the conclusion that the acrosomal granule
is a secretory product of the acroblast. The acrosome is derived directly
from this granule, after it has shifted to the anterior aspect of the sperm
nucleus, whereas the acroblast shifts backwards into the tail and disappears.

In Coceinella septumpunciata, the acroblast is a much bigger structure:
it is elongated in form with one end broad and the other narrower,
It stains homogeneously with haematoxylin and never reveals any internal
strueture. This form of the acroblast in C. septumpunciate is in sharp
contrast with the perfectly vesicular form in A. foveicollis. Suddenly
a vacuole, which we have called the acrosomal vesicle, appears in the
substance of the acroblast towards one end. Strange as it would appear
this end is invariably the broad end of the acroblast, but for a long time the
acrogsomal Vesicle remaing closely attached to the acroblagt. The staining
capacity of the acrosomal vesicle increases and a deeply staining granule
soon appears within its interior. This is the acrosomal granule, which
grows in size. At the same time the acrosomal vesicle seems to shrink in
size, the acrosomal granule thus filling wp the whole space in the vesicle.
The enlarged acrosomal granule migrates to the anterior aspect of the
nucleus, where it forms the acrosome. 'The elongated acroblast shifis
backward into the tail, where it begins to degenerate and ultimately is
sloughed off. In C. septumpunciate also, as in A. foveicollis, it ig difficult
to escape the conclusion that the acrusome is secreted by the acroblast.

Bowen (1924) has described ‘spermatid remnant’ in the spermatid of
Hemiptera, Coleoptera and Aptera. He has also described a chromatoid
body in Coleoptera and Aptera, and a ‘juxta-nuclear body’ in the beetle
Chelymorpha. Bowen seems to be doubtful about the homologies of these
three bodies. We have not observed any of these bodies in the three
species of beetles under discussion in this paper. We venture to suggest
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that these bodies all belong to the category of Golgi apparatus. Nath
{1944) made out a cage in favour of the view that the essential structure of
a Colgi element is granular or vesicular—a view which has been fully
confirmed by Baker (1949). Therefore, it seems to us that the ‘spermatid-
remnant’, ‘ chromatoid body’ and the ‘juxta-nuclear body’ of Bowen are
all essentially of the nature of Golgi granules or vesicles.

Bowen, who has described the details of the formation of the mitochon-
drial nebenkern in several species of ingects, has directed atfention to the
development of the ‘central substance’ in the chromophobic part of the
nebenkern in many species, particularly in the Lepidoptera (1922b). This
‘central substance’ usually forms the sheath of the axial filament. For that
reason Nath (1925) calls this substance the ‘sheath substance’.

It will be recalled that we have described a central substance in
Plocaederus obesus, whereas in Aulocophora foveicollis and Cocsinelle
septumpunctatae it is completely absent.

Lastly, here we might make reference to some details of the condensation
process of the sperm nucleus. It will be recalled that in A. foveicollis the
nucleus of the early spermatids has a chromophilic periphery and a more
lightly staining interior. These deeply staining and lightly staining areas
are subsequently reversed, the densely staining area becoming internal.
In C. septumpunctate and P. obesus, however, this process is absent. On
the contrary, in both the species, the spermatid nucleus contains a deeply
staining round granule, which Bowen {1924} refers to as the ‘intra-nuclear
body’ in the beetle ‘Chelymorpha’. As in Chelymorpha, the intra-nuclear
body ultimately disappears in both the species mentioned above.
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6. EXPLANATION OF LETTERING IN THE PLATES

A.—Acrosome. G.—Golgi elements,
A’ —Acroblast. M.—Mitochondrisa.
AP —Axial filament. M N.—Mitochondrial nebenkern.
A.v.—Acrosomal vesicle. N.—Nucleus,
A.GQ.—Acrasomal granule. N’~—Nuecleolus.
0. —Centriole. ©.58.—Central substanca,
Lh.—Chromosomes., 8.f—8pindle fibres.
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7. EXPLANATION OF THE PLaTES

Figures 1 to 61 have been drawn at the atage level with Spencer 6 X eyepieco using:
an oil immersion objective. They are subsequently enlarged two times, thus giving
& total magnifieation of 1,200. All the figures are selected from sectioned material
fixed in Flomming without acctic acid and stained with (+59, iron haematoxylin,

Figures 62 to 104 have been drawn at tho stage ievel with Spencer 10 % eyepiece
using an oil {rmmersion objective. They are subsequently enlarged giving a totsl
magnification of 1,800 timea. All figures excopt 66, 68 to 71 are from material fixed
in Flemming without acetic acid. Tigures 66, 60 to 71 are from materisl fixed in
Bouin's Auid.

Figures 105 to 143 have been drawn at the stage lovel with Leitz 8 X ayepicce using:
an oil immersion objective. They are subsequently enlarged giving a total magni-
fication of 400 times. All figures have been selected from sectioned material fixed in
Flemming without acetic acid followed by 0-59, iron haematoxylin.

Plate I (Aulecophora foveicollis)

Fre. 1. REarliest spermatogontum showing large nucleus snd cloud of mitochondrial
granules lying on one side of the nucleus.

Fia. 2, Late spermatogonium,

Fres. 3 & 4. Early Primary spermatocytes.

Figs. 6 & €. Barly Primary spermatocytes showing loop formed by the mitochondria..

Fig. 7. Nuclous of a Primary spermatocyte showing diplotene threads.

F1g. 8. Late Primary spermatocyte. Mitochondria are veglcular.

Fic. 9. Primary spermatocyte showing bivalent chromosomes.

Fic, 10, Polar view Metaphase I, showing the diploid number of 30 chromosomes.

F1e. 11. Metaphase I. The Golgi and the mitochondrial granules are at the poles
of the spindle.

F1a.12. Telophase 1.

¥16. 13. Secondary spermatecyte. The Golgi and the mitochondrial granmles lie
on. one side of the nucleus.

Fie. 14. Metaphase II.

Fiza, 15 & 16. Teolophase II. The mitochondria form palisade round the spindle.

Figs. 17 & 18, Earliest spermatids showing optical sections of the mitochondrial
nebenkern. :

Fies. 19 & 20. Early spermatids. The Golgi elements lic scatterod,

Plate 11 (Aulocophora foveicollis)

Fias. 21 & 22. Early spermatids.

TFres.' 23 & 24. Late spermatids. The Golgi bodies have fused to form the acroblast..

Fres, 25-27, TLate spermatids showing the formation of the nebenkern.

Fres. 28-31.  Late spermatids showing the chromophilic and chromophobic portions
of the nobenlkern,

¥ias. 32-35. Late spormatids showing the condensation of the nnelesr material and
the migration of the acroblast around the nucleus.

Fios. 36-39. Late spermatids. Progressive steges in the formation of the acrescme.
The acrosomal granule is stained intensely black in every case. Nuclear vesicle
is also formed.

Fios, 40 & 41. Late spermatids showing the acroblast with deeply staining scro-
somal granaie.

Fias. 42-44. Late spermatids. Acroblast separates from the acrozomal granule and
it moves backward.

F1gs. 4548, Late spermatids showing the movement of the acrosome to the aaterior
tip of the nucleus.
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Plate 11
Fics. 49 To 81— Aulocophora foveicollie; Fias. 62 ro 79— Coccinella septumpunciata,

Fia. 49. Late spermatid showing s homogeneously staining nucleus with a button-
like acrosome in front.

Figs. 50 & 651. Early sperms showing spindle-shaped nucleus with & button.like
SCTOZ0TNS.

F1ag. 52 & 53. Late sperms showing tail vesicles.

Fio8. 54-59. Late sperms. Progressive lengthening out of the nucleus of the sperm,

Fiag, 60 & 61. Mature sperms showing needle-like head with a delicate apical acrosoms,

F16. 62. Spermatogonium. It shows large vesicular nucleus, granular mitochondria
and four Golgi bodies.

F10. 63. Primary spermatocyte.

Fi1e. 64. Primary spermatocyte in pre-metaphase stage.

F10. 65. Polar view of chromosomes in metaphase L.

Fi6. 68. Polar view of chromosomes in metaphase I {Bouin's preparation),

Fia. 67. Side view of oquatorial plato of five pairs of homologous chromosomes in
metaphase I (smear F.W.AL).

F1o. 88. Side view of equatorial plate of five pairs of homologous chromosomes in
metaphase I (sectioned material F.W.A.}.

F1g, 69. Early anaphase I {Bouin’s preparation).

F16. 70. ZEarly anaphase I (Bouin’s preparation).

Fro. 71. Late anaphasc I. One pair of chromosomes remain linked together
{Bouin’s preparation).

F1o. 72. Secondary spermstocyte showing vesicular mitochondria and 6 crescent.
shaped Golgi bodies.

F1a. 78. Tolophase II.

Fi1e. 74, Telophase IT (smear preparation F.W,A.).

Fi1a. 75. Earliest spermatid showing two Golgi bodies and mitochondria heaped to
ane side of the cell.

Figa. 76-78. Spermatids showing progressive coalescing of mitochondria.

Plate IV
F1es. 80 To 104—Coceinella septumpunciata; F1as, 105 1o 110—Plocaederus obesus,

Fig. 80. Spermatid showing further condensation of the mitochondrial nebenkern.

Fio. 81. Spermatid showing differentiation of acrosomsl vesicle. ’

Fias. 82 & 83. Spermatids showing the acrosomal vesicle in association with acroblast
and the withdrawal of the chromophilic septa traversing the chromophobic
portion of the nebenkern.

Fig. 84. Spermatid chowing the complete withdrawal of chromophilic septa.

Fic. 85, Spermatid showing the gradual condensation of the nebenkern. The
central chromophilic area is very much redueed in size.

¥res. 86 & 87. Spermatids showing their various components arranging themselves in
final order.

Fie. 88, Spermatid showing further elongation of the nebenkern. Acroblaat with
the vesiclo travels back for a short distance.

Fio. 89. Late spermatid showing centriole on the periphery of the nucleus from which
the axial filament runs along the nebenkern,

Fres. 90 & 91. Late apermatids showing progressive lengthening of the nebenkem.

Fros. 92 & 93. Spermatids showing the appearance of acrosomal granule in the acre.
somal vesicle.

F16. 94, Late spermstid.

Fies. 95 & 96. Late spermatids. Aecrosomal granule separates from the acroblast and
becomes attached to nuclear wall.

Fies. 97 & 98. Spermatids showing the forward migration of the aerosome and the
acroblast remnant moving backwards along the tail.
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F16, 90. Late spermatid with tho acrosome back at its original position. Acroblast
remnant degenerating far behind along the axial filament.

Fig. 100. Spermatid showing the complete eliminstion of Golgi remnants.

Fies. 101 & 102. Spermatids showing the ultimate position of the acrosome lying
anterior to the nucleus.

Fig, 103. Very late gpermatid showing pointed acrosoms at the anterior end of
elongated nucleus.

Fig. 104. Mature sperm showing the rod-shaped head teking a homogeneous dark
stain. Acrosome affixed to its anterior pole.

Fra. 105. Earliest spermstogonium showing the nucleus and the mitochondrial
granules.

F1e. 106. Late spermatogonium showing chromatin network in the nucleus,

Fras. 107 & 108. Resting Primsary spermatocytes chowing the presence of Golgi
grenules and crescents interspersed in the mitochondrist granoles.

Fia. 108. Primary spermatocyte showing growth of some of the mitochondrial granules
into vesicles.

Fie. 110. Primary spermatocyte showing the mitochondrial vesicles encireling the
nualeus.

Plate V (Plocaederus obesus)

Fie. 11}, Metaphags I. The mitochondria and the Golgi elements are being sorted
out almost equally to the daughter cells.

Fia. 112. Telophase I,

Fics, 113 & 116. Secondary spermatocytes in growth period. The mitochondria and
Golgi elements exhibit duplex structure. The Golgi bodies show the tendency
of becoming juxta-nuclear.

Fi1e. 117. Metaphase IT.

Fres. 118 & 119, Telophass II.

Fi6. 120. Earliest apermatid.

Fr1a. 121. Spermatid showing optical section of the nebenkern. The nucleue iz much
deeressed in size.

Fias. 122 & 123, Spermatids showing mitochondrial nebenkern distingmishable into
chromophobic and ehromophilic portions.

Figs. 124 & 125. Spermatids showing distinet Golgi bodies with intensely staining
chromophilic rim. Also note chromophilic partitions running in the chromo.
phobic portion of the nebenkern.

¥Fres. 126 & 127, -Spermatids showing disappearance of chromophilic partitions of the
mitochondriel nebenkern.

Fre. 128. Late spermatid. Nebenkern distinguishsble into central chromophilic
mass surrounded by chromophobic cavity.

Fic. 129. Late spermatid.

Fie. 180. Late spermatid showing acrosomal vesicle with the acrosomal granule.

Fic. 131. Spermatid showing the appearance of central substance in the elongated
chromophobic portion of the mebenkermn. Also note acrogomsal vesicle with the
acrosomal granule in the centre.

Fios. 132-134, 138 & 139. Spermatids showing the thinning out of the chromophilic
portion of the nebenkern. The acrosome ig attached to the nuclear wall.

Fas. 135 & 137. Cross-sections of the mitochondrial nebenkern showing progressive
dwindling of the chromeophilic pertion. :

Frgs. 140 & 141, Late spermatids showing homogeneously staining nuecleus and
button-like acrosoms at its apex.

Fros. 142 & 143, Sperm heads shewing elongated nucleus and needle-like acrosome.
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POTASSIUM META-PERIODATE AS VOLUMETRIC
REAGENT

Part TI—INDIRECT IDETERMINATIONS

By BaLwawnt Smen and Aprar SmweR
Government College, Hoshiarpur

In the present investigation, the authors have made an attempt to
determine indirectly copper sulphate, hydrogon peroxide, dioxides of lead
and manganese, formates, sodium sulphide and potassium iodide in iodine
solution by a volumetric method, using potassium meta-periodate as an
oxidizing agent.

Potassium meta-periodate was prepared by the method of Bahl and
Singh (J. Ind. Chem. Soc., 1940, 17: 167) by passing a brisk current of
chlorine gas through a boiling solution of jodine in potassium hydroxide,
It was filtered, washed and recrystallized from hot water.

In all titrations with potassium meta-periodate, 5 c.c. of chloroform
and enough of hydrochloric acid, to keep its normality between 4N to TV
were added to titrant in a conical flagsk. Potassium meta-periodate was
added from a burette vntil the titrant, which at first was strongly coloured
with ijodine, beeame pale brown. The conical flask was then stoppered
and vigorously shaken, and the chloroform layer acquired purple colour
due to iodine. Continued to add small volumes of the meta-periodate
solution, shaking vigorously after each addition, until the chloroform layer
wag faintly viclet. Potassium meta-periodate was then added drop-wise,
with shaking after the addition of each drop, until the chloroform Iayer
changed its colour from viclet to pale yellow, due to formation of iodine
monochloride. The end point was very sharp.

{1) DETRERMINATION OF COPPER SULPHATE

Dissolved a known weight of copper sulphate in water and saturated
the solution with sulphur dioxide. Boiled the solution and added excess
of ten per cent ammonium thiocyanate slowly with constant stirring to
precipitate cuprous thiocyanate. Allowed the precipitate to settle, filtered
ard washed with one per cent ammonium sutphate solution till the filtrate
wag free from ammonium thiocyanate. Put the precipitate along with
the filter paper into & conical flask, added to it 30 c.c. of concentrated
hvdrochlorie acid, 20 c.c. of water, 5 c.e. of chloroform and titrated it
againgt standard potassinm meta-periodate.

Cuprous thiocyanate rencts with potassium meta-periodate in presence
of hydrochloric acid as follows:

7 K104+3 Cuy(CNB);+14 HCl = 7 KCI1+7 ICI+6 CuSO,--6 HCN

+4 H,0.
Hence 7 KIO,= 3 Cuy(CNS), = 6 CuS0,S5 H,0.
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A number of titrations were porformed and from the volume of standard
potassium meta-periodate solution used, corresponding to the end point in
each titration, the amount of copper sulphate was calculated. The results
are given in Table I,

TasLE 1
Copper Sulphate
CuS0,5 H,0 Volume of M/80 K10, CuS0,.5 H;0
taken, . used, found.
{gm.) (c.c.) ~ (gm.)
00535 2020 00540
0-0722 27-00 00722
(-0802 29-90 0-0799
00936 3500 0:0936
0-1069 39-90 0-1067
0-1267 47-10 0-1259

1.00 c.c. M/80 KIO, = 0-002674 gm. CuS0,5 H,0.

{2) DETERMINATION OF HYDROGEN PEROXIDE

Hydrogen peroxide reacts with arsenious oxide in alkaline medium

(in presonce of sodium hydroxide solution) according to the equation:
Asg034-2H,0, = A0+ 2H,0.

In the determination of hydrogen peroxide, a known excess of arsenious
oxide with about 10 c.c. of ten per cent sodium hydroxide was taken in a
conical flask and a known volume of approximately N /10 hydrogen peroxide
run in from burette. The mixture was allowed to stand for a couple of
minutes, 50 ¢.c. concentrated hydrochloric acid, 20 c.c. water, and 5 e.c.
of chloroform were added to it. The conical flask was stoppered and the
mixture was vigorously shaken. The excess of arsenious oxide, left un-
reacted in the mixture, was determined by titrating it against standard
potassium meta-periodate solution. The reaction is represented as follows:

3 Agy03+-2 K104 HCl = 3 Asy05+-2 KO14-2 ICI+2 HpO.

Table 11 presents the results of the titrations,

Tasre 1T
Hydrogen Peroxide

Amount of Volume of Volume of Volume of Amount of
H202 taken. 1\'[/60 ASzOs M/GO K.IO,! . M/60 ASQOS . H202 foul‘ld.

added. used, usged for
Hy0,, »
{(gm.) {c.c.) (c.e.) {e.c.) {gm.)
00155 20-00 1090 910 0-0155
00264 30-00 1450 - 15-50 0-0263
0-0387 4000 17:30 2270 0-0386
0-0465 4500 2760 27-40 0-0466
0-0536 45-00 13-55 3145 0-0535
0-0697 50-00 910 40-90 0-0895

1-00 c.c. of Mf60 As,Og = 0-00170 gm. HeO,.
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{3) DETERMINATION OF DIOXIDES OF LEAD AND MANGANTESE

Potassium jodide reacts with the dioxides in presence of concentrated
hydrochloric acid:

2 KI+2 Ph0,+8 HCI = 2 PhCly+2 KC1+2 1144 H,0,
2 K142 MnOp+-8 HOI = 2 MnCly4-2 KCI-4-2 T01-+4 H,0.

In concentrated hydrochloric acid, potassium iodide reacts with
potassium meta-periodate:

3 KI+4+KT10,-+8 HCl = 4 KCl4-4 1C1+-4 H,0.

A known weight of the dioxide was taken in a conicsl flask and a
known excess of potassium jodide solution was added to it. The mixture
was acidified with 50 c.c. of concentrated hydrochloric acid to keep its
normality between 4N and TN. The excess of potassium iodide was titrated
back with standard potassium meta-periodate. *About 5 c.c. of chloro-
form was added to the mixture before cach titration to determine the end
point. The results are summariged in Tables T1T and IV,

TABLE IIE[

Lead Dioxide
Amount of Volume of Volume of Volume of Amount of
PbO, taken, M/80 K1 M/80 KIO, M/80 KI  PhO, found.
added. used. used for
PbO,
{gm.) (e.c.) {c.e.) (c.c) {gm.)
0:1352 25-50 1040 1510 0-1364
0-1800 300 10-95 20-05 0-1799
0-200G 3400 11-70 22-30 0-2000
02770 4600 15-10 30-99 02772
1-00r e.c. M/80 KT = 0-008971 gms. PbO,.
TasLe IV
Manganese Dioxide
Amount of Volume of Volume of Volume of Amount of
MnO, taken. M/80 K1 M/80 K10, M/80 KT  MnO, found.
. added, used, used for
Mﬂ02
{gm,) {c.c.) (e.c.) {c.c.) (gm.)
0-0210 2500 18-40 6-60 00215
0-0360 30-00 19-36 10-7(¢ 01349
0-0440 i 30-00 1650 13:50 0-0440
005661 35.00 17-80 17-20 0-0561
00885 4000 1900 2100 00685

1-00 c.c. M/80 KT = 0-003262 gm. MnQ,.
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{4} DETERMINATION OF FORMATFS

A formate reduces mercuric chloride to mercurous chloride:
HCOONa+-2 HgCly = Hg,Clo-+NaCi+-HC14-C0,.

In presence of concentrated hydrochloric acid, potassium meta-periodate
oxidizes mercurous chloride to mercuric chloride:

A known weight of sodium formate was taken in & conical flagk., Some
sodium acetate solution, an excess of saturated mercuric chloride solution
and enough of water to make the volume to about 75 c.c. were added to it.
The mixture was heated on a steam bath for about two hours until the
whole of carbon dioxide was cvolved. The flask was cooled and the
precipitated mercurous chloride was filtered. The precipitate along with
the filter paper was transferred to a conical flagk, about 50 c.c. of concentrated
hydrochloric acid and 5 ec.c. of chloroform were added and the mixture
titrated against standard potassium meta-periodate. The results are given
in Table V.

TaRLE V

Sodinm Formale

Amonnt of Volume of Amount of
HCOON taken., M/60 10, used. -HCOON2 found.
(gm.) {c.c.) : {gm.)
0-0400 _ 1170 10398
0-0680 20-30 0-0690
4-0800 23-80 00809
0-1600 30-00 0-1020
0-1200 36-00 01224

K10, = 3 Hg,Cl, = 3 HCOONa
1-00 c.c. M/60 KIO, = 0:003396 gm. HCOONa.

{5) DETERMINATION OF SODIUM SULPAIDE

Sodium eulphide reacts with argenions oxide in presence of dilute
hydrochloric acid according to the equation:

3 NagS-++As,05-+6 HOl = Ag,S34-6 NaCl+3 H,0.

Arsenious oxide is oxidized to arsenic oxide by potassium meta-
periodate in presence of concenfrated hydrechloric acid:

1-50 gm. of sodium sulphide were dissolved in 100 c.c. of water and a
known, excess of arsenious oxide (2-5070 gm.) disgolved in sodium hydroxide
were added to it. The mixture was thoroughly stirred and acidified with
hydrochloric acid, when yellow precipitate of arsenious sulphide was formed.
The precipitate was filtered, washed with water and the filtrate made up to
250 ¢.c. To determine the excess of arsenious oxide present in the filtrate,
20 c.c. of the filtrate was mixed with about 30 c.c, concentrated hydro-
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chloric acid, 5 ¢.c. chloroform and titrated against M/60 potassium mota-
periodate. 'The results are tabulated in Table VI

TasLe VI
Sodium Sulphide

Amount of Volume of Volume of Amount of Amount of Amount of
NaoS taken. the filtrate M/60 KIO; AsyOjin Asg0y NayS

taken for used. 250 c.c. reacted found.
titration. filirate.  with Na,8S,
{gm.) (e.c.) (c.c.) {gm.) (gm.) (gm.)
2000 20-00
16000 2000 2005
2000 20-00

; 1-2376 1-2695 1-6000
20-00 20-00 (
1:00 ¢.c. Mf60 K10, = 0-00495 gma. As,Oy = 0-00585 pm. Na,S,

() DETERMINATION OF PoTasstom ToninE v Tonive Sonurion.

A known volume of iodine solution was titrated against standard sodium
thiosulphate, using starch as an indicator. From thesc titrations, normality
of the solution with respect to iodine was calculated.

In presence of concentrated hydrochlorie acid, indine and potassium
iodide react with potassium meta-periodate according to the following
equations:

3 L+KI04-8 HCl = 7 IC1 L K144 H,0.

3 KT+KI10,4-8 HCl = 4 ICi4-4 KCl14+4 H,0.

To determine total normality of the iodine solution with respect to
iodine and potassium iodide, its known volume was titrated against M/60
KI0, in presence of hydrochloric acid and chloroform.

From these two sets of titrations, normality of potassium iodide and
its amount in the iodine solution were calculated. The results arc given
in Table VIL.

TasLE VII
Potassium Todide in Todine Solution

Amount of Volume Normality Normality Normality Amount of
KI present of of I, from of T, and of KT KT found

in litre ‘M{/a0 Thio- KI from caleulated  in litre
of Todine KI0, sulphate K10, of Todine
solution. used, titrations. titrations. solution.
(gm.) (c.c.) (N) (N) (N) (gm.)
8210 13-00 0310 0-1300 001990 8217
8760 1930 0-0310 0-1485 0-1175 9752
12210 17-80 00310 0-1780 0-1470 12-200
16:350 22-80 00310 0-2280 0-1970 16-360
18-350 25-20 00310 H-2520 0-2210 18-350
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From the above results given in Tables from 1 to VI, it is evident that
potassium meta-periodate can be used as a volumetric reagent to estimate
indirectly copper sulphate, hydrogen peroxide, dioxides of lead and manga-
nese, sodium formate, sodium sulphide and potassium iodide in iodine
solution. .

The authors are indebted to Dr. Vishwa Nath, Principal, Government
College, Hoshiarpur, {or providing facilities for the research work.

Y
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STUDIES ON THE HARIANA BREED OF CATTLE

By G. P. Suarma,* K. N. Vari and K. R. Suri,

Anignal Genetics Section, Government Livestock Farm, Hissar

InTRODYUCTION

Cattle play an important rble in the agricultural production of our
country, They supply much of the power on farms for ploughing and for
the transport of agricultural produce to the market. They also transform
the rough feed into manure which is so essential for the maintenance of
goil fertility, Furthermore they supply the much needed animal protein to
a large section of the population in the form of milk and milk products.
However, in spite of the fact that we have 38 million heads of milch catile
their milk production is so low that we can provide a per capita consumption
of 5 ozs. only in most of the States of the Indian Union as against the desirable
minimum nutritional quantum of 1 lb. per head. To provide this and
for rearing healthy calves it is essential that our total milk production should
be increased more than three times. There is, therefore, an increasing
demand for the ‘dual purpose’ animal the progeny of which should be
suitable both for ‘draught and miik’ and not for ‘beef and milk’ as the
term ‘dual purpose’ is understood in the Western countries. This demand
we hope to meet by putting more milk in some of our best draught breeds
by careful selective breeding. )

With the same object in view the Indian Council of Agricultural
Research started some years ago two research schemes—one at the Govern-
ment Livestock Farm, Hissar, and the other at the Pattagar’s Farm at
Palayakottai. The breed of cattle maintained at Hissar is Hariana and that
at Palayakottai is Kangayam. At both these places an effort is being
made to increase the milk yield of these breeds without deteriorating the
draught quality which has already been esteblished in them. During the
course of our investigations at Hissar we have collected a good deal of
valuable data which we propose to record in the following few pages.

MATERIAL AND METHOD

As has been stated already the experimental animals at Hissar are of
the Harizna breed. The home of this breed is what is popularly known as
the ‘Hariana tract’. It comprises the districta of Rohtak, Hissar, Gurgaon,
part of Karnal and the Delhi State. Pure Hariana animals are found in
large numbers in Jhajjar and Rohtak tehsils of the Rohtak district. The
cattle of Hissar district are provided with loose thick skin, long sheath,
large dewlap, long and thick horns and big drooping ears. They can he

* Now University Roader in Zoology, Panjab University College, Hoshiarpur,
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easily differentiated from the pure Hariana animals which have a long and
narrow face with flat forehead and a well marked bony prominence at the
centre of the poll. They have short horns, small ears, fine thin skin closely

. adbering to the body, a small dewlap and a small sheath. 'The bullocks of
the Hariana breed are excellent for draught purposes particularly for fast
ploughing and road transport. The cows are moderate milkers. Pedigree
herds of this breed are maintained at this farm.,

Cur experiment was originally started in 1844-45 with a female stock
of 230 animals (150 heifers of nearly the same age and 80 dairy tows varying
in age). All these animals were 30 selected that they had a certain standard
of body conformation of the Hariana bresd. No care was taken to select
heifers or cows with good udders or with otherbody points which are generally
looked for while judging & milch cow. Ten young bulls conforming to the
Hariana breed were also selected in a similar way. In order to have sufficient
variability in our experimental herd five of these bulls were purchased from
the Hariana tract while the rest were taken from the farm-bred stock.
This whole lot of animals was divided at random into ten groups or families
and thus each family had 23 fernales and one male for breeding.

As far as practicable standard conditions of housing, feeding and
management are being provided to the experimental herd.

REesorts

Sex Ratio,—As a result of breeding in the various families all the females
{heifers as well as cows) in the original experimental herd have calved at
least once since the beginning of the experiment in 1944-45. In all 691
births of calves have been recorded up fo the close of March, 1951. Out
of these 352 are male and 339 female calves. From these figures the over-
all sex ratio (i.e. the number of males for every 100 females) is calculated to
‘be 103-83.

Gestation Period —There were 517 normal birthe for each of which the
exact date of service was kmown. It was, therefore, quite easy to caloulate
the gestation period in each case. The frequency distribution of these
gestation periods is presented in Table 1.

TasLE L
Freguency distribution of the gestation periods (n days) for all births,

Class Interval Class value Frequenay
265269 267 4
270274 272 8
275-279 277 17
280-284 282 64
285289 287 156
290-294 292 1656
205-299 297 69
300-304 302 19
305-309 307 10
310-314 . 312 14

TozarL . 617
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On further analysis of the data the mean {with error) of all the gestation
periods studied worked out to be 290-1510-22 days irrespective of the
sex of calf born. 'The corresponding figures for some other Indian and foreign

breeds of cattle are:—

Kangayam
Ongole
Red Sindhi

Jersey

Holstein-Friesian

Durham or Improved
Short-horned breed

285 days (Littlewood, 1937).
289-1 days (Littlewood, 1937).

283 days {Dave and Singh, 1934}

279 days (Wing, 1899).
27851 days (Copeland, 1930).
278-8840°176 days (Kunoop and Hayden,

1934).

280 days (Wing, 1899).
27890 days (Knott, 1932).
278-1540-154 days (Knoop and Hayden,

1934).

}283 days (Spencer, 1840).

For the various other breeds of cattle, reference may also be made to
the ‘Gestation Periods’ compiled by Kenneth (1947).

As early as 1840 the Right Hon. Earl Spencer published some tables
from which it appears that the male calf is carried by the dam one to three
days longer than the female. However, some of the later workers like
Wing (1899) are of the opinion that the average period of gestation is the
same regardless of the sex of the offspring. In view of these conflicting

accounts in the literature we prepared Tables 2 and 3 showing the frequency

distribution of the gestation periods for male and female births separately.

Frequency distribution of the gestation periods {(tn days) for male births,

TaBLE 2,

Class Interval Class Value Froquency
265-269 287 2
270-274 272 6
275-279 277 3
280284 282 24
285-289 287 G5
290284 292 81
295-299 297 49
300-304 302 11
305-309 307 4
310-314 312 7

ToTAL 252

59



TaBLE 3.

Freguency distribution of the gestation perfods (in days) for female births.

Clasgs Interval Class Valuo Frequency
265-289 267 2
270-274 272 2
275-279 g 14
280-284 28Y% 40
285-289 287 91
200-294 292 75
295-299 297 20
300-304. 302 8
305-309 307 (]
310-314 312 7

ToTAL .. 265

From these two tables the average gestation period for male births
works out to be 291-11+0-47 days and for female births 285-1940-46 days.
It will be of interest to note that the difference of about two days between
the mean gestation periods for male and female births is statistically
significant at 5% level of significance. This clearly indicates that the sex
of calf has a significant influence on the gestation period in cattle.

Age at first calving~—TFor this study the data were available only for
182 cows. These data are presented in Table 4 given helow.

TABLE 4.

Freguency distribution of the gpe af frat eoling (in days).

Class Interval Class Value Frequency
1250-12499 1274-5 3
1300-1349 1324-5 2
1350-1399 13746 8
14001449 14245 -3
1450-1499 14746 15
1500-1549 1524-5 21
1550-1599 1574-5 34
18001649 1624-5 49
16501699 16745 13
1700-1749 1724-5 15
17501799 17745 . 7
1800-1849 18245 8
1850-1899 18745 - 7
1900-1949 1924-5 3
1950-1999 1974-5 2
2000-20449 2024-5 2

ToTAL . 182

On analysis of the above data the average age (with error) at first calving
is found to be 1618-18-110-53 days, i.e. about 4 years and 5 monthas.

Calving interval.—There were 443 cases in which the interval between
two successive calvings could be studied. The data for this study are

tabulated below in Table 5.
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TABLE 5.
Freguency distribution of the interval (in days) between two successive calvings.

Class Intorval Class Value Frequency
300-324, 312 4
3256-349 337 12
350-374 362 19
375-399 387 23
400424 412 32
425449 437 31
450474 462 33
475499 487 26
500524 512 40
525-549 537 33
550-574 562 30
575-699 587 37
600-624 812 32
625649 637 28
650674 662 ) |
675-699 687 11
T00-724 712 11
725-749 737 3
750-774 762 5
775-700 787 ]
800-824 812 1
825-849 837 1
850-874 862 1
875-899 887 1
900-924 912 2

ToTAL . l 443

The statistical analysis of the above data shows that the average
interval (with error) between two successive calvings is 530-8545-41 days,
i.e. one year and 5% months.

Birth wetght of calves—During the period 1846-51 there were 507 births
where the weight of vewly born calf had been recorded. Table 6 given
below shows the frequency distribution of the birth weight of calves (in [bs.}

. irrespective of the sex of calf.

TasLE 6,
Froguency distribution of the birth weight (in Ie.) of Hariana calves irrespective
of the sex of calf.

Class Interval Clasg Value Freguency
30-32 31 2
33-35 34 4
36-38 37 3
39-41 40 22
4244 43 36
45-47 46 25
4850 49 114
61-53 52 . 61
54-56 55 87
57-59 58 47
6062 61 62
63-65 64 21
G6-68 67 14
69-71 70 4
72-74 73 3
T5-17 76 1
78-80 79 1

Torarn . 507
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The average weight at birth of calves, irrespective of the sex of calf,
works out, on analysis of the above data, to be 52-00 4034 1bs.

To find out whether the sex of calf has anything to do with the birth
weight the following two Tables Nos. 7 and 8 were prepared. They show
the frequency distribution of the birth weight of male and female calves
goparately.

TasLE 7,
Fregquency distribution of the birth weight (in Ibs.) of male calves,

Class Interval Class Value Frequonoy
30-32 31 1
33-35 34 2
36-38 37 1
3941 40 8
4244 43 21
4547 46 10
48-50 49 49
651-53 52 27
5456 65 36
57-59 ' 58 29
60-62 . 61 32
63-65 64 15

- G6-68 67 11
68-71 70 3
72-74 . 73 2
76-77 76 1
78-80 79 1

ToTarL .. 249
. TarLE 8,

Fregquency distributton of the birth weight (in Ibs.) nf female calves.

Claas Interval Clags Value | Frequency
30-32 31 1
33-35 34 2
36-38 37 2
3041 40 14
4244 43 15
45-47 46 15
48-50 49 63
51-53 52 34
54-56 8b 51
57-59 58 18
6062 61 30
83-65 64 6
6668 67 3.
69-71 4 1
72-74 T3 1

- ToTaL o 258
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The statistical analysis of the data presented in the above two tables
shows that the average birth weight (with error) for male calves is 53-98
:£0-47 1bs, and for female calves is 52-04 4042 lbs. This difference of about
2 lbs, between the mean birth weights of male and female calves is
statistically significant at 5% level of significance. This indicates that
the sex of calf has a significant influence on the birth weight of calves, the
male calves being heavier than the female calves.

ErrECT OF SEASON 0N CALVING

Hammond (1927}, in his study of the breeding season, has reported the
percentage of cows which calve in different months of the year. From this
study which is based on a bulk of statistics collected from various authorities
on & fairly large number of cows it iz obvious that in the foreign breeds
maximum number of cows calve in gpring and minimum in sutumn months.
After further investigations Hammond concludes that the seasonal effect
on the distribution of calvings is marked mostly due to the intensity of the
reproductive force which is maximum in summer months and minimum
in winter months.

Joseph and Dave (1931) have published a table based on 1,653 calvings
showing the effect of season on the frequency of calvings in Montgomery
cows. According to them the distribution of calvings at Pusa Cattle Farm
is, more or less, fairly uniform. Thus their finding runs contrary to that of
Hammond.

Sikka (1931}, as a result of his observations on 1,274 cows of the Military
Dairy Farm, Ferozepore, has published a table for studying the effect of
season on the frequency of calvings. He concludes ¢ that percentage of calv.
ings for different months goes on increasing quite regularly from October,
in which month only 5289, of the total calved, to March, calving 16-01%,
of the total. From this there is & steady decline till September-calving
3-309, the lowest for the year. This means that in these herds largest
number of cows calve in spring and smallest in autumn months,” This
result is in close agreement with that of Hammond.

In view of these conflicting accounts in the literature the data presented
in Table 9 showing the monthly distribution of calvings in the experimental
herd for the period 1946~51, were collected.

TABLE 9,

Monthly distritation of calvings.

Months | Feb. JMamh [Apri]

T

May ’June July | Aug. | Sep. | Oct, | Nov. | Dec. | Jan, | Total

Season Spring Summer Autumn Winter
No.of o
calvings 78 104 | 73 61 52 | 52 36 [48 |30 42 62 |04 681
9% of
ocalvings 11-3( 151106 ¢ T4} T5{ 75| 51| 69| 43,81 89| 93
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From the above table it is clear that the percentage of calvings goes on
increasing steadily from November (6:1%,) to March (having a maximum of
15:1%, of the total calved). After this there is & decline till October (calving
4-3%, the lowest of the year). These observations indicate that the largest
number of Hariana cows calve in spring and smallest in autumn months.
In order to confirm that the greater or smaller incidence of calvings during
these seasons is not due to chance causes, a statistical study was also made,
For this purpose comparisons between the means of spring months and
other months and between the means of autumn months and other months
were made separately. The results are as follows:—

(2) Mean of Spring months = 85:00
Mean of other months = 48-45
oy — 85'00ﬁ45
4/69-95

Probability for getting such a value of ¢ is less than -01.

= 438

{b) Mean of Autumn months = 37-67
Mean of other months = 64-23
64233767 _ 2.30

£ _= e =
a3 5d

Probability for getting such a value of £ is less than -05.

The above results clearly show that the average number of celvings
during spring and autumn seasons is significantly greater and smaller
respectively, thereby confirming the views expressed already by Hammond
(1927) and Sikka (1931).

We are, therefore, of the opinion that even though the agricultural
conditions are poor during summer season at the Govt. Livestock Farm,
Hissar, yet the reproductive force is st its maximum partly due to high
atmospheric temperature and partly due probably to greater light on account
of longer days during this season. The conception rate is, therefore, maxi-
mum during the summer season and it results in & larger number of calvings
in the succeeding spring season. On the other hand the winter season gives
a reverse picture resulting in fewer calvings in the succeeding autumn seagson.
What other factors are responsible for the varying frequency of calvings
during various seasons and whether we could regard the temperature as
the prime factor in determining the rate of conception, are all points for
further research and investigation.

MiLE PERFORMANCE

The lactation-wise milk performance of the experimental herd for the
period 1-4-46 to 31-3-51 is tabulated in Table 10.
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TasLe 10,

Mk performance of the experimental herd during the period 1.4-46 to 31-3-51,

Averago Average Average dﬁli‘lf?r;i%d
Lac;a.twn No. of cows | No. of days | total yield mq:;ﬁ:;;;n in 1bs.
0. : ‘ in milk in Ibs. yllb during
S lactation

Ist 133 2519 12849 79 48
2nd 139 274-9 1782.7 1041 6-1
3rd 107 306-1 1780-8 104 59
4th n 282.3 1675-0 10-1 58
&6th 39 280-2 18270 16-0 5-8
Gth 17 307-9 207741 11-9 6-6
Tth 9 3609 1972.8 9-9 5-5
8th 2 280-0 1553-0 138 5-8

ToraL 517

The average milk yield, irrespective of the order of lactation, works out
to be 1749-504+-40-25 1bs.

SERvIcE PERIOD

To find out the length of the service period (i.e. the interval between the_
date of calving and the next date of fertile service) the data shown in Table
11 were collected.

TanLe 11.

Frequency distribution. of the service peried (in days).

Class Interval Class Value Froquency
Up to 49 24-5 7
50- N9 74-56 35
-100-149 124-5 40
I150-199 174-6 55
200-249 224.5 56
250-299 274-5 45
300-349 3245 a1
3650-399 374-5 35
400-449 4245 11
- 450-499 474-5 7
ToPAL 342

The analysis of the above data shows that the average service period
{with error) is 233-71 4574 days. '
Dry period.—Data were also collected to find out the average dry period

for the Hariana breed of cattle,

These are tabulated below in Table 12,
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TasLe 12.
Frequeney distribution of the dry period {(in days).

Class Interval Clasa Value Frequenoy

50~ 99 74-5 b
100-149 1245 48
150-199 174-5 86
200-249 224-56 83
250-299 274-5 T4
300349 3245 48
350-399 374-5 32
400-449 424.5 16
450499 474-5 b
500-549 524-5 4
550-599 5745 4
TotaL . 358

On analysis of the above data we find that the average dry period (with
error) in this breed is 258-21 4.5-38 days.

Reaction Tmve

Studies for the ‘Reaction time’ (i.e. the time interval between the
bringing of a bull to the cow on heat and the actual time of ejectment)
were also made for two years on the ten breeding bulls for the services they
performed. The average ‘Reaction time’ ranges from 5 minutes and 3
seconds to 41 minutes and 11 seconds with an overall average of 23 minutes
and 55 seconds £ 3 minutes and 9§ seconds. 'The analysis of variance of the
‘Reaction time’ of these ten bulls is tabulated below in Table 13.

Tapre 13.
Analysis of Variance.

Source 8.5, D.F. M.S. F. Ratio
Betwoen Bulls .o | 29.564,613-12 9 3,284,057-01 2.116%
Within Bulls .| 240,596,60413 | 155 1,552,236-7
Torar .. | 270,161,307-25 | 184

* Significant at 59 point,

The above table shows that the difference betwesn the mean ‘Reaction
times’ of these ten breeding bulls is statistically significant.

As has been stated already two types of bulls have been used for breeding
in this experiment. One type iz bred at the farm ifself and the other is
purchased from the Hariansa tract. It has been observed that on an average
the purchased bulls take only 1064-75 seconds in serving a cow while the
farm-bred ones take as many as 1525-04 seconds. This difference of 46429
seconds in the average ‘Reaction times’ which may be due to the very
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limited exercise for the farm-bred bulls, as a result of stall feeding, has been
found to be statistically significant.

DiI5CUSSION

It will be seen from the foregoing account that for the Hariana breed
we have, like the other Indian breeds, very long (i) age at first calving,
{ii} calving interval, (iii) service period, (iv} dry period and {v} ‘Reaction
time’. All these factors contribute to the poor performance of our cattle,
It is mainly becanse of them that we have not so far been able to make
dam-daughter comparison at Hissar. Out of a total grown up female
progeny of 131 only 75 heifers have so far been mature enough to be served.
From these 31 have calved and 5 have completed their respective lactations,
Thus in spite of the fact that more than six years have passed we are still
not in & position to say anything about thetransmitting ability of our animals
in the original experimental herd. On the other hand most of the foreign
breeds of cattle mature at & much earlier age and thus we can know about
their transmitting abilities when they are in the prime of their life. To
illustrate cur point we give below a compsrative account of the age of
proving a bull in England and in India.

England India
Year. Month, Year. Month.

Age of bull when he starts first service 1 6 3 6

Calf is born at . .. 0 10 0 10
This ealf becomes mature and receives

bull at .. .. 1 6 3 6

Gestation period 0 10 0 10

End of first lactation 0 10 0 10

. 5 Second 1 6

ToraL .. 5 6 11 0

In England & vast majority of heifers prove their quality in the first
lactation but, as iz apparent from our Table 10, the heifers in India do not
show their milk quality in the first lactation. A second lactation has there-
fore to be taken. Consequently a bull in India has passed the greater part
of his effective service life (which is about 13 years) by the time we are able
to estimate his transmitting ability. It is mainly because of these factors
that we have few, if any, proven sires in India.

To bring about & change in this deplorable state of affairs every effort
should be made to lower the age at maturity of our cattle. This shonld
be possible by selective breeding accompanied by better feeding and manage-
ment as has been achieved in the Sahiwal herd of cattle at the Indian
Agricultural Research Institute. Maximum advantage should also be taken
of the latest biological technigue of artificial insemination for the improve-
ment of our cattle,

SUMMARY

In this paper some interesting details about the Hariana breed of cettle
are given. These are:—

1. The Sex Ratio is 103-83,
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2. The average gestation period is 200-154.0-22 days for all births,
The sex of calf has a significant influence on the gestation period and there-
fore for male births the gestation period is 291-11 4-0-47 days and for female
births it is 289-194:0-46 days.

3. The average age at first calving is 1,618:18410-53 days.

4. The average calving interval is 530-8545-41 days.

5. The average weight at birth of calves, irrespective of the sex of
calf, is 52-9040-34 Ibs. The sex of calf has a significant influence on the
birth weight of calves, the male calves being heavier than the female
calves. The average birth weight for male .calves is 53-98 4047 lbs. and
for female calves ig 52-04-10-42 1hs,

6. More calves are born during the months of February, March and
April and less during the months of August, September and October. It
ig, therefore, concluded that season has some influence on the frequency
of calving.

7. The average milk yield, irrespective of the order of lactation,
is 1,749-50440-25 lbs. The lactation-wise milk performance of the herd
is also given in this paper.

8, The average service period is 233-71 45-74 days.

9. The average dry period is 258-21 £5-38 days.

10. The average ‘Reaction time’ ranges from 5 minutes § seconds to
41 minntes and 11 seconds with an overall average of 23 minutes and 55
seconds 4 3 minutes and 9 seconds. On an average the bulls purchased
from the Hariana tract take only 1,064-75 seconds in serving a cow while
the farm-bred ones take 1,5620-04 seconds.
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PREPARATION OF ACTIVE CARBON FROM A FEW INDIGENOUS
SOURCES AND COMPARATIVE EFFICIENCY OF DIFFERENT
ACTIVATION TREATMENTS

By BarwanT Ra1 Purt, M. L. Laxuanpar, and BALyiz VARMA
{ Department of Chemdstry, Punjab University College, Hoshiarpur)

Diverse methods of preparing active carbon have been developed in
comparatively recent times. These may be divided, broadly speaking,
into two categories. In the first category are included what are known as
‘chemical processes’ in which fthe carbonaceous materials or sometimes
their chars are impregnated with one or more of & variety of chemicals,
such as zinc chloride, alkali carbonates, sulphates, sulphurie acid, phos-
phoric acid, ete., and then carbonized or heated to a high temperature,
28 the case may be. In the second category of treatments known as ‘ges
activation processes’, charcoal is heated to some temperature between
3580° and 1000°C with steamn, CO,, O, Ulg, ete. (1, 8, 12, 16). Steam,
which is more commonly used for this purpose, iz known to produce
maximum activation at temperatures arcund 1000°C (19) and to be
ineffective helow 800°C (B) and above 1100°C (10). For steam {reatment
to be successful the temperature of carbonization should not exceed 600°-
650°C (17).

The mechanism of activation is not generally agreed upon. At least
three theories have been advanced to explain activation of charcoal by
chemical reagents. One of these (2) explains activation 2a due to catalytic
decomposition of residual hydrocarbon complexes, second one as due to
enclosure of carbon particles by sslt which is subsequently estracted to
provide a greater surface area (9} while a third one is based on the die-
solution of cellulose by zine chloride, ete. (6). As regards pas activation
Enight, Garper, and McKee (13) consider it to be caused by appreciable
increase in surface area of charcoal while Chaney (7) is of the opinion that
the adsorbed hydrocarbong are burnt away in this process releasing thereby
the active carbon base. Allmand and co-workers (3} suggest that the
process simply consiate in cleaning wp the charcoal surface of the tarry
materiala, .

It appears from perusal of literature that while different methods of
activation have been known and several theories have heen advanced to
explain the mechanism of activation, no systematic investigation has been
undertaken to compare the relative merits of the various sctivation
processes. In the present paper the study of the relative effects of three
representative and well-known methods of activetion on the adsorptive
and decolorizing properties of five specimens of charcosl prepared from
some common raw-materials has been made with a view to assess fhe
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relative efficiencies of these treatments. The results obtained a,lso give
s0me insight into the mechanism of activation.

BEXPERTMENTAL

Raw Materials.—Three out of the five raw materials selected for this
investigation were different varieties of wood, namely acacia wood, pine
wood and cotton stalk. Coconut shell and sugar were the two other
starting materials. Sugar was carbonized by sulphuric acid and then
waghed free of sulphate ions. The rest of the materials were carbonized
by heating them in small pieces in ('nsed vessels between 550°-600°C.
The chars in each case were ground and soreened through 1060 mesh sieve.

Activation.—The following methods of activation were tried :~—

1.  Activation by Phosphoric Actd.—Charcoal was made into a paste
with phosphoric acid and allowed to stand for about 30
minutes, The mass was then broken into small lumps,
dried in an electric oven and then placed in a silica tube,
1" wide and 30" long, and heated in an electric furnace to
about 950°C in an atmosphere of nitrogen (4) for § hours.
The mass was subsequently cooled, washed onee with hydro-
ehloric acid, then with water to remove chloride ions, and
finally dried at 120°C in an electric oven.

2. Activation by Zinc Chloride.—Charcoal was agglomerated with
509, solution of zine chloride and heated to 650° for 5 hours
in a closed vessel provided with a few small holes neat the

. top to serve as exit for the products of volatilization {20).
The mass was cooled, washed first with dilute HCI, then with
water and finally dried at 120°C,

3. Activation by Steam.—A silica pipe, 30" long &nd 17 wide, was
filled thres-fourths with charcoal and heated to about 950°C
in an electric furnace, steam "being passed continuously over
the charge. As completc information regarding optimum
time for steam activation was not available from the
literature, a few preliminary experiments were performed
to see the influence of the time of activation on moisture as
well ag methyl alcohol vapour adsorption. It was found that
the intensity of adsorption increased with increase in the
time of activation up to 10 hours after which it began to
decrense gradually. Steam treatment was, therefore,

; restricted to 10 hours in all the charcoals.

Properties Ezgmined.—The following properties of the activated as
well as unactivated materials were examined :—

(i) Adeorption of water and methyl alcohol vapours.
(i) Adsorption of iodine and potassium permanganate from
solutions.
(iii) True density, bulk density and pore space.
(iv) Wettability by water, methyl aleohol, acetone and benzene.



REsuLTs

() Adsorption of Water and Methyl Alcohol Vapours~—0'5 gram
portions of the various a,dsorbents, weighed in small watch glasses, were
kept in desiccators containing sulphurie acid-water or methyl alcohol-
glycerine mixtures corresponding to different relative vapour pressures of
* water or methyl alcohol, as the case may be, 'The increase in weight was
determined when it became constent which required about 4 or 5 days
time. The results are given in Tables I and IT.

(i) Adsorption of Iodine and Potasstum Permanganate from Agueous
Solutions, —These tests are reportsd to be indicative of the ability of a
charcoal to remove odours and flavours as well as colloid and colour bodies
from solutions (l4). The procedure used in these determinations was
pimilar to the one described by Mantell (14). In brief, iodine adsorption
was measured by mixing 0-5 gram of charcoal with 30 ml of 5% HCI
solgtion and 150 ml. of (-05 I iodine solution and allowing it to stand for
24 hours with occasional shaking by hand. Fifty mi. of the supernatant
liquid was then titrated against a standard sodium thiosulphate solution,
using starch as indicator. Permanganate test was performed by mixing
0-5 gram of charcoal with 100 ml. of 0-5 N KMnO, solution and allowing
the mixture to stand for 24 honrs with secasional shaking and then titrating
an aliguot portion of the supernatant liquid against a standard oxalie
acid solution.

The results of these determinations are given in Tables III and IV.

3. Density, Bulk Density and Pore Spuce.—Density was determined
by the pyknometer method using methyl alecohol as the immergion liquid,
Bulk density was determined by dividing the weight of the dry material
that fills a graduated cylinder to the top graduation, on gentle tapping,
by the volume of the cylinder. Pore space for 100 gram charcoal, V,,
was calculated by the formula,

1 1
oo ().
where D, and Dy are bulk and true dénsities respectively. The resulis
are given in Tahle V.

4. Weltability of Charecoal Surface by Different Liguids.—Among the
properties of porous surfaces that are of scientific and industrial importance
the wetting characteristics are particularly significant. These involve
measurements of the angle of contact which a porous surface subtends
with the wetting liquids.

The height to which a liquid rises in a capillary tube of a solid is given
by the well-known relationship,

4y
. "= g
where y is surface tension and p is density of the liquid, 4 is diameter of the
capillary tube and 8 is the angle of contact. Cos 8 obviously is a measure
of the wetting power of the liquid for the ecapillary surface in question,
If, therefore, for & particular porous surface the values of 4 in the case of
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any two liquids of known surface tension and density are k; and Ay, then
their relative wetting powers for the surface will be given by

008 8y _ Byyepy
cos 92 hzf)‘lpz

By means of this equ&tlon relative wetting powers of & number of liquids ,
for a particular surface may be expressed with reference to a certain
standard liquid whose wetting power (cos 8) may be taken as unity.

This principle was made use of in determining the relative wetting
powers of water, acetone and benzene for the various charcoals with respect
to that of methyl alcohol taken as.ynity. The velue of %, the capillary
pull, was determined by & simple apparatus descrlbed by Mills (15). The
results are given in Table VI, -

Disoussion

Considering the effect of various activation treatmen..’.n moisture
adsorption capacity of the charcoals (Table I) it is seen that phosphoric
acid treatment produces easily the best products, hygroscopicity increas-
ing appreciably throughout the entire range of vapour pressure. The
other two methods of activation, namely treatment with zine chloride and
steam, are far less effective. Comparing these two, however, with one
another it is seen that while the former treatment is more effective in the
lower vapour pressure range, the latter is more so in the higher vapour
pressure range. Since smaller capillary spaces are involved in vapour
adsorption at lower vapour pressures and larger ones in adsorption ab
higher vapour pressures it follows that activation with steam doeg not
result in increaging the number of smaller capillaries and that ifs cleansing
and oxidation action is also confined to the hydrocarbon complexes held
up in comparatively larger microspaces only. It is obvious that steam
treatment is to be preferred if the object is to remove vapours from afmos-
pheres of higher vapour pressures and zine chloride treatment if the aim
is to remove moisture from atmospheres of lower relative vapour pressures.

The efficiency of the various activation treatments as far as adsorption
of methyl aleohol vapours is concerned is shown in Table II. The
phosphoric acid treatment is seen again to yield the best materials. The
relative superiority of the other two methods is seen to vary with the
nature of the charcoal; while zine chloride treatment is seen to yield befiter
adsorbents in the case of acacia wood and cotton stalk chars, steam
treatment is seen to be more suceessful in the case of coconut shell and
pine wood chars. Both the methods, however, are of little consequence
in the case of sugar charcoa! which gets activated by phosphoric acid
treatment only.

Decolorizing properties of the charcoals, as adjudged from iodine and
permanganate values (Tables III and IV), are seen to be enhanced
appreciably on activation by phosphoric acid and zine chloride treatments,
the former again producing the maximum effect in all the charcoals.
Steam, on the other hand, seems to be a poor activator as it causes only 2
slight improvement in iodine adsorption and sctual deterioration in
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purmanganate adsorption values, It is interesting to note in this
connection that while zine chloride and steam trestments yield somewhat
eomparable values ag far as vapour adsorption properties are concerned
their effects on iodine and permanganate adsorption values are so markedly
different from each other. Behrman and (Gustafson (5) have reported
that decolorizing properties of charcoal are favoured by low and hindered
by high pH walues. The cause of low decolorizing properties of steam
activated materials appears to lie in their high pH values which were
found to vary from 6-5 to 7-04 while those for phosphoric acid and zine
chloride activated materials were quite low, varying from 2-12 to 3-47 in
the case of different samples. Thetdows of King (11) and Smith, Thornhill
and Bray (18) that iodine adsorption depends only upon the total extent
of charcoal surface and is independent of its nature does not appear to be
quite justifiable. The calculations of surface areas from the results of
iodine ads~ ~*n (18) therefore should not be considered reliable.

Gonsidb‘hg:he various adsorption values on the whole (Tables I to IV)
it is obvious that phosphoric acid treatment is the best process of activation
and that of the various raw materials examined cotton stelks provide
the best material for the preparation of active carbon. It is also evident
that chars obtained from the three cheap wood sources yield betfer products
on activation, than those obtained from coconut shell and cane sugar and
therefore the common helief (14) that chars from nut-shells or fruit pits
or sugars provide better materials for activation than the common varieties
of wood does not appear to be justifiable. The iodine and permanganate
tests were also performed with a commercial sample of ‘Decolorizing
Charcoal’, manufactured by a well-known American firm. The values
obtained were 0-57% and 3-02 gms. respectively. The superiority of the
charcoals prepared hy us is quite obvicus (Tables IIT and IV).

True density is seen fo inerease and bulk density to decrease (both
leading to increased pore space) on activation in all cases (Table V). These
changes seem to be closely connected with the increased ‘activity® produced
in a charcoal. For instance, phosphoric acid treatment which produces
the maximum activation alsc produces the maximum relative increase
in true density and maximum relative decrease in bulk density of the
various products and just as cotton stalk, acacia wood and pine wood chars
geb activated to greater extents, so do they suffer greater relative changes in
true and bulk density values than sugsr and coconut shell chars. It is also
- gignificant that cotton stalk char which shows the maximum adsorption
undergoes the maximum relative changes in the density values on activation.
It appears, therefore, that the effectiveness of activation treatment in a
particular case can be broadly assessed from the measurement of the
relative changes in true and bulk densities undergone by the material,

"~ Twe major factors appear to be responsible for bringing about
increased adsorption on activation, They are: firstly cleansing of the
charcoal surface of the adgorbed hydrocarbons—and other complexes—
which is shown clearly by the increased weftability towards water and
decreased weftability towards organic liguids in most of the. cases on
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activation (Table VI)—and secondly, increase in pore space and internal
surface of charcoal (Table V). The cleansing of charcoal surface seems to
_ be brought about by a sort of differential oxidation in which the hydro-
carbon and other complexes formed during carbonization and strongly
adsorbed by elementary carbon are burnt away, in part or as a whole,
thereby releasing the corresponding adsorptive forces. The increase in
density which takes place at the same time appears to produce an internal
ghrinkage resulting in the formation of numerous smaller spaces within the
charcoal granules increasing thereby the internal surface area of charcoal.

SUMMARY

Active carbon was prepared from five different carbonaceous
materials, including three common varieties of wood, by employing three
well-known activation processes. Jt was found that the method involving
the use of phosphoric acid yields the best adsorbents irrespective of the
nature of the starting material, The success of an activation process can
be agsessed from density and bulk density measuretents.

Active carbons obtained from cheap wood sources were shown to be
better adsorbents than those obtained from coconut shell and cane sugar.
The common belief that the latter provide better materials is, therefore,
not justified.

Cotton stalks when suifably treated yield excellent adsorbents for
vapours a8 well as for decolorizing properties.

Most of the activated materials showed better decolorizing effects
than a commercial ‘decolorizing charcoal’.

The changes in the wetting characteristics of charcoal on activation
were also measured. There was a tendency for charcoal to become more
hydrophillic and less organophillic on activation.
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20, Te'al, L. 8. and Chuang, K. Y, {(1942). Ibid,, 34, 312
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Taste I

Moisture Absorption— Vapour Pressure Relutionships of the warious Chorcoals before
and afier Aetivation,

-

Percentage moisture absorption at difforent
relative humidities,

Deacription,
10%, | 369 |44-89%| 74-39; 88-395| 95.99;{ 99-694
Unactivated 400 | &00) 554 704 T92| 846 ]10:15
ZnCl, treated | 12.25 | 16-80 | 17:86 | 2000 | 21.40 [ 22.70 | 23-50
Acacia Woop
CHARCOAL. Stoam treated | 3-48 1 916 10.92 | 1448 | 20-02 | 27.00 | 31-54
Hanq. troat- [ 18-50 | 48-68 | 53-72 { 67-60 | 67-76 | 61.06 | 61-62
od.
Unactivated 3-97( 680 810| 9.90 | 10-00 | 10-20 | 10:6]1
ZnClg treated | 10-00 [ 12:52 | 13-08 | 14-05 | 16-02 | 1850 | 16-7&
Pmwe Woon
CHARCOAL, Stean? treated | 268 | 963 | 12.08 | 14.50 | 18-04 | 20.21 | 23-25
o H,PO, treat. | 11-50 | 46-32 | 58-04 | 64.00 | 65:02 | 85-52 | 66-00
: ad,
Unactivated 250 | 356 d4-40 | 8-04[11.32|16-10 | 17-48
ZnCly treated | 1225 | 16:06 | 16:56 | 19-52 | 20.92 | 22-6] | 23-51
Corron STALE )
CHARCOAL, Stoam treated | 3.25 | 12-24 | 13-02 | 17-06 { 19-20 | 22:00 | 24-10
H,P0, treat- | 18:50 | 6576 | 62-81 | 68.68 | 71.80 | 72-51 | 74-12
ad. .
Tnactivated 420 760 ) 832)10-35]12-30 | 14-02 | 1540
ZnCly trefved | WUU | T1-U5 ) T1-56 | 1236 [ 1428 | 14775 | 1512
Coconur
) Steayn treated | 2.52 | 15-28 | 17-32 | 19-80 | 2148 | 28.56 | 30-54
CHARCOAL,
HSPO.; treat- | 1866 [ 37-04 | 38-92 | 41-28 | 42-36 | 42:60'] 42-88
od.
Unactivated | 8:00 ) 12:40 | 1252 | 14-43 | 16-56 | 18-35 | 19-0
Zn(lp treated | 926 § 1166 | 12-50 | 14-06 | 16056 | 18-00 | 1850
Cave  Spoan
CHARCOAL, Steam treated | 280 | 865 | 12-25{ 17-00 | 20-05 | 25:06 | 290-08
H PO, treat- | 10-50 | 36-76 | 43-84 | 48-84 | 51-56 | 5280 | 53-00
od,




Tarie 1T

Adsorption of Methyl Aleokol Vapours by the Various Chareoals before and afier
Activation Treatments.

Percentage of methyl aleohol vapours adsorbed
at different relative vapour pressares.

Description,
56-809 | 68-509; | 81-30% | 95309, | 99-7%
| Unactivated 6-10 7.80 9-20 10-40 12:08
ZnCl, treated 1330 | 1864 | 2125 | 2400 | 2580
Acacta  Woobp ,
CHARCOAL. Steam treated 8.78 1048 13-84 20-36 23-00
HPO, treated 31-00 43-48 46-24 46-20 52-08
Unactivated .. 5_-00 9-50 13-00 15-40 15-86
2Zn(Clg treated 11-50 13-30 14-70 16:62 17-50
Pme Woon
CHARCOATL. Steam treated. 10-78 13-00 15-60 1906 20-06
H,PO, troated 82-00 44-80 4500 | 4804 | 56-62
Unactivated .. 370 7-40 9-52 13-84 14-05
ZnCl, treated 11-32 16-40 2]-48 24.-84 25.52
Corrox StALK .
CHARCOAL, Steam treated 875 11-10 12-56 16-42 18-81
H, PO, treated 3372 5080 54-22 57-65 62-84
TUnactivated 5:80 9-62 11-24 1231 16-14
ZnClg treated 10:40 12.22 15-64 16:968 17-20
Coconvur SHELL .
CHARCOAL. Steamn trented 15-02 15-80 18-92 20-06 31-16
H;PO, treated 28-46 3a-12 33-24 34:40 36:50
Unactivated .. 9-60 12:00 15-42 1762 1935
ZnCly treated 0-64 13172 17:20 1980 20-40
CaNE Svaar
CHARODAL, Steam treated 9-32 10-28 12-84 17-28 20-06
H,FO, treated 29740 34-40 35-48 3872 44-02




Tasie 111

Adsorption of Todine by the Various Charcoels before and after Activation,

¥

Grams of iodine adsorbed/gm, charcoal,

Charcoal,
. Zine chloride Steam Phosphoric scid
Unactivated. activated. activated, activated,
1. Aceecin wood . . 312 1414 0317 1-341
2. Pino wood 0-219 1-196 0-242 1-392
3. Cotton stalk ., 0-289 1:312 4295 1702
[
4, Coconut shell. , 0285 1144 344 1274
5. Cana Bugar Q0-192 1-065 0-370 1-850
Tapre IV

Adsarption of Pofossium Permanganate by the Vorious Charcosls before and after

Activtion,

Gms, of KMnOQ, adsorbed/gne. charcoal,

Charcoal,
i, | Tl | St [
. 1. Aeaocia wood . . 0-496 3014 0-208 3122
2. Pine wood 0-602 1326 0.270 2.401
3. Cotton stalk . . 1716 3132 0570 3165
4. Coconut shell. . 0726 0774 0-506 3154
5. Cane sugar 1-406 1-615 D-808 2708




TaBLe V

Density, Bulk Density and Pore Space of Charcoals before and after Activation

Treatments.
Acacin | Pine Cotton [Coconut | Cane
wood. | wood. | stalk. ghell, | sugar.
‘Unnactivated .. 180 1.58 1-56 1-60 178
ZnCl, treated 1-71 1-60 1-62 1-64 1-74
TruE DENSITY . -
‘ Stoam treated 1-8% 1-71 1-82 1-63 1-64
H;PO, treated 1-92 1-90 195 1-90 1-90
TUnactivated .. 056 0-60 0-46 0-81 0-84
ZnCl, troated 0-47 059 0-44 0-81 0.91
Brik DENSITY ’
Steam treated 0.46 0-53 (-44 79 0-68
H;PO, treated 042| o043| o028 063| o082
Unactivated .. 116-10 | 108-10 | 1533 60-95 60.10
ZnCl, treated 154-30 | 105.90 | 185-5 62-40 652.40
PEROENTAGE
PorE SPACE, | Steam treated 184.50 | 130-20 | 172-9 65-20 90.10
H PO, treated 186:00 | 17990 | 3056 108-10 108-60

10
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' Tapre VI

Relotive Wetting Powere of Different Liguids towards the various Charcoals before
and after Acttvation,

Ratio: cos 8 liquidfeos § methy! aleohiol.

Lignid. Treatment,
Acacia, | Pine | Cotton |Coconut | Cans
wood, ! wood. | stalk. | shell. ! sugar.
Unectivated ,. | 0-B48 0780 0922 0-892 -809
ZnCl, activated | 0.912 0-830 0036 0021 0-839
Wares
Stoarm activated | 0-028 0.828 0-089 1.000 0-928
HaPO;  acti- | 0-951 opr2| 0891} 0.956{ 1088
vated.
Unactivated .. 1‘959 1137 1-109 1020 1-089
ZnCl, activated ) 1.000 1.040 1000 0-999 1-048
ACETONE
Stonrn activated | 0-975 1012 1620 1-040 0-988
H,PO, acti- { 1000 0-988 1-015 0-098 0-086
vated,
Unactivated .. | 0-962 0924 0801 0-967 0787
ZnQl, activated | 0-817 0-800 0-804 0-060 0-853
BeENzZENE
Stenm activated | 0-815 0-080 - 0-857 .
HaPO, acti- | 0800 0883 -885 0-054 0-781
vated. .

tiblished by the East Pasjab University, Hoshiarpur, and Printed by Notman A. Ellic, Baptist Misslon
Press, 418 Lower Cirqglar Road, Caleutin.

«



RESEARCH BULLETIN

OF THE

EAST PANJAB UNIVERSITY

No. 20 MATHEMATICS Pp. 13-93

March, 1952

A TABLE OF VALUES OF Ny(1)

by
HANSRAJ GUPTA
(Department of Mathematics, Panjab University College, Hoshiarpur)

Edited for the East Panjab University by Vishwa Nath,
Department of Zoology, East Panjab University,
HOSHIARPUR

Price Rs.10-12-0



A TABLE OF VALUES OF N,(f)
By Hansras Guera, Panjab University College, Hoshigrpur

In 1940, T listed numbers ¢ less than 20,000 which cannot he represented
by Ramanujan’s ternary quadratic form:

224 y2 41022,
The table presented here was compubed then. It gives the non.negative
solutions of the equation.:
(1) ady? =1,
with z Ky and ¢ <20,000. If ng(t) be the number of the non-negative
solutions of (1}, the solutions {a, b) and (b, @) being considered difforent:

when a and b are unequal, then the table gives also the Values of N(t)

defined by the relation:
H

@) S B =D ml)

f=0
If ¢ be the greatest integer, not exceeding %, which is listed in the table,
then
(3) Ny(k) = Ny(t).
The table was of use to me also in computing 2 a “Table of Values of Ny(t)"
giving the number of non-negative solutions of

(4} 22422 8, S 10,000,
Evidently
(I
(5) Moty = > [ViTF)
=0

where (2] denotes as usual the integral part of z.

REFeRENCES

1 Gupta, H. (1941). ‘Some Idiosyncratic Numbers of Ramanujan'. pree. Indian
Acad. Sei., 13, 519-20,
2 Qupte, H, (1047), ‘A Table of Velusy of Ny(t)". Proc. Nat. Ins, Sei,, 13, 35-63.
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¢ @ y LECI z y Ny(t)
Q Q 0 1 104 2 10 94
1 0 1 3 108 § ] 96
2 1 1 4 109 3 10 08
4 0 2 6 113 T 8 100
] 1 2 8 116 4 10 102
8 2 2 9 117 6 9 104
¢ 0 3 11 121 0 1 106
10 1 3 13 122 1 11 108
13 2 3 16 125 2 11
16 0 4 17 5 10 112
17 1 4 18 128 8 8 113
18 3 3 20 130 3 11
20 2 4 22 7 g 117
25 0 8 136 6 10 118
‘3 4 26 137 4 11 121
26 1 B 2B 144 ] 12 123
29 - I 30 145 1 12
32 4™ 4 31 ) 9 27
34 3 8 33 146 5 11 120
3% 0 8 35 148 2 12 131
37 1 4 37 149 7 10 133
40 2 6 19 153 3 12 135
41 4 5 41 157 6 11 137
45 .3 8 43 160 4 iz 139
49 0 Vi 45 162 9 9 140
50 1 7 ’ 164 8 10 142
5 5 45 189 (] 13
62 4 & 50 5 12 146
53 2 q $2 1710 1 13
58 3 v b4 7 11 150
61 5 6 56 173 2 13 162
84, 0 8 58 178 3 13 154
65 1 8 180 6 12 156
4 q 62 18l 9 10 158
68 2 8 64 185 4 13
72 6 ] 65 8 11 162
73 3 8 67 193 7 12 164
74 3 7 59 194 5 13 186
80 4 8 1 196 0 14 168
31 o 9 73 197 1 14 170
82 1 9 15 200 2 14
85 2 9 10 10 173
¢ 7 79 202 9 11 175
8% 5 8 81 205 3 14
80 3 9 - 83 6 13 179
97 4 9 86 208 8 12 181
98 7 i 86 212 4 14 183
100 0 10 218 7 13 185
] 8 90 291 5 14
101 1 10 92 10 11 189




¢ z Y No(t) t % Y Nyfo)
295 0 16 340 4 18

9 12 193 12 14 290
296 1 15 195 346 11 15 292
229 2 15 197 349 i3 18 204
232 6 14 199 363 8 17 206
233 8 13 201 358 10 16 208
234 3 16 203 360 6 18 300
241 4 15 205 361 0 19 302
242 n .11 206 362 1 19 304
244 | 10 12 208 | 365 2 19

-

245 -~ 1 14 210 13 14 308
250 5 16 369 12 15 310
D 13 ©o2l4 370 3 19
266 0 16 218 9 17 314
257 1 16 218 373 7 18 316

260 2 18 377 4 19
8 14 222 11 16 320
261 8 15 224 | 386 5 19 322
265 3 16 388 8 18 324
1 12 9228 389 10 17 328
269 10 13 230 302" 14 14 327
272 4 16 232 304 13 15 320
274 7 15 234 307 6 19 331
277 9 14 236 400 0 20
281 5 16 238 12 16 335
288 12 12 239 401 1 20 337
289 0 17 404 2 20 339
8 15 248 105 9 18 341
290 1 17 409 3 20 343
11 13 247 410 | 7 19
292 8 16 249 11 17 347
203 2 17 251 416 4 20 349
208 10 14 253 421 14 15 351
208 3 |11 255 424 10 18 353
305 4 17 425 6 20
7 16 . 259 . 8 19
306 9 16 261 £~ 13 16 359
313 12 13 263 433 12 17 361
314 5 17 265 436 6 ) 363
317 11 14 267 © 441 0 21 365
320 8 16 269 442 1 21
324 0 18 271 9 19 369
325 1 18 445 2 21
6 17 11 18 373
10 16 277 449 7 20 375
328 2 18 279 450 3 21
333 3 18 281 16 15 378
337 9 16 283 452 14 16 380
338 7 17 457 4 21 382
13 13 288 458 13 17 |- 384




Nt}

¥ ¢ = v Na(t)
461 10 19 386 584 10 22 484
464 8 20 388 585 3 24
466 & 21 390 12 21 488
468 12 18 392 586 15 19 490
477 i T 21 394 592 4 24 492
481 9 20 593 8 23 494
15 16 398 596 14 20 496
482 11 19 400 601 5 24 498
484 0 22 402 605 11 22 500
485 1 22 610 9 23
) 14 17 406 13 21 504
488 2 22 408 612 & 24 508
490 7 21 410 613 17 18 508
493 3 22 817 16 19 510
13° 18 414 625 0 25
500 4 22 7 24
10 20 418 15 20 516
506 8 2] 626 1 25 518
: 12 19 422 628 12 22 520
500 b 22_ 424 620 2 26
512 18 18 425 10 23 524
514 16 17 427 634 3 25 526
520 6 22 837 14 21 528
14 18 431 640 8 24 530
521 11 20 433 641 4 25 532
522 9 2] 435 648 18 18 533
529 (1] 23 437 850 5 26
530 1 23 i1 23
13 19 441 17 19 539
633 2 23 853 13 22 541
7 ‘22 4456 656 16 20 543
538 3 23 447 a57 9 24 B46
541 10 - 21 449 861 L 26 647
544 12 .20 451 666 15 21 549
546 4 23 673 12 23 551
16 17 455 874 7 25 563
548 8 22 457 676 0 26
649 15 18 469 10 24 857
5b4 b 23 461 877 1 26 559
567 14 19 463 680 2 26
562 11 21 465 14 22 683
566 6 23 ) 686 3 26
9 22 469 18 19 567
569 13 20 471 689 8 25 ‘
576 1] 24 473 17 20 571
5717 1 24 476 652 4 26 b73
878 7 23 697 . 11 24
17 17 478 16 21 577
580 2 24 698 13 23 579
16 18 482 701 5 26 681
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¢ x Y Nyt t z ¥ Ng(t}
708 L] 26 583 832 16 24 681
709 15 22 585 833 7 28 683
712 6 26 587 841 0 29
720 12 24 589 20 21 687
722 19 19 590 842 1 20 689
724 18 20 592 845 2 20
725 7 26 13 26
10 25 19 22 695
14 23 598 848 8 28 697
129 0 27 800 850 3 29
730 I 2 11 27
17 21 G04 15 26 703
733 2 27 606 863 18 23 705
738 3 27 G08 857 4 29 707
740 8 26 B6S 9 28
16 22 812 ) 17 24 711
746 4 27 866 i3 29 713
13 24 616 872 14 26 715
746 11 25 618 873 12 27 717
754 & 27 877 ] 29 719
15 23 622 831 16 25 721
757 9 26 624 882 21 21 722
761 19 20 626 884 10 28
765 4] 27 20 22 726
18 21 630 890 7 29
769 12 25 632 19 23 730
772 14 24 634 898 13 27 732
713 17 22 636 9060 L] 30
776 10 26 638 . 18 24 736
778 7 27 640 801 1 30
784 0 28 842 15 26 740
785 1 28 904 2 30 742
16 23 6468 805 8 29
788 2 28 848 1 28 746
793 3 28 205 3 30 T48
8 29 852 914 17 25 750
794 13 25 654 816 4 30 752
97 11 26 856 922 9 29 754
800 4 28 926 b 30
20 20 850 14 27
801 15 24 661 21 22 760
802 19 21 663 928 12 28 762
808 18 22 665 929 20 23 T84
809 5 28 887 932 16 26 766
810 9 27 669 936 [} 30 768
818 17 23 671 937 19 24 770
820 6 28 941 10 29 172
R 12 26 878 949 q 30
821 14 26 877 18 . 25 776
829 10 27 679 953 13 28 778

17



z y Nq(t) i z y Nt
954 15 27 780 17 28 878
961 0 31 782 1076 20 28 880
962 1 33 1082 11 31 882
11 29 786 1088 8 32 884
964 8 30 788 1089 0 33 886
985 2 31 1090 1 33
17 26 792 19 27 890
968 29 29 793 1093 2 33 852
970 3 31 1096 14 30 894
21 23 797 1097 16 29 896
976 20 24 799 1098 3 13 . 898
977 4 31 801 1105 4 33
980 14 28 803 9 a9
981 9 30 805 12 a1
985 12 29 28 24 906
16 27 809 1108 18 o8 908
086 5 31 1108 29 25 010
19 256 313 1114 5 33 912
997 8 3 815 1117 21 28 914
1000 10 30 1124 10 32 916
18 28 819 1125 8 ag
1009 15 28 821 15 30 920
1010 1 31 1128 20 27 922
13 29 825 1130 13 3
1013 29 23 827 17 29 926
1017 21 24 829 1138 7 33 928
1018 17 27 831 1145 11 32
1021 11 - 30 833 19 o8 632
1024, 0 32 835 1152 24 24 933
1028 1 32 : 1153 8 33 935
8 31 1154 23 25 9317
20 o5 84Y 1156 0 34
1028 2 32 843 16 80 841
1033 3 32 845 1167 1 34
1037 14 29 14 1 | 945
19 26 849 0 ) 34
1040 4 39 116 29 o8 949
16 28 853 1165 3 34
1042 9 31 855 18 29 953
1044 12 30 857 1168 12 32 956
1049 5 32 859 1170 9 a3 B
1053 18 27 861 21 a7 959
1058 23 23 862 1172 4 a4 961
1060 8 32 1181 8 34 963
23 24 868 1184 20 28 965
1061 10 31 868 1186 15 31 967
1066 15 29 1189 10 a3
2] 25 872 17 30 971
1069 13 30 874 1192 i 34 973
1073 7 32 1103 13 32 975
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¢ e Yy Ng(d) : z Y Ny(t)
1201 24 25 a77 1321 & 36 1056
1202 19 29 979 1322 19 31 1078
1205 7 34 1326 10 35
23 26 983 13 34
1210 11 33 985 22 29 1084
1213 22 27 987 1332 8 36 1086
1217 16 31 989 1341 21 30 1088
1220 8 34 1345 7 36
14 32 993 16 33 1092
1224 18 30 995 1346 11 35 1094
1225 0 36 1348 18 32 1096
21 28 999 1352 14 34
1226 1 a5 1001 26 26 1099
1229 2= 35 1003 1364 26 27 1101
1233 12 33 1006 1360 8 36
1234 3 36 1007 24 28 1106
1237 9 34 1009 1361 20 31 1107
124] 4 36 1369 0 37
’ 20 29 1013 ) 12 35 1111
1249 15 32 1015 1370 1 37
1250 5 35 23 29 1115
17 31 1373 2 37 1117
25 25 1020 1377 9 36 1119
1252 24 26 1022 1378 3 37
1208 10 34 1024 17 33 1123
1258 13 33 1381 15 34 1125
23 27 1028 1384 22 30 1127
1261 6 35 1385 4 37
19 30 1032 19 32 1131
1268 22 28 1034 1384 5 37
1274 7 38 1036 13 35 1135
1277 11 34 1038 1396 10 36 1137
1280 16 32 1040 1402 21 31 1139
1282 21 20 1042 1405 ] 37
1286 14 33 26 27 1143
18 31 1046 1409 25 28 1145
1289 8 35 1048 1412 16 34 1147
1296 0 36 1050 1413 18 33 1149
1297 1 36 1052 1417 11 368
1300 2 36 24 29 1153
12 34 1418 q 37 1155
20 30 1058 1421 14 35 i157
1301 25 28 1069 1424 20 32 1159
1306 3 36 1429 23 30 1161
24 27 1064 1433 8 37 1163
1306 9 36 1066 1440 12 36 1185
1312 4 36 1068 1444 0 38 1167
1313 17 32 14456 1 as
23 28 1072 17 34
1314 15 33 1074 22 31 1173
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4 x Yy
1448 2 38
1460 9 37

15 35

19 33

1453 3 38

1468 Py 29

1480 4 38

. 20 28

1466 13 36

21 32

1466 26 29
1449 b 38 -

10 37

1478 24 30

1480 8 38

i8 34

1481 16 35

1489 20 33

1480 11 37

23 31

1482 14 36

1483 7 38

1508 8 a8

22 32

1513 12 37

27 28

1514 17 36

1517 19 34

26 29

1521 0 39

16 38

1522 1 30

1526 2 39

] 38

25 30

1530 3 39

21 33

1637 4 39

24 31

1638 13 37

1544 10 38

1546 & 39

1549 18 36

© 1562 16 36

15663 23 32

1566 20 34

1667 [ 39

1565 11 38

14 37

1568 28 28

Naity t & y Nole)
1176 1570 7 36
27 29 1275
1573 22 33 1277
1181 1576 26 30 1279
1183 1585 8 39
1184 17 36 1283
1586 19 36
1188 25 31 1287
1588 12 a8 1289
1192 1594 16 37 1291
1194 1597 21 34 1293
1600 0 40
1198 24 32 1297
1200 1601 1 40 1299
1602 9 30 1301
1204 1604 2 40 1303
1208 1609 3 40 1305
1208 1613 13 38 1307
1618 4 40 1309
1212 1618 23 33 1311
1214 1620 18 38 1313
1216 1621 10 39 1315
1625 15 40
1220 18 37
20 36
1224 28 29 1323
1226 1629 27 30 1326
1636 8 40 1327
1230 1837 26 31 1329
1840 14 38
1284 22 34 1333
1236 1642 11 39 1335
1649 7 40
25 32 1339
1242 1657 19 26 1341
1658 17 37 1343
1246 1664 8 40 1345
1666 12 39
1250 24 33 1349
1252 1666 21 35 1351
1254 1689 15 38 13563
1258 1681 0 41
1258 8 40 1367
¥260 1682 1 41 :
1262 29 29 1380
1264 1684 28 30 1362
1266 1685 2 41
23 84 1366
1270 1690 3 41
1271 13 39

20




t ® Yy Ng(t) £ x Yy Ng(!)

27 31 1372 1818 7 42 1471

1693 18 37 1374 1818 27 33 1473
1696 20 36 1376 1826 12 41
1697 4 41 1378 15 40

1700 .1.0 40 23 36 1479

16 38 1828 8 42 1481

26 32 1384 1832 26 >4 1483

1706 5 41 1386 1844 20 38 1485
1709 22 35 1388 1843 9 42

1714 25 a3 1390 18 39 1489

in7y 6 41 1849 0 43 1491
14 39 1394 1850 1 43
1721 11 40 1206 13 41

1730 7 41 25 35 1497
19 37 1400 1853 2 43

1732 24 34 1402 22 37 1501

1733 17 " 38 1404 1856 16 40 1503

1737 21 a6 1406 18568 3 43 1505

1741 29 30 1408 1861 30 31 150%

1744 12 40 1410 1864 10 42 1509
1745 3 41 " 1865 4 43

28 31 1414 29 32 1513

1746 15 39 1416 1872 24 36 1515

1763 27 32 1418 1873 28 33 1517

1764 23 35 1420 1874 5 43 1519

1762 9 41 1422 1877 14 41 1521

1764 0 42 1424 1882 19 39 1523
1765 1 42 1885 6 43
26 33 1428 11 42
1768 2 42 21 38

18 38 1432 27 34 1531

1769 13 40 1889 17 40 1533
20 37 1436 1898 7 43

1773 3 42 1438 23 37 1537

1777 16 39 1440 1901 26 35 1539

1780 4 42 1006 15 41 1541

22 36 1444 1908 12 42 15643

1781 10 41 19613 B 43 1545
25 34 1448 1921 20 39

1789 6§ 42 1450 25 36 1649

1786 14 40 1452 1622 31 31 1650
1800 8 42 1924 18 40

30 30 1455 30 32 1554

1801 24 35 14567 1928 22 38 1556
1802 1 41 1930 9 43

29 -31 1461 29 33 1560

1805 18 38 1463 1933 13 42 1562

1808 28 32 1465 1936 0 44 1564
1810 17. 39 1937 1 44

21 37 1469 16 41 1668
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[ ] y No(t) t z y No(t)
1940 2 44 2061 8 45 1669
. 28 34 1572 2066 29 35 1671
1945 3 44 2068 25 38 1673
24 37 1578 2074 7 45
1949 10 43 1578 15 43 1677
1952 4 44 1580 2080 12 44
1954 27 35 1582 28 36 1681
1960 14 42 1584 2081 20 4} 1683
1961 & 44 2084 22 40 1685
19 40 1588 2088 18 42 1687
1982 21 39 1590 2089 B 45 1689
1970 11 43 2097 24 39 1691
17 41 1594 2098 27 37 1693
1972 [ 44 21065 13 44
26 36 1598 16 43 1697
1973 23 3s 1600 2106 9 45 1699
1985 7 44 2113 32 33 1701
31 32 1604 2116 ] 4% 1703
1989 15 42 2117 1 46
30 33 1608 31 34 1707
1993 12 43 1610 2120 2 46
1994 25 37 1812 - 26 38 1711
1997 29 34 1614 2122 21 4] 1713
2000 8 44 2125 3 46
20 40 1818 10 45 .
20056 18 41 19 42
22 39 1622 30 35 1721
2009 28 35 1624 2129 23 490 1723
2017 9 44 1626 2132 4 46
2018 13 43 1628 14 44 1727
2020 18 42 2137 29 36 1729
24 38 1632 2138 17 43 1731
2025 0 45 2141 5 46 1733
27 36 1636 2146 11 45
2026 1 . 45 1638 25 39 1737
20290 2 45 . 16840 2152 6 46 1739
2034 3 45 1642 2153 28 37 1741
2036 10 44 1644 2161 15 44 1743
2041 4 45 2164 20 42 1745
21 40 1648 2166 7 46
2042 19 41 1650 22 41 1749
2045 14 43 ‘2169 12 - 45 1751
26 37 1664 2173 18 43
2048 32 32 1655 29 38 1765
2050 i1 45 2176 24 40 1757
23 39 2178 33 33 1758
31 33 . 1681 2180 8 46
2053 17 42 1663 32 34 1762
2056 30 34 1665 2186 31 38 1764
2057 11 44 1667 2192 - 16 44 1766
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= y Noft) - t =
2194 13 45 1768 2313 3
2196 30 36 1770 2314 17
2197 9 46 33
26 -39 1774 2320 4
2205 21 42 1776 32
2209 0 47 1778 2399 5
2210 1 47 27
19 43 2330 11
23 4 3N
29 37 1786 2333 22
2213 2 47 1788 2336 20
2216 10 46 1780 2340 6
2218 3 47 1792 24
299} 14 45 1794 2341 15
2225 4 47 2344 30
;7 44 1800 2349 18
i 40 2353 7
2228 28 38 1802 12
2234 5 47 1804 2357 26
2237 11 46 1808 23692 29
2245 8 47 2368 8
13 34 1810 2372 16
2248 22 42 1812 2377 21
2249 20 43 2378 13
32 35 1816 23
2850 é5 45 2381 34
7 39 1820 2384 28
2257 24 41 2385 9
31 36 1824 33
2258 7 47 1826 2386 19
2260 12 46 2389 25
i8 44 1830 2303 32
2269 30 37 1832 2401 0
2273 8 47 1834 2402 1
2276 28 40 1838 2404 10
2283 - 16 45 1838 2408 2
2285 13 46 | 14
29 38 - 1842 i7
2290 9 47 31
23 43 1848 2410 3
2293 23 42 1848 27
2297 19 44 1850 2417 4
2304 0 48 1852 2420 22
2305 1 48 2421 30
28 30 1856 2425 11
2306 25 41 1858 20
2308 2 48 1860 24
-:.:309 10 47 1862 2428 8
2312 14 46 ) 2434 15
34 34 1865 2437 6

Y Na(t)
48 1867
46

35 1891
48

36 1875
48

40 1879
49

37 1883
43 1885
44 1887
48

42 18M -
48 1893
38 1885
45 1897
48

47 1901
41 1903
39 19045
48 1807
48 1909
44 1911
47

43 1915
35 1917
40 1919
48

38 1923
45 1925
42 1927
7 1929
490 1931
49 1933
48 1935
49

47

48

34 1043
49

41 1947
449 1949
44 1951
30 1953
48

45

43 1959
49 1981
47 1963
49 1965

23



t x Y Nt} t z ¥ Noft}
2440 18 46 31 40 2066
26 42 1969 2564 8 50 2068
2441 29 40 197N 2570 13 49
2448 12 48 1973 19 47 2072
2450 7 49 2578 27 43 2074
35 35 1976 2581 9 50
2452 34 36 1978 30 41 2078
2458 - 33 37 1980 2502 36 38 2079
2465 8 49 2593 17 48 2081
16 47 2504 36 37 2083
23 44 2597 14 49 2085
28 41 1988 2600 10 &0
2468 21 45 1690 22 46
2468 32 38 1992 - 34 38 200
2473 13 48 1994 2601 1) 51
2474 25 43 1696 24 45 .2095
‘2477 19 46 1998 2602 1 51 2007
2482 9 49 2608 2 51
: 31 39 2002 29 42 2101
2493 27 42 2004 2609 20 47 2103
2498 37 47 2006 2610 3 51
2500 ] 60 33 39 2107
14 48 2612 26 44 2109
30 40 2012 2817 4 51 2111
2501 1 50 2621 11 50 2113
10 49 2016 2824 32 40 2115
2504 2 50 2018 2626 5 51
2609 3 50 15 49 211%
22 45 2022 2628 18 48 2121
2512 24 44 2024 2633 28 43 2123
2616 4 50 2637 [ i3 2126
20 46 2028 2842 3 41 2127
2521 15 36 2030 2644 12 50 2129
2522 11 49 2646 23 46 2131
20 4] 2034 2850 7 51
2525 5 &0 a1 47
26 43 . 25 45 2137
34 37 2040 2657 16 49 2139
2529 15 48 2042 2664 30 42 2141
2533 18 47 2665 8 51
23 38 2046 19 48
2536 ] 50 2048 27 44
2545 12 49 36 37 2149
32 39 2052 2660 13 50
2548 28 42 2054 35 38 2153
2549 7 &0 2671 34 39 2166
2554 23 45 2058 - 2682 9 51 2157
2557 21 46 2060 2689 33 40 2159
2560 16 48 2062 2690 17 49
2561 25 44 29 43 2163




r x Y Ng(t) ¢ & y Noft)
2692 24 46 2185 37 38 2244
2693 22 4 2167 2817 30 38 22668
2606 14 50 21469 2818 3 &3 22688
2701 10 61 2824 18 50 2270

26 45 2173 2826 4 53
2704 0 52 11 52
20 48 2177 35 40 2278
2705 1 52 2826 15 51 2978
32 41 2181 2833 2 48 2280
2708 2 62 2183 2834 5 53
2714 3 B2 2185 25 47 2284
21720 4 52 2836 30 44 2986
28 44 2189 2837 34 41 2288
2924 11 51 2191 2842 21 49 2960
2728 15 50 2845 [ 653
18 49 a7 48 2204
31 42 2197 2848 12 62 2298
2729 5 52 2199 2853 33 42 2208
2738 23 47 2867 i6 51 2300
37 37 2202 2858 7 53 2302
2740 3] 52 28681 19 50 2304
36 38 2206 2366 29 45 2306
2741 25 46 2208 2873 8 63
2745 12 51 13 52
21 48 2212 32 43 2312
146 b 39 2214 28840 24 43 2314
2749 30 43 2216 28845 22 40 .
2753 7 52 2218 26 47 2318
2764 21 45 2220 2888 38 38 2319
2766 18 50 2800 9 &3
34 40 2224 17 51
2762 19 49 2224 a7 39 2338
2768 8 52 2228 2804 36 40 2387
2770 13 bl 2807 31 44 2329
33 41 2232 - 2900 14 52
2717 29 44 2234 20 50
2785 9 52 28 46 2335
24 47 2238 2906 35 41 2337
2788 22 48 2909 10 53 2339
32 42 2242 29186 0 b4 2341
2788 17 B0 2244 2917 1 54 2343
2742 26 46 2246 2920 2 54
2747 14 51 2248 34 42 2347
2801 20 49 2250 2025 3 54
2804 10 52 2252 18 51
2809 0 63 30 45 2353
28 45 2256 2929 15 62
2810 1 53 25 48 2387
31 43 2260 2930 11 63
2813 2 53 23 49 2361
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t z Y Nefr) t x Y Ny(e)
2032 4 o4 2363 a6 42 2462
2038 27 47 3061 ] 66 2464

33 43 2387 3065 16 53
2041 5 54 19 52 2468
21 50 ¢ 2371 3074 7 55
2052 8 54 2373 35 43 2472
2053 12 53 2375 3076 24 &0 2474
2057 29 46 2377 3077 26 49
2960 16 52 31 46 2478
32 44 2381 3085 13 54
2062 19 51 - 2383 : 22 51 2482
2965 7 54 3088 28 48 2484
38 30 2387 3089 8 55 2486
2969 37 40 2389 3092 34 44 2488
2977 24 49 3008 17 53 2490
36 41 2393 3104 20 52 2402
2978 13 53 2396 3106 9 it 2404
20980 8 64 3109 30 47 2496
- 20 48 2399 3112 14 54 2498
2984 22 50 2401 3114 33 45 2500
2986 31 45 2403 3121 39 40 2502
2989 35 42 2406 3125 10 55
20093 17 52 25 50 ‘
28 47 2409 , 38 41. 2508
2007 ] i} 2411 3130 23 51
3001 20 51 2418 27 40 2512
3005 14 53 3123 18 03
34 43 2417 37 42 2516
3016 10~ 54 3136 0 56 2518
30 46 2421 3137 1 58 2520
3025 0 55 3140 2 56
33 44 2426 32 46 2624
3026 1 55 : 3141 15 54 2526
26 49 2429 3145 3 56
3028 18 52 2431 7 52
3020 2 55 29 48
23 50 2435 365 43 2534
3033 27 48 2437 3146 11 55 2536
3034 3 56 3152 4 56 2538
15 53 2441 3161 5 56
3037 11 54 2443 35 44 2542
5041 4 55 2445 3169 12 56 2644
3042 21 51 3170 19 53
39 39 2448 31 47 2548
3044 38 40 2450 3172 6 56
3049 32 45 2452 16 b4 2652
3050 5 55 3176 26 50 2664
20 47 3177 24 51 2666
37 41 2458 3181 34 45 2558
3060 12 64 3185 7 56

26




¢ z ¥ Neft) ¢ x ¥ Nelt)
: 28 49 2562 3313 8 57 2661
3188 22 52 2564 3314 17 56 2663
3164 13 55 25686 3318 20 54 2665
3200 8 56 3321 36 45 2667
40 40 25669 3328 32 48 2669
3202 39 41 2571 3320 25 52 2671
3204 30 48 2573 3330 9 57
3205 17 54 27 51 2675
33 48 2577 3332 14 56 2677
3208 38 42 2579 3338 23 53 2679
3209 20 63 2681 3341 29 60
3217 9 58 2583 35 46 2683
3218 37 43 2685 3349 [ 67
3221 14 b6 2687 18 55 2687
3226 25 51 2589 3357 21 54 2689
3229 27 50 2501 3361 15 56 2691
3232 36 44 2593 3362 31 49
3233 23 52 41 41 2694
32 47 2597 3364 0 58
3238 10 56 2599 40 42 2698
3240 18 54 2601 3366 1 58
3243 29 49 2603 34 47 2702
3249 0 57 2605 3368 2 58 2704
3250) 1 57 3370 n 57
16 56 39 43 2708
21 53 3373 3 58 2710
35 45 2613 3380 4 58
3253 2 51 2615 28 52
3257 11 56 -| 2617 38 44 2716
3268 3 57 2619 3385 24 53
3265 4 57 28 51 2720
31 48 2623 3386 19 55 2722
3272 34 46 2625 3389 5 58 2724
3274 5 57 2627 3392 16 56 2726
3277 19 54 3393 12 57
26 51 2631 33 48 2730
3280 12 56 : 3304 37 45 2732
24 52 2635 3400 6 58
3231 16 55 22 54
40 41 2639 30 B 2738
3234 28 50 2641 3412 36 46 2740
3235 6 87 |’ 3413 7 58 2742
39 42 2645 3418 i3 57 2744
3203 22 53 3425 17 56
38 43 2649 20 5
298 7 57 32 49 2750
33 47 2653 3428 8 58 2752
3301 30 49 2655 3433 27 52 2754
3505 13 56 .l 3434 25 53
37 44 2659 36 47 2758
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H » y Nglt) i © y Nplt)
3442 29 51 2760 38 46 2859
3445 9 58 . 3562 9 59

14 57 31 51 2863
23 54 3573 18 57 2865
41 42 2768 3577 21 56 2867
3449 40 43 2770 3578 37 47 2869
3457 39 44 2772 3581 10 59 2871
3460 18 56 3589 15 58
34 48 2776 33 50 2875
3461 31 50 2778 3502 26 54 2877
3464 10 58 2780 3503 28 53 2879
3466 21 55. 2782 3600 0 60
3466 38 45 2784 38 48 2883
8474 15 57 2786 3601 1 60
3481 0 59 2788 24 55 2887
3482 1 59 2790 3602 11 59 2889
3485 2 50 3604 2 60
11 58 30 52 2803
26 53 3609 3 60 2896
37 46 2798 3610 19 57 2897
3488 28 52 2800 3613 42 43 2800
3490 .3 59 3616 4 60 - 2901
33 49 2804 3617 41 44 2903
3492 24 54 2806 3620 16 58
3497 4 59 22 56 2907
i9 56 2810 3625 5 60
3501 30 51 2812 12 59
3505 16 57 32 51
36 47 2816 40 45 2915
3506 B 59 2818 3626 36 49 2917
3508 12 88 2820 3636 & 60 2919
3500 22 66 2822 3637 39 46 2021
3617 6 59 2824 3645 27 54 2923
36524 .32 50 2826 3649 7 60
3528 42 42 2827 20 57 2027
3529 35 48 2829 3650 13 50
3530 7 59 25 55
41 43 2833 29 53 2933
35633 13 58 2835 3853 17 58
3536 20 56 38 47 2937
40 44 2839 3656 34 50 2039
3538 17 57 3664 8 60 2041
27 53 2843 3665 23 56
8541 25 54 2846 31 52 2045
3545 8 58 3673 37 48 2047
29 52 2840 3677 14 59 29490
3546 30 45 2851 3681 9 60 2051
3554 23 56 2853 3688 18 58 2953
3557 34 49 2855 3690 21 57
3560 14 58 33 51 2957

28




t ® ¥ Nyt t z v Nelt)
3697 36 49 2059 3812 26 56 3058
3698 43 43 2960 3816 30 b4 3060
3700 10 60 3821 10 61 3062

28 54 3825 15 60
42 d4 2966 24 57
3701 26 55 2968 38 48 3068
3708 15 59 3824 35 51 3070
41 45 2972 3833 32 63 3072
3709 30 53 2074 3842 11 g1
3712 24 50 2976 19 b9 3076
376 44 49 2978 3044 ) 62 3078
3721 0 61 38456 1 62
11 60 2982 38 49 3082
3722 1 61 2984 3848 2 62
3725 2 81 22 a8 3086
19 58 3863 8 82 3088
36 B0 2990 3866 16 60 3090
3728 32 52 2982 3860 4 62
3730 3 61 B84 52 3004
39 47 2996 3865 12 61 ,
3733 22 57 2998 27 66 3098
3737 4 61 3866 29 56 3100
16 a9 3002 3869 5 a2
3744 12 a0 3004 37 50 3104
3746 5 81 3006 3872 44 44 31056
3748 38 48 . 3008 3874 25 a7
37564 27 55 3010 43 45 3109
3757 6 61 3877 31 54 3111
29 54 3880 6 62
34 51 3016 42 46 3116
3761 25 56 3018 3881 20 89 3117
3764 20 58 3020 3889 17 60 3119
3769 13 60 3022 3800 13 61
3770 7 61 41 47 3123
17 59 3893 i 62
31 63 23 58 3127
37 49 3030. 3897 36 61 3129
3778 23 87 3032 3898 33 53 3181
3785 8 61 3904 40 48 3133
43 44 3036 3908 8 62 3135
3789 42 45 3038 3917 14 61 3137
3793 33 562 3040 3920 28 56 3139
3796 14 60 3922 21 5%
36 60 3044 39 49 3143
3797 41 46 3046 3924 18 60 " 3145
3802 9 61 3048 3925 9 82
3805 13 i1t] 26 51
21 68 3062 30 66 31561
3809 28 55 3029 35 52 3153
40 47 3056 3940 24 58
2
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t z ¥ Nolt) ¢ T Y No(t)
32 54 3157 4068 42 48 3256
3944 10 82 4069 10 63
38 50 3161 15 62 3260
3946 16 81 3163 4072 34 B4 3262
3961 19 60 4073 37 52 3264
44 45 3167 4082 19 61
3065 11 62 41 49 3208
22 59 4084 22 60 3270
34 53 4090 il 63
43 48 3175 29 57 3274
3969 0 63 3177 4093 27 58 3278
3970 1 63 40096 0 64 3278
37 51 3181 4097 i 64
3973 2 63 31 66 3282
42 47 3185 4100 2 64
3977 16 61 16 82
20 56 3189 40 60 3288
3978 3 63 4105 3 64
27 57 3193 36 53 3202
3985 4 83 4106 25 59 3204
41 48 3197 4112 4 64 3296
3986 31 85 3199 4113 12 63 3208
3988 12 82 3201 4114 33 56 3300
3089 25 58 3203 4121 5 64
3004 5 63 3205 20 61 3304
4000 20 60 4122 39 51 3306
36 52 3209 4129 23 60 3308
4001 40 49 3211 4132 ] 64 3310
4008 6 63 4133 17 62 3312
33 54 3215 4138 13 63 3314
4010 17 61 4141 35 64
23 59 3219 46 46 3318
4013 13 62 3221 4145 7 64
4018 7 63 3223 44 47 3322
4021 39 50 3225 4148 28 58
4033 8 63 38 52 332¢
28 57 3229 4149 30 67 3328
4034 35 53 3231 4163 43 48 3330
4036 30 56 3233 4157 26 59 3332
4040 14 62 4160 8 64
26 58 3237 32 56 3336
4041 21 60 3239 4162 21 61 3338
4045 18 61 4165 14 63
38 6l 3243 42 49 3342
4049 32 65 3245 1168 18 62 3344
40560 9 63 4176 24 60 3346
45 45 3248 4177 9 64 3348
4052 44 46 3250 4178 37 63 3350
4067 24 59 3252 4181 3 55
4058 43 47 3254 41 50 3354
30 28




¢ z y Ngl(t) t 2 9 Nglt)
4194 15 83 3356 43922 20 59 3455
4196 10 64 3358 4325 10 66
4201 40 51 3360 31 58
4205 19 62 46 47 3461
29 61 4328 22 62 3463
29 58 3386 4329 27 60
4210 27 58 45 48 3467
31 51 3370 4330 19 83
4212 36 54 3372 39 53 3471
4217 1 64 3374 4337 44 49 3473
4925 0 66 4338 33 57 3475
16 63 4348 11 65 .
26 60 25 81 3479
33 56 4349 43 50 3481
39 52 3384 4352 16 84 3483
4226 i 65 3386 4356 0 86 3485
4229 2 65 3388 4357 1 66 3487
4232 46 46 2389 4360 2 66
4934 3 65 38 54 3401
45 47 33903 4361 35 56 3493
4240 12 64 4365 3 86
44 48 3397 42 51 3407
4941 4 65 3399 4360 12 85
4244 20 62 3401 20 63 3501
4250 B 65 4372 4 66 3503
23 61 4373 23 82 3505
35 56 4381 3 68
43 49 3409 30 59 3509
4253 38 53 3411 4384 28 60 3511
4258 17 63 3413 4385 17 64
4261 6 65 3415 41 52 3515
4264 30 [it:] 4388 12 58 3517
42 50 3419 4392 & 86 3510
4265 13 64 4304 13 65
28 59 3423 37 55 3523
4273 32 57 3425 4397 26 61 3826
4274 7 65 3427 4406 7 66
4976 26 60 3420 34 51 3528
4282 41 61 3431 4409 40 53 3531
4285 21 62 4410 21 63 3533
37 54 3435 4418 47 47 3534
4280 8 65 8437 4420 8 66
4992 14 64 18 64
34 56 3441 24 62
4293 18 83 3443 46 48 3542
4297 24 61 3445 4421 14 65 3544
4304 40 52 3447 4426 45 49 3546
4300 9 66 3449 4432 36 56 3548
4321 1% B4 4436 44 5o 35650
36 56 3453 4437 9 66
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t x Y l\yg(i) t 4 Yy Ng(t)
39 54 3554 4562 29 61 3654
444] 29 60 3566 4570 9 67
44432 31 59 3558 33 a9 3658
4450 15 65 4573 27 62
27 81 42 53 3662
43 51 3564 4580 22 64
4453 22 63 38 56 3666
33 58 3568 4581 15 66 3668
4456 10 66 3670 4586 19 85 3670
4457 19 64 3572 4589 10 67
4468 42 52 3574 35 58 3674
4469 25 62 4504 25 63 3676
38 56 3578 4597 41 54 3678
4474 36 57 3580 4608 48 48 3679
4477 11 66 3532 4610 11 a7 .
4481 16 65 3584 47 49 3683
4489 0 67 3586 4812 16 66 3685
4460 1 67 4616 46 50 3687
41 53 3500 4618 37 57 3689
44903 2 67 3592 4621 30 61 3691
4496 20 64 3594 4624 0 68
4498 3 87 32 60 3695
23 63 3508 - 4625 1 08
4500 12 66 20 65
30 G0 3602 23 64
4506 4 67 40 66 3703
28 61 4626 45 51 3705
32 59 4628 2 68
37 56 3610 2% 62 3709
4513 47 48 3612 4633 3 68
4514 5 67 12 67 3713
17 65 3616 4637 34 59 3714
4516 40 54 3618 4640 4 68
4517 46 49 3620 44 52 3719
4520 268 62 4645 17 66
34 58 3624 26 63 3723
4525 8 67 4649 5 68 3725
13 66 4657 39 58 3727
45 50 3630 4658 13 67
4537 21 64 43 53 3731
44 41 3634 4660 g 68
4638 T 67 3636 36 58 3735
4645 24 63 4606 21 66 3737
36 57 3640 4672 24 64 3739
4646 39 55 3642 4673 7 68 T4l
4549 18 65 3644 4680 18 66
4652 14 66 3640 42 64 3746
4563 8 67 4682 31 61 3747
43 52 3660 4686 id 67
4561 31 60 3652 20 62 3751
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¢ x ¥ Nolt) F z ¥ oft)
4688 8 €8 3763 33 61

4689 33 60 3735 47 5l 3854

4693 as a7 36T 4813 18 67 3856

4008 27 63 3759 4817 41 i3] 3858
4703 4 - 68 4820 14 88

48 49 3763 46 52 3862
4708 35 59 4825 8 69
43 55 3767 27 64

4709 22 65 ‘ 35 [il4] 3868

47 50 Byki 4834 45 53 3870

4714 15 67 3773 4840 22 66 3872

4717 19 66 4842 14 69 3874
48 a1 3777 4849 15 68

4721 26 64 3779 40 67 3878
4724 10 68 3781 4850 19 67
4729 45 62 3783 25 66

4733 a7 58 3785 37 59 3884

47386 40 ] 3787 4852 44. 54 3886

4744 30 (34 3789 4881 10 Go 3888

4745 11 68 4868 32 62 3800

16 67 4869 30 63 3802

32 al 4874 43 B5 3894

44 53 3797 4877 34 61 3896
4753 28 63 3799 4880 16 68

4954 23 85 3801 28 64 3900

4766 20 66 4882 11 69 3902
34 80 3805 4885 23 66

4761 0 69 3807 a9 58 3906

4762 1 69 3809 4880 20 67 3908

4765 2 69 4896 36 60 3810
43 54 3813 4800 0 70

4768 12 68 3815 42 1] 3014
4770 3 69 4901 1 70
39 57 3819 28 65

4972 26 64 3821 49 50 3920

4975 4 69 4904 2 70 3022
38 59 3825 4905 12 69

4778 17 67 3827 48 81 3076

4784 B 69 3829 4909 3 70 3028
4783 42 b6 3831 4913 17 68

4793 13 68 3833 47 52 3032

4797 6 69 4916 4 70 3034
21 ] 3837 4925 5 70
4801 24 65 3839 a8 59

4802 49 49 3840 46 63 3040
4804 48 50 3842 4930 13 69
4805 31 62 3844 21 67
4808 38 58 3846 31 63

4810 7 69 41 57 3048

29 63 4932 24 66 3950
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t x ¥ Ny t ] Y Nolt)
4933 33 62 3052 24 87 4051
4036 ) 70 3054 5086 5 71
4937 29 64 3956 29 65 4055
4941 43 54 3958 5080 13 70
4946 35 6l 3960 35 62 4059
4048 18 68 3962 5072 44 56 4061
4949 7 70 3964 5077 8 71 4083
4954 27 65 3966 5081 40 59 4065
4067 14 69 3068 5085 18 60
4961 44 56 3970 27 86 4069
4984 8 70 5090 7 71

40 58 3974 37 61 4073
4969 M 60 3976 5096 14 70 4075
4973 22 67 3978 5098 43 57 4077
4981 9 70 5101 50 Bl 4079
. 25 68 3982 5108 8 7
4985 19 68 49 52 4083
‘ 43 56 3086 5108 23 88 4085
4986 15 - 69 39088 5113 48 53 4087
4903 32 63 3990 5114 25 67 4089
4996 30 64 3992 5120 32 64 4091
5000 10 70 5121 39 60 4093
34 62 5122 9 71
50 50 3007 19 89 4097
5002 39 59 5125 15 70
49 81 4001 30 65
5008 48 52 4003 34 63
5009 28 65 4005 47 54 4105
5013 42 57 4007 5128 42 88 4107
5017 16 69 5140 28 66
36 6l 4011 36 62 4111
6018 23 67 6141 10 71
47 53 14015 46 55 4115
5021 11 70 4017 6153 23 68 4117
5024 20 68 4019 5166 16 70 4119
5032 26 66 5161 20 89
48 54 4023 45 58 4123
6041 0 71 4025 5182 11 71
5042 1 71 4027 41 59 4127
5044 12 70 5185 28 67
38 60 4031 38 61 4131
5045 z 71 5184 0 72 4133
41 58 . 4035 5186 1 72
5050 3 71 12 71
17 68 33 84
45 55 4041 dd 57 4141
6057 4 71 5188 31 65 4143
31 64 4045 5188 2 72 4145
5058 33 63 4047 5189 17 70 4147
5065 21 68 5193 3 72 4149
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¢ T Yy Nolt) 1 T Yy Ng(t)

5194 35 63 4151 40 61 4250

5197 29 48 4153 5328 12 72 4262
5200 4 72 5329 0 73

24 68 48 B5 4256
40 60 4159 5330 1 73
5202 21 69 17 71
51 51 4162 29 67

5204 50 52 4184 43 58 4264

5209 5 72 4168 5333 2 73 4266

5210 13 71 5337 24 69 4268
49 653 4170 5338 3 73

5213 37 62 37 63 4272

43 68 4174 56341 21 T0 4274
6218 217 87 4176 65345 4 3

5220 [i] 72 47 56 4278
48 b4 4180 5353 13 72

5224 18 70 4182 27 68 4282

5233 7 72 4184 5354 5 73 4284

5234 47 55 4186 5364 42 60 4288
5237 14 71 4188 5365 8 73
5242 30 61 4190 18 71
5245 22 69 39 62

42 59 4194 46 57 4294

5248 8 72 4198 5378 7 13 42486
5249 25 68 B38O 14 72

32 66 4200 32 [:]:] 4300

5252 34 64 8381 34 65 4302

46 56 4204 5354 22 70 4304

5256 30 66 4208 5386 25 89 4306
5261 19 70 4208 5389 30 67

5265 9 72 45 A8 4310

36 83 4212 5392 36 64 4312

5266 15 N 4214 5303 8 73 4314
5273 28 67 4216 5402 19 71

5274 45 57 4218 41 61 4318
65281 41 60 4220 5408 28 68

5284 10 72 4229 52 3] 4321

5288 38 62 4224 5409 15 72 4323
5200 23 69 4226 5410 9 3

5297 16 71 4228 51 53 4327

5300 20 T0 5413 38 63 4329

26 68 5416 50 b4 4331

44 58 4234 5417 44 59 4333

5306 11 72 5426 49 b& 4335
51 52 4238 5429 10 73

5309 50 53 4240 23 70 4339

5314 33 65 4242 5437 26 i3] 4341
5317 31 66 65440 18 72

49 54 4248 48 b8 4345

5321 35 64 5441 20 71 4347
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¢ z y Nol2) t 7 Yy No(t)
5dd4 40 62 4349 43 81 4449
5445 33 66 4351 5573 47 58 4451
5449 43 60 4353 5576 10 74
5450 11 43 26 70 4455
31 87 8578 33 87 44517
35 65 4359 5581 35 66 4459
5458 47 67 4361 5584 20 72 4461
5465 29 68 5585 16 73
37 64 4365 31 68 4465
5473 12 73 5604 37 85 4467
17 2 4369 5597 11 4
5476 0 74 46 50 4471
24 70 4373 5602 29 60 4473
5477 1 74 4375 5608 42 82 4475
5480 2 74 6617 24 71
48 58 4379 39 64 4479
5482 21 7 4381 BBLS 17 "3 :
5485 3 74 53 53 4482
42 61 4385 5620 12 74
5480 27 69 52 54 4486
30 63 4389 5625 0 73
5492 4 74 4391 21 72
5488 13 73 4393 45 80 4492
5501 5 74 4395 5626 1 75
5506 45 59 4397 51 55 4496
5508 18 72 4399 5629 2 75
5512 6 74 27 70 4500
34 66 4408 5634 3 76 4502
G613 32 67 5636 B0 56 4504
52 53 4407 5641 4 7 4506
5517 51 54 4409 5645 13 T4
5521 36 65 4411 34 67 4510
5524 30 68 4413 5648 32 68 4512
5625 7 74 5650 it 75
14 73 41 63
22 71 49 57 4518
25 70 5652 36 66 4620
41 62 5853 18 73 4522
50 55 4495 5657 44 61 4524
5536 44 60 4427 5661 6 75
5587 49 56 4429 30 69 4528
5540 8 74 6666 25 71 4530
38 84 4433 5668 22 79
5545 19 72 48 58 4534
28 89 4437 5669 38 65 4636
5553 48 57 4439 6672 14 74 4538
5654 15 73 4441 5674 7 15 4540
5557 9 74 4443 5684 28 70 4542
5669 40 63 4445 5689 8 75 4544
B5T0 - 23 M 5690 19 73
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t x y Noft) i x y No(t)
47 59 4548 5818 43 63 4648
5693 43 62 4550 5821 14 75 4650
5696 40 04 4552 5826 7 76
5701 15 74 4654 28 71 )
5708 9 75 4556 40 65 4656
5713 23 72 . 5832 54 54 4657
33 68 4560 5834 53 55 4659
5714 35 87 4662 837 19 74
5718 46 60 4564 46 61 4663
5717 26 71 4568 5840 8 78
5722 31 69 4568 52 56 4667
6725 10 75 5849 35 68 4669
37 66 6850 15 75
53 54 4574 33 69
5729 20 73 51 57 4675
52 55 4578 5857 9 78 4677
5732 16 74 4580 5368 23 78
5733 42 63 4582 37 67 4681
5737 51 68 4584 5860 26 72
5741 29 70 4588 42 84 4683
5746 11 75 5861 31 70 4687
30 65 5864 50 58 4689
45 81 4592 5860 45 62 4691
5749 5O 57 4504 5876 10 76
5760 24 72 4596 20 74 46956
5765 17 74 5877 39 66 4697
49 58 4800 5881 16 75 4699
5769 12 75 4602 5382 29 71
5770 21 73 49 59 4703
27 71 4606 6897 11 76 4705
5778 ) 76 4608 5904 48 60 4707
57171 1 76 5905 24 73
41 64 4612 44 63 4711
5780 2 78 5906 41 85 4713
34 68 5013 27 79 4715
44 62 4618 5014 17 75 4717
5785 3 7% 5917 21 74
32 69 34 69 4721
38 67 5920 12 76
48 69 4626 36 68 4726
5792 4 "6 4628 5924 32 70 4727
5794 13 75 4830 6029 0 77 4729
5800 18 74 5930 1 w7
30 70 47 61 4738
38 66 4038 5933 2 77
5801 5 6 4838 38 67 - 4737
5809 25 72 k 5938 3 7 4739
47 80 4642 5041 30 7
5812 6 76 4844 54 55 4743
5813 22 73 4646 5945 4 7
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5948
5963

5954
5956
5960
65965
5968
5972
6978

5981
5986

5988

5093
5004
6001
6002
6005

6010

6025

6029
6032

6037
6050
6052
6063
8056
6057
8058
6065

6066
6068

z ¥ Nalz) ! z y Np(t)
13 76 52 58 4846
43 64 6073 12 77 4848
53 56 4751 6074 43 65 4850
18 75 4753 8082 51 59 4852
52 67 4755 6084 ] v8

5 77 30 72 4856
25 73 4759 6085 1 78
40 66 4761 46 83 4360
22 74 6088 2 78 4862
46 62 4785 6089 40 87 4864

6 77 6093 3 78 4888
81 58 4769 8098 12 il 4868
28 72 4771 6100 4 78
14 78 4773 18 - 76

7 77 4775 50 80 4874
50 59 4777 6101 25 74 4876
19 75 6109 8 78
a5 69 4781 29 75 4880
33 70 6113 28 73 4882
42 65 4785 6120 6 78

8 77 42 86 4886
87 68 4789 6121 45 64 4888
45 63 47N 6122 49 81 4890
15 76 6125 14 77
49 60 4793 35 70 4894
21 71 4797 6130 33 71
23 74 37 69 4898
26 73 4801 6133 7 78 4900

9 77 6137 19 76 4902
19 67 4805 6145 31 72
20 75 39 68 4906
26 72 6148 8 78
48 61 4811 48 62 49810
10 77 4813 6152 26 74 4912
16 76 6154 15 ']
44 64 4817 23 75 4916
41 66 4819 8161 44 65
n 7 55 56 4920
55 55 4822 8165 9 78
24 74 54 57 4924
54 56 4826 8170 29 73
47 62 4828 41 87 4928
34 70 4830 6173 83 58 4930
36 69 4832 6176 20 76 4932
27 73 6178 47 63 4934
53 57 4836 6134 10 78 4936
17 76 6185 16 ki
32 71 4840 52 B9 4040
21 75 4842 6196 36 70 4942
38 a8 6197 34 71 4944
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i z y Nty t ] y No(t)
6201 24 75 6317 29 74 5045
51 60 4948 6322 9 79
6205 11 78 51 61 5049

27 74 6320 20 ™ 5061
38 69 6337 36 1 5053
43 66 4956 6338 43 67 5055
6208 32 72 4958 6340 16 73
8212 46 64 4960 34 72 5059
6217 21 76 4962 6341 10 79
6218 17 77 4064 46 65 5063
6221 50 81 4966 6344 38 70
G224 40 68 4968 50 62 5067
6228 12 78 4970 6352 24 78 5069
6220 20 73 4072 6353 32 73 5071
6241 0 79 4974 6354 27 75 5073
6242 1 79 4976 8361 40 89 5075
6245 2 79 6362 11 79 5077
49 62 4980 6370 21 77
6250 3 79 49 63 5081
25 75 6373 17 78 5083
45 65 4986 6376 30 74 5085
6253 13 78 6381 45 66 5087
18 17 6385 12 79
42 67 4092 58 57 50M
8257 4 79 4004 6388 42 68 5093
€260 29 76 63589 55 58 5095
28 74 4998 6397 54 A9 5097
6266 5 79 8400 0 80
35 71 5002 48 64 5101
6269 37 70 5004 6401 ] )
6272 56 56 5008 25 76 5106
6273 33 72 6404 2 80 5107
48 63 5009 6408 18 78 5109
6274 55 57 5011 8409 3 80
6277 8 70 5013 28 75
6280 14 78 35 72
54 58 5017 53 60 5117
6282 39 89 5019 6410 13 9
#200 7 79 37 m 5121
19 77 6413 22 77 5123
31 73 6416 4 80 5125
53 59 5027 6418 33 73 5127
6202 44 66 5029 8421 39 70 5129
6301 28 75 5031 6425 5 80
4304 52 80 5033 44 67
6305 8 79 52 61 5135
23 76 6434 47 85 5137
141 68 6436 6 80 5139
47 64 5041 8437 14 79
6309 15 8 5043 31 T4 5143
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t x ¥ Va(?) t ® ¥ Nofr)
6442 41 69 51456 6668 22 78 5244
8445 19 78 6569 13 80 5246

51 82 5149 6570 3 81
6449 7 80 5isl i} 63 5250
6452 26 76 5153 8577 4 81 5262
6458 23 17 5155 6581 41 70 6254
6464 8 a0 5157 6586 i1 31
8466 15 79 31 75 5258
29 75 5161 86596 14 80
6469 a0 83 6163 A 64 52682
6472 46 66 5165 68597 i3 81 5264
6473 43 68 5167 6602 19 79 5266
6480 36 72 5169 G605 26 77
6481 ] 30 B171 48 867 5270
6484 20 78 5173 6610 7 81
6485 34 73 .43 69 5274
38 71 5177 6613 23 78
6497 16 79 57 58 5278
49 64 5181 6617 29 76
6498 57 &7 5182 56 59 5282
6600 16 . 80 6625 8 81
32 7d 15 80
40 70 36 73
36 58 5190 55 60 5290
6606 24 bk 6626 49 65 5292
27 i 5194 [irS 38 Tz 5294
6506 85 59 5196 (632 34 74 52498
6514 45 67 5198 6637 fd 61 5208
8516 B4 60 5200 6641 20 79
6521 11 80 5202 40 71 5302
6626 21 78 6642 9 81 5304
30 75 6649 32 15
42 69 5208 45 68 5308
6529 48 65 5210 6653 53 62 5310
6530 17 79 8656 16 80 5312
63 61 5214 6658 27 ki) 5314
6544 12 80 5216 6660 24 78
6548 52 62 5218 48 G6 6318
6563 37 72 5220 6661 10 Bl 5320
6654 25 77 G664 42 70 5322
35 73 5224 6673 52 63 5324
8360 28 76 6676 30 76 5326
44 68 5228 6632 11 81
6561 0 81 5230 21 79 5230
6562 1 81 6689 17 B0 5332
39 71 5234 6697 44 69 ’
6565 2 81 51 64 5336
18 79 6698 37 73
33 74 47 67 5340
47 [} 5242 6701 35 T4 65342




t -] Y Ng(t) 14 x Y Nglt)
— 1
6705 12 81 6326 b1 65 5443
39 T2 5346 6829 30 m 5445
6709 25 78 5348 6833 47 68 5447
8713 28 ki) 5350 6836 44 70 5449
6714 33 75 5352 8841 21 80 5451
6722 41 71 5364 6845 11 82
6724 0 82 87 74
18 80 5358 i) 69 5467
6725 1 82 6849 67 60 5469
22 79 6850 17 81
50 65 5364 35 6
6728 2 82 39 73 5465
68 68 5367 6866 50 66 6467
6730 13 81 6857 56 61 5469
b7 659 5371 6865 33 76
6733 3 82 5373 41 72 5473
6736 56 60 6375 8866 25 9 5475
6737 31 76 6377 6368 12 82
6740 4 82 28 8 5479
46 68 5381 G869 65 62 6481
6748 55 61 5383 6877 46 69 5483
6749 8 82 6884 22 80 5485
43 70 5387 6885 18 81
6757 14 81 LS 63 5489
49 66 5301 6889 0 83 5491
6760 8 82 6890 1 83
26 78 3l 77
54 62 5397 43 Tl
6761 19 80 - 5399 49 67 5499
6770 23 79 8893 2 83
29 77 5403 13 82 5503
6772 38 74 5405 6898 3 83 5605
6773 7 8_2 6905 4 83
38 73 5409 63 64 6509
6778 53 63 6411 6914 7] 83 6611
G781 34 75 5413 8917 26 70 8513
6784 40 72 6415 6820 14 B2
8786 15 81 38 74 6517
45 69 5419 6821 36 75 6519
f788 8 82 6421 G822 19 81 6621
6793 48 67 5423 6926 6 83
6800 20 30 29 78
32 T8 45 70 5527
652 64 5429 6028 48 68 5629
6805 ] 82 6929 23 80
42 71 5433 40 73
6813 27 78 5436 52 65 5535
68817 16 81 6932 34 76 5637
24 79 5439 6938 7 83 5539
6824 10 B2 D44l 6048 42 72 6641
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t z v Ny(2} [ z Yy Nay(2}
G949 15 82 5543 40 74 5642
6953 8 83 7081 B 84

a2 77 65647 ' 69 60 5646
6957 51 68 5549 7082 20 79 5648
6961 20 81 6661 7085 14 83
6962 59 59 5552 19 82
6964 68 60 5654 BT v
6970 @ 83 58 61 5856
27 79 a0 23 81
47 69 53] 87 5660
67 81 5562 7092 8 84 5662
6076 24 80 5564 7093 42 73
6977 44 71 5566 57 62 5666
6980 16 82 7106 7 84
a6 62 5570 56 63 5670
6984 30 78 5372 7108 32 78 6872
6989 10 83 7109 47 70 674
50 67 5576 7114 15 83 5676
6994 37 75 7120 8 84
86 63 BA80 44 72 5680
6997 39 4 5582 7121 53 64 5882
7001 35 76 6584 7124 290 a2
7002 21 81 5686 5] 68 5686
7010 11 83 7129 27 20 5688
41 73 5590 7137 9 84
7012 64 64 5592 24 81 5692
7013 117 82 5504 7143 30 79
7016 46 70 6596 54 85 5696
7018 33 77 5598 7145 18 83
7025 25 80 37 78 5700
28 79 7146 39 75 5702
49 a8 5604 7154 35 77 5704
7033 12 83 7156 10 84 57086
43 72 6608 7157 41 74
7034 53 65 5610 46 71 6710
7045 22 81 7162 49 69 5712
31 78 5614 7165 21 82
7048 18 82 5616 53 66 5716
7066 0 84 5618 7173 33 78 5718
7057 1 84 86820 7177 11 84 5720
7058 13 43 7178 17 83
7060 2 24 43 73 5724
52 66 5626 7184 28 80 5726
7083 3 24 71848 25 81 5728
48 69 65630 7193 52 67 5730
7066 4B 71 5632 7200 12 84
7069 38 75 5634 60 60 5733
7072 4 84 7202 31 79
38 i) 5638 59 61 6737
7076 -26 8¢ 7204 48 70 5739
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t ¥ Y V2(” t z Y Ng(f)
7208 22 82 59 62 5841
58 62 5743 7328 62 68 5843
7209 45 72 5745 7330 21 83
7213 18 a3 5747 33 79 G847
7218 57 63 5749 7333 58 63 5849
7220 38 76 57561 7345 ‘17 B4
7225 0 84 28 81
13 84 48 71
36 77 57 84 BBAT
44 i 7346 11 84 5859
b1 68 5761 7340 25 82 5861
7226 1 85 5763 7354 45 73 5883
7229 2 85 5765 7361 31 80
7232 50 64 5787 56 65 5867
7234 3 85 5769 7362 51 69 5869
7237 26 81 5771 7369 12 85 6871
7240 34 78 : 7313 22 83
42 74 5775 38 77 G875
7241 4 8h 7376 40 76 o817
29 30 5779 7380 18 84
7250 5 86 36 78 5881
19 83 7381 55 66 5883
47 71 . 7389 42 75 5885
5 86 5787 7393 47 72 5887
7252 14 84 5789 7394 13 85 5389
7253 23 82 5791 7308 0 86 5801
7261 6 85 7397 1 86
50 69 5795 34 79 5805
7265 32 79 7400 2 86
44 73 5799 - 26 82 ~
7272 B4 a8 5801 a0 70 5901
7274 ki 85 56803 7402 29 81 5903
7881 15 84 5805 7405 3 86
7289 8 85 54 67 5907
20 B3 5809 7412 4 86
7290 29 81 5811 44 74 5911
7297 39 76 5813 7417 . 19 84 5913
7298 37 ™ 7418 23 83 5916
53 67 6817 7421 5 86
7300 24 82 14 85 5919
30 80 7424 32 8¢ af821
48 72 5823 1432 L] 86 5923
7301 49 70 5826 7433 B3 68 5926
7308 9 86 7442 49 7l
41 75 5829 61 61 5928
7309 35 178 5831 7444 60 62 5930
7312 18 84 5833 445 7 86
7321 60 61 5836 48 73 5934
7325 10 85 7450 15 85
43 74 39 T

43



¢ z y Nolt) t z y Nalt)
59 63 5940 7578 3 87 6040
7453 29 82 7685 4 87
37 78 5944 23 84
7466 20 84 5946 32 81
7467 41 76 5948 49 72 6048
7460 8 86 7586 18 85 8050
58 84 5952 7589 58 85 8052
7461 30 81 5954 7692 14 86
7465 24 83 46 74 6058
52 69 . 5958 7594 5 87 6058
7466 35 79 5960 7604 &2 T0 6080
7474 43 75 7605 6 87
57 66 5064 39 78
7477 9 86 5966 &7 46 6086
7481 16 85 5968 7810 37 79
T488 48 T2 5970 41 bk 8070
7489 33 80 5972 7618 7 87
7492 56 668 5974 27 83 68074
7496 10 86 5976 7621 15 86 6076
7497 21 84 5978 7624 30 82 8078
7501 48 74 7625 20 86
51 70 5982 35 30
7508 28 82 5984 43 76
7514 17 85 56 67 8086
26 83 7632 24 84 6088
56 87 5990 7633 8 87
7517 11 86 5992 48 73 6092
7522 31 81 5994 7642 51 71 6094
7528 38 78 5996 7640 656 88 6006
7629 40 77 5998 7650 9 87
7537 36 79 6000 33 81
7538 47 73 6002 45 75 6102
7640 12 86 7652 18 36 6104
22 84 7666 21 1] 6106
42 78 7669 10 87 6108
a4 68 6010 7673 28 83 8110
7641 50 71 6012 7677 54 69 6112
7549 18 85 6014 7681 26 84 6114
1666 34 80 6016 7684 40 78
7661 44 75 6018 Jilt] 72 6118
75686 13 88 7885 17 86
26 33 31 82
29 - 82 38 79
61 62 6626 47 4 6126
7569 0 87 7688 62 62 6127
60 63 6030 7690 11 87
7570 1 87 61 43 8131
63 49 6034 7693 42 79 6133
7513 2 87 8036 7696 36 80
7577 59 64 60 64 6137

6038




i z Y Nyl(t) ¢ x Y Ng(t)
7706 59 65 6130 7829 50 73 62390
7709 22 85 7834 47 75 6241

53 70 6143 7837 21 86
7712. 44 78 8145 59 66 8245
7713 12 87 6147 7840 28 84 6247
7117 34 81 6149 7841 40 79 6240
7720 18 86 7844 10 83
58 66 - 6153 48 80 6253
7130 29 83 7848 42 78 6255
49 73 6167 7850 25 85
7732 26 84 8159 3 83
71738 13 87 53 71 6261
57 67 6163 7853 &8 67 6263
7741 46 75 6165 7857 38 81 6265
7744 0 88 6167 7858 17 87 6287
7745 1 88 7866 11 83
52 71 8171 44 ™ 4271
7748 2 83 . 7873 57 88 6273
32 82 8175 7877 49 74 6275
7763 3 88 6177 7880 22 86
7754 23 85 6179 34 82 6279
7157 19 88 6181 7838 12 88
7780 4 88 52 72 6283
36 68 6185 7892 48 76 6285
7762 39 79, 6187 7893 18 87 6287
7785 14 87 7897 29 84
41 8 6191 58 69 6201
7769 5 88 7901 26 86 6203
37 BO 8195 7913 13 38
7778 43 71 6197 32 83 6207
7780 8 88 7921 0 89
48 74 6201 39 80 6301
7785 27 - 84 7922 1 89
al 72 6205 41 79 8305
7786 35 81 7925 2 89
. 55 60 6209 23 86
7789 30 83 6211 55 70 8311
7793 7 88 6213 7929 48 75 6313
7794 15 87 6215 7930 3 890
7798 20 86 6217 ) 19 87
7801 24 85 37 81
45 76 6221 51 73 6321
7808 8 a8 6223 7933 43 78 6323
7813 33 82 7937 4 89 6325
62 63 6227 7938 63 63 6326
7818 54 70 6229 - 7940 14 88
7817 61 64 6231 62 64 6330
7825 g 88 7946 "5 89
16 87 61 65 6334
80 85 6237 7049 35 82 6336
3 45



t ® Y Nz(iv) 1 7 Y Ng(f;}
79564 27 85 8082 a9 81 6438
45 7 6340 8089 60 67 G440
7856 30 84 8090 13 80
60 66 6344 43 79 G444
TO57 6 89 8003 a7 82 6448
54 71 6348 8008 23 87 6448
7969 16 88 8100 0 90
20 89 6352 64 72 6452
7970 i 89 8101 i 80 6454
69 87 8368 8104 2 80 8456
7872 24 86 6358 8105 19 88
7076 60 4 6360 69 68 4460
~ 7978 33 83 8362 8109 3 90
7085 8 89 45 78 6464
47 76 6366 8114 36 83 6466
7988 58 68 6368 8116 4 80 6468
70903 52 12 6370 8117 14 8g 6470
8000 18 88 3125 & 90 -
40 80 6374 27 86
8002 9 89 6376 30 85
8006 38 81 &0 75
42 79 6380 58 69 6480
3000 28 85 6382 8136 4 .90 8482
8010 21 87 8138 47 77
67 69 6386 53 73 - 6486
8017 31 84 6388 8144 20 88 6488
8020 36 82 8145 24 87
44 78 G392 33 84 6492
8021 10 89 8148 15 29 6494
25 86 6396 8149 7 90
8026 49 75 6398 &7 70 6498
8033 17 88 8161 40 81 6500
52 73 6402 8164 8 20
8036 56 70 6404 42 80 6504
8042 11 89 68406 8168 38 82 8506
80456 34 83 8177 16 89
48 77 6410 44 79
8053 22 87 6412 49 76
8065 12 . 89 a6 . 7l 6514
%] G4 6418 8180 28 86
8066 29 85 52 74 6518
85 71 8420 8181 8 90 6520
8068 18 88 6422 8185 21 88
8009 62 65 6424 36 83 6524
BO72 26 ° 86 6426 8184 31 85 8526
8077 8l T4 8192 G4 64 6627
61 68 68430 8194 28 87
8080 32 84 63 65 6531
48 76 6434 8200 10 90 :
8081 41 80 6436 46 78
46 3B




x Y No(t) ¢ x ¥ Noft}
62 66 6637 8329 52 76 6637
8209 56 72 8539 3330 7 91
8210 17 20 A 49 7 6641
61 a7 6543 8333 38 83
8212 94 84 8645 62 - 87 6645
8221 11 90 6547 8338 44 80 6647
8224 80 68 6649 8345 8 91
8226 a1 75 6661 61 88 6651
8228 22 88 6663 8352 36 84 6653
8233 48 7 8555 8353 28 87 6655
8237 26 86 6567 8354 85 73 6657
8242 41 1 8356 16 20 6659
69 89 8561 8367 - 31 86
8244 12 80 6563 44 79 6663
8245 18 8D 8361 60 . 89 6665
26 87 8362 9 01
39 82 : 21 89 6669
54 73 6571 8369 26 88 6671
8249 32 85 8377 61 76 6673
43 80 6576 8381 10 91
8258 37 83 6577 34 85
8264 58 0 6579 69 70 G679
8266 45 79 6581 8388 48 18 6681
8269 13 an 6583 8389 17 90 6683
8273 23 88 8585 8302 54 T4 6685
3276 50 76 6587 8402 11 81 6687
8281 1] 91 8404 22 89
a5 84 6591 41 32
8282 1 2 58 71 8693
19 89 8505 8410 28 87
8286 2 9 39 83
53 74 8509 43 81 6699
8290 3 91 8420 26 88
¥} 7 6603 32 86 8703
8293 47 78 6605 B424 18 a0 6706
8296 14 90 8425 12 91
30 86 6609 37 84
8297 4 21 6611 45 80 6711
3298 27 87 6613 8429 50 7 6713
8306 5 o 6615 8433 657 72 6716
3314 a3 85 6617 8434 53 75 68717
8317 6 01 G619 8460 13 91
8320 24 88 23 39
56 72 6623 a5 85
8321 20 89 47 79
64 65 6627 65 85 6726
8324 40 82 6629 8452 64 66 6728
8325 15 80 8458 63 67 6730
42 81 8461 19 90 6732
(i} 66 6636 8464 0 92 6734
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¢ z ¥ Nolt) ¢ 2 ¥ No()
8465 1 92 29 88
58 n3 6738 53 76
8468 2 92 . i 64 67 6840
62 68 8742 8586 45 81 8842
8469 30 87 6744 8593 32 87
8473 3 92 63 68 6846
27 88 6748 8594 37 85 6848
8477 14 91 $150 8597 26 80 8850
8480 4 92 , 8605 18 51
62 76 6754 82 69 6864
8482 61 69 6756 8608 12 92 6856
8485 33 86 8609 47 80 6858
49 78 8760 8612 56 74 6860
8488 42 82 6762 8621 35 86
84K9 5 92 61 70 6864
40 83 6766 8629 23 a0 6366
8497 24 80 8633 13 02
44 81 6770 52 77 6870
8500 6 92 8641 60 71 6872
20 90 8642 19 91
38 84 49 79 8876
80 70 6778 8644 30 88 8878
8501 55 74 6780 8649 0 93 6880
8506 15 91 6782 8650 1 93
8513 7 92 6784 27 89
8516 46 80 6786 56 75 8886
8521 36 85 6788 8653 2 93
8522 50 71 6790 42 83 6800
8528 8 92 8666 40 84 6892
T 88 6794 8658 | 3 93
8530 31 87 33 87 6896
51 77 6708 8660 14 92
8587 16 m 8300 44 82 6900
8541 21 90 8665 4 23
54 5 6804 59 72 6904
8546 9 92 8669 38 85 6008
48 79 6808 8674 5 93 6908
B546 25 89 8810 8676 24 80 6910
8548 58 72 6812 8677 46 81 6912
8552 34 86 6814 8681 20 91 6014
8564 10 92 8816 8685 6 93
8570, 17 91 51 78 6918
41 83 4820 8680 15 92 6920
8573 43 82 6822 8692 38 86
8577 39 84 6824 B4 76 6924
8578 57 73 6826 8693 58 73 6926
8581 65 66 6828 8608 7 03 6928
8584 99 90 8704 48 80 6830
50 78 6832 8705 28 89
8585 11 92 31 88 6034

48




3 - y Ny(t) 4 z Y No(t)
8712 66 66 8935 48 82
8713 8 93 6037 B 74 7037
8714 85 a7 6939 8842 51 79 7039
8720 16 92 8845 3 94
64 68 6943 14 93
8722 21 91 6945 54 77
8725 25 00 66 67 7047
34 87 8849 65 68 7049
57 4 6951 8852 4 04 7051
8730 9 93 8857 24 91
63 69 6955 64 69 7055
8737 41 84 6957 2861 5 94 7057
8738 43 83 8864 2n 92 7059
53 77 6961 8865 36 87
8741 50 79 6963 48 81 7063
8744 62 70 6965 B869 63 70 7065
8746 39 85 6967 8872 6 94 7087
8749 10 93 8874 15 93
45 82 6971 &7 5 7071
8753 17 02 6973 8382 21 £9 7073
8761 66 75 6975 BB84 28 00 "5
8762 29 89 8885 7 94
61 i ! 6979 62 71 7079
8765 22 a1 8393 53 78 T081
37 86 8983 8900 B 04
8768 ag 88 G985 34 88
8770 11 a3 50 80 7087
47 81 6930 8905 16 03
8776 26 00 6991 21 92
8784 60 72 6993 43 84
8788 18 92 61 n2 7095
62 78 8997 8906 25 91
8793 12 93 6999 41 83 7099
8704 35 BY 7001 8012 56 76 7101
8801 49 80 8014 45 83 7103
BB %6 7005 8917 9 94
8810 23 91 39 86 7107
59 "3 " %009 8929 - 60 73 7109
BR1g 13 93 7011 8933 47 82 7111
8820 42 84 7013 8938 10 94 7113
8821 30 89 7015 8938 17 93
8825 19 92 37 B7 7117
40 85 2041 29 an 7119
44 83 - 7021 8045 32 80
8829 27 90 7023 52 79 7123
8833 33 88 7025 8948 29 92 7126
8836 0 94 7027 8954 55 71 7127
-BB37 1 44 7029 8957 1 024
8840 2 04 26 91
38 86 59 74 7133
Y,
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8962
8069

8973

BO78
8980

8086
8089
8992

8993
8906

5000
9001
9005
9010

0013
9025

99526
9028

9029
9032

9634
8040

9041
Q049

9060

o

9065
9074
8076
9077
8081

z ¥ Nelt) t z ¥ Na(t)
rd
49 81 7135 5089 8 95 .
35 88 7137 25 92 7236
18 93 7139 9090 21 93
a7 67 7140 39 87 7240
12 94 9092 16 94 7242
66 68 7144 9098 47 83 7244
65. 69 7146 9104 52 80 7246
42 85 9106 9 95
58 75 7150 59 75 7250
44 84 7162 9108 55 78 7252
23 92 7154 9113 37 88
40 86 - g7 68 7256
84 70 7158 9117 66 69 7258
30 00 9122 29 o1 7260
54 78 7162 9124 32 90 7262
51 80 7164 9126 10 95
13 94 17 04
46 83 7168 49 82
19 03 65 70 7270
27 91 9133 22 93 7272
33 89 9137 64 71 7274
63 71 7176 9140 26 92
38 87 7178 58 76 7278
0 95 9146 11 93
57 76 7182 35 89 7282
1 a5 7184 9153 63 72 7284
43 82 9157 54 79 7236
62 72 7188 1. 9160 18 94
2 95 7190 42 86 7290
14 94 7192 9161 44 85 7202
3 a5 7104 162 51 81 7204
24 92 9169 12 95
36 88 7198 40 87 7298
4 95 7200 9172 46 84 7300
20 93 7202 9173 62 - 73 7302
5 95 9178 23 93
53 79 . a7 77 7308
61 73 7208 9181 30 91 7308
8 95 9188 38 88 7319
15 94 ‘9189 33 90 7312
31 90 9193 27 92
50 81 7216 48 83 7318
28 91 9194 13 95 7318
56 ™ 7220 9197 19 94
1 85 61 74 7322
43 85 7224 9209 53 80 7324
60 74 7228 0216 0 96 7326
34 89 B217 1 98 ]
41 88 7230 18 89 7330
. 45 84 7232 9220 2 98
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t z Y Noft) L3 x y Ny(t)
56 78 7334 0337 11 06 7433
9221 14 o5 7336 9341 46 85 7435
0224 B0 82 7338 9344 40 88 7437
9225 3 96 0346 61 78 7439
24 93 9349 18 95 7441
60 75 7344 0360 12 06 .
9232 4 06 7346 48 84 7446
9236 20 04 7348 0364 30 92 7447
9241 5 06 7360 9365 23 04
0242 31 91 7352 38 89 7451
9245 43 86 7354 9370 33 91
9248 28 92 53 81 7465
68 88 7357 9376 60 78 7457
9250 18 95 9377 56 79 7459
41 87 9378 27 03 7481
45 85 9385 13 96
87 69 7385 68 89 7485
9252 6 96 7367 0336 19 05 ‘1467
0256 34 80 9389 50 83
a8 70 7371 67 70 7471
9257 50 76 7373 9396 36 a0 7473
9265 7 96 9397 66 71 7496
39 R8 0409 0 a7
47 84 85 72 7479
52 81 7381 9410 i a7
9266 55 79 59 ki 7483
65 il 7385 0412 14 o6
9274 25 93 1387 24 04 7487
9277 21 94 7389 9413 2 87 7489
6280 8 06 9418 3 o7
64 72 7393 43 8y 7493
9281 16 95 7395 9421 45 86 7495
9290 37 89 9425 4 97
49 83 7300 20 95
9293 B8 T 7401 31 92
9297 9 06 7403 41 88
9298 83 73 7405 58 80
8305 29 92 64 7% 7507
32 91 7409 9428 52 82 7509
9314 17 05 7411 9433 28 93 7611
9318 10 06 0434 5 a7
54 80 7415 47 85 7515
0320 22 04 - 0437 34 41 1517
62 74 7419 9441 18 06 7518
9325 28 03 0442 50 80 7521
35 80 9445 6 o7
51 82 7425 63 74 7526
9332 44 86 7427 0448 58 78 7527
9333 42 87 9457 49 84 7529
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100563 83 78 8001 10193 28 97 8100
10057 16 99 10186 14 100 8102
29 96 8005 10201 0 101
10061 35 04 8007 20 99 8106
10064 8 100 10202 1 101 8108
40 92 8011 10205 2 101
10069 50 87 8013 37 94
16081 9 100 53 86
55 84 8017 59 82 8116
10082 71 71 8018 10210 3 101
10084 70 72 8020 63 79 8120
10085 26 a7 10216 46 96 8122
62 79 §024 10217 4 101
10088 22 98 ) 44 91 8128
58 82 8028 10225 15 100

b4




t x y Nalt) t x ¥ Nglt}
48 89 10857 39 94 8930
71 72 8132 10361 1% 100
10226 5 101 8134 56 85 8234
10228 42 92 8136 10368 n2 73 8235
102290 25 98 10368 63 80 8237
0 73 8140 10370 13 101
10237 B 101 21 ay
69 74 Bl4s 59 83
10240 32 96 8148 71 73 8245
10242 21 99 8148 10372 34 a8 8247
10244 50 88 10376 70 74 8249
62 80 8152 10377 24 99 8251
10249 40 93 ) 10378 53 87 8253
68 75 8156 10386 89 "5 8255
. 10250 " 101 10388 28 08 8257
29 07 10394 37 85 8259
35 95 10397 14 101
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13037 34 109 10359 25 112 10458
13042 69 91 10361 18172 44 106
13045 7 114 78 86 10462
74 87 10365 13177 36 109 10464
13049 40 107 . 10367 13181 70 91 10466
13060 27 111 13186 39 108
45 105 63 06 10470
67 99 10373 13189 33 110 10472
13058 17 113 10375 13192 14 114
13060 8 114 86 94 10476
62 96 10379 13194 75 87 10478
13061 3l 110 13204 60 98 10480
63" 94 .10383 13210 21 i13
13073 23 112 51 103 10484
73 88 10387 13213 42 107
13077 9 114 16389 53 102 10488
13085 43 106 13217 49 104 10490
59 98 10393 13220 26 112
13088 68 92 10395 : 74 88 10494
13093 18 1i3 10397 13221 15 114
13098 10 114 10399 30 111 10498
18105 28 111 13225 0 116
72 89 10403 89 92 10502
13106 35 109 10405 13226 1 116
13108 38 108 55 101 10506
52 102 10409 13229 2 115 10508
13109 50 103 10411 13234 3 115
13117 11 114 47 105 10512
54 101 10415 13241 4 1156 10514
13120 24 112 13249 87 100 10518
48 104 10419 13250 5 115
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37 109 75 88 10820
66 95 13378 83 97 10622
73 89 10624 13381 66 95 10624
13252 16 114 10526 13386 29 112
13253 22 113 44 107 10628
62 97 10530 13304 13 115
13258 34 110 10532 25 113 10632
13261 6 115 13396 20 144
45 106 10536 36 110 10636
13264 40 108 10538 13397 74 89 10638
13273 27 112 13401 60 990 10640
68 93 10542 13402 39 109 10642
13274 7 115 10544 13410 33 111 .
13282 31 111 69 03 10848
59 99 10548 13417 51 104 - 10648
13284 72 @0 10550 13418 53 103 10650
13285 17 114 13421 14 115 10652
81 82 10564 13426 49 105 10654
13289 8 115 13428 42 108 10656
80 83 10558 13429 55 102
13207 79 84 10560 73 90 10880
13208 23 118 13437 21 114 10882
43 107 10584 13441 65 96 10664
13306 9 115 105666 13444 30 112 10666
13309 78 86 10568 13445 26 113
13312 84 06 10570 47 166 10870
13313 52 - | 103 10572 13448 62 o8
13316 50 104 10574 82 82 10673
13320 18 114 13460 16 115
b4 102 10578 57 101
13322 71 91 10580 81 83 10679
13325 10 115 13456 ) 116 .
35 110 80 84 10883
38 109 13457 1 116 10685
61 08 13460 2 116
67 04 68 04 10689
77 86 10592 13465 3 116
13328 28 112 10594 72 91 10693
13329 48 105 10596 13466 79 85 10695
13337 56 101 10598 13469 37 110 10697
13345 24 113 13472 4 118 10699
32 111 13474 45 107 10701
41 108 13477 34 111 10703
76 87 10606 13480 22 114
13346 11 115 10608 78 86 10707
13352 46 106 10810 13481 5 118
13357 19 114 10612 16 115
13364 68 100 40 109
70 92 10818 59 100 10715
13369 12 115 13402 6 116 10711
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13498 27 113 80 85 10819
7 87 10721 { 13626 51 105 10821
13505 7 116 13633 33 112 10823
31 12 13634 55 103
64 97 85 97 10827
71 92 10720 | 13637 49 106
13513 43 108 10731 79 86 10831
13514 17 115 13645 42 109
67 95 10735 62 99 10835
13520 8 116 13648 72 92 10837
52 104 13649 68 85 10839
78 88 10741 | 13652 14 116 10841
13522 61 99 10743 | 136853 57 102
13625 23 114 78 87 10845
50 105 13668 47 107 10847
54 103 10749 | 13666 21 115 10849
13637 g 116 10751 | 13660 30 113 10861
13540 48 106 13672 26 114 10863
56 102 107655 | 13673 77 B8 10865
18644 38 110 10757 | 13681 15 116 10867
13548 35 11 19682 59 101 10859
75 89 10761 | 13889 0 117
13549 18 115 45 108 10863
10 93 10785 | 13890 1 117
13553 28 133 10767 37 111
13558 10 116 10769 71 03 10869
15562 4t 109 10771 | 13693 2 |17 10871
13565 46 107 13697 76 -89 10873
58 101 10775 | 13698 3 117 10875
13568 32 12 10777 | 18700 -| 34 112
13572 24 114 40 110
. 86 96 10781 84 98 10881
13573 63 08 10783 | 13705 4 117
13578 74 90 10785 87 96 10885
13577 11 116 10787 | 18709 22 115 10887
13586 19 116 10789 | 13712 16 116 10889
13697 69 94 10791 | 13714 6 117 10891
13600 12 116 13721 81 100 10893
44 108 18725 8 17
60 100 10797 27 114
13610 29 113 75 90 10899
13 91 10801 | 13729 52 105 10901
13613 82 83 10803 | 13730 31 113
13617 36 111 43 109 10905
81 B4 10807 | 13732 54 104 10907
13621 25 114 13736 50 108
39 110 10811 70 o 10911
13626 13 | 116 13738 7 17 10013
20 115 13745 17 116
53 104 ; 56 103 10917
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13753 8 117 13877 71 04 11018
48 107 10821 13885 14 117
13754 23 115 10923 59 102 11022
13757 74 )] 10925 13896 30 114 11024

13765 38 11 13867 21 118
66 97 10929 64 09 111028
13768 58 102 10931 13898 67 o7 11030
13769 35 112 10933 13801 26 115 11032
137170 9 117 13906 45 109
63 09 10937 76 0 11036
13778 83 83 10938 13913 37 112 11038
134780 18 118 139014 15 117 11040
28 114 13021 40 111 11042
48 108 13922 61 10t 11044
B2 84 10946 13924 0 118 11048
13781 41 110 10948 13025 1 118
15786 69 - 05 34 113
81 85 10952 70 05 11052
13789 2] 117 10954 13928 2 118 11054
13793 32 113 13933 3 118 11056
73 92 10968 13940 4 118
13796 80 86 10960 22 116
13801 24 115 52 108
60 11 10964 74 99 11064
13810 1 117 13941 54 105 11066
79 87. 10968 13845 16 117
13817 19 116 83 84 11070
44 109 10072 13049 6 118
13828 78 88 10974 43 110
13829 65 08 10976 50 107
13833 12 117 82 85 11078
72 23 16980 13952 56 104 .11080
13834 63 105 10982 13954 27 115 11082
13837 29 114 13957 31 114
51 106 10936 81 86 11086
13840 36 112 13960 8 118
68 96 10090 66 98 11090
13841 56 104 10992 13968 48 108 11092
13842 30 111 10994 13980 63 100
13844 62 100 10996 80 87 11096
13850 25 116 18973 7 118
49 107 68 103 11100
77 80 11002 13977 89 06 11102
13856 20 116 11004 13978 17 117
13858 13 117 73 93 11106
33 113 13985 23 118
&7 103 11010 7% 88 11110
13864 42 110 11012 13988 8 118
13873 47 108 11014 38 112 11114
13876 76 90 11016 13994 35 113 11118
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13997 46 9 11118 14132 26 116 11217
14002 41 111 11120 14138 37 113 11219
14004 80 102 11122 14144 40 112
14005 9 118 80 88 . 11223

78 89 11128 14149 15 118 11225
14009 ‘28 115 11128 14152 34 114
14013 18 117 11130 54 106 11229
14020 32 114 14153 52 107 11231
72 94 11134 14157 86 99 11233
14024 10 118 11136 14161 0 119
114026 85 99 11138 56 105 11237
14029 77 80 11140 14162 1 119 .
14032 24 118 11142 79 89 11241
14033 88 97 11144 14164 &0 108 11243
14036 44 110 11148 14166 2 119
14045 11 118 73 04 11247
53 106 14170 3 119
62 101 11152 43 111
14050 19 117 63 101
51 107 69 07 11255
55 105 11158 14173 22 117 11257
14057 76 91 11160 14177 4 119 11259
14065 36 113 14180 16 118
39 112 58 104 11263
49 108 14184 78 90 11265
57 104 11168 14185 27 116
14066 29 115 48 109 11269
71 95 11172 14186 5 119
14068 12 118 11174 31 115 11273
14081 25 116 11176 14197 6 119 11275
14085 33 114 14209 60 103
42 111 11180 T2 95 11279
14089 20 117 142310 q 119
%5 92 11184 ' 77 91 11283
14090 47 109 14213 17 118
59 103 11188 38 113 11287
14093 13 118 14218 46 110 11289.
67 98 11192 14218 23 117 11291
14096 64 100 11194 14221 35 114 11293
14112 84 84 111495 14225 8 119
14114 83 85 11197 41 112
14116 70 96 11199 85 100 11299
14120 14 118 14228 48 08 11301
g2 86 11203 14240 28 116
14125 30 115 78 92 11305
45 110 14242 9 119 11307
81 102 14248 18 118
74 93 11211 62 102 11311
14130 21 117 14249 32 115 11313
81 87 11218 14257 44 11

70




P’ 2 ¥ Ng(t) ¢ z ¥ Nyft)
71 96 11317 14386 15 119 11417
14258 53 107 11319 14389 58 105 11419
14281 10 119 14393 43 12
55 108 11323 : 77 92 11423
14265 24 117 14400 0 120
51 108 11327 72 96 11427
14274 57 105 14401 1 120 11420
15 93 11331 14404 2 120
14281 B4 85 11333 48 110 11433
14282 11 119 14408 22 118 11435
49 100 11337 14409 3 120 11437
14285 19 118 14416 4 120
83 86 11341 60 104 11441
14280 39 113 14417 16 119
67 99 11345 31 116 11445
14292 36 114 11347 14418 27 117 11447
14293 82 87 11349 14425 5 120
14207 29 116 68 89
59 | 104 76 93 11453
64 101 11355 14426 65 101 11455
14305 12 119 14436 6 120 11457
81 88 11359 14437 46 111 11459
14308 42 112 11361 14440 38 114 11461
14309 47 110 14449 7 120 11463
70 97 11365 14450 11 119
14312 74 94 11367 35 115
14314 25 117 41 113
33 115 11371 71 97
14321 80 80 11373 85 85 11472
14324 20 118 11375 14452 84 86 11474
14330 13 119 14453 23 118
61 103 11379 : 62 103 11478
14341 79 80 11381 14458 83 87 11480
14346 45 111 11383 14461 75 04 11482
14354 73 05 11385 14484 8 120 11484
14356 30 116 14488 82 88 11486
66 100 11389 14473 28 17
14357 14 119 11391 53 108 11490
14365 21 118 14474 6 107 11492
26 17 14480 32 116
37 114 44 112 11496
54 107 14481 9 120 11498
69 98 14482 51 109
78 91 11403 81 89 11502
14368 52 108 11405 14485 18 119
14369 40 113 11407 57 106 11606
14372 56 106 11409 14489 67 100 116508
14373 63 102 11411 14600 10 120
14381 34 115 24 118
50 109 11415 84 102
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: BO 90 11616 14642 1 121 11616
14501 49 110 14645 2 121
4 95 11520 22 119
14504 70 a8 11522 71 98
14608 58 106 11524 82 89 11624
14617 39 114 11526 14650 3 121
14521 1n 120 3 117
28 115 11530 75 95 114630
14522 19 119 14853 27 118 11632
79 )] 11634 146586 16 120 11634
‘14530 20 117 14657 4 121 11826
47 111 11538 14880 46 112
14533 42 113 11540 62 104 11640
14537 61 104 11542 14681 81 90 11642
14544 12 120 11544 14666 5 121 11644
14546 33 116 1 14669 38 115 11646
73 26 11548 14677 8 121
14548 8 92 11550 41 114 11650
14549 25 118 11552 14681 | 36 118
14587 66 101 11554 ) 80 o1 11654
145861 20 119 11556 14689 17 120 .
14562 69 99 11568 66 108 11658
14589 13 120 14690 - 7 121
45 112 11562 23 119
14578 63 193 653 109
77 03 11586 a7 101 11668
14580 54 108 11568 14692 74 08 11668
14585 52 109 14698 57 107 11670
56 107 11672 14701 51 110
14588 30 117 11574 70 a9 11874
14503 72 97 11576 14705 8 121
14594 37 115 11578 44 113
14598 14 120 64 103 .
40 114 11682 79 a2 11682
14600 26 118 14708 28 118 11684
50 110 14713 32 117 11686
68 106 11588 14717 59. 106 11688
14602 21 119 11590 14722 .9 121 .
14612 34 114 : 49 111 11692
78 94 11594 14724 18 120 11664
14618 43 113 11596 14732 78 93 11696
146821 85 86 11598 14737 24 119 11698
14624 68 100 11660 14738 73 97 11700
14625 15 120 14741 10 121 11702
48 111 14746 39 116 .
60 105 . a1 106 11706
84 87 11808 14752 a8 116 11708
14629 65 102 11610 14753 47 112 11710
14633 83 B8 11612 14760 42 114
14641 0 121 11814 a6 102 11714
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14761 19 120 79 03 11815
60 100 1mns 14893 3 122
14762 11 121 11720 : 67 102 11819
14766 29 118 . 14897 16 121 11821
7 04 11724 14900 4 122
. 14778 23 17 11726 38 118
14786 12 121 70 100 11827
83 104 1373D 14908 4] 115
14788 25 119 11732 55 109 11831
14788 "2 98 11784 14909 5 122
14792 86 86 11735 53 110 11835
14704 46 113 14912 64 104 11837
85 87 11739 14913 &7 108 11830
14797 54 109 11741 14014 35 117 11841
14800 20 120 14920 6 122 _
56 108 78 94 11845
84 88 11747 14922 51 11 11847
14801 76 95 11748 14929 23 120 11849
14804 52 i10 11751 14930 17 121
14810 13 121 59 197 11853
83 89 11755 14032 44 114 11855
14813 58 107 11757 14933 7 122
14821 50 1 11759 73 " 98 11859
14824 30 118 14945 28 19
82 20 11763 40 112 11863
14825 27 116 14948 8 122
40 115 32 118 11867
‘ 88 101 11769 14954 77 05 11869
14834 85 103 11771 | 14957 61 106 11871
14836 80 106 11773 14962 60 101 11873
14837 14 121 14065 ! 122
f o8 119 13777 18 121
14841 21 120 66 103
76 96 11781 86 87 11881
14842 71 29 14969 86 88 11883
81 )1 117856 14976 24 120 11885
14845 34 117 14977 39 118
43 114 11789 84 89 11889
14848 48 112 11791 14978 47 113 11801
14864 80 92 11793 14984 10 122 11893
14866 15 121 11795 14085 36 117
14869 62 105 11797 72 99 11897
14884 0 122 14989 42 115
22 120 11801 83 90 11901
14885 I 12z 14992 76 96 11863
31 118 14004 63 106 11805
46 13 15002 19 121
74 97 11809 29 119 11909
14888 2 122 11811 160065 1 122
14890 27 | 119 82 01 11913
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15013 33 118 11915 15140 16 1232 .
16016 B4 110 11917 , 86 8% 12016
15017 56 109 11919 16145 4 123
15021 45 114 11921 51 112
15025 25 120 - 59 108

52 111 77 9 12024
81° 92 11927 15148 85 8y 12026
15028 12 122 15149 35 118 12028
58 108 15164 5 123 12030
68 102 11933 15156 84 20 12032
15034 75 97 11935 15161 44 115 12034
15041 20 121 15165 6 123
65 104 ) 69 102 12038
71 100 11941 15170 23 121
16044 50 112 11943 49 113
16049 80 16% 61 107
80 92 11947 83 ] 12046
16053 13 122 11849 15172 66 [ 104 12048
15056 40 116 11961 15178 17 122 12050
15058 37 117 11983 15178 7 123 12052
15661 30 119 11988 15184 28 120
15073 48 i13 11957 32 100 12056
15074 43 115 11949 15185 32 116
15076 26 120 11961 76 97 12060
15077 70 o4 11963 15188 82 02 12062
15080 14 122 15193 8 123 12064
34 118 15205 47 114
82 106 : 83 106 12088
74 98 11971 15208 18 122 12070
16082 21 121 11973 15210 9 123
15098 67 103 11975 39 117
15101 70 101 11877 81 23 12076
15109 15 122 16217 24 121 12078
78 - 95 11981 15220 36 118
15112 46 114 11883 42 116 12082
15121 64 105 11985 15229 10 123
15122 31 119 11987 15 08 12088
15125 22 121 15233 88 103 12088
55 110 11981 15238 56 110
15129 0 123 80 a4 12002
27 120 11995 152387 54 111 12004
18130 1 123 15241 29 120 12096
53 1 15242 71 101 12088
57 109 . 15245 19 122
73 99 12003 58 109 12162
15133 2 123 15248 52 112 12104

. 38 117 12007 152560 11 123
15137 41 116 12000 33 119
15138 3 123 45 115

87 87 12012 65 105 12112
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15264 60 108 12114 61 108 )
16266 25 121 72 101 12216

79 95 12118 156386 35 119 12218

156269 5¢ 113 12120 15392 4 124
15273 12 123 12122 44 116 12222

15277 74 99 12124 15397 49 114 .

15284 20 122 12126 81 94 12226
15289 40 117 12128 15401 5 124 12228
16203 37 118 16412 8 124 ‘12230
82 107 12132 15413 23 122 12232

15208 13 123 12134 15418 17 123
15300 20 120 63 107 12236
. 48 114 15424 32 120 12238

78 96 12140 15425 .17 124

15304 70 102 12142 28 121
16305 43 116 80 95 12244
67 104 121486 15426 75 99 12246
15313 87 88 12148 16434 47 115 12248

15317 26 121 15440 8 124
34 119 88 104 12252

86 89 12154 15446 39 118
15325 14 123 71 102 12256
21 122 15453 18 123 )
85 90 12160 42 117 12260

15329 73 100 12162 15457 9 124

16332 64 106 12164 36 119

15337 84 29 12166 656 111
15338 kid 97 12168 : 79 98 12268

15341 46 115 12170 15480 24 122
16346 55 111 12172 54 112 12272
15349 57 110 12174 15481 65 108 12274
15353 53 112 15464 58 110 12276
83 02 12178 15473 52 113 12278

16354 15 123 12180 15476 10 124
15361 31 120 12182 74 100 12282

15362 59 109 12184 15481 45 118
15368 22 122 60 109 12286
: 38 118 12188 15482 20 121 12288
16370 27 121 15488 88 88 12288
41 117 15489 a3 120 12291

51 113 15490 19 123
69 103 12186 87 89 12295
15375 . B2 93 12198 15493 78 a7 12297

15376 0 124 12200 15496 50 114
16377 1 124 12202 86 90 12301
15380 2 124 15497 11 124 12303
76 98 122086 15506 85 ) | 12305
15381 66 106 12208 15508 62 108 12307

15385 3 124 15509 26 122
16 123 70 103 1231
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15514 67 105 12313 | 15650 5 125
15520 12 124 7 103
84 92 12317 79 97 12417
15524 40 118 12319 15858 23 123 12419
15528 20 123 15661 6 125 12421
48 115 12323 15665 17 7| 124
15630 37 119 32 121
73 101 12327 47 116
15533 77 98 12320 88 89 12429
15538 43 117 15668 28 122 12431
88 03 12333 15669 87 00 12433
15541 30 121 12335 15874 7 126
155645 13 124 65 107 12437
64 107 12330 156717 74 101
15568 34 120 12341 : 86 - 81 12441
‘15560 26 122 : 15680 56 112 12443
82 04 12346 15682 39 118 12445
15569 56 112 12347 15685 54 113
16670 21 123 58 111 12440
' 57 111 12351 15688 42 1i8
15572 4 124 78 98 12453
46 116 12355 15689 8 125
16677 89 104 : 85 92 12457
76 09 12358 15696 36 120 12459
15578 53 113 12361 15700 18 124
15581 59 110 12363 52" 114
15586 81 05 12365 60 11¢ 12465
15588 72 102 12387 15705 24 123 :
15592 66 106 12369 84 23 12469
15507 51 114 12311 15706 9 126 12471
15601 18 124 12373 16714 45 - 117 12473
15802 31 121 15716 70 104 12475
81 109 12371 15725 10 126
15605 38 119 29 122
: 41 118 12381 50 1156
15613 22 123 82 109
27 122 12385 87 106 )
16618 80 © 08 12387 . 83 94 12487
15625 0 125 15730 33 121
35 120 77 99 12481
44 117 15733 73 102 12493
‘ 75 100 12395 15737 19 124 12495
15828 1 125 15746 11 126 12497
49 115 12399 15749 82 95 12499
15620 2 125 12401 16754 25 128 12501
15632 18 124 12403 15760 48 118
15633 63 108 12405 64 108 12505
15834 3 126 12407 15761 40 119 12507
15641 4 125 12409 15769 12 126
15649 68 105 12411 37 120 12511
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15773 43 118 12513 15898 47 117 12612
15778 20 124 . 15901 5 12¢ 12614

0 76 100 12517 16905 23 124
15777 81 96 12519 56 113 12618
15784 30 122 12521 15908 82 122
15786 89 105 12523 58 112 12622
15793 57 112 15912 [ 126
72 103 12527 54 114 12626
15794 13 125 15913 28 123 12428
55 113 12531 15914 17 125
15797 34 121 12533 83 85 12632
15802 59 111 12535 15921 39 120
15805 26 123 80 111 12636
46 117 15925 7 126
53 114 42 119
66 107 12543 70 105 12642
15809 80 97 12545 15929 52 116
15817 21 124 12547 77 100 12648
15821 14 125 15937 36 121 12648
61 119 12551 15938 67 107
15826 5] 115 73 103 12652
75 101 12555 15940 8 126
16842 41 119 82 o6 12656
89 89 12558 15944 62 110 128688
15844 38 120 15949 18 125
88 80 12562 45 118 12662
15845 31 122 15952 24 124 12664
Tl 79 93 12566 15956 50 116 12666
15830 -|=sap 126 15957 9 128 12668
6% 109 15970 20 123
87 \(91 12572 81 97 12672
15857 . 49 118 15973 33 122 12674
71 104 12576 15976 10 128 12676
15858 27 123 12578 15977 64 169
15860 22 124 "8 101 12680
14 118 15988 19 125 12682
68 106 15993 48 117 12684
86 92 12588 15997 11 126
15866 35 121 12588 69 106 12688
15874 85 93 12590 18000 40 120
15876 0 126 12562 72 104 12692
15877 1 126 12594 16001 25 124 12694
15880 2 126 16004 80 98 12696
74 102 12598 16010 37 121
15881 16 125 12600 43 119 12700
15885 3 128 16018 57 113 12702
78 99 12604 16020 12 126
15889 65 108 12606 ’ 68 108 12706
15892 4 128 16021 55 114
84 94 12610 89 90 12710
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16025 20 125 16153 32 123
: 59 112 87 108 12814
88 o1 12116 | 16164 5 127 | O
16029 30 123 23 125 12818
75 102 12720 18160 28 124
16033 87 92 12722 52 116 12822
18034 53 115 12724 18162 39 121 12824
16040 34 122 : 16164 42 120 12826
46 118 12728 16165 6 127
16042 81 111 . 17 126
79 99 12732 62 1
18045 13 126 81 98 12834
86 93 12736 16178 7 127 12836
18052 26 124 12738 16180 36 122
16067 51 118 12740 76 102 12840
16061 86 94 12742 16186 45 119 12842
16066 a1 125 16189 50 117 12844
71 103 12746 16193 8 127 12846
16069 63 i10 12748 16196 64 110 12848
16072 14 126 12750 16200 18 126
16073 63 107, 12752 ' . 20 090 12851
18081 41 120 16201 24 125
84 a5 12756 80 099 12855
18084 78 100 12758 16202 89 91 12857
16085 38 121 16208 88 92 12859
74 103 12762 16209 72 105 12861
16090 31 123 16210 9 127
49 117 12766 69 107 12865
16097 44 119 12768 18217 24 124 12867
16101 15 126 . 12770 16218 33 123
16105 27 124 87 3 12871
83 96 12774 16228 48 118 12873
16106 65 109 12778 16229 10 127 12875
16108 22 125 16232 86 94 12877
35 122 12780 18234 76 103 12879
16128 0 127 12782 16237 1% 126
- 16130 1 127 66 109 12883
77 101 12786 16241 40 121 y
16132 16 126 79 100 12887
56 114 12790 16245 57 114 12889
16133 2 127 16249 43 120 128m
47 118 16250 1l 127
58 113 25 125
82 97 12798 55 115
16136 70 106 12800 59 113
16138 3 129 12802 85 85 12901
16141 54 114 12804 16253 37 122 12503
16144 60 112 12806 16266 53 116
18145 4 127 ] 81 112 12907
73 104 12810 16272 84 06 12909
78
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16273
16276

16277

16285
16288
16290
16292
16298

16301
16317

16322
16325
16328

16333
16336
16337
16349

16354

16360

16361
16362
16369
16370

16372
16381
16384
16385
16383

16393

16400

z ¥ Nat) 2 % Y No(t)
12 127 12011 80 100 13011
20 126 16405 23 126
30 124 12015 39 122
46 119 42 121
7 106 12919 87 [ 13019
34 123 16409 5 128
8 101 12023 28 125 13023
68 108 12926 16417 64 111 +13025
51 117 16418 17 127 13027
63 111 12929 16420 6 128
74 104 12931 72 106 13031
13 127 16421 86 95 13033
83 97 12935 16424 50 118 13036
26 125 12087 16425 36 123
21 126 12939 45 120
41 121 12941 69 108 13041
14 127 16433 7 128 13043
49 118 16441 75 104
65 110 12947 85 96 13047
38 122 16442 79 101 13049
82 98 12951 16448 8 128 13051
77 102 12953 16452 24 126 13053
44 120 12965 16453 18 127 13055
31 | 124 12967 16456 66 110 13057
70 107 12959 16465 9 128
15 127 33 124
27 126 48 119
35 123 84 97 13065
73 105 12967 164686 29 125 13067
22 128 16474 57 115 13069
58 114 12971 16477 59 114 13071
56 115 12973 16481 55 116 13073
81 99 12975 16484 10 128
60 113 12077 40 122 13077
47 119 16488 78 102 13079
67 109 12981 16490 19 127
54 116 12983 43 121
90 91 12985 61 118
0 128 12087 71 107 13087
1 128 16493 83 98 13089
16 127 16498 37 123
78 108 53 117 13093
89 92 12995 18501 25 126
2 128 74 105 13097
62 112 12999 16505 11 128
3 128 68 109 13101
52 117 16513 63 112 13103
88 93 13005 16516 46 120 13105
4 128 16525 30 125,
32 124 51 118
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82 99 13111 39 123
16628 12 128 13113 75 105 13212
16629 20 127 13115 16657 4 129 13214
16532 34 124 13117 16658 23 . 127 13216
16638 77 103 13119 166680 28 126
16546 65 111 13121 84 98 13220
16552 26 126 13123 16661 50 119 13222
16553 13 128 13125 16666 § 129
168561 81 100 13127 45 121 13228
16562 49 119 16672 36 124 13228
91 a1 13130 16673 17 128 ‘13230
-16564 70 108 16877 6 129
90 92 13134 86 111 13234
16565 41 122 16680 7 129
73 106 13138 83 99 13238
18576 21 127 16603 78 103 13240
89 93 13142 16704 43 120 13242
16573 38 123 13144 16705 8 129
16577 44 121 13146 24 . 127
16380 14 128 a7 116
88 94 13150 7 108 13250
16586 3 125 13152 16706 69 115 13252
16589 58 115 16708 18 128 13254
67 110 13156 16712 T4 106 13256
16592 56 116 16714 33 125
76 104 13160 a6 117 13260
16594 87 95 13162 16717 29 126
16596 60 114 13164 81 il4 13264
16601 35 124 16722 9 120 13266
80 101 13168 16724 68 110
16605 27 126 82 100 13270
B4 117 13172 16729 40 123 13272
16609 15 128 16733 43 122
47 120 131768 53 118 13276
18612 86 08 13178 16738 63 113 13278
16613 22 127 16741 10 129 13280
62 113 13182 16745 19 128
16628 52 118 13184 37 124
16633 72 107 13186 77 104
16634 85 97. 13188 91 92 13288
16640 16 128 16749 90 93 13290
64 112 13192 16754 25 127 13202
16641 0 120 13194 16757 46 121
16642 1 129 89 94 13296
69 109 13198 16762 11 129
16845 2 129 51 119
79 102 13202 81 101 13302
16648 42 122 13204 16769 65 112
16649 32 125 13208 88 " 95 13306
16650 3 129 16776 30 126 13308
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16778 73 107 13310 16913 23 128
16781 34 125 28 127 13412
70 109 13314 168916 4 130 13414
16784 20 128 133186 16921 36 125 13416
16785 12 129 16922 71 109 13418
87 96 13320 16025 5 130
16801 49 120 74 107
76 105 13324 82 101 13424
16804 80 102 13326 16928 92 92 13425
16805 26 127 16930 17 129
86 97 13330 91 03 13429
16810 13 129 16038 6 130
41 123 90 04 13433
67 111 13336 18937 59 116 13435
18820 88 124 16938 57 117 13437
44 122 16045 48 121
58 116 13342 68 111 13441
16825 21 128 16946 61 115
.58 17 89 95 13445
80 115 13348 16040 i 130
16829 85 98 13350 55 118 13449
16837 14 129 16954 7 105 13451
81 126 13354 16060 24 128
16840 54 118 88 06 13455
62 114 13358 16064 8 130 13457
16848 72 108 13360 16965 18 129
16850 15 125 33 126
47 121 63 114
79 103 13366 81 102 13465
16857 84 99 13368 16970 29 127
16858 27 127 13370, 53 119 13469
16861 69 110 16976 40 124 13471
75 106 13374 16978 43 123
16865 52 119 87 97 13476
84 113 13378 16981 9 130 13477
163866 15 1290 13380 16993 73 | . 108 13479
16868 99 128 13382 16094 37 125
16889 83 100 13384 66 113 13483
16893 42 123 13386 17000 10 130
16897 16 128 48 122
39 124 13390 70 110
18900 0 130 86 08 13401
32 126 17001 51 120 13493
50 120 17002 19 129 13495
Go 112 17009 25 128
78 104 13400 80 103 13499
16801 1 130 13402 17012 76 106 13601
16904 ) 130 13404 17021 11 130 13503
16009 3 130 17028 85 99 13506
45 122 13408 17029 30 127 13507
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¢ z Nylt) t x y Noft)
17032 L7 126 13609 , 77 106 13609
17033 67 112 13511 17168 28 128 :
17041 20 129 13513 68 112 13613
17042 49 121 13515 17170 3 131
17044 12 130 13517 23 129
17053 58 117 13519 59 117
17056 80 118 3 103 13821
B4 100 13523 17172 36 128 13623
17057 41 124 17173 57 118
79 104 13527 87 98 19627
17060 26 128 17177 4 131
56 118 13531 61 116 13631
17065 44 123 17188 5 131
72 109 13535 55 119 13635
17069 13 130 17188 48 122 13837
38 125 17189 17 130 13639
62 115 13541 17194 63 115 123641
17074, 75 107 12543 17197 6 151
17077 54 119 13545 86 99 13645
17682 21 129 17209 53 120 13647
89 111 12549 17210 7 131
17090 31 127 73 109 13651
83 101 13553 17216 80 104 13653
17092 64 114 13555 17217 24 129 13655
17093 47 122 13557 17218 33 127 18657
17096 14 130 13559 17221 85 114
17101 35 126 13561 70 111 13661
17104 52 120 13568 17224 18 130 13663
17109 78 105 13565 17225 8 131
17113 27 128 29 128
92 03 13568 | 4 40 125
17117 91 o4 13571 43 124
17126 15 130 78 07
29 129 86 100 13675
66 113 17242 9 131
80 95 13579 51 121 13679
17128 82 102 13581 17245 37 128
17137 89 96 13583 46 123 13683
17140 42 124 17257 84 101 13685
74 108 13587 17258 67 113 13687
17141 50 121 17261 10 131
n 110 13591 : 19 130 13681
17146 39 125 13583 17266 25 129
17158 32 127 79 105 13695
B8 87 13597 17282 11 131 13697
17154 45 123 13599 17284 30 128
17156 16 130 13601 72 110 13701
17161 0 131 13603 17285 34 127
17162 1 131 13605 49 122 13705
17166 2 131 _ 17288 58 118 13707
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¢ z v Nelt) ¢ z y Nol(t)
17289 60 117 17425 1 132
75 108 13711 28 129
17293 83 102 13713 36 127
17297 56 119 13716 56 120
17298 93 93 13716 63 116
17300 20 130 80 1056 13818
62 118 - 17428 85 101 13820
02 04 13722 17428 2 132 13822
17305 12 131 17429 23 130
69 112 13726 73 116 13826
17308 4] 125 17433 3 132
91 85 13730, 48 123 13830
17312 44 124 13732 17440 4 132
17316 54 120 76 108 13834
90 96 13736 17444 70 112 13836
17317 26 129 13748 17449 5 132 13838
17320 38 126 17450 17 131
78 106 13742 53 121
17321 64 116 13744 65 115 13844
17330 13 131 17450 8 132
89 97 13748 84 142 13848
17333 82 103 - 1375¢ 17473 7 132
17338 47 123 13752 33 128 13852
17341 21 130 13764 17474 43 125 13854
17545 31 128 17478 24 130 ‘
52 121 18768 40 126 © 13858
17348 88 98 13760 17477 % 106 13880
17352 66 114 13762 17482 29 129 13862
17354 35 127 13764 17485 18 131
17357 14 131 51 122
74 109 13768 67 114
17362 7l 111 13770 93 94 13870
17370 27 129 17488 8 132 13872
87 99 13774 17480 92 95 13874
17377 81 104 13776 17492 48 124 13876
17318 71 107 13778 17497 o1 o6 13878
17384 22 130 17498 37 127
50 122 13782 83 103 13882
17388 15 131 - 13784 17505 9 132
17389 42 125 13786 72 111 13886
17393 68 113 13788 17506 5 109 13888
17396 86 100 13790 17500 90 97 13890
17397 30 128 13792 17522 1¢ 131 13892
17401 45 124 13794 17524 10 132
17405 59 118 13796 80 118 13898
17408 32 128 13798 2 25 130
17410 &7 119 17625 58 119
61 117 13802 89 88 13802
17417 16 131 13804 17530 49 123
17424 0 132 13806 69 113 139086
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¢ x y Nolt) ¢ x Y Nglt)
17533 62 117 . 17672 94 94 14007
78 107 13910 17674 93 95 14009
17536 56 120 13912 17680 16 132
17540 34 i28 36 128
82 104 13016 48 124
17541 20 129 13018 92 06 14017
17645 11 132 17681 65 116 14019
88 99 13922 176884 28 130 14021
17652 64 116 13924 17689 0 133 14023
17557 41 126 17690 1 133
64 121 13928 23 131
17561 0 131 79 107
44 125 13932 91 a7 14031
17568 12 132 13934 17693 2 133
17569 87 100 13936 53 122 14035
17573 38 127 13938 17698 3 133 14037
17576 26 130 17704 20 98 14039
74 110 13042 17705 4 133
17681 66 115 13944 &3 104 14043
17585 47 124 17713 17 132 14045
71 112 13948 17714 & 133
17586 81 105 13950 67 115 14049
17588 52 122 13952 17722 89 99 14051
17593 13 132 17725 6 133
77 108 13956 43 126
17697 86 101 13958 74 110 14057
17602 21 131 17728 72 112 14059
31 129 13962 17729 40 127 14081
17609 36 128 13964 17730 33 129
17620 14 132 51 123 14066
68 114 13868 17737 o4 131 14067
17629 27 130 17738 7 133 14069
50 123 17741 29 130
85 102 13974 46 125 14073
17636 " B0 106 13076 17744 88 100 14075
17640 42 126 13978 17748 18 132
17642 59 119 13980 78 108 14079
17645 22 131 17749 82 105 14081
) 118 13084 171753 ] 133
17649 16 132 37 128 14085
57 120 | 13988 1775% 69 114 14087
17650 30 127 17761 60 119 14088
45 125 17764 a8 126 14091
73 111 13094 17768 2 1i8 14093
17667 i 108 13996 17770 9 133
17668 63 117 18998 87 101 14007
17665 32 129 17717 49 124
84 103 14002 56 121 14101
17666 65 121 14004 17785 19 132
17669 70 113 14008 64 117 14105




¢ z Yy Nolt) t @ y Noft)
17786 25 131 14107 65 17
17789 10 133 14109 83 105 14209
17797 34 129 17921 89 100 14211
74 11 17924 32 180 14213
81 106 14115 17929 48 125 14216
17800 30 130 17937 36 129 14217
54 122 17938 53 123 14219
86 102 14121 17945 16 133
17810 11 133 28 131
41 127 67 116
71 113 88 101 14227
17 109 14129 17946 75 111 14229
17812 44 126 17953 23 132
66 116 14133 72 113 14233
17824 20 132 14135 17956 0 184 14235
17828 38 128 14137 17957 1 134 14237
17833 12 133 17960 2 134
52 123 14141 82 106 14241
17834 47 125 17966 3 134
85 193 14145 8 109 14245
17837 26 181 14147 17972 4 134 14247
17849 68 115 17978 87 102 14249
80 107 14151 17977 51 124 14251
17858 13 133 14153 17978 17 133
17861 31 130 43 127 14256
94 95 14157 17981 5 134 14257
17865 21 132 17984 40 128 14259
93 96 14161 17986 69 115 14261
17866 85 129 14163 17989 83 130 14263
17872 84 104 14165 17992 8’ 134
17878 73 112 46 126 14287
92 97 14169 18000 24 132
17876 50 124 60 120 14271
76 110 14173 18002 29 181 14273
17881 59 120 14175 18005 7 134
17882 61 119 14177 58 121
17885 14 133 82 119
91 98 14181 86 103 14281
17890 27 131 18010 37 129
57 121 14185 81 107 14285
17893 42 127 18013 18 133 14287
63 118 14189 18020 8 134
17806 70 114 14191 56 122
17901 45 126 64 118
80 99 14195 74 112 14295
17905 39 128 * 18026 49 125 14297
79 108 14199 18029 m 110 14299
17908 23 132 14201 18087 9 134
17909 56 122 14203 71 114 14303
17914 15 133 18041 86 104 14305
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Noft) .

14 % Y Noft) [ T Yy
18045 54 128 82 107 14406
66 117 - 14309 18178 67 117
18049 25 132 14311 87 103 144310
18050 19 133 18180 48 126
05 95 14314 72 114 14414
18052 94 96 14316 18181 15 134 14416
18056 10 134 18184 78 110 14418
34 130 14320 18185 32 131
18058 93 97 14322 53 124 14422
18661 30 131 14324 18196 16 130 14424
18064 80 108 14326 18208 28 132 14426
18066 41 128 18212 16 134
44 127 14330 86 104 14430
18068 92 98 14332 18217 89 116 14432
18077 11 134 14334 18218 23 133 14434
18080 52 124 - . 18225 0 135
68 116 14338 ' 81 108 14438
18081 84 105 14340 18224 1 135
18082 a1 99 14342 51 125 14442
18085 38 129 18229 2 135 14444
47 126 14346 18233 43 128 14446
18089 20 133 14348 18234 3 135 14448
18097 76 111 14350 18241 4 ‘135
15098 73 113 14352 40 129
18100 12 134 60 121
26 132 95 96 14456
90 100 14378 18244 62 120 14458
18121 61 120 14360 18245 17 134
18122 31 131 46 127
59 121 74 113~
79 109 04 a7 14466
89 101 14368 18248 58 122 14468
18125 13 134 18250 5 135
35 130 33 131
50 - 125 97 111
70 115 85 105 14476
83 106 14378 18253 93 98 14478
18130 21 133 18257 64 119 14480
63 119 14382 18261 6 135 14482
18133 51 122 14384 18285 24 133
15148 42 128 20 132
88 102 14388 56 123
18149 65 118 14360 92 a9 14490
18152 14 134 14392, 18266 71 115 14492
18153 27 132 14304 | - 18289 37 130 14494
18154 45 127 . 18274 7 135 14496
55 123 14398 18277 49 126 14498
18162 30 129 14400 18280 18 134
18169 75 112 14402 66 118 14502
18173 22 133 18281 80 109
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t z Y No(t) t x ¥ Noft)
91 100 14508 86 105 14806
18289 8 135 14608 18432 96 94 14807
18202 54 124 18433 48 127 14609
84 106 14512 18434 53 125
18301 90 101 14614 05 97 14613
18306 9 135 14516 18440 29 134
18313 68 117 14518 04 08 14617
18314 25 133 14520 18442 81 109 14619
18317 19 134 18448 32 132 14621
34 131 14524 18450 15 135
18320 44 128 69 117
76 112 14528 093 a9 14627
18322 41 129 14530 18457 36 131 14629
18324 30 132 14532 18461 85 106 14631
18325 10 135 18464 92 100 14633
73 114 18472 74 114 14835
89 102 14538 18473 28 133
18329 52 125 14540 77 112 14639
18338 47 127 18477 51 126 14641
83 107 14544 18481 16 135 14643
18341 79 110 , 14546 18482 91 101 14645
18344 38 130 14548 18484 80 122 14647
18346 11 136 14550 18485 23 134
18353 88 103 14552 62 121 ° 14651
18346 20 134 18490 43 129 14653
70 118 14566 18493 58 123 14655
18362 61 121 14558 18496 ] 136
18365 26 133 64 120 14659
59 122 14662 18497 1 136
18369 12 135 71 116 14663
63 120 14586 18500 2 136
18376 50 126 14568 40 130
18378 a7 123 14570 46 128
18385 31 132 . 80 110 14671
87 104 14574 18504 90 102 14673
18386 35 131 18505 3 138
65 119 14578 84 107 14877
18388 82 108 145680 18512 4 136
183984 13 135 56 124 14681
75 113 14584 18613 33 132 14683
18397 21 134 14586 18514 17 135 14685
18401 55 124 14588 18517 66 118 14687
18405 . 42 129 18521 5 136 14689
78 111 14592 18530 29 133
18409 45 128 37 131
72 115 14696 49 1127
18413 67 118 14508 - 89 108 14697
18418 27 133 14600 18532 6 136
18421 14 135 24 134 14701
39 130 18541 i1} 126 14703
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¢ x ¥ Ng(t) t T Yy Neft)
18545 7 136 45 128 14805
76 113 14707 18674 85 107 14807
18548 68 118 14709 18682 39 131 14809
18549 18 135 14711 18685 29 134
18553 83 108 14713 53 126
18664 73 115 14715 ] 118
18560 8 136 . 91 102 14817
88 104 14719 18688 48 128 14819
18562 79 111 14721 18602 14 136 14821
18577 9 136 18698 77 113 14823
44 129 14725 18701 74 115 14825
18580 24 132 18709 22 135
25 126 14729 90 103 14829
18581 25 134 18713 32 133 14831
41 130 14733 18720 36 132
18586 19 135 14735 84 108 14835
18589 30 133 18721 15 136
70 117 14739 80 111 14839
18593 44 128 14741 18728 62 122 14841
18504 87 105 14743 18726 60 123 14843
18506 10 136 14745 18730, 61 127
18605 38 131 71 117 1484%
‘ 61 122 : 18747 84 121
82 109 14751 89 104 14851
18610 59 123 18740 28 134
63 121 14755 58 124 14855
18817 n 136 14757 18749 43 130 14857
18621 78 114 14759 18752 16 136 14850
18625 20 135 18754 23 135 14861
57 124 18756 66 120 14863
65 120 18757 46 129 14865
26 97 14767 18761 . 40 131
18628 78 .12 14769 56 125 14869
18629 50 127 18769 0 137
95 93 14773 88 105 14873
18632 26 134 18770 1 137
86 106 14777 83 109 14877
18637 94 99 14779 18772 76 114 14879
18640 12 136 18773 2 137 14881
72 116 14783 18778 3 137
18649 35 132 23 133 14885
93 100 14787 18785 4 137
18650 31 133 17 136
55 125 49 128
67 119 14793 68 119
18661 81 110 14795 73 116
18664 42 130 14797 79 112 | . 14897
18665 13 136 18702 54 128 14899
92 101 14801 18793 37 132 14901
13666 21 135 18794 5 137 14903
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t T y Nt} ¢ E Y Na(t)
18797 29 134 14905 45 130
18801 24 135 14907 77 114 15008
18805 6 137 18932 Td 116 15008
87 106 14911 18037 21 136
18818 7 137 84 109 15012
97 a7 14914 18038 13 137
18820 18 136 A3 127 15016
96 98 14918 18944 80 112 1656018
18824 70 i18. 18945 39 132
82 110 14922 48 129 15022-
18828 95 99 14924 18046 89 106 15024
18833 8 137 18954 27 136 15026
52 127 14928 18965 14 137
18836 44 130 71 i18 15030
94 100 14932 18973 62 123 15032
18842 41 131 14934 18978 60 124 15034
18845 34 133 18930 22 136
86 107 14938 32 134
18850 9 137 64 122
25 136 L 106 18042
47 129 18985 36 133
61 123 61 128 15046
75 115 19988 58 125
93 101 14950 83 110 15050
18853 63 122 18994 15 137 16052
78 113 14954 18997 66 121 15054
18858 30 134 14956 18001 76 115 15056
18857 19 136 19009 28 135 15058
859 124 14960 19010 43 131
18866 65 121 14962 79 113 15062
18868 38 132 14012 56 126 15084
92 102 14966 18013 a7 08 15068
18869 10 137 14968 19016 48 130 15068
18873 72 117 14970 18017 96 99 15070
18874 57 126 14972 18018 73 117
18882 81 111 14974 87 167 15074
18884 30 128 14976 19024 40 132
18889 67 120 ’ 68 120 18078
86 108 14980 18025 16 137
18820 11 137 23 136
"N 103 14984 95 100 15084
18894 20 136 14988 19037 94 1m 15086
13901 26 135 19042 49 129 15088
56 128 14990 18044 0 138 15090
18913 12 137 14092 18045 1 138
18914 b 133 14994 33 134
18916 90 104 14996 54 127
18017 31 134 14998 82 111 15098
18922 69 119 15000 189048 2 138 16100
18925 42 131 190563 3 138
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¢ P ¥ Nalt) ¢ z ¥ Naft)
93 102 | 15104 | 19186 31 135
19058 17 137 45 131 15206
37 133 15108 19188 12 138
19060 4 138 43 132 15210
86 108 15112 19103 53 128
19061 70 119 15114 _ 88 107 16214
19066 29 135 | . 15116 18202 71 119 15216
18068 5 138 15118 10204 48 130 15218
19072 24 136 16120 19208 98 98 15219
18073 92 103 15122 19210 21 137
19080 6 138 39 133
78 114 15126 a3 111
19081 75 116 15128 97 99 15227
19088 52 128 15130 19213 13 138 15229
19093 7 138 19216 96 100 15231
18 137 15134 19220 62 124 15233
19097 44 131 19225 27 136
81 124 80 125
9l 104 | - 15140 64 123 15239
18098 83 123 15142 19226 95 101 15241
19106 4l 132 19232 76 118 15243
81 112 15148 19233 87 108 15245
19106 59 125 19237 79 114 15247
85 109 15150 16240 14 138
19108 8 138 58 126
7 118 15154 6 122
19109 47 130 94 102 15255
, 65 122 «| 15158 19249 51 129 15257
19112 34 134 15180 10240 32 135 15259
19121 25 136 15162 19252 36 134 15261
19125 9 138 19953 22 137
30 135 3 118 15265
87 126 16258 93 103 15267
90 105 15170 19265 56 127
19130 19 137 68 121 15271
67 121 15174 15268 82 112 15273
19133 38 133 15176 19269 16 138 15275
19141 50 129 15178 19273 43 132 15277
19144 10 138 15180 19277 46 131
19154 55 127 86 109 15281
77 115 15184 19280 28 136 ‘
19156 84 110 15186 92 104 15285
10157 89 106 15188 19289 40 133 15287
19161 69 120 15190 19208 23 137 15289
19165 11 138 19300 16 138
74 117 15194 54 128
19189 20 137 70 120 15295
80 113 15198 19301 49 130 15297
19172 28 136 15200 19306 91 105 15290
19181 36 134 15202 | 19309 78 115 15301
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t -z Y Noft) ? x ¥ Nolh)
19314 33 135 18433 83 112 16403
6 117 15305 18441 71 120 15405
19321 0 139 16307 19442 11 139 15407
19322 1 139 15300 19444 20 138 154089
19325 2 139 16445 26 137
k¥l 134 94 103 15413
85 110 153156 19449 46 132 15415
19330 3 139 19450 35 136
: 81 113 15319 53 129
18333 17 138 16321 87 109 16421
19336 90 106 15323 19453 42 133 15423
19337 4 139 19457 31 136 15425
29 136 16327 10465 12 139
19345 24 137 48 131
52 129 76 117
63 124 93 104 15433
72 118 15335 19466 79 115 15435
19346 5 139 19469 62 125 15437
61 125 15339 19472 64 124 15439
19354 685 123 15341 19476 60 1268 15441
19357 6 139 19477 39 134 15443
59 126 15345 19485 21 138 .
19360 44 132 15347 66 123 15447
19368 18 138 15349 19488 a2 105 15449
19370 ¥ 139 19490 13 139
41 133 73 119 15453
47 131 : 19493 58 127
89 107 165357 : 82 113 15457
19373 87 122 15359 19456 86 110 15459
13377 84 111 15361 19498 27 137 15461
19378 57 127 15363 19501 51 130 15463
18381 34 135 15365 - 19508 68 122 16465
19385 8 139 19517 14 139
77 116 16369 91 106 15469
19394 25 137 15371 19520 32 1368
193086 30 136 . 56 128 15473
80 114 15375 19621 36 135 15475
14400 38 134 19528 22 138 15477
50 130 185638 43 133 15479
74 118 15381 19540 46 132
16402 9 139 78 116 15483
69 121 15385 18541 70 121 15485
18405 19 138 19546 15 134 '
98 99 15389 85 111 15489
18408 88 108 15391 19549 . 76 118
19409 56 128 a0 107 15463
97 100 15385 19553 28 137 15495
19417 96 101 15397 18556 40 134 15497
19421 10 139 15399 19557 54 129
19429 95 102 15401 81 114 16501
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z ¥ Ny(t) t z ¥ Nylo)
19562 40 131 15503 19674 93 105 16602
10573 23 138 15505 19681 9 140 15804
19577 16 139 15507 19682 19 139
19584 72 120 13509 71 121 15608
19585 33 138 19697 79 116 15610
89 108 15513 19700 10 140
10594 37 135 78 118
. 63 125 15517 92 106 15616
19597 81 126 15519 19708 53 130 16618
19600 0 140 10714 45 133 15620
84 112 15528 19717 86 111 15622
19801 1 140 19720 26 138
65 124 15627 42 134
19802 a9 89 15528 62 128 ,
19604 2 140 82 114 15630
52 130 19721 11 140
98 100 15534 2 139
19809 3 140 15536 35 136
19610 .17 139 4 125 15638
29 137 19728 48 132 15640
59 127 19729 60 127
97 101 15544 73 120 15644
19618 4 140 15546 19730 31 137
19618 67 123 | 107 15648
‘ 77 117 15550 19732 66 124 15650
19620 24 138 19744 12 140 15662
0% 102 15554 19746 39 135 15654
19625 5 140 19748 58 128 | - 15636
44 133 19758 68 123 15658
80 115 19762 21 138
88 109 15662 51 131 15662
19633 47 132 19764 90 108 15664
57 128 15566 19769 13 140
19634 95 103 15568 85 112 15668
19636 6 140 15570 19773 2 138 :
19637 41 134 78 117 15672
74 119 15574 18777 66 129 15674
19645 18 189 10784 10 122 156748
69 122 15578 19786 75 119
10649 7 140 15580 81 115 15680
19652 34 136 19792 36 136 15682
94 104 15584 19793 32 137 15884
19658 83 113 15586 10796 14 140 15686
19661 50 131 16538 19801 99 100 15688
19664 8 140 15590 19802 89 109 15650
19866 56 129 15592 19805 22 138
19669 25 138 43 134
30 137 46 133
38 135 98 101 15608
87 110 15600 19813 97 162 15700
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t z ¥ Nyl t x ¥ Naoft)
19814 54 130 15702 19937 76 119 15802
19825 15 140 19940 38 136

40 135 86 i12 15806
49 152 19944 30 138 15808
72 121 10945 B 141
84 113 91 108 15812
26 103 16714 19946 25 139 16814
19828 23 138 15718 19949 82 114 15816
18847 25 104 15718 19041 19 140 15818
19844 88 110 15720 19962 9 141 15820
19845 83 128 15722 10970 53 121
19850 21 139 73 121 15824
a1 127 19972 64 126 15826
65 125 15728 19973 62 127 15828
19853 77 118 15730 1908) 10 14]
19856 16 140 45 134
-80 116 15734 66 125
19858 33 137 15736 80 169 15836
19861 a4 105 {~ 15738 19084 60 128 15838
19865 97 136 19689 42 135 15840
52 131 19993 48 133 15842
59 128 19004 35 3%

: 67 124 15746 a5 113 15846
19876 T4 120 15748 19997 26 139 15848
19881 0 141 16750 20000 20 140
19882 1 141 15752 68 124
19885 2 141 160 100 15853

20 138
83 114
03 108 15760
19889 17 140 15762
19890 3 141
” 57 129
< 69 123
87 111 15770
10802 44 134 16772
19897 4 141
24 139 15776
10898 47 133 15778
19906 5 141
.4 135 15782
19913 82 107 14784
19917 6 141 15786
10924 18 140
50 132 15790
10625 34 137
55 130
71 122 15798
19930 7 141
79 117 15800

Published by the East Panjab University, Hoshiarpur, and Printed by Norman A. Ellis, Baptist Mlisslon
Press, 414 Lower Circular Rood, Caleutta.



RESEARCH BULLETIN

OF THE

EAST PANJAB UNIVERSITY

Neo. 21 CHEMISTRY Pp. 95—9§

Aungust, 1952

EXPERIMENTS ON THE CONSTITUTION OF CHAKSINE, THE
ALKALOID FROM THE SEEDS OF CASSI4A ABSUS LINN.
PART I

by
S. D. LALA and 1. SEN GUPTA
(Department of Chemistry, Panjab University College, Hoshiarpur)

Edited for the East Panjab University by Vishwa Nath,
Department of Zoology, East Panjab University,
HOSHIARPUR

Price Rs.(¢-11-0



EXPERIMENTS ON THE CONSTITUTION OF CHAKSINE, THE
ALKALOID FROM THE SEEDS OF CASSIA ABSUS LINN.
PART I.*

By 8. D. Lata and 1. SEN GUFPTA.

The presence of an alkaloidal principle in the seeds of Cassia Absus -
Linn. was first reported by Dymock! and slso by Siddiqui® ef al, The
latter workers found two water-soluble, isomeric quaternary bases, chak.
gine and isochaksine and the molecular formula CypH;0.Ny wag
advanced for these on the basis of the analysis of chaksine bicarbonate
(CyoHyeONgHCO; - $ Hy0). Ray? et al. objected to accept the loss in vacuo
at 100°C. to be due to half a molecule of water in the bicarbonate and
further due to discrepancy in the percentage of iodine in chaksine iodide.
These authors put forward the formula C;;Hy;03N5 for chaksine base on
the analyses of sulphate, nitrate, chloride and bromide of chaksine which
were prepared by them in high state of purity.

This new formula (C;{H,;04N;) was not accepted by Siddiqui¢ ef al.
in a note saying that except for sulphate which melts at 317°C. and ig
highly incombustible none of the other salts are noted by them to have
been dried under vacuo to constant weight before analysis. Neglect of
careful dehydration of the salt may have been partly responsible for their
low carbon values and further that the halogen value in case of chloride
and bromide was not determined.

The present investigation was therefore undertaken to ascertain the
molecular formula of cheksine by preparing new compounds of chaksine
with various organic acids. A majority of these acids gave well crystalline
products by reacting chaksine chloride with the saturated solution of
sodium salt of the acid. These products were isolated in a high state of
pwity and dried thoroughly before analysis. The compounds wers
analyzed for carbon and hydrogen values only, the estimation of nitrogen
value, being useless as it cannot differentiate between Cy; or C;o formula, the
molecular weight of both the formula being nearly the same and both
having the same number of nitrogen atoms. Our apelytical results are in
agreement with the molecular formula C,;H,,O3N; for chaksine base,
put forward by Ray et ¢l. (loc. cit.). '

In a further communication Siddigui® et al. have also reported the
preparation of acetate,, tartrate, oxalate, succinate and citrate by the
action of the acid on bicarbonate or carbonate of chaksine. Out of these
acetate and tartrate have been reported to be meutral, whereas oxalate,
sunccinate and citrate are acidic in character due to acid salt formation

% A part of the thesis submitted by one of us (3. D. Lala) for his M.Sc. degree
of the Panjsb University, Lahore, in December, 1945.
96



with feebly basic nitrogen. The oxalate, citrate, succinate and other
dertvatives prepared by us are all neutral in character these being pre-
pared by the action of chaksine chloride with saturated solution of sodium
salt of the acid and as such the salt formation with feebly basic nitrogen is
not possible. Further, succinic acid being weaker acid than tartaric acid,
it is quite surprising that succinic acid should form an acid salt, formation
a8 reported by Siddiqui ef al. (loc. cit.), with feebly basic nitrogen and
the reaction with tartaric acid should not give acid salt formation. The
analytical results of the compounds support our contention.

ExXrRRIMENTAL.
Chaksine acetate. (011H2002N30H3000).

Saturated solution of sodium acetate (5 c.c.) was added to 2 gms. of
209, chaksine chloride solution in water. The white precipitate so obtained
was filtered after washing several times with water. The product was
crystellized from absolute alcohol-ether mirvture in colourless needles.
m.p. 218-220°C. Found: carbon, 54-55Y%, ; hydrogen, 8-3%,. C;3Hzs0,N3
requires : carbon, 54-73%, ; hydrogen, 8-07%,.

C00
Chaksine oxalate. (C1Hyq0:N3) (I )
11HogU2Ng) o 000

Saturated sodium oxalate (5 c.c.) was added to 2 gms. of 209, chaksine
chloride solution. The white precipitate so obtained was filtered, washed
with waler and crystalized from water in colooriess Yong needies. m.p.
306-8°4d.

Found: carbon, 53-159%,; hydrogen, 7-629,. C;H0sNg requires:
carbon, 53-339%, ; hydrogen, 7-409%,

€00
Chaksine malonate.  (Cy;HoqOuN3) o (C

00> CHz)'

Sodium salt of malonic acid was prepared by neutralizing 2 gms, of
majonic acid with 10%, sodium chloride solution. It was then added fo
2 gms. of 209, chaksine chloride solution. The white precipitate after
washing with cold water, was crystallized from hot water in beautiful long
needles. m.p. 180-82° C. (effer.)

Found: carbon 54-219% ; hydrogen, 7-46%,. CozH 05Ny requires:
carbon, 54-159%, ; hydrogen, 7-589%,.

The other derivatives as given in Teble I were prepared in similar
manner. '

From the table it is evident that the pencentage of carbon and
hydrogen as found by us is quite in agreement with those calculated from
Dr. Ray’s formula {C;;Hs;0,NgX} and not with that put forward by
Dr. Siddiqui (C;2H00NX). ‘

The authors take this opportunity to thank Dr. Bashir Ahmad, Ph.D.
{(London), for his keen interest and encouragement in the work,

96



L6

TaBLE 1.

No. . Chaksine Salt. cr_?r‘;g.ﬁli’l:aft‘g;n. rg'le
1 | Acotate Absolute alcohol. | 218-220 C. ..
- sther mixture,
2 Oxalate Whater 306-308 d
3 | Melonate Water I 170182 effer.
4 | Succinate Water 192-93  effer.
b Adipate ‘Water 199-200
6 | Tartrate Water 260 d
7 Citrate ‘Water 210 ¢
8  Maleiate Water 2324
@ | Citraconate Water 190 4
16 | Aeoniilate ‘Wa.ter 265 d
11 Phenyl Acetate Water ' 210
12 | Cinnamate Water '176-78
13 Phthalate Water 200
14 | Sulphanilate .. Water 215

CIIH2002N3X

I\gg:f'::};f Found. Oa(l]c:z{u;ya?:d.

fortmula).
%C | %H T %C | %H
CrsHosON, | 64:55 l 8-3 5477 8-07
CoqHeoOpN 5315 I 762 | 53-33 74
CUagH 0N, | 54-21 7-46 B64-13 7-68
CpyHy 05N, | 5458 76 54-92 774
CagHayOgN, | 56:62 84 66-37 805
CpyHogO1oNg | 52:4 76 52-0 7-83
CynHys0sN, | 6372 7-84 53-91 7.8
CpeH 0N, | 5554 7.2 5512 7-42
Cor O N 5512 7-94 55-86 7-58
CoHee015Ny | 563 777 | 5606 | 742
CyoHy 04N, | 6294 764 6315 7-48
CooHg,0N; | 6476 | 764 ! 64-3¢ 7-24
CpoH 005N, 58:04 782 68-44 7-14
O E 0S8 | 6088 | 881 5128 | 5%

CypHoyON X
Caleulated.
(Siddiqui's
formula}.

THO %E
59-78 8-18
58-684 7:51
54-34 760
600 7'85
61-22 816
5675 7-43
58-87 7-71
60-21 752
80-84 7-69
80-2} 7-52
67-22 7-66
68:29 7-31
63-16 7:28
565-%% S50
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THE MILLIPEDE SPERM
By VisEwA NATH qnd GANPATI PARSHAD SHARMA
(Department of Zoology, Panjab University College, Hoshiarpur)

Previous WoRK

To the best of our knowledge the earliest work on the sperm of
chilognaths is by Gilson (1886), who gave a very brief account of the ripe
sperms of Qlomeris marginata, Polydesmus complanatus, three species of
Julus, and Blaniulus guitulatus, In the last-named species he described
a filiform sperm, but in Julus he described a cup-shaped sperm reminding
one of the Decapod sperm. Judging from the scanty data available
Gilson also described a cup-shaped sperm in Polydesmus complanatus,
although the cup in this form seems to be very shallow as compared with
that of the Julus sperm. In Glomeris marginate he figures a peculiar
gpindle.-shaped sperm in which the nuclear matter, according to the
.author, gets dispersed in the cytoplasm on the dissolution of the nuclear
membrane.

In 1909 Oettinger published a long paper illustrated by many figures
on the maturation and formation of spermatozoa in Pachyiulus varius.
Although this paper deals mainly with chromosomes, the author, in an
attempt to prove that the millipede sperm is a normal sperm, has described
an axial filament, a sharp point (acrosome?) and a middle-piece. It is
very difficult to follow this author, and, in our opinion, most of Oettinger’s
homologies are wrong.

In 1914 Sokoloff described in Polyzenus sp. a diatom-shaped spermato-
zoon in the male, which, on transference to the receptaculum geminis
of the female, becomes transformed into a long, tightly-wound spiral
thread. It is difficult to accept this account.

The last paper on the subject is by Warren (1934). In the five species
of millipedes examined (Odontopyge sp., Poratophitus diplodontus, Chersastus
ruber, Ulodesmus bispinosus and Sphaerotherium punctulatum), Warren
described the ripe or semi-ripe spermatozoa as rounded, oval or sub-
triangular in front view, and bi.convex (bilateral) or plano-convex or
saucer-shaped (unilateral) in edge view, and, according to Warren, they
are presumably non-motile. Warren's main object is to show that normal
spermatozoa can arise from sex-cells, which have undergone amitosis,
and that nuclei without the production of chromosomes may give rise to
‘more than one spermatozoon. Warren is of the opinion that the extent
to which amitosis occurs in growing tissues has been gravely under-
estimated by cytologists through theoretical considerations, and that the
general view that amitosis in the metazoa is to be regarded as a degenerate
process is not frue. ‘In the whole course of the investigation of the five
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species of millipedes, karyokinesis has not been observed in the case of the
nuclei of the walls of the vasa deferentia or reticular ribbon, although
many individuals of various ages have been sectioned, and notwithstanding
the fact that these nuclei are capable of producing spermatozoa. Mitosis,
however, occurs very abundantly in certain of the lateral lobes, but it is
remarkable that just those lobes which exhibit it in 2n unmistakable manner
are the ones which ultimately produce abortive spermatozoa or glandular
tizssue. It would almost appear as if the physiological functions of glandular
tissues require karyokinesis, and that mitosis is not necessary for the
sex-cells.” (Warren, p. 356.)

All will agree with Warren that his ﬁndings, if frue, will lead to a
“‘complete reversal of the prevailing views as to the intimate connection
of karyokinesis with the determination of sex and the transmission of
hereditary characters’. But a careful exzamination of Warren’s seript
and figures in the light of our own work has convinced us that his con-
clusions are wholly unwarranted and that he has grossly misinterpreted
appearances which are normal in spermatogenesis and with which a student
of spermatogenesis is so familiar. Under the chapter on Discussion we
shall have oceasion to refer to Warren'’s figures and to show how and where
he has erred in the light of our own observations. But here it is necessary
to give a summary of Warren’s work.

The ground.plan of the male generative organs of the five species of
millipedes examined by Warren is as follows:—

On each side of the body, situated ventral to the gut, and immediately
above the nerve.cord, are two vasa deferentia extending backwards from
the external apertures and ending bluntly at some little distance from
the posterior extremity of the body. The right and left vasa deferentia
are connected together by a series of regularly spaced transverse tubes,
like the rungs of a ladder. The vasa deferentia bear laterally a series of
stalked structures, which Warren calls the lateral lobes. In their origin
and general appearance these lobes are similar, but they differ in their
altimate fate; some are spermatic lobes and produce sperm, others are of
the nmature of accessory genital glands, and these glandular lobes may
vary among themselves in histological character. Typically the walls
of the vasa deferentia and of the transverse connections are capable of
producing spermatozoa, and such spermatozoa differ in some respeets
from those formed in the spermatic lobes. Some of the lobes produce
abortive sperm, and the purely glandular lobes which do not form sper-
matozoa are not all the same. Warren, therefore, concludes that there is
a very considerable complexity in the histology end physiological functions
of the different parts of the generative organs. As we shall show later on
this is & wholly unwarranted conclusion of Warren, who does not seem
to be familiar with even the broad outlines of apermatogenesis in general.

According to Warren the sperm-development of all the five species’
described by him conforms to the same general plan, but each species
exhibits gome varistion and some points of special interest. Thus in
Odoniopyge the histological character of the lateral lobes is particularly
diverse—some giving rise to bilateral sperm and others to unilateral sperm,
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and others again producing abortive sperm or purely glandular tissue;
in Poratophilus the lateral lobes, so far as observed, are mostly glandular,.
but a few produce obviously defective sperm; in Chersastus the spermatozoa.
are all unilateral, and in certain lateral lobes they are produced singly or
in 2’s, 3's, 4’s and occasionally in 5’3 or even 6’s from the cell elements;
in Ulodesmus the spermatozoa are extremely minute, with a diameter of
about §-7Tp; in Sphaerotherium the lateral lobes exhibit & simpler condition
—some of them produce spermatozoa from special nuclei, while the re-
maining cell-elements are gradually absorbed as the central mass of sperm
* increases in size, and the rest of the lobes form only small-celled glandular
tissue or degenerate sperm.

MATERIAL AND METRODS -

In view of the confused state of literature available on the subject,
particularly in view of the revolutionary claims made by Warren, and
further, bearing in mind the experience gained in this Laboratory of the
non-flagellate sperms of the Decapod Crustacea (Nath, 1932, 1937 and 1942),
it was considered profitable to study the sperm of the large millipede,
Thyroglutus maleyus, available at Solan in Simla Hills in the Punjab.
Consequently one of us (G.P.8.) paid a visit to Selan in the Summer of
1940 with the object of fixing the male gonads of the millipede.

A plentiful supply of the millipede cannot be obtained till about the
middle of August, The males can be easily distinguished from the females
by the presence of a pair of dark copulatory appendages on the ventral
surface of the 7th segment. The male gonads of Thyroglutus malayus, as
is usual in the millipedes, are unpeired, consisting of a bunch of grape-like
lobes and lying underneath the alimentary canal. They extend almost
to the posterior end of the animal.

The testicular material wags fixed in Flemming, without acetic, for at
least 24 hours and washed in running water for the same period so as to
remove all traces of chromic acid and osmic acid. The material was
dehydrated as usual and cleared in cedar-wood oil. It was subsequently
embedded in paraffin at Lahore in the ‘month of Qctober 1940, and sections
were cut 5 to 6 microns thick. These were stained with 0-5%, iron-
haematoxylin. Bouin’s fluid followed by 0-59, iron-haematoxylin was
also used as control.

The millipedes were identified as Thyroglutus malayus (Carl.) belonging
to the order Spirostreptoidea and family Harapagophoridae by the Zoological
Survey of India.

Although our investigations were completed by the end of 1941, it
has not been possible to go to the press earlier on account of the non-
availability of Oettinger’s paper in this country. Nor was it possible to
obtain it from abroad on account of the war. Tt was only in 1946 that
one of us {G.P.8.) studied Oettinger’s paper at Edinburgh where he was
sent as State Scholar by the Government of India. From there he sent
photographs of Oettinger’s figures and an English translation of his
(Oettinger’s) seript to his co-author (V.N.) who prepared the paper for
publication at Lahore. Before it could be sent to the press, however,
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partition of the country took place and the manuscript along with figures
was, therefore, left at Lahore (Pekistan). A few years later the senior
author (V.N.), while going through his papers which were sent to him from
Pakistan by the courtesy of Dr. Nazir Ahmed, came across the manuseript
of this paper, which he had prepared at Lahore. In 1951, while conducting
an examination at Allahabad, he also got hold of a slide showing the serial
sections of the testicular material of Thyroglutus malayus. This had been
presented to Dr. Bhattacharya of Allahabad, when he had gone to Lahore
to examine the junior author (G.P.8.) for the award of an M.Sc. degree in
1941. The figures presented in this paper have been recently redrawn
by the junior author ((.P.S.) from this slide as well as from fresh prepara-
tions, which were made by him last year from the testicuzlar material of
another large millipede, which is also available in Hoshiarpur.

OBSERVATIONS

Spermatogonia.—As - is usual in spermatogenesis the spermatogonia
have large vesicular nuclei (Plate I, figs. 1 t0 3). The spermatogonial nucleus
hardly reveals any structure save for the presence of a nucleolus, which is
generally excentric. As revealed by haematoxylin-staining, the nucleolus
appears to be of the nature of an amphinucleolus, showing a ground substance
of a lightly staining material in which are embedded a number of small
deeply staining granules (Plate I, figs. 2 and 3). The presence of a single
prominent nucleolus is one of the diagnostic features of a spermatogonial
cell.

The mitochondria appear 2s pale, fine granules in the cytoplasm
arranged in the form of a juxta-nuclear mass generally situated opposite
the nucleolus (Plate I, fig. 1). They are delicate granules, and they stain
so feebly with iron-haematoxylin that it is not always possible to
demonstrate them. ’

In sharp contrast with mitochondria the Golgi elements stain deeply
with haematoxylin. They exist in the form of granules, appreciably
bigger than the mitochondria, and are generally situated in the vicinity
of the nuclear membrane (Plate I, fig. 1). In the fully grown spermatogonia,
both the mitochondria and the Golgi elements tend to become circum-
nuclear in arrangement (Plate I, fig. 3).

During spermatogonial mitosis the mitochondria and the Golgi elements
are more or less evenly sorted out to the two daughter cells (Plate I, fig. 4).
In this process it is always possible to follow the sorting out of the mito-
chondrial granules as they are s0 numerous, but the Golgi elements, being
few in number, are not always so easily fraceable. The spermatogonial
spindles are not well defined. FEach spindle is a fibrillar and fusiform
structure with a sharply staining centrosome at each pole (Plate I, fig. 4).
Very often the spindle is completely masked by a mantle of mitochondrial
granules. Astral rays are conspicuous by their absence.

A testicular lobe consists of many- follicles. The spermatogonia
studied and described by nus are from follicles which do not contain any
other kind of sperm-forming cell. At any rate we have never observed
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spermatogonia co-existing with spermatocytes or spermatids or sperms in
the same follicle.

Each spermatogonial follice in a testicular lobe is ensheathed by a
thick connective tissue covering in which very small nuclei can be seen
here and there. A follicle has its own lumen and the lumina of all the
follicles in a lobe unite together to open into the vas deferens.

Nurse-cells.—A follicle containing primary spermatocytes or secondary
spermatocytes and spermatids in different stages of spermatelecsis has
invariably a very distinct layer of what we must define as nurse-cells,
iying immediately below the outermost sheath of connective tissue.

A nurse-cell is a fairly large cell (Plate I, fig. 5). Its nucleus has a
number of not very deeply staining minute granules distributed uniformly.
A small nucleolus is also invariably met with immediately under the
nuclear membrane.

It seems likely that in a developing follicle the outlying spermatogonia
directly form the nurse cells, while the remaining ones form the primary

* spermatocytes after the usual process of growth. It is hardly necessary
to point out that this conclusion is in conformity with what happens in
spermatogenesis and even in oogenesis in general.

Primary spermatocytes—The primary spermatocytes are definitely
largericells than the spermatogonia, their nuclei also being larger (Plate I,
figs. 6 to 8). The complete ahsence of a nucleotus is one of the diagnostic
features of the primary spermatocyte in sharp contrast with the prominent
nucleolus of a spermatogonium. During early prophase I faintly staining
spireme threads appear in the nucleus and the nucleolus seems to be com-
pletely broken up into a large number of deeply staining chromatin granules
which are generally arranged on the inner surfaco of the nuclear membrane
(Plate I, figs. 6 to 8).

The mitochondria of the primary spermatocyte are granular ag in the
gpermatogonia but, on aceount of their uniform distribution in the cytoplasm,
it is not always easy to demonstrate them. On the other hand, the Golgi
elements have a distinct tendency to come together and form fairly big
bodies which can be easily demonstrated (Plate I, figs. 6 to 8).

During the first meiotic divisions, beautiful and well-defined spindles
can be seen (Plate I, fige. % to 11). Like the spermatogonial spindles,
these are fibrillar and fusiform structures with a sharply staining centro-
gome at each pole, but these are definitely bigger. Both the mitochondria
and the Golgi elements are seen to be distributed almost evenly to the
two daughter secondary spermatocytes.

Secondary Spermatocytes—Each resting secondary spermatocyte is
similar to the primary but it is definitely smaller than the latter (Plate I,
fig. 12). The second meiotic divisions are definitely of two kinds, early
and late. In the early divisions all cells of a follicle are found to be dividing
—some cells are in metaphase, others in anaphase and still others in early
or late telophases. In these early second meiotic divisions the spindles
are large and the centrosomes are only slightly larger, if at all, than the
centrosomes found at the poles of the spindles of the first meiotic divisions
(Plate II, figs. 14 to 16). But follicles are often met with in which most of

103



the cells have gone far beyond telophase 1T and have already passed through
the early stages of spermateleosis. Amongst such spermatids one may
come across cells which are still in metaphase II. Two such cells have
been drawn in figs. 17 and 18, Plate JI. It may be noted that in these
figures the spindles are very small and the centrosomes are much more
prominent,

The more or less even sorting out of both the mitochondria and the
Golgi elements can be seen again durmg the second mejotic divisions
{Plate 11, figs. 13 to 18).

Spermateleosis.—In the earliest spermatid, as shown in fig. 19, Plate II,
the chromosomes are seen fusing fogether to form the nucleus. The latter
during the resting stage reveals & number of fine chromatin granules inside
it (Plate II, fig. 20). In these early spermatids the mitochondria are
distributed uniformly throughout the cytoplasm and a few prominent
deeply staining Golgi granules are seen here and there. In fig. 19, Plate 1T,
can algo be seen another darkly staining granule which is surrounded by
a clear area. This is most probably the centrosome. In fig. 20, Plate II, .
the centrosome has grown fairly big in size and can be easily distinguished
from the Golgi elements.

.In the ensuing process of spermateleosis important changes take place
both in the nucleus and the cytoplasm by means of which the ripe sperm ato-
7OOD Agsumes an atypical and sancer-shaped appearance. This important
process is heralded by the movement of the centrosome and the nuecleus
towards the periphery of the ce]l (Plate II, figs. 21 to 24). As this move-
ment is going on the centrosome grows still bigger in size and ultimately

becomes ring-like. In fig. 22, Plate II, a sharply staining granule can
also be seen at the junction of the nuclens and the ring-like centrosome.
This is the centriole. The wall as well as the contents of the anterior end
of the nucleus at this stage start taking up deeper stain than the posterior
end (Plate 11, figs. 21 to 24). This is the beginning of the formation of a
eup-like nucleus. The centrosome now fuses completely with the nucleus
and as this also stains intensely it is difficult to make out its real structure.
In some of the top views of the maturing spermatids, however, the centro-
some can be clearly seen to be in the form of a deeply staining ring with a
sharply staining granule or centriole in the centre (Plate II, fig. 27 and
Plate IT1T, figs. 28 to0 33). Outside the ring-like centrosome there is a clear
area, which does not take up any stain. In side views of the maturing
spermatids the centrosome generally appears ag a glightly compressed and
conical body staining uniformly and deeply with haematoxylin (Plate 11,
figs. 23 and 24). Sometimes, however, the ring-like character of the
centrosome may be revealed even in the side views when it may appear as a
crescent with a sharply staining granule or centriole at the tip of the cone
(Plate I, figs. 25 and 26). The clear area surronnding the eentrosome can
alzo be scen just below the crescent.
" As the nuclens is attaining its cup-like form small vacuoles appear in
the cytoplasm and both the mitochondria and the Golgi elements seem to
merge into these (Plate TI, figs. 24 to 27 and Plate ITI, figs. 28 to 30).
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When the wide and shallow nuclear cup is completely formed it appears
to be quite empty (Plate ITL, figs. 33 to 42 and Plate IV, figs. 43, 44 and
46 to 48). The chromatin in it is distributed in what we congider a unique
manner. The whole of it, in the form of fine chromatin granules, seems to
be aggregated just in the mouth of the nuclear cup.

In all these late spermatids the cytoplasm appears frothy due to the
presence of a large namber of vacuoles. As they always stand out pro-
minently both in smears and sections they seem to have a firm consistency.
The mitochondria are still granular but the Golgi elements at this stage
have a distinct tendency to come together to form bigger masses (Plate 111,
fig. 41). Nevertheless, like the mitochondria, they also merge into these
vacuoles, and thus no such structure as the acroblast or the acrosome is
formed.

By a two-fold process of growth and coalescence the vacuoles in the
oytoplasm form a large vesicle, the cytoplasmic vesicle {Plate 11, figs. 24
to 27; Plate ITI, figs. 28 to 30 and 34 to 42 and Plate IV, figs. 43 to 48).
In appearance it is structureless and hyaline. Judging from the fact that
it never becomes distorted in form in finished preparations it seems to be
quite firm. This cytoplasmic vesicle which has a glue-like consistency
goes on growing till the entire cytoplasm is absorbed.

Just before the ripe sperm is formed the cytoplasmic vesicle either
bursts or is pushed inside the nuclear cup. The shape of the nuclens of
the rips sperm and the arrangement of the chromatin granules in it, however,
strongly indicate that the cytoplasmic vesicle is pushed inside the nuclear
cup. It will be recalled that in the late spermatids the chromatin granules
are arranged uniformly only in the mouth of the nuclear cup, the rest of it
being quite empty. In the ripe sperm, however, the chromatin granules
can also be seen arranged just beneath the nuclear wall (Plate IV, figs. 50
to 52). This seems to be the regult of the entry of the cytoplasmic vesicle
into the nuclear cup. It is further proved by a section of the ripe sperm
(Plate IV, fig. 49) in which no chromatin granules are seen beneath the
nuclear wall. Instead there is only a shaded area which is most probably
the cytoplasmic vesicle. Similarly in the top view of a ripe sperm (Plate
1V, fig. 63) one can see a ring-like centrosome with a sharply staining
granule or the centriole in the centre. Qutside the clear area round the
centrosome there is a darkish granular area; and a similar dark granular
area is seen just inside the outer deeply staining line, which represents the
rim of the nuclear cup. Both these darkish areas represent chromatin

_concentration at the base and the mouth of the nuclear cup, the intervening
area being lighter.

The ripe sperm, therefore, is a simple structure, consisting of three
cell-elements only, viz., the nuclear cup, the large ring-like centrosome
and the cytoplasmic vesicle, The acrosome, the middle-piece and the
axial flament of the typical Ragellate sperm are conspicuous by their
absence.

The rim of the nuclear cup in the very much condensed ripe sperm of
Thyroglutus malayus or any other millipede is very misleading indeed. In
side views it takes up intense stain and appears to be a new structure
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that has put in its appearance at the distal end of the cytoplasmic vesicle
to plug the mouth of the nuclear cup (Plate IV, figs. 49 to 51). But a
careful examination of all the stages in spermateleosis has clearly revealed
that this interpretation is wholly wrong. The deeply staining plug-like
thing in side views is only the chromatin-rich rim of the nuclear cup along
with a portion of the cytoplasmic vesicle which is showing through it.

Mention may be made here of a very fine process on each side of the
mouth of the nuclear cup which may sometimes appear in the side view of
a ripe sperm (Plate IV, figs, 50 and 51). Such a process has been figured
by Gilson (1886) also in the ripe sperm of Julus, but he does not make any
mention of it in the text. This process is obviously due to the stretching
out of the rim of the nuclear cup consequent on the compression of the
sperm from side to side.

Lastly we may also refer to the so-called bilateral spermatozoa
described by Warren (1934). In fig. 57, Plate IV, we have shown a cell
which, according to Warren, will be a bilateral spermatozoon. In reality,
however, these are two ripe sperthatozoa which have arisen quite normally
from their respective spermatids with the only difference that the furrow
separating the two daughter spermatids has not so far appeared in this
particular secondary spermatocyte. This will be made amply clear if a
careful study is made of our figs. 54 to 56, Plate IV. In all these figures it
will be noticed that the process of spermateleosis is going on without the
complete separation of the daughter spermatids after the second meiotic
divigion. Such a phenomenon has also been noticed in the spider, Plexippus
paylullt (Sharma, 1950).

Discusston

" To sum up: the spermatozoon of Thyroglutus malayus is a simple cell,
consisting of three cell-elements only, viz., the nucleus, the centrosome and
the cytoplasmic vesicle. The nucleus is in the form of a shallow cup with
a circular mouth. At the bottom of the nuclear cup lies the ring-shaped
centrosome; and the cavity of the nuclear cup is completely filled up by the
eytoplasmic vesicle, The result is that the chromatin of the nucleus is
not uniformly spread out all over the cup, but is confined to a narrow area
just beneath the walls of the nueclear cup. The chromatin-rich rim of the
nuclear cup, therefore, appears as a granular disc perforated by the circular
mouth in front view (Plate IV, fig. 53} and as a deeply staining transverse
bar in side view {Plate IV, figs. 50 and 51). This deeply staining area
round the mouth of the nuclear cup has been figured by Gilson (1886) in
the side view of the sperm of Julus (figs. 770, 771, 773 and 775) and by
Warren (1934) in a similar view of the sperm of Odonfopyge sp. (P1. XVIII,
figs. 26 to 28); but both these authors have not made any attempt to explain
what the structure really is.

The mitochondria and the Golgi elements have been followed from the
spermatogonium up to the spermatid in Thyroglutus malayus; but both
these cell-elements degenerate and merge into the cytoplasmic vesicle
during spermateleosis.
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. In its ‘general make.up the millipede sperm closely resembles the
Decapod sperm (Nath, 1932, 1937 and 1942), more particularly the sperm
of the Macruran forms, Penaeus indicus and Panulirus polyphagus, except
that the centrosome in the millipede sperm iz proximal and not distal.
The millipede sperm also resembles more particularly the sperm of 19
Brachyuran genera described by Nath, except that in the millipede sperm
there is a single centrosome, whereas in the latter there may be two centro-
somes in some species and three in others. Other points of resemblance
between the millipede sperm and the Decapod sperm are (1) the cup-like
nucleus, (2) the presence of a cytoplasmic vesicle which fills up the cavity
of the nuclear cup, (3) the absence of an acrosome on account of the complete
disappearance of the Golgi material of the spermatid, (4) the absence of a
middle-piece, and (5) the absence of the flagellum-like tail.

The dsetails of the process of formation of the cytoplasmic vesicle in
Thyroglutus maloyus seem to be similar to those found in the spermateleosis
of many species of Brachyura described by Nath (1932 and 1942). But
in Thyroglutus the mitochondria are too small and difficult to stain and for
thig reason it is impossible to be certain whether the vacuoles which appear
in the cytoplasm of the spermatid arise de novo or they are the mitochondria
which become vacuolar as in the Brachyura.

Warren's figures (1934) are generally correct, but his interpretations
being grossly inaccurate, he has arrived at startling conclusions, which
cannot be allowed to go unchallenged. Warren states that he has seen
ripe spermatozos in the vasa deferentia or reticular ribbon of Odontopyge sp.
He further states that he failed to see karyokinesis in the case of the nuclei
of the walls of these tubes. From this he jumps at the conclusion that
‘these spermatozos in the reticulum have not simply been received from
the lateral lobes, but they have originated in sife, for isolated islands of
developing sperm can be seen in chambers in the tubes, bounded in front
and behind by the walls, which may be so swollen that the lumen of the
tube is closed (text-fig. 2, is)."—(p. 361).

In Warren’s text-fig. 2, the ‘isolated islands of developing sperm’ are
not ‘bounded in front and behind by the walls’; on the contrary these
islands of the so-called developing sperm communieate through the lumen
of the tubcs with the lumen of the lateral lobes. But even if the lumina
of the vasa deferentia were temporarily blocked, it certainly does not
follow that the sperms found in these tubes ‘have originated in situ’ and
have not come from the lateral lobes. Equally unwarranted is the con-
clusion of Warren that the spermatozoa found in these tubes originate
from the nuclei lining them by a process of amitosis, simply because Warren
failed to see karyokinesis in the case of the nuclel of the walls of the vasa
deferentin. Moreover, Warren’s figures of amitosis in the nuclei of the
walls of vaza deferentia are unconvincing {(e.g., fig. 8, P1. XVIII).

While describing the genesis of the spermatozoa found in the reticulum
(vasa deferentia), Warren has mixed up these tubes with the lateral lobes
in which all stages of spermatogenesis can be found. By itself this error
perhaps would not have been very serious, but Warren has grossiy.
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misinterpreted the stages he has seen in the lateral lobes and given a very
inaccurate account of spermatogenesais.

Warren repeats that mitosis bas not been observed in the vasa de-
ferentia, while deseribing the genesis of spermatozoa found in these tubes.
‘The nuclei of the wall proliferate, and the inner ones subsequently swell
by the absorption of cytoplasm. At the same time the swollen nuclei
hecome surrounded by a sharply defined membrane differentiated out of the
cytoplasm immediately in contact with them. The structures are rounded
but slightly compressed, and thus the future bilateral symmetry is early
indicated (Pl. XVIII, figs. 10 to 13),” The chromatin becomes dissolved
and loses its basophil character, and there appears a somewhat large,
central, globular body which entirely fails to stain with Delaficld haema-
toxylin but stains black with iron-haematoxylin (fig. 20). The nature of
this body is unknown; poseibly it is chondriosomal, but it may provisionally
be called plasmosome. Except for the globular body or plasmosoms, the
substance of the nucleus becomes homogenecus, and if is also neutrophil
(fig. 10, A.n.; fig. 20).-——(p. 360).

Fig. 20, PL. XVIII of Warren illustrating the homogeneous and swollen
nucleus, which is zlleged to have arisen amitotically and forms an entire
sperm, is really the front view of the ripe sperm. The so-called plasmosome
is really the large centrosome!l, which has taken its position at the bottom
of the nuclear cup. The dark cutermost circular line in Warren’s fig. 20
is the wall of the nuclear cup and the homogeneous body (Warren’s nucleus)
is really the hyaline structureless cytoplasmic vesicle, which fills up the
cavity of the nuclear cup. Similarly the homogeneous nucleus {(k.n.} of
Warren's fig. 10 is most certainly the developing eytoplasmic vesicle.

That Warren has mixed up the sections of the vasa deferentia and the
gpermatic lobes is clear from his own description of figures. Figs. 10 to
13, PL. XVIII should be all sections of the vasa deferentia as he is describing
the genesis of the spermatozoa of the reticulum, insisting that they originate
in situ and have not come from the spermatic lobes. And yet in the legend
he describes fig. 10 ag representing a section of the spermatic lobe. Again
figs. 11, 12 and 13 represent, according to the legend, sections of the reticulum
tubes, but in the explanation of fig. 13 he talks of primary spermatocytes
transforming into bilateral spermatozoa.

Warren gives a most fantastic and inaccurate account of the origin of
the so-called hilateral spermatozoa found in the vasa deferentia from a
single homogeneous nucleus, which, as we have already shown, is really the
cytoplasmic vesicle. On p. 360 Warren continues: ‘The plasmosome,
which is really the cenfrosome?, divides into two, and the halves migrate
from a central position to the middle of the two opposite, slightly compressed
convex surfaces (figs. 21, 22, P). An indication of a change in the character
of the homogeneous substance is now given by the assumption of a slight

t It may be stated here at once that Warren does not make a mention of the
centrosome cven once in his paper, although he has described and sketched mitotic
figures in the lateral lobes.

¢ Jtalicized part ours.
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basophil tendency at the periphery of the two convex surfaces, each of
which carries & plasmosome (fig. 23). The compression of the nuclens
now increases, and ultimately the structure becomes biconvex lens-shaped
(fig. 25). A small eminence!, often flat-topped, is formed in the centre
of the two opposite convex surfaces immediately over the site of the plas-
mosome.’

These so-called bilateral spermatozoa of Warren are really formed
from two sister spermatids, which do not separate for a long time or from
a secondary spermatocyte whose nucleus has divided into 2 spermatid
nuclei but in which the appearance of the cytoplasmic furrow has been
delayed. Warren has himself admitted ‘that the bilateral spermatozoa
formed in the reticulum fairly frequently split in two symmetrical halves
...’ —(p. 861). From a single ‘homogeneous nucleus’ Warren derives
not one spermatozoon (unilateral) but two spermatozoa (bilateral); and
he considers the homogeneous nuclei which produce the bilateral structures
in the vasa deferentia as equivalent to those of the secondary spermatocytes.
This last statement of Warren would be correct if the homogeneous nuclei
were not really the cytoplasmic vesicles of mature sperms.

Equally arbitrary is the division of the lateral lobes or spermatic lobes
of the testis in six categories in Odonfopyge sp. Warren has based this.
division on the histological appearances of the lobes, although ‘externally
there is no marked difference in the lobes, except that they diminish in
size both at the anterior and posterior ends of the series, and the stalk of
attachment to the reticular tubes varies in width and length (text-figs. 1,
a; 2).°—(p. 362), These six classes of lobes are (1) smaller lobes situated
mostly at the anterior end of the series and producing bilateral spermatozoa,
(2) lobes bearing unilateral spermatozoa, which arise in pairs, (3) large-
celled lobes which apparently have & glandular function, (4} lobes producing
solitary, unilateral spermatozoa which are apparently non-functicnal,
{5) small-celled lobes of glandular function, and (8) reticular lobes, mainly
glandular in function and confined fo the more posterior portion of the
geries. s

Warren is obviously ignorant of the manner in which various stages of
spermatogenesis are met with in a testis. He does not seem to know that
a testicular follicle or lobe will show at different periods all stages of spermato-
genesis. He hag seen a spermatic lobe in a particular stage and has
placed it in a category of its own, not knowing that the contents will change
-at & later stage. In spite of the very confused account which Warren has
given of the spermatic lobes, it is possible to say what stages in spermato-
genesis the contents of these lobes represent.

1. Lobes Producing Bilateral Sperm.—A reference to Warren’s text-
fig. 2 and figs. 15 and 16, P1. XVIII will at once show that the lobes figured
there are not special lobes but ordinary lobes containing ripe spermatozoa.
In figs. 15 and 16 inactive spermatogonia showing vesicular nuclei are also
present towards the periphery of the lobes. As hag already been explained

1 This eminence is really formed by the centrosome.
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the so-called bilateral sperms are two. sperms arising from two sister
spermatids which have not yet separated. -

2. Lobes Bearing Unilateral Sperms in Pairs—According to Warren
these lobes (P1. XIX, figs. 41, 50 and 51) may retain a few vesicular nuclei
with scattered chromatin grains, and he believes that they are probably
special gland cells. On the conirary we believe that the vesicular nuclei
are those of the inactive spermatogonia. Fig. 51 shows a large number
of spermatogonial nuclei towards the periphery, whereas towards the
interior are to be found a large number of cytoplasmic vesicles {Warren's
homogeneous nuclei) to each of which is attached either one nuclear cup
or two nuclear cups, each nuclear cup having its own centrosome (Warren’s
plasmosome). By figs. 52 to 61 Warren attempts to illustrate the exact
manner in which these spermatozoa arise from ‘homogeneous nuclei’, but
his account is grossly inaccurate. Figs. 52 and 53 really represent spermato-
gonial nuclei with scattered chromatin grains (Warren’s special gland
cell nuclei). These nuclei, according to Warren, give rise to ‘homogeneous
nuclei’ as shown in figs. 54 to 61. Now a glance at these figures will show
that figs. 54 and 55 represent two separately growing sperms in front view,
and Warren has mistaken the eytoplasmic vesicle for the homogeneous
nucleus, the centrosome for the plasmosome, whereas the real nucleus is
indicated by the outermost dark circular line. Similarly each of the
figures 36 to 61 represents two maturing spermatids in side view, which
have not separated. Warren derives the swollen nuclei, which are really
spermatogonial nuclei (figs. 52 and 53}, directly from the small, oval nuelei
of the young lobe, but we must refect the account of amitosis of these
vesicular nuclei as given by him (figs. 32 to 34).

3. Large-celled Glandular Lobe.—The cells forming these lobes are of
considerable size, with large nueclei rich in chromatin. Cell-outlines are
conspicuously present. ‘Subsequently the chromatin of the large nuclei
breaks up into a cluster of rounded chromosomes, and the nuclear membrane
disappears (text-fig. 3, g). These cells may then undergo mitotie division,
but the cells thus formed are still of considerable size and the chromatin
passes into an amorphous condition (Pl. XVIIT, fig. 29). At the same time,
the cytoplasm becomes impoverished, and ultimately it mogtly disappears,
and there remains a skeletal network of cell membranes with each com-
partment containing a ragged lump of deeply staining chromatin which
represents the degenerated nucleus (text-fig. 3, J).’—(p. 365). Warren
agsumes ‘that the lobe has a secretory function, and possibly it produces a
hormone. Most certainly it never forms spermatozoa of any kind.’—(p. 365).

We have no doubt that the large cells described by Warren in these
lobes are the primary spermatocytes and the mitotic divisions described
by him are the first meiotic divisions. Probably he has mixed up the
second meiotic divisions with the first, as is strongly indicated by the fact
that he is really describing maturing spermatids with vacuocles developing
in the cytoplasm when he talks of the cytoplasm becoming impoverished,
and ultimately disappearing, there remaining a skeletal network of cell
membranes with each compartment containing a ragged lump of deeply
staining chromatin, which represents the degenerated nucleus.
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4. Lobe producing solitary abortive spermatozon~—Under this heading
Warren begins correctly, but unfortunately ends wrongly. He beging
with a description of the large-celled lobes (P1. XIX, figs. 36 to 38). These
figures undoubtedly represent primary spermatocytes undergoing mitosis.
Warren says that these cells undergo two mitotic divisions (which means
that he hag seen both the meiotic divisions), and the small cells thus formed
are doubtless to be regarded as spermatids, The chromosomes of the
spermatids form a small nuclens with nuclear membrane. The nucleus
paases to the periphery of the spermatid (Pl. XIX, fig. 43). The cytoplasm
of the spermatid practically disappears, and there is left a mere holiow
vegicle to which the transformed nucleus is fused (PI. XIX, figs. 35, 49,
a.sp.; text-fig. 3, ¢). At last Warren describes correctly the cytoplasmic
vesicle of the maturing spermatid as a hollow vesicle, and not erroneously
as ‘homogensous nucleus’ (vide supra). So far Warren’s account is correct.
But he erroneously assumes that ‘active absorption clearly occurs in such
lobes, and the nuclei, which are apparently quite incapable of separating
from the vesicles as funetional spermatozoa, degenerate.’—(p. 366). It is
not known why Warren, having given a more or less correct account of
the genegis of the sperm, should suddenly arrive at the conclusion that
these spermatids, really maturing in a perfectly normal way, degenerate.

5. Small-Celled Glandular Lobes.—According to Warren, “the sper-
matids produced by mitotic divisions in a large-celled lobe (text-fig. 3, H)
may be converted into a mass of very small cells; and such a lobe is un-
doubtedly an accessory genital gland (Pl. XIX, figs. 39, 40, 42, gi.t; text.
fig. 3, k).” A comparison of Warren’s figures with ours clearly shows
that Warren is describing the earliest spermatids; but his conclusion that
such a lobe is an accessory genital gland is wholly unwarranted.

6. Reticular Lobes—'These lobes are situated in the more posterior
part of the series. The young club-shaped lobe develops into a Jobulated
structure with permanent wide canals (text-fig. 3, d). The walls of these
canals consist of a plasmodium with rounded, granular nuclei (PI. XVIII,
fig. 18, glm.). Mitotic division can be found taking place among the nuclei
(figs. 17,18).’—(p. 366). According to Warren these rounded granular nuclei
are undoubtedly secretory in function. This again is a wholly unwarranted
conclusion. A comparison of Warren'’s fig, 18 with our figs. 1 to 4. Plate I,
will clearly show that in fig. 18 Warren is really dealing with a lobe con-
taining resting and dividing spermatogonia whose nuclei show one large
nucleolus, which is definitely more prominent than.the other granules found
in the nuclei. Some of the spermatogonial cells in fig. 18 are dividing,
showing metaphases and telophases. Scattered amongst the spermatogonial
cells are a few minute, bilateral spermatozos which Warren erroncously
congiders as non-functional,

Warren concludes in the case of Odontopyge sp.—(1) that abundant
sperm is produced in a simple, direct manner in the walls of the reticulum,
where no mitosis has been observed, and (2) that although in certain lateral
lobes mitosts is prevalent and typical spermatids may be formed, yot thesc
lobes are mostly converted into glandular tissues and produce very few,
if any, functional spermatozoa. As shown above these conclusions of
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Warren are wholly unwarranted as they are based on grossly inaccurate
interpretations of faulty preparations. Warren used alecoholic Bouin as a
fixative and in many cases he fixed the entire animal without dissecting
out the testes. '

In Poratophilus dipledontus Warren describes bilateral spermatozoa
which, according to him, are produced in the vasa deferentia (figs. 65, 69
and 70, Pl. XIX). The so-called bilateral spermatozoa are really two
spermatozoa arising from two sister spermatids, which have not separated;
and Warren again erroneonsly describes them as having originated in the
vasa deferentia. He also describes unilateral, abortive or degenerate
spermatozoa, arising singly or in pairs from ‘the homogeneous swollen
nuclei’, which, as in Odoniopyge, are really the cytoplasmic vesicles {figs. 71
and 72, Pl. XIX} of maturing spermatids.

In Chersastus ruber Warren describes unilateral spermatozoa in the
ladder-system (vasa deferentin and their transverse bridges), which he
again erroneously derives from the walls of the tubes. The spermatozoa -
are shallow saucers in shape (fig. 95), which Warren compares to the
unilateral sperm or to half of a bilateral sperm of Odontopyge or Poratophilus.
They arise more psually in a single econdition. As in Odonfopyge and
Poratophilus they are erroneously described having arisen from the so-
called ‘homogeneous nuclei’, whick are indeed the cytoplasmic vegicles
of maturing spermatids (figs. 89 to 92). Pairs of unilateral spermatozoa
are sometimes produced {figs. 93 to 95).

Warren agsin quite arbitrarily divides the spermatic lobes in Chersastus
ruber into four classes:—(1) hollow lobes with thick walls producing sperm
mostly in pairs, (2) lobes with moderately thick walls producing sperm
mostly in groups of 2 to 6, (3) large-celled glandular lobes with extremely
thin walls, and (4) lobes producing abortive sperm. It is easy to show,
ag we have shown in the case of Odoniopyge sp., that the lobes are really
all alike, but they simply contain sperm-forming cells in different stages
of development.

The hollow lobe in the young condition increases in size by the multi-
plication of the undifferentiated nuclei throngh fission. These puclei are
situated as a layer surrounding the incipient lumen, and they may become
conspicuously elongated before splitting transversely (Pl XX, fig. 99).
The outer nuclei thus formed become transformed into ‘rosette-nuclei’.
Ultimately all the undifferentiated nuelei in the body of the lobe are con.
verted into rosette-nuclei. The thick wall of the body of the lobe bears
mogtly rosette-nuclei (Pl XX, fig. 96). ‘Some of the nuclei situated more
internally swell and the chromatin dissolves, and there is formed a homo-
geneous, globular nucleus (k.n.). Subsequently, on opposite sides, two
saucers of faintly staining chromatin ere condensed around plasmosomes
{fig. 98). The spermatozoa pass into the wide cavity of the Iobe, and they
may remain for some time coupled together in pairs (figs. 96, 97). The
members of the pairs (8.b¢), however, are only loosely applied to each
other and readily separate (fig. 98). It would appear that a good many
of the homogeneous swollen nuclei often fail to form the chromatin plates,
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and they remain in the tissue as residual globules of large size.—(pp. 372
to 374).

It is clear that once more Warren hag made a serious error in mistaking
cytoplasmic vesicles of sperms seen from front for the so-called homogeneous
nuclei. Warren is rightly puzzled to have seen that a good many of the
‘homogeneous swollen nuclei’ often fail to form the ‘chromatin plates’,
because the last-named structures, which are really the nuclear cups,
cannot be seen except in the side view of the sperm,

Warren's figures of amitosis (Pl XX, fig. 99) are unconvincing snd
his so-called ‘rosette-nuclei’ are possibly the nuclei of primary spermatocytes
in prophase.

Warren’s statement that ‘these lobes, for some unknown reason, are
not very satisfactory sources of production for funetional sperm’ is wholly
unwarranted.

In the second type of lobe described in Chersastus by Warren (that is,
lobes with moderately thick walls) he has deseribed a peculiar pheromenon
which clearly needs re-investigation. ‘As the young lobe grows, the inner
rosette-nuclei expand and become homogenecous, and the cavity of the
lobe may become almost wholly occupied with the developing groups of
spermatozoa (Pl. XX, figs. 101 to 106); the outer nuclel remain unchanged
in a fairly thick, presistent wall (text-fig. 4, ¢). The expanded homogeneous
nuelei (fig. 103, hn.) give vise to o variable pumber of spermatozoa; some
seem to produce none at all, the remainder form from one to six. The
gpermatozoa arise peripherally, the chromatin gradunally condensing around
plasmosome as faintly staining saucer-shaped structures. The commonest
number produced is four (italics ours), but there are many 3's, also 2’z and
I’s. Less frequently & or even 6 can be counted.’

Strangely enough Warren rejects the only reasonable explanation of
groups of four spermatozoa, viz., that a group of 4 spermatozoa has arisen
from a primary spermatocyte which has undergone the usual two meiotic
divisions without cytoplasmic ¢leavage. Regarding group of 3 spermatozoa
it is possible that these are really groups of 4 spermatozoa but in section
three spermatozoa are being seen from the side showing their respective
nuclear cups, whereag the fourth sperm is being seen from the front (see
Warren’s fig. 103). Groups of 2 spermatozoa will obviously arise from 2
spermatids which have failed to separate; and a single sperm offers no
difficulty whatsoever. Lastly Warrer’s account of the genesis of a sperm
from the ‘homogeneous nuclens’ is so fantastic that no reliance can be
placed on his statement that there are groups of § and 6 spermatozoa.
It may be noted that the so-called ‘rosette-puclei’ shown in figs. 101 and
103 are probably those of primary spermatocytes in prophase.

The large-celled glandular lobes of Chersastus have large nuelei with
abundant floceulsr chromatin and surrounded by ‘well-marked specialized
eytoplasm (Pl. XX, figs. 115 and 116). A look at these figures will convince
anybody that these nuclei are those of primary spermatocytes in or ap-
proaching the synizesis stage, the chromatin having already formed a
knot in & few cases. Yet, for some unknown reason, Warren erroneously
believes that these nuelel persist without further change and further supposes
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that the tissue produces some substance which passes down the hollow
stalk into the vas deferens, or is absorbed in the blood. It may be noted
that these so-called glandular lobes actually contain spermatozoa in their
lumen.

Lastly Warren describes lobes producing abortive sperm in Chersastus.
He has described similar lobey in Odontopyge (vide supra). In these lobes
he corrcetly describes the formation of spermatids from the primary
spermatocytes by two mitotic divisions (Pl XX, figs. 114, 117 and 118),
but, for some unknown reason, he considers the spermatids maturing in a
perfectly normal fashion as abortive.

In Ulodesmus bispinosits Warren describes the vasa deferentia as wide
tubes extending backwards nearly straight. These tubes are connected
by transverse tubes, forming a ladder-system. The Iumen of the system
contains a dense mass of very minute sperms which, according to Warren,
are formed in the walls of the vasa deferentia. The spermatozoa have a
diameter of about 0-7p which is only about three times the diameter of
the virus particle (0-23u) of vaccinia. In support of this statement Warren
puts forth the most astounding argument that because ‘there seemed to be
more sperm in the ladder-system than could be easily accounted for by the
partially emptied lobes, it is quite likely that at an earlier stage the walls
themselves had produced sperm.’—(p. 378).

The lateral lobes of Ulodesmus include both spermatic and glandular
lobes. As the material was sparse and young specimens were not available,
Warren says that he has not been able to give the full developmental
history of these lobes. He has not ohserved mitotic figures in any part
of the genital system of this species, but he has seen binary fission.

The account of the origin of spermatozoa in this species is perhaps
more fantastic than that given for other species; and it is impossible to
accept it. ‘The nuclei of the concentric layers swell so that they come into
mutual contact. The chromatin at first is irregularly dispersed in the
form of granules and delicate branching strands (figs. 128, 130, 132 and 136,
P. $p.), and there is a small rounded karyosome.’—(p. 379). Warren regards
these nuclei as those of primary spermatocytes but, since. these nuclei show
the characteristic karyosome, they are probably those of the spermatogonia.

Warren continues: ‘On expansion occurring the chromatin concentrates
into a number of rounded or oval bodies which pass to the periphery of
the nuclens (figs. 127, 137, gp.); the karyosome generally disappears
entirely. In this millipede the nuclei do not pass into a homogeneous
condition with the temporary disappearance of the chromatin, as in the
previous species, but there is the gradual production of the above-mentioned
minute bodies by the concentration of chromatin granules which are
strongly basophil. These bodieg are directly transformed into exceptionally
small spermatozoa, and, so far ag it is possible to ascertain, each nucleus
may produce a dozen or more of such gperms.—(pp. 380 to 381).

Warren anticipates that this account is bound to be received with
scepticism by the ‘genetic cytologist whom, however, he invites to inspect
the drawings of the sections, and to endeavour to fit them into the typical
scheme of spermatogenesis. We suspect that the nuclei described above
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by Warren as having a number of rounded or oval bodies which are said
to form the very minute spermatozoa are tliose of primary spermatocytes
in the stage known ag diakinesis, common in Prophase I, in which the
chromosomes are arranged just under the nuclear membrane.

The so-called glandular lobes of Ulodesmus with small nuclei (Warren’s
figs. 138 and 139) are most certainly lobes which are full of the earliest
spermatids and he erroneously considers them as glandular in function ag
in the case of the small-celled glandular lobes of Odontopyge (vide supra).

Sphaerotherium punctulatum is the last millipede described by Warren,
In this millipede ‘there is very little evidence that the walls of the vasa
deferentia produce spermatozoa’, although Warren has not produced any
evidence whatsoever in favour of his claim that the spermatozoa found in
the vasa deferentia of Odontopyge sp., Poratophilus diplodontus, Chersastus
ruber and Ulodesmus bispinosus originate in situ.

While Warren derives the sperm from what he calls the “homogeneous
nuclens’, which is really the eytoplasmic vesicle of a maturing spermatid,
in Odontopyge, Poratophilus and Chersastus, and from chromosomes of the
nuclei of primary spermatocytes in diakinesis in Ulodesmus, here in sphaero-
therium he derives the entire sperm from an undifferentiated nucleus which
becomes homogencous.

‘The spermatozoa arise in & central cluster continunous with the incipient
lumen which is developed (text-fig. 6, b; Pl. XXII, fig. 149}, The sper-
matozoa are not formed from the large cells which enclose the cluster, but
they originate by a transformation of the undifferentiated small nuclei
which must be regarded as potential sex nuclei (Pl. XXII, fig. 151, u.n.,
kb, sp.)’—(p. 385). Because the undifferentiated nuclei are found
immediately around the growing cluster of spermatozoa and becanse they
also oceur around the incipient lumen and extend into the embedded stalk
of the spermatic lobe, Warren jumps to the conclusion that the sperms
must arise from these nuclei.

The fact is that in Thyroglutus maloyus the nurse-cell nuclei of the
walls of the spermatic lobes often project into the interior of the lobes.
The same phenomenon has be¢n observed by Nath (1942) in the spermato.
genesis of the Decapoda. Indeed this is a very wide-spread phenomenon
and Warren has produced no evidence whatsoever in favour of his elaim
that these ‘undifferentiated nuclei’ directly form the spermatozoa.

Warren continues: ‘As the cluster extends the large cells (Pl. XXII,
fig. 150, gl.n.) with their nuclei break down, and doubtless thereby yield
nutritive substances to the growing mass of sperm.’—(p. 385). This is a
wholly unwarranted statement for which no evidence whatsoever hag
boen produced by Warren. As a matter of fact the large nuclei shown
in Pl. XXTI, figs. 149 to 151 are perfectly healthy nuclei and are certainly
those of the primary spermatocytes in or approaching the synizesis stage
in Prophase I.

The spermatozoa of Sphaerotherium are unilateral in character and
arise by the direct transformation of the undifferentiated small nuclei. In
general form they are similar to those of other species, but on the conecave
side of the nuclear cup. Warren has described ‘a small conical projection
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over the site of the plasmosome’ (text-fig. 7, é). The ‘plasmosome’ is,
of course, the centrosome, which appears to be elengated and running
through the cytoplasmic vesicle of the sperm, thus forming “a small, conical
projection over the site of the plasmosome’. Gilson (1886) has figured a
similarly situated rod-like structure in the sperm of Julus sabulosus, which
is probably the centrosome.

In addition to the spermatic lobes Warren has described glandular
lobes in sphaerotherium. The cells forming these lobes are small and
Warren correctly regards these cells as spermatids. He has also figured
somewhat smaller spermatozoa in these lobes, but he considers these
spermatozoa as abortive. ‘The small-celled tisgsue with the abortive sperm
ultimately breaks down, and it is suggested that it produces nutritive or
stimulating substances for the growth and maintenance of the functional
spermatozoa formed in the spermatic lobes.”—(p. 387). No evidence has
been produced by Warren in support of this view.

Oettinger (1909}, working on Pachyiuvlus varius, confines himself
mainly to chromosomes, but it is impossible to follow him through the
process of spermatelecsis in spite of the excellent figures he has produced
as his homologies are mostly wrong and the fixatives used (Hermann’s and
Flemming’s Osmium mixtures) contain acetic acid. Oettinger has deseribed
a very unusual strueture in the sperm of Pachyivlus varius, viz., a tail
filament, which, however, is conspicuous by its absence in the sperms of
Thyroglutus malayus described by us, of Glomeris marginata, Polydesmus
complanatus and three species of Julus (Gilson, 1886), and of Odontopyge sp.,
Poratophilus diplodontus, Chersastus ruber, Ulodesmus bispinosus, and
Sphaerotherium punctulatum (Warren, 1934).

But it is not easy to dismiss the tail filament of Pachyiulus as an
artifact, because Oettinger has fighred it in the living spermatozoa and he
lays particular stress on the extraordinary distinctness of this structure.
Oettinger also claims to have demonstrated this structure on the ocecasion
of a lecture held in Marburg in the Society for furthering the science of living
spermatozoa. With the progress of the transformation of the spermatid
the flagellum grows on to a relatively long fibre, which, in its final form,
amounts to approximately three times the size of the whole cell. Oettinger
is not certain whether the flagellum is capable of making any movement.
We have repeatedly examined QOettinger’s figures and script with great
care in the hope of offering some constructive criticism in the light of our
own observations, as we have done in the case of Warren’s account, but
we have failed to evolve any order out; of the existing chaos. Evidently a
comprehensive and intensive survey of the millipede sperm is urgently
needed particularly the flagellate sperm of Pachyiulus and the filiform
sperm of Blaniulus guttulatus (Gilson, 1886).

SUMMARY AND CONCLUSIONS

1. In this paper the spermatogenesis of Thyroglutus malayus has
been completely worked out.

2. In the earliest spermatogonia, the nucleus hardly reveals any
structure save for the presence of an excentric nucleolus, which seems to
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be of the nature of an amphinucleolus. The mitochondria exist as pale
fine granules in the cytoplasm arranged in the form of a juxte-nuclear
mass and the Golgi elements, in the form of darkly staining bigger granules,
are scattered amongst them. In the fully grown spermatogonia both the
mitochondria and the Golgi elements become circum-nuclear in arrangement.

3. The primary spermatocytes are definitely larger cells than the
spermatogonia. The nucleolus seems to break up into a large number of
deeply staining chromatin granules. The resting secondary spermatocytes
are similar to the primary but they are definitely smaller than the latter.

4. During the spermatogonial and the meiotic divisions the mito-
chondria and the Golgi elements are seen to be sorted out, more or less
equally, to the daughter cells. :

5. Beautiful spindles appear during the above stated divisions.
These ave fibrillar and fusiform structures with a sharply staining centrosome
at each pole.

6. The earliest spermatid hag, beside a nucleus, a few prominent
Golgi elements, a large centrosome and fine granular mitochondria.

7. During spermateleosis the vesicular nucleus of the early spermatid
is eonverted into a wide and shallow cup. Simultaneously vacuoles appear
in the cytoplasm and both the mitochondria and the Golgi elements merge
into these. By a two-fold process of growth and coalescence these vacuoles
form a large cytoplasmic vesicle, which is pushed inside the nuclear cup
just before the ripe sperm is formed.

8. The ripe sperm is a simple structure consisting of three cell-elements
only, viz., the nuclear cup, the centrozome and the cytoplasmic vesicle.
The acrosome, the middie-piece and the axial filament of the typical
flagellate sperm are conspicuous by their absence.

9. The structure of the centrosomal apparatus has been studied
in detail and its large size is supposed to be in conformity with the belief
that it is in some way connected with the opening out of the sperm.

10. Since the ripe sperm is completely devoid of an acrosome, this
investigation tends to disprove its alleged boring function.
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ExrrLavation oF LETTERING IN TEE PLATES

C  —Centrosome,

0, ——Centrosomal granule or centriole.
Cs —Centrosomal ring.

Ch —Chromosomes.

C.G.—Chromatin granules.
C.V.—Cytoplagmic vesicle.

G —Golgi eloments.

M —Mitochondria.

N —Nuclous,
N, —Nuclsolus.
V —Vacuols.

Further oxplanation of figures will be found in the text,

ExPLANATION OF FIGURES IN THE PLATES

All figures have been drawn with a camera lucida at the table Ievel with Beck 25
MM( x 10) sye-piece and oil immersion objective giving a magnification of 1,700 times,

All figures except figs. 50 to 53 on Plate IV have been drawn from ssctionad
material fixed in Flemming, without acetic, followed by 0-59, iron-hsematoxylin.
Figures 60 to 53 are from smears fixed in Flemming, without acetic, diluted with an
equal quantity of water and stained with 0-:5% iron-haematoxylin,

Plate I.
Fra. 1.—Earliest spermatogonium.
Fra. 2.—Bpermatogonium at a little later stage.
Fia. 3.—Fully grown spermatogonium,
Frg. 4 —S8permatogonial metaphase.
Fra, 5. —Nurse-cell.
Fres. 6 to 8. —Primary spermatocytes.
Fig. 3.—Metaphass 1.
Fro. 10.—Early Anaphase 1.
Fig. 11.—Late Anaphasc 1.
Fra. 12.—Secondary spermatocyte,

Plate I1,

Fia. 13.—Metaphase II in polar view.

Fig. 14—Metaphase IT in side view.

Fie. 15.—Late Anaphase IL.

F1a. 16.—Telophase II.

Frg. 17—Motaphase I1.

Fie. 18.—Mataphase II.

Fig. 19.—Earliest spermatid.

Fia. 20.—Resting apermatid.

Fres. 21 to 26.—Spermatids showing the movement of the nucleus towards the
periphery and its transformation into & wide and shallow cup-like structure.
Vacuoles have started appearing in the eytoplasm,

Fre. 27.—Nearly top view of a maturing spermatid.

Plate I11.

Fias. 28 to 30.—Nearly top views of maturing spermatids,

Figs, 31 and §2.—Top views of maturing spermatids.

Fig. 33.—Top view of a nuclear cup only.

Figs. 34 t0 42.—Lote spermatids. The nuclear cup has heen completely formed.
The centrosome has grown to its maximum size. Cytoplasm is almost full of
vacuoles into which hoth the Golgi elements and the mitochondria are seen

mMeTging.

118



Prare 1.




Prare II.

Ch




Prate IIL.




Prate IV.




Plate IV.

Figs. 43 and 44.—Same a3 for figs, 34 to 42.

Fi10. 45.—Nearly top view of a late gpermatid.

Fras, 46 to 48, ~Late spermatids showing the formation of the cytoplasmic vesicle.

Fr1e. 49.—Ripe sperm (from a section). Side view.

Figs. 50 and 51.—Ripe sperms (from amears). Side views.

F10. §2.—Nearly top view of a rips sperm (from amears).

Fig, §3.—Top view of & ripe sperm (from smears).

Fiey, 54 to 56.—Daunghter spermatida showing the process of spermateleosis without
their complete separation after the gecond meiotic division,

Fie. 57.—Two fully ripe spermatozoa formed in a perfectly normal way from their
respective spermatids which have not, however, separated so far after the meiotic
division of their parent secondary spermatocyte.
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CONSTITUTION OF PERIODATE OF URANIUM.
By Bavwant Smer, Apar SiNGH and RosgaN Smen.

C. F. Rammelsberg (Pogg. Ann., 1839, 55, 70) found that when
urshium tetra-chloride is treated with potassium periodate, a greyish
green precipitate of uranous periodate is formed, which soon passes into
yellowish white uranyl periodate. '

In the present investigation, an attempt has been made to prepare
penodate of urenivim and 4o determine its sonstitation.

EXPERIMENTAL,

On adding potassium meta-periodate solution to & warm saturated
aqueous solution of uranyl nitrate, a yellowish white precipitate was
formed. It was filtered, washed with hot water till free from nitrate,
dried in an electric air oven at 60° C. and analyzed. Uranium content of
the periodate was determined by Oxine method (Vogel, Quantitative
Imorganic Analysis, 1948, page 557). lodine and available oxygen in the
compound were estimated by-Kimmins’ method medified by Bahl and
Partington (J. Chem. Soc., 1934, page 1087). The analytical results are
given in the following tables:

TasLg I— Urantum.

Semple | .o . Oxine Compound of | Pereen of Uranjum
No. | Periodate taken. (gm.) Urantum, (gm.) o Doriociate
1 0-1901 0-3311 58-86
0-2352 0-4120 59-30
2 0-1228 0-21560 59-27
0-2712 0-4720 58-81
3 01572 02744 59-09
0-2202 0-3907 58-67
4 0-1416 0-2450 58-57
(2693 0-4692 58-98
5 0-1482 0-2570 5870
0-2061 0-3610 59-20
Mean value 58-96
Taprr II—Jodine. ¢
Sample . N/10 NagS8,0,4.6H,0 Percon adine
N ol? Pa'nodate token. {gm.) / us:&. 9(0"“’3 y 2 p lt;:g?ogi ;dm
.1 0-1160 15-15 2091
0-1751 2305 20-90
2 0-0806 10-37 20-42
0-1425 18-30 20-39
3 0-1300 . 18-90 ' 20-64
0-1589 L 20-70 20-68
4 0-1200 16-00 21-17
0-1607 21-35 21-10
b5 0-1020 13-50 21-01
. 0-1589 21-10 2108
Mean value 20-83
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TABLE III—Available Ozygen.

Sample . Dry Oxygen collected | Percentage of Oxygen
Nol.) Periodate taken. (gm.) ryat. E’y'%‘]? {e.c.) in ng'iodatex.yg
1 0-1435 10-2¢ 10:20

0-2080 14-98 ' 10-29

2 01260 908 10-29
0-1762 12-71 10:30

3 01492 10-83 10:37
0-1990 14-42 10:35

4 01194 8-62 10-31
01760 12-66 10-33

5 01500 10-67 ici6
0-1982 ) 14-17 . 021

Mean value 10-28

DrsoUssIoN.

On adding potassium meta.periodate solution to a warm saturated
aqueous solution of uranyl nitrate, a yellowish white precipitate of
U05(10,)s . 2 UQ; is formed according to the following reactions:

U0,(NOy),+2 K10, = U0y(I0,)3+2 KNOs.
U0:(NOy)e+2 H,0 = HyUO4+2 HNO,.
2 HyU0, = 2 U04+2 H,0.
U02(104)2+2U03 = UOZ(:[O‘)E .2 U03.

On heating the compound decomposes to give
U0:(104), .2 V03 = U0+2 U0g+1p+4 Oz

10-46 per cent of available oxygen. Calculated values of uranium and
iodine in this compound are 58-35 per cent and 20-74 per cent respectively.

The analytical and the caleulated values of uranium, jodine and
available oxygen in the periodate of uranium agree with its formula
U0x(104), - 2 UQ;.

CHEMISTRY DEPARTMENT,

Panjab University College,
Hoshiarpur.
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ALKALINE PERMANGANATE AS A VOLUMETRIC REAGENT
(PART Tj.

EstmatioN oF OrRganic Hyproxy AQIDS,

By Raum CHanD Paur, V. 8, Gamp, Q. P. MatnoTeA and RATKUMART
Navan (Miss).

Holluta (1922) has shown that the reaction between potassium per-
manganate and e formate in alkaline solutions proceeds in two distinet
stages:—

(i) The reduction of permanganate to manganate
MnO; +e”—> MnO; - .. .o (L)
and (ii) The reduction of manganate to manganite
MnO,  —s MnO; 40 .. @

The first of these two reactions proceeds much more rapidly than the second
one, which is in conformity with the findings of Sackur and Taegener (1912)
who determined the normal potentialz of the reactions (1) and (2) to be
+0-61 and 4-0-50 volt (at about 18°C. and 1 ¥ KOH solution), Stamm
(1934) found that under the conditions in which only the first stage is
involved many substances, otherwise difficult to attack, can be guanfi-
tatively oxidized at room temperature in a few minutes.
The second stage of the reaction can be written as

MnO; ~ +3H;0+2 ¢” = H;MnO; +40H .. (3

This reaction can be hindered by increasing the hydroxyl ion concentration,
because an increase in the (OH)' concentration will shift the equilibrivm
towards left (1'2 N alkaline solution can satisfy the above condition).
The effect of this increase of the OH ™ ion-concentration upon the reaction

(1) is to shift the equilibrium to the right, i.e. to help the reaction:—
MnO; +OH —-» MnO; 4 O0H .. .. (4)

This shows that by keeping the solution strongly alkaline the first stage (1)
is facilitated while the second stage (2) is checked, thus creating strong
oxidizing conditions (Stamm, loc. cit.). The free hydroxyl which appears
on the right-hand side of equation (4) is much more mobile than per-
manganate and maenganate ions and may he the real oxidizing agent.
Thus the principle of procedure for titration in strongly alkaline
medinm should be such as to involve only the first rapid stage, i.e. the
reduction of permanganate to manganate while the second stage involving
the conversion of manganaté to manganite should not be sllowed to occur.
This is achieved by the addition of some barium salt solution which causes
the precipitation of sparingly soluble barium manganate and thus removes
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the manganate ions from the reaction mixture, while the permanganate
ions are still there because barium permanganate is quite soluble, in con-
formity with the Weitz and Stamm (1928) rule. The Bolublhty product
of barium manganate has been found by Schlesinger and Seims (1924) at
26° C. t0 be 2-46 x 10-10, which is less than that of even barium carbonate.
This shows that by the addition of an excess of barium chloride solution
the manganate ions can he completely removed from any further action
of the reducing agent in fact the removal is 8o complete that in the absence
of permanganate ions or apy other coloured material the supematant
golution is colourless. The precipitate of barium manganate is dark green
but with practice the colour of supernatant solution can be judged easily.
Alternatively the solution can be made acidic when the oxidation is com-
plete and KMnO, left unreacted titrated against oxalic acid.

Keeping the above principles in view attempt here has been made to
estimate certain oxidizable compounds. In this communication the
estimation of certain organic hydroxy acids has been dealt with. The
results about other classes of compounds will be reported shortly.

ProoEDURE.

20 c.c. of 0-5 N KMnOy,, about 10 c.c. of 309% NaOH and 7-15 c.c.
fa known volume) of approximately 0-1 N solution of the acid to be
estimated were measured together in a 250 c.c. flask and allowed to stand
for 10 to 15 minutes. The excess of perma.nga.nate is estimated by any one
of the following two methods.

Method 4:—About 15 c.c. of 30%, barium chloride solution were then
added and the contents diluted with water to approximately 100 ¢.c. The
excess permanganate was then back titrated against a standard formate
solution in the alkaline medium, end point being the disappearance of the
colour of permanganate from the supernatant solution.

Method B:—After allowing the oxidation to complete as above the
solution was acidifisd with 10 c.c. of dilute sulphuric acid (1 : 1) and then
20 c.c. of -5 N oxalic acid solution were added. The contents were
warmed to €0-70° C. and the excess oxalic acid determined by titration
against a standard (0-1-0-2 N) KMnOy in acidic medium. ,

" The acids estimated by this procedure were salicylic acid, mandelic
acid, lactic acid, citric acid, glycollic acid, tartaric acid and malic aecid.
The results are tabulated in Tables T and IT.

Discussion or REsurrs.

The oxidation products in most of the cases are carbon dioxide and
water, excepting in the case of mandelic acid which gives benzoic acid,
which is stable in alkaline as well as acidic medium, and tartaric acid in
which case in the alkaline medium the reaction ceases at the oxalic acid
stage, but when the medium is made acidic for Method B, the oxidation
proceeds to completion yielding carbon d:oxtde and water. The reactions
may be represented as:—
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L i 1140
\COOH.

> 700,43 Hy0

(Salicylic Acid)
/ _ .
/K 120 —— L +00,+Hy0
CHOH . COOH \COOH :
(Mandelic Acid) -
CHy .CHOH.COOH +6 (0 ——————— 3 C0,+3 H;0
(Lactic Acid)
|CH2 .COOH
C(OH) . COOH 490 — 5 6CO0,+4 H;0
CH, . COOH ' '
{Citric Acid)
CH,0H _ '
COOH
{Glycollic Acid)
CHOH .COOH Alkaline COOH
40— ] +2 C0y+2 Hy0
CHOH ., COOH Medium  COOH
(Tartaric Acid)
CHOH .COOH Acidie
CHOH . COOH Mediam

{Tartaric Acid)

CH, . COOH

CHOH. COOH
{Malic Acid)

460 —— s 400,43 H,0

In all the cases the best results are obtained when -80-120%, excess of
KMnO,, over the theoretically required amount is used. Both the methods
yield comparable results except in the case of citric acid when Method B
gives better results than Method A.

It may be added that Mothod B is more convenient.
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Tanre I.

Results with Method A.

Vol. of KMnQ, taken = 20 c.c. -6 N. Tims allowed for reaction = 10-15 minutes, .
Balieylic acid. Mandelic acid. Lactic acid. Citrie acid. Glyeollic acid. Tartaric acid.*
Amt. present ia Amt. present Amt. present Amt. present Arnt. present Amt. present,
Acid | Jixcess 0-08857gms. flitre 3-8000 g.f1. 0-7500 g.f1. 1-16860 g /1. 1-2000 g./1. 3-5260 g./l.
soln. | KMnO, : :
taken. | Yage.
Found Diff. Found Diff, Found Diff. Found Diff. Found Diff, Found Diff.
g/l g.f1. g./1. g.f1. g/1. g./1. ‘
15-0 32-6 0-8800 0-1067 . -
14-0 42-8 0-9044 0-0813 3-6482 0-1518 . .. . - .. . .. g
13-0- 53-7 0-9150 0-0707 36542 0-1458 0-7398 0-0102 1-1422 0-0138 11710 0-0820 3-4750 ¢-0500
12-0 666 0-9660 01970 3-6888 0-1112 07404 0-0096 1-1360 0-0300 1-2063 0-0083 3-4842 0-0408
11-0 81-8 0-9800 0:0057 3-8423 0-0423 07494 0006 1-1480 0-0180 1:1192 0-0008 3-5624 0-0374
10-0 100-¢ 0-9880 00023 3-7912 0-0088 07510 0-0010 1-1688 0-0028 1-2048 0:0048 36090 0-0160
9-0 122-2 1-0040 0-0183 3-7802 0-0098 0-7480 0-0020 1-1548 0-0112 1-2090 0080 3-5402 0-0152
8.0 150-0 0-9940 0-0083 3-7420 0-0580 0-7515 { 0-0015 1-1420 0-0240 1-2298 0-0298 35620 0-0370
' Amt. present
Results with Method B, 2:8200 g./1.
15-0 32-6 0-8746 0-1112 3-6246 0-1764 .. .
14:0 42-8 0-8876 0-0881 37764 0-0236 0-7014 0-0486 .. .- . . .. .
13-0 537 0-9145 0-0712 3-7020 0-0980 0-7206 0-0294 1-1500 0-0160 1-1800 0-0100 2-7482 0-0718
12-0 66-6 0-9044 0-0813 3-8412 0-0412 0-7314 0-0186 1-1482 0-0178 1-1920 0-0080 2-7354 0-0846
11-0 81-8 0-9792 0-0065 3-7900 0-0100 0-7428 0-0072 11644 0-0016 1-1978 0-0022 2-8186 0-0014
10-0 100-0 0-8867 0-0010 37840 0-0160 0-7524 0-0024 1-1620 0-0040 1-2020 0-0020 2-8302 0-0102
9-0 122-2 0-9042 0-0085 38014 0-0014 7404 0:0096 11502 0-0058 1-2042 0-0042 2:8442 0:0058
8-0 150-0 1-:0082 0-0225 3-8226 0-0226 7702 00202 1-1742 0-0082 1-2196 0-019¢ 2:7540 0-0660

* Eqgivalent weight of tartaric acid is 35-26 for Method A and 282 for Method B (vide p. 125),



TaerLe II.

Regulis for Malic acid (Methods A and B).

Vol. of EMnO, taken = 20-0 o.c. 055 N.
Time sllowed for reaetion = 10~15 minutes.
Amonnt of aeid present = 11186 gma, flitre.

Acid soln. | Exaoss Method 4. Method B,
tsken | EMnO,
e.c %%8° | poundg.| Diff. |Foundgp| Difh
16-0 491 10794 | 0-0372 |. 10164 | 0-1012
14-0 570 | 10845 | 00321 | 10340 | 0-0826
13-0 69-4 10846 | 0-0320 | 10840 | 0-0526
12:0 835 111082 | 0-008¢ | 11132 | 0-0044
110 1000 | 11096 | 00070 | 11174 | 0-0008
10-0 1211 11074 | 00082 | 11160 | 0-0008
90 142:0 11247 | 00081 | 11341 | 00274
8-0 1740

1-1324 0-0158 L1-1468 00294

Summary.

Certain aromatic and aliphatic hydroxy acids have been estimated
volumetrically by using potassium permanganate in the alkaline medium
using two different’ methods. In most of the cases acidic permanganate
does not vield quantitative results.

-l

Holluta, J. (1922).

Stamm, H. (1934).
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THE EXTERNAL MORPHOLOGY OF DIPRION PINT (L)*

{Symphyta-Hymenoptera)
' By G. L. Agoga, M.Se., DILC., Ph.D. (Lond.), FR.ES.

The literature on the external morphology of the sawflies has been
ascoumulating for the last half a century. Van Dine (1905) described
and illustrated the mouth parts of a few sawflies; Snodgrass (1910)
gave a detailed account of the thorax of Tremez and some other Hymeno-
ptera; Crampton (1919} treated the male genitalia in detail; Bird
(1926) dealt with the external anatomy of the adult Hoplocampa halcyon ;
Ross (1936) made a thorough study of the wing venation of the Symphyta; -
Reeks (1937) described the external morphology of Diprion polytomum ;
Ross (1937) made a comparative morphological survey of the Nearctic
sawflies and Snodgrass (1941) gave a detailed comparative account of
the male genitalia of the Hymenopters with & section on the Chalasto.
gastra. In addition to these, several passing references on sawfly
morphology appeat in text-books and in papers on anatomy and phylogeny,

The present study of Diprion pini is an attempt to bring out characters
which have some phylogenetic interest, difficult to secure from the writings
of earlier morphologists. A fair amount of well preserved material of this
sawfly could be obtained from the collections in the Department of Ento-
mology, Imperial College, London. I am indebted to Dr. Q. W,
Richards of the Imperial College, London, for his invaluable advice
and guidance and to Mr. R. G. Davies for his general assistance. My
thanks are due to Dr. Vishwa Nath for getting the paper published in the
Research Bulletin of the East Panjab University.

1. Ter HeaDp
(FL. 1, Figs. 1, 2)

The head is hypognathous, globular, broader than long, convex in
front and almost flattened behind and bears laterally the oval, slightly
bulging compound eyes. The cranium is strongly sclerotized, highly
pigmented in the male, and beset with setae and pits all over. Its surface
is marked by sutures and ridges which divide it into definite areas. In
the middle of the dorsal surface iz & raised area, the Vertex, cut off by the
temporal sutures laterally and by a horizontal pigmented line ventrally,
On the anterior surface and immediately below the vertex lie the three
ocelli in a triangle, with a heavily pigmented area between the lateral

* Submitted as part of the thesis for the Degree of Doctor of Philosophy
of London University.
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ones. The epicranial suture or the Cleavage line of the larva (Snod-
grass, 1947) has no counterpart in the adult but from the middle of the
horizontal line mentioned above run downward two faint frontal sutures
{post-frontal sutures of Ferris, 1942), one on either side of the median
ocellus and stopping short there. The fate of the epicranial suture is
quite variable in the insect head. In the gemeralized forms the frontal
bifurcation may reach the epistomal suture or even the labro-clypeal suture
and the area with the median ocellus in between these is termed the Frons.
In the present gpecies, becaunse of the obliteration of the sutures, a broad
continuous area, the Fronto-parietal, comes to lie below and on the sides
of the vertex, bearing the ocelli, the antennae and the eyes, and extending
ventrally up to the clypeus which is separated from it by the horizontal
epistomal or clypeo-frontal suture; the latter is identified by the broad
anterior tentorial pits at its two ends in front of the antennae which mark
the posterior limits of the elypeus. The antennae lie almost in the middle
of the fronto-parietal, one on each side, a little above the anterior tentorial
pit. Each antenna lies in an oval antennal socket enclosed by the antennal
suture and articulates with the socket by a peg-like projection from its
ventromesal border, In line with the anterior tenforial pits and immedi.
ately above the antennae can be made out & pair of dark patches, the dorsal
tentorial patches or ‘tentorial maculae’, marking the position of the
coalescence of the distal ends of the dorsal tentorial arms with the cranium.
'T'wo lateral, slightly curved ridges run from the lateral ocelli to the anten-
nee dividing the fronto-parietal into a median area with the median ocellus
and two pariets) aress bearing the lateral ocelli, the antennse and the eyes.
The eyes are marked by the ocular sutures and each is supported by an
internal, scleratized inflected margin or shelf. Anterior to the fronto-
parietal lies the transverse, more or less trapezoidal elypeus extending to
the mandibular articulations on the sides. It is bounded above by the
epistomal suture and separated from the terminal flap-like, semicircular
labrum by the labro-clypeal suture. The ventral border of the clypeus
is somewhat inflected and covers the base of the labrum, foreshadowing a
condition that one finds in other sawflies like Pamphilius and Megalodontes,
in which the lpbrum is invaginated and only its tip is seen. The labrum
{PL. 1, Fig. 3) is semicircular in outline and overhangs the oral fossa
anteriorly., Its free anterior border carries long bristles, two or three
rows deep. This surface is continuons with the ventral or epipharyngeal
surface which iz beset with setae. At the junction of the labrum with the
clypeus on the epipharyngeal surface and at the outer angles of the former
kie & pair of small posteriorly pointed tormse, concealed by the latter.
The inner surface of the clypeus is closely attached to a highly sclerotized
plate, the Pharyngeal sclerite, which is bifid posteriorly and bears setie
and pits.

The genae, below and behind the eyes, are reduced due to the ventro-
lateral position of the eyes. Their ventral edges bear the posterior
mandibular articulations. The pesterior surface of the cranium shows a
vertically elongated occipital foramen in the centre with the tentorial
bridge running across, A broad V-shaped area, the occiput, lies above
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the foramen. It is bounded laterally by two highly pigmented sutures
which are continuations of the temporal sutures mentioned before.
Directed postero-ventrally below the occipital foramen is the oral fossa
containing the movable mouth-parts suspended from the cranium. There
are no occipital sutures and as such the limits of the genae and postgenae
canuot be determined. Even a ridge (crassa) mentioned by Ross (1937)
in Tenthredo basilaris is missing. The postgenae are, however, the broad
areas on the sides of the oecipital foramen, each extending from the dorsal
cranial edge above to the side of the oral fossa below. The ventral edge of
each postgena is weakly differentiated into an oblique ridge-like hypo-
stoma, bounding the oral fossa laterally. The two hypostomal ridges do
not meet mesally to form a hypostomal bridge but each meets the
maxillaria of its side. A postoceipital subture surrounds the ocmp1ta1
foramen dorsally and laterally, separating the occiput and the postgenae
from the narrow horse-shoe-shaped postocciput which bounds the foramen
magnum. The postocciput is a narrow, pigmented sclerctized ridge con-
tinuous dorsally with the neck membrane and broadening out laterally a
little above the tentorial bridge to form the occipital condyles for the
articulation of the lateral cervical sclerites to be mentioned later. In
front of the occipital condyles, the postocciput is continued on each side
into a narrow curved pigmented sclerite, the maxillaria, affording articular
surface for the maxillary cardo of its side. The masillariae do not meet in
the middle and the membranous part of the labium between them is con-
tinuous with the neck merabrane., The head of Diprion pini is therefore
of the simplest type called the ‘Open Head’ (Ross, 1937) characterized
by the following :—

(1) The maxzillariae are not fused'in the middle line. They provide
articulation for the cervical sclerites and the maxillary
cardines.

(2) The posigenae are not produced mesally to form a postgenal

bridge.
The occipital foramen is continunous with the oral fossa.

The anterior margin and the sides of the clypeus are free.

The head capsule does not surround the mandibles at their

bases. As such the oral fossa is a single one containing all
the mouth-parts. s

(3)
(4)
(3)

2. Tue TeENTORIUM
(PL II, Fig. 3)

The tentorium is a well-developed, H-shaped, sclerotized structure
indistinguishably fused with the pigmented sclerotized ridge which hounds
the occipital foramen. It consists of three pairs of arms, the posterior,
the anterior and the dorsal. The posterior arms, which are closely asso-
ciated with the pigmented ridge, run inward in front of the occipital
condyles to meet in the middie forming the tentorial bridge (body of
tentorium) across the occipital foramen with the posterior tentorial pits
at the two ends of the bridge. The anterior tentorial pits lie at the ends
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of the epistomal suture a little in front of the antennae, These invagina-
tions lead to the broad anterior tentorial arms which run upward and
backward to meet the anterior margin of the tentorial bridge. The
preximal half of each is Tused with the maxillaria of its side and the inner
margin is produced into a process. The dorsal tentoriad arms originate
from the outer borders of the anterior arms, each broad proximally and
narrowing distally to fuse with the inner wall of the cranium at the dorsal
tentarial macula. ’

3. THE APPENDAGES OF THE HEaD
'I;he appendages of the head are the antennae and the mouth-parts.

A, The Antennae—{(PL 1, Fig. 1; PL II, Figs. 1, 2, 4)

The antennae show a sexual dimorphism. They are strongly
pectinate in the male, consisting of 28 segments. The scape articulates
with the antennal socket, there being, according to Ferris (1942) no
such thing as an antennal sclerite. It iz broader than long. The Pedicel
is small and broad with & sensory girdle (Johnston’s organ) running
round its distal end. The flagellum is 26-segmented, the segments being
broader than long in the proxzimal half and longer than broad in the distal
half. All the segments bear small spines and pubescence. The basal
twenty-three segments of the flagellum carry long, narrow paired pro-
longations, beset with spines all round whereas the last three are without
suck prolongations. The paired prolongations on the proximal segments
are long, becoming smaller gradually towards the distal end of the antennae.
The antennae are serrate in the female, the flagellar segments being pro-
duced into small blunt inner processes. Each sntenna has twenty-four
segments. The scape is large and is longer than broad. The pedicel is
hulb.like with the Johnston’s organ as in the male. The fiagellar segments
are broader than long, becoming narrow distally. They bear spinules and
hair, The terminal segment carries in addition, four sense papillae near
its tip. '

B. The Mouth Appendages
&

The mouth-appendages include the mandibles and the maxzillo-labia
complex,

(a) The Mandibles—(P1. I, Figs. 1, 2? 4)

The mandibles are triangular, highly sclerotized paired jaws, each
bound to the head by a membrane round its base and articulating by an
anterior ginglymus and a posterior condyle with the ventral genopostgenal
border below the eye. The ginglymus is a basal anterior concavity of the
mandible into which fits a knob on the side of the clypeus and the condyle
is the posterior convexity at its base which fits into a socket on the lower
edge of the postgena. The inner border of each mandible has a pronounced
incisor area with three well-developed teeth, the distal one being the longest
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and the other two progressively smaller. The mandibles are asymmetrical,
lying crossed below the labrum, the left one having its distal tooth longer
than that of the right and bent inward. No molar area is differentiated.
A tuft of bristles is borne on the outer edge of the mandible near its middle.

(8) The Mazillo-Labial Complex—(PL. I, Fig. 2)

The two maxillae and the labium unite to form this composite
structure contained in the oral fossa and suspended from the maxillariae
by the maxillary cardines, the basal membranous part of the labium
(postmentum) between them being continuous with the neck membrane.

(i} The Maaillae—(Pl. 1, Fig. 2; Pl. 11, Fig. 5)

The maxillae are the lateral structures in the complex, each consisting
of the proximal cardo and the distal stipes, the latter bearing two terminal
lobes, the outer galea and the inner lacinia, and a lateral segmented maxil-
lary palp. The maxillae are united to the labium by a narrow strip of
membrane on either side of the latter between the inner margins of the
cardo and stipes on one hand and the outer margin of the postmentum on
the other; the prementum of the labium does not take part in the union.
The cardo and the stipes lic postero-lateral to the labiwm while the galea
and the lacinia come to occupy & position a little anterior to the prementum
and the paraglossae. The cardo is more or less triangular, sclerotized
and produced proximally into a process for articulation with the maxillaria
of its side. It is produced mesally into a blunt angle which reaches as far
as the median sclerite of the postmentum. Distally the cardo articulates
with the stipes. The stipes is elongate and sclerotized, and bears a few
bristles. It does not show any division. The galea is a globular lobe
bearing setae with a special set of strong setae along its distal margin.
The lacinia is a narrow, soft blade-like lobe pressed against the galea and
beset with setae and pubescence on its inner surface. The maxillary palp
is six-segmented with a small palpifer at its base. It is fairly long with
its segments sclerotized and bearing setas and pubescence; the last segment
is narrow and the longest.

(ii) The Labium—(Pl. I, Fig. 2).

The labium is the median component of the maxillo-labial complex,
lying between the maxillac with which it is united by lateral membranous
strips. It consists of a basal part, the postmentum and a distal part,
the prementum. The postmentum is a membranous rectangular piece
with a small sclerotized, pear-shaped setiferous plate in the middle in
between the mesally directed inner. angles of the cardines. The exact
homologies of this sclerite are not certain. Ross (1937), Recks (1937)
and other hymenopterists have labelled it submentum. Snodgrass
{1935) compares it also to the lorum ( = submentum) of higher, Hymen-
optera but it is not connected with the cardines. It is better to call it &
postmental sclerite, for in certain sawflies sach as Megalodontes klugit
there are three such sclerites, a median and two lateral. The prementum
is a sclerotized piece, faintly bifid at its distel end. Its adoral surface is
beset with small spines while its oral surface has the hypopharynx
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immovably united with it. It carries distally three terminal comical lobes
and laterally a pair of labial palps. Of the three lobes, the side ones are
the paraglossae and the middle one the alaglossa formed by the fusion of
the glossae. The paraglossae and the alaglossa are adorned with spines
and bristles at their distal extremities. The labial palps are four-
segmented, the third broadened distally and the fourth conical. Small
gpines are borne on all the segments.

4, Tuae HyYPoPHARYNX
(PL 1, Fig. 5)

The hypopharynx is a raised sclerotized lobe intimately fused with
the oral surface of the prementum at the base of the alaglossa and incapable
of any free movements. Its surface bears small spines. The salivary
duct can be seen opening into it. Its sides are supported by a pair of
suspensorial rods, one on either side.

-

5. Trg CERVIX :
(PL. I, Fig. 2; PL. II1, Figs. 2, 4)

The cervix or neck region is the membranous inter-segmental portion
between the head and the prothorax which is strengthened ventrolaterally
by a pair of sclerites, the cervical aclerites. The latter are broad proxi-
mally and narrow distally, their distal prolongations articulating with the
oceipital condyles on the sides of the ocoipital foramen. Rach sclerite
sends a small process inwards and backwards just before its articulation
with the oceipital condyle while its proximal broad part is fused with the
pro-episternum. The suture between the two has been almost obliterated ;
only & faint indication of one remains, showing where fusion has taken
place. These neck sclerites were regarded by Snodgrass (1910} as
episterna. but Crampton’s (1917) and Weber’s (1933) view that they
are cervical “sclerites which have fused with the propleura, particﬁla,rly
when an indication of such a fusion is noticeable, seems to be more satis-
factory. The cervical sclerites bend inward but do not meet each other
mesally nor do they meet the prosternum, the area between them being
membranous. .

6. Tue THORAX

The thorax is formed by three segments, the prothorax, the meso-
thorax and the metathorax, each bearing a pair of legs. The meso- and
the metathorax are the wing bearing segments and together constitute
the pterothorax.

{a) The Prothorax—(Pl. 111, Figs. 1, 2, 4)

The tergum of the prothorax or the pronotum is a narrow sclerotized
collar in front of the mesothorax. It expands into a broad triangular
plate on either side immediately above the cervical sclerite with which it
is connected by & membrane, Each lateral promotal plate is beset with
small setae and its posterior ventral angle is produced into a process which
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reaches as far back as the anterior edge of the mesepisternum of its side.
The pronotum, thus, is associated more closely with the mesothorax than
with the propleural ¢lements. The propleuron on either side has a distinet
pleural suture which runs vertically up, is marked by a pleural ridge on the
inner side, and is produced backward into an apodeme. In front of the
pleural suture lies the episternum faintly marked off from the cervical
sclerite and behind it lies the narrow epimeron. The ventral end of the
pleural suture articulates with the coxal ridge of the first coxa on the dorsal
aspect of the latter, forming the pleural articulation. The venter of the
prothorax shows a T.shaped eusternum, not differentiated into the basi
and furcasternal elements. At either end of the T, in the membranous
part in front of each coxa, lies a small sclerite, the trochantin, bearing
small setae. Snodgrass (1910) calls it the accessory precoxal plate in
Arge. Weber (1933) recognizes a small trochantin in a number of saw-
flies. A similar trochantin has been observed in a number of panorpoid
orders. The eusternum is bifid posteriorly, each knob-like bifurcation
establishing a sternal articulation with the anterior inner angle of the
coxal ridge. A similar condition exists in some other sawflies also.
Weber (1933) deseribes it as a secondary sternal articulation in Athalia
and . Snodgrass {1910) mentions an articulating plate between pro-
sternum and coxa of T'remex columba. The eusternum ecarries a pair of
furcae on the inner surface. Behind the eusternum is the membranous
spinasternum with a small spine near its posterior margin.

() The Mesothorax—(P1. 111, Figs. 1, 2, 4}

The mesothorax is the middle segment of the thorax, well developed
and much bigger than the metathorax. It carries the fore wings. The
mesotergum consists of the notum (also called the alinotum by Snodgrass,
1935) and the postnotum, the former comprising the prescutum,
the scutum and the scutellum. The anterior edge of the mesonotum
carries an inflected ridge on the inner side, the first phragma. The pre-
scubum is heart-shaped, lies anteriorly in the middle, bounded by two
convergent sutures (notaulices}) that meet in the mid.line. A median
suture divides it into twe. The scutum lies behind and on the sides of the
prescutum and extends backwurd laterally on the sides of the scutellum.
It thus forms two lateral areas connected by a median bridge between the )
approaching ends of the prescutum and the scutellum. The lateral
margins of the scutum are produced outwards to form the anterior notal
wing processes in front and the posterior notal wing processes
behind. A scuto-scutellar suture separates the scutum from the
V.shaped scutellum. -A pair of lateral sutures, the parapsidal furrows,
start from the sides of the scutellum and run forward and outward, setting
off two latero-posterior areas of the scutum, the parapsides or parascutellar
areas of Ross (1937). The seatellum is a large V-shaped sclerite in the
middle with the apex of the V directed forward. Its posterior border is
somewhat thickened and is termed post-tergite by Ross (1937). It is
produced laterally to become continuous with the axillary cords of the
wings. The postnotum is a broad sclerotized band, notched in the middle
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and lying across behind the scutelfum with which it is connected by a
small membrane; the latter is almost covered over by the scuielium,
Laterally, the postnotum runs outward, downward and forward to reach
the posterior edge of the mesepimeron on either side. The posterior border
of the postnotum is produced backwards into a large bifid, heavily pig-
mented second phragma, extending beneath the metatergum and a part
of the first abdominal tergum. The mesopleuron on either side shows
externally a well-developed pleural suture which runs upward and forward,
dividing it into an anterior episternum and a posterior epimeron.
Ventrally the pleural suture forms a doreal pleural articulation with the
ridge of the mid-coxa and is continued into an articular wing process at
the other end. The episternum is fused with the basisternum, the
pleurosternal sufure having disappeared. There is a triangular piece cuf
off from the "anterodorsal portion of the episternum which has been
variously named parapterum, prepectus, pre-episternum and so on and has -
been regarded as peculiar to the hymenoptera. This piece can safely
be eompared to the anepisternum of the neuroptera in which the division
of the episternum into an anepisternum and katepisternum is a common
feature; the former may be larger, equal to or smaller than the latter.
The episternum of the taxonomists corresponds then to the katepisternum
which has fused with the basisternum. The mesepimeron ig divided into
a horizonal, narrow dorsal portion, the anepimeron and a vertical broad
ventral portion, the katepimeron. A trochantin, though weakly sclero-
tized, starts from the lower end of the pleural suture and below the
episternum and runs along the posterior margin of the sternum between it
and the coxa. It is intimately fused with the sternum, its inner end
curving round to articulate with the anterior coxal ridge on its inner side.
a little in front and helow (above when seen from the ventral side) the
sternal coxal articulation. In front of the anepisternum lies the meso-
thoracic spiracle in a weakly sclerotized area. Behind the epimeron at
the junction of the anepimeron and the katepimeron lies the meta-thoracic
spiracle. The mesosternum consists of the presternum, the basisternum,
the furcasternum and the spinasternum. The presternum is & narrow
strip cut off from the anterior margin of the sternum, extending on the
sides up to where the lateral pronotal plates meet the episterna. The
" basisternum is not demarcated from the episterna as it is in some other
sawflies. There is, however, & prominent median suture running in the
mid-ventral line with a strong ridge on the inner side. The furcasternum
is & reduced sclerite behind the basisternum in the middle. Internally it
bears two well-developed furcel arms which meet in the middle and run
forward as a common median ridge on the inner side of the median line of
the basisternum. Posteriorly the furcasternum sends a pair of processes,
one on either side of the middle line, each articulating with the coxa of ite
side on the laiter’s mesal surface. These sternal coxal articulations lie
dorsal and a little posterior to the trochantinal articulations mentioned
_ before. The spinasternum is 8 small membranous part between the two
coxae and behind the furessternum. It can be better seen when the legs
are pulled up and apart. .
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(c) The Metathorax—(PL. I1I, Figs. 1, 2, 4)

The metathorax is much smaller than the mesothorax and bears the
hind wings. The metanotum lacks the prescutum. The scutum consists
of two lateral parts, connected by a narrow bridge in front of the scutellum.
A pair of elongated, slightly raised, membranous areas, the cenchri, are
differentiated on the scutum, one on either side of the middle, along its
anterior border. They are narrow towards the inner side and broaden
out gradually, extending to more than half the breadth each way. The
lateral margins of the scutum are produced into the anterior and the
posterior wing processes as in mesoscutum. There are no parapsidal
sutures but faint indications exist. The scutellum is broadly triangular
and punctate with a ‘post.tergite,” continuous laterally with the axillary
cords. The postnotum is a narrow sclerite behind the scutellim. Tts
hinder edge forms a weak phragma. The metapleuron shows the pro-
minent pleural suture. The episternum iz divided into anepisternum and
katepisternum, the latter fused with the basisternum. The epimeron is
not completely divided into two as the dividing suture bends back and
stops short in the middle. The mesopleura and the metapleura are so
similar that one can safely say that the so.called prepectus in the meso-
pleuron is nothing else but the anepisternum. The trochantin is similar
to that in the mesothorax but is considerably bigger. The coxae, ag in the
mesothorax, have three articulations, the pleural, the trochantinal and the
sternal. The metasternum has the same parts as the mesosternum except
that the spinasternum is missing. The various sternal elements are,
however, comparatively small.

7. TaE THORAOIO APPENDAGES

The thoracic appendages include the legs and the wings.

A. The Legs—(Pl. 111, Fig. 3; PL. IV, Figs. 3, 5)

There are three pairs of legs, the prothoracie, the mesothoracic and the
metathoracic ; the hind pair is the longest. The legs lie quite approximated
together on the ventral side. They are similar, each consisting of the
coxa, the trochanter, the femur, the tibia and the tarsus. All the segments
bear small spines.

In the prothoracic leg the coxa is conicel, broad proximally and narrow
distally, with a thickened marginal ridge, the basicoxite, running round its
proximal end. It articulates dorsally with the veniral end of the pleural
suture to form the pleural articulation and ventrally with the backwardly
directed process of the furcasternum to form the stermal articulation.
Distally the coxa articulates with the trochanter. The latter is small,
slightly broader distally and presents a two-segmented appearance because
it is closely associated with a small proximal conical piece marked off from
the femur by a strong suture. The femur is cylindrical and possesges
distally a membranous part on its ventral aspect. The tibia is the longest,
segment of the leg. It is narrow proximally and broad distally and bears
at its distal end two similar, finger-shaped bluntly pointed tibial spurs,
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which are of classificatory importance. The tarsus is elongate and divided
‘into five tarsomeres. Of these the first is the longest, the second, the
third and the fourth progressively smaller, and the fifth longer than the
second but smaller than the first. The first four tarsal segments each
bear an oval, slightly cupped tarsal pulvillus. The last tarsal segment
carries a pair of claws and some other structures, together designated as
the pretarsus. The claws or ungues are articulated to the distal bilobed
rim, the unguifer, on the dorsal side of the last tarsal segment. HKach
claw ig curved at its extremity and bears a small tooth at its distal ome-
third on the ventral side. From the notch of the unguifer arises a
pear-shaped selerite, the orbicuia. Its surface is marked into small areas
and bears two pairs of long setae on the distal half. Lying in the terminal
part of the cavity of the last tarsal segment on the ventral side is &
sclerotized, sculptured ‘sclerite, the unguitractor plate. It is more or less
bell-shaped and grooved in the middle with a conspicuous apodeme at its
proximal end, running through the tarsal segments. Arising between the
claws and distal to the unguitractor plate is a membranous stalked adhesive
organ, the arolium. It is somewhat rounded in outline. Iis stalk is
supported dorsally by the orbicula and ventrally by another triangular
plate, the planta. The latter lies distal to the unguitractor and bears a
pair of spines, The body of the arolium is supported by a pigmented
ring-like camera. On the sides of the planta and at the bases of the claws
can be made out two small sclerites, the basipulvilli, also known as the
auxilia,

The megothoracic and the metathoracio legs are similar to the protho-
racic legs except in the number of coxzal articulations. In these the coxa
has three articulations, a pleural with the pleural suture, a sternal with
the sternal process and a trochantinal with the trochantin. The trochantin
in the meso and metathoracic legs is a weakly sclerotized clement fused
with the postero-lateral margin of the sternum and articulates with the
coxa, g little below and in front of the sternal articulation. It will be
noticed that in close association with these articulations, one finds definite
sense-areas similar to the proprioceptor. organs described by Pringle
(1938) in the leg of Periplaneta. These sense-areas may be in the form of
‘hair-plates’ or areas with campaniform sensillae; both types may occar
simultaneously in the same leg. According to Pringle’s electrophysio-
logical study these sense-areas may be regarded as ‘fension recepfors,’
Such areas have also been observed in other insects. In Diprion pini
there are three such sense-areas in connection with the meso and the
metathoracic legs and two with the prothoracic. Ferris and Penni-
baker (1939) named the trochantinal ares with setae in Aguila
(Raphidiidae) as™trochantinal gignum’ which according to them is a land-
mark to determine whether a trochantin is present. The hind tibia in the
male possesses two unegual gpurs, while those of the female are equal.

" B. The Wings and their Articulations

There are two pairs of membranous wings, the fore-wings and the
hind-wings, the former slightly longer than the latter. The two wings on
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either side are held together by a few hook-like hamuli along the anterior
margin of the hind wing which catch on the slightly curved posterior
margin of the fore-wing. TFine pubescene is borne on the wing margins.

(@) The Wing Articulations—(PL. IV, Fig. 4)

The wings are hinged on to the sides of the mesothorax and the
metathorax by their membranous bases which are strengthened by a
number of articular sclerites. The anteriormost of these in the fore-wing
iz & small flat piece, the humeral plate, at the anterior margin of the wing.
bage and in association with the costa. Behind the humeral and
articulating with the anterior notal wing-process is the first axillary sclerite
which sends a process to the humeral plate in front and articulates by its
outer margin with the inner margin of the second axillary sclerite. The
iatter is irregular in shape and sends an inner long process to the post-notal
wing process and an outer short process to the third axillary. The second
axillary is produced anteriorly into another process which reaches the base
of the common subcostal-f-radial vein. The third axillary sclerite is also’
irregnlar and forked anteriorly, the inner limb broader than the outer and
called accessory sclerite of the third axillary by Snodgrass (1910).
Its outer border is closely associated with the bases of the amal veins,
whereas its posterior angle reaches the tip of the prolongation of the post-
notal wing process. The fourth axillary sclerite of other insects is absent,
A large, laterally elongated, weakly sclerotized median plate lics outer to
and in front of the second axillary. It anterior inner angle is confluent
with the common base of the Se+R--M-+COu. The posterior margin of
the wing is thickened to form the axillary cord, continuous with the lateral
prolongation of the scutellum. Lying above the hase of the wing, inner
and anterior to the humeral plate, is a aclerotized scale like plate, the
tegula. It has the shape of a quadrant, beset with small spines on its
dorsal surface and its outer angle produced into & point.

(b) The Wings

Several systems of nomenclature for the wings of hymenoptera have
been offered but Ross’s system (1936) based on their derivation from the
Sialis-like panorpoid, has been adopted because it agrees with conclusions
drawn from other characters studied.

(i) The Fore-Wing—(Pi. 1V, Fig. 1)

The fore-wing is 8-5 mm. long and 3-4 mm. broad. There iz a
thickened dark gatch, the pterostigma, on the anterior margin near its
middle, covered with small hair. The anterior margin of-the wing is
straight and the number of veins is relatively small, compared with some
of the sawflies. The costa runs along the anterior margin. The subcosta,
radius, media and cubitus are proximally fused to form a common basal
vein. This divides into two branches, an anterior S¢-+R and a posterior
M+Ouy. The subcosta separates off before the pterostigma beyond which
point M meets the radins, The common R+ 3 divides into R,y and RS-
M, the former running along the inner and the posterior margin of the
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pterogtigma to the border. RS- M arc confluent for some distance and
then they separate off, each runming straight to the margin of the wing.
There is one cross-vein between R, and RS, the second having been lost,
resulting in the formation of a large cell Rl,+Rly. M separates from
Cu,, runs for some distance with RS and leaves it to reach the margin
unbranched., There are two cross-veins between BES and M. (Cuy, after
M has separated off, runs out for some distance and then divides into Cu,,
and Cuyp, the latter receiving the common anal vein before it reaches the
border. There are two cross-veins between M and Cu;. There is no Cus.
There is one cross-vein between Cu; and 14 and one ecross-vein between
14 and combined 24 and 54. 24 and 3.4 meet and the combined vein
meets 14, the resulting commeon anal running into Cuyy before the latter
reaches the border. There is a small jugal lobe with spinules along its

margin,
(ii) The Hind-Wing—(PL 1V, Fig. 2)

The hind-wing is 6:5 mm. long and 3-4 mm, broad. The pterostigma
is very much reduced. Some 9-12 hook-shaped hamuli are borne on the
anterior margin near its middle and a few fine setae near the base. There
is no cross-vein between R; and RS, so a large radial cell is formed
(Bq 142+43). B8 and M do not run together as they do in the fore-wing.
There are two cross-veins between RS and ¥ (same as fore-wing) but only
one cross-vein between M and Cu, (reduction). There is one cross-vein
between Cu; and 4. The anals form one anal cell and the petiole of the
cell meets Cu a.  An anal lobe is present.

8. THE ABDOMEN
(PL. V, Figs. I, 2).

The thorax passes into the abdomen without a constriction. The
abdomen consists of ten segments. The first six segments and the last are
gimilar in the two sexes but the Tth, 8th and 9th are modified differently
for oviposition and copulation.

The firat segment (Pl. IXI, Fig.-1) has its tergum sclerotized to form
two dorso-lateral pieces, narrowing in the mid-dorsal line, with a mem-
" branous part between and behind them. The sternum is small, membranous
and invaginated. The abdominal spiracles of the first pair are large and
are borne on the tergum, one on either side.

Segments 2-7 (Pl. V, Fig. 2) are identical, each with a dorso-lateral
band.like tergum, a similar ventrolateral sternum and & membranous
strip on either side between the two. Each tergum is dorsally divided
into a narrow anterior portion and a broad posterior portion, the latter
bearing the paired spiracles on the sides. These spiracles are smaller than
those of the first pair.

The seventh sternum in the female covers posteriorly the gonopore in
the membranous infolding of the VIII sternite.

The eighth tergum in the male is slightly smaller than the preceding
one and bears the last pair of spiracles laterally. The sternum is not a
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continuous band ventrally but is notehed in the middle to form two ventro-
latera] pieces. The eighth tergum in the female is comparatively larger.
The eighth sternum lies behind the seventh. It is mostly membranous
but there is a small selerotized piece, partially divided into two, lying
between the bases of the first valvulae. This can possibly be the remnant
of the sclerotization of the VIII sternum,

A, The Female Exlernal Genital Appuratus

The eighth sternum and the one following are modified to form the
female external genital apparatus or the ovipositor (Pl V, Figs. 3, 4).
There are two triangular sclerites, the first valvifers, one on either side
behind the eighth tergum and below the ninth tergum, articulating with
the latter dorsally and with the second valvifer ventrally., These sclerites
belong to the eighth segment but have shifted backward. Each valvifer
{also called coxite of VIIT) sends inward and backward a sclerotized pig-
mented ramuos which is continued into a blade-like ventral valve or stylet,
the first valvula (also called saw; gonapophysis of 8th) broader proxi-
mally and tapering gradusally towards its distal end. Each valve has a
smooth inner margin and bears on its ventral surface rows of serrations on
raised ridges and is produced dorsally into a longitudinal ridge which fits
into & corresponding ventral groove on the imner valve, affording a
sliding movement forward and backward.

The ninth tergum in the female is narrow dorsally but broadens out
laterally. TIts antero-lateral margins articulate with the first valvifers
whereas ite postero-lateral margins partially cover the second valvifers
and the third valvulae. A pair of elongate second valvifers (also called
coxites of IX), one on either side, lies below the first valvifers with which
they articulate. The second valvifers do not articulate with the ninth
segment. Laterally each second valvifer is produced backward. From
its ventromesal border iz given off a ramus (similar to the one given off by
the first valvifer) which comnects it to the blade.like second or the inner
valvula (also called saw-guide, gonapophysis of 9th), while distally it
articulates with a broad, sheath-like third valvula (also called style of the
9th; gonostyle). The two imner or second valvulae are connected by
membrane along their inner marging throughout their length except at
their posterior extremities. They are dorsally convex and ventrally con-
cave with a groove each for the dorsal ridge of the first valvula. The
surface of the fused second valvulae is marked by faint annular ridges and
the margins are produced into small processes. Distally the two valvulae
are unequal in length, the right one longer and slightly broader. The
connecting membrane between the second valvifers and valvulae is com.
parable to the ninth sternum.

The tenth tergum is a small piece forming a proctiger above the anus
in both sexes. It bears laterally, near its distal margin, a pair of small
more or less club-shaped appendages, the cerci (also called socii), beset
with strong setae. Snodgrass (1941} calls these the pygostyles. He
observed & pair of cerci on the invaginated anal lobes (XI Seg.) in the male
of the ichneumonid Megarkyssa lunator in addition to the socii on the 10th
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sogment, "This is o solitary example where the socii and the cerci are said
to be met with in the same animal. The tenth sternum is missing.

B. The Male Bxternal Genital Apparatus-—(PL. V, Figs. 2, 5)

‘The ninth tergum in the male is reduced, covered over by the eighth,
coneealed from view dorsally, and appearing as two lateral pieces on the
sides. The ninth sternum is the largesi and forms a deeply concave
subgenital plate or hypandrium, covering the male genitalia ventraily.

The genital apparatus is of the strophandrious type in which the
pear-shaped, dorsoventrally flattened phallus lies loosely attached in the
cocavity of the hypandriura, or the genital chamber, with its primary
dorsal and ventral surfaces inverted to bhecome the lower and the upper
surfaces regpectively. It conmsists of a two-segmented phaliobase, a pair
of parameres (harpes), a pair of volsellae, a pair of parapenes and the
aedeagus. The basal part of the phallobase, the basal ring or the
gonocardo of Crampton (1919) and the gonobase of Michener {1944),
is a sclerotized ring, pointed anteriorly with an oblique anteroventral
opening. It articulates with the two distal, laterally placed sclerotized
pieces, the parameral plates or the gonostipites of Crampton (1919)
and the gonocoxites of Michener (1944), which are connected by mem-
brane dorsally and are closely associated ventrally with a pair of broad
parapenial lobes meeting in the median line. Each parameral plate carries
a more or less triangular paramere or the harpe of Crampton (1919)
and the gonostylus of Michener (1944), bearing setae at its-distal end.
On the domal aspect and attached to the inner sides of the parameral plates
are the two broad lobes, the volsellae, each with a bifurcate beak-shaped
distal end and provided with a prominent basal apodeme, Tunning
anteriorly. The aedeagus consists of a median membranous part, which
receives the ejaculatory duct, and a pair of elongated penis valves, one on
each side of the medium part and lying ventral to the volsellae. The penis
valves are rod-like proximally and eniarge distally, the inner margins of
the distal parts being concave. Each penis valve is provided with an
aedeagal apodeme, running anteriorly.
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ABBREVIATIONS

A—Anal vein; Ab.—Abdominal segment; de. ap—Aedesgal apodeme; Aem—
Anepimeron; Aes—Anepisternum; dn. L.—Anal lobe; 4Ant—Antenna; Ar—Arolium;
Ata—Ant, Tentorial arm; Atp—Ant. Tentorial pit; Az—Axillary selerite; dz. C—
Axillary Cord.

B.P.—Basipulvilli; B.R.—Bagal ring; B.S.—Basisternum; B.T.—Body of the
tentorium.

C—Costa; Ca—Camera; Cam, Sen. —Campamform gensille; Cd—Cardo; Ce—
Cercus; Cen—~Cenchri; Cl—Claw; Cly—Clypeus; C.8¢.—Cervical solerite; Cu—
Cubitus; Cu a—Cubito-anal cross-vein; Cx—Coxa.

Dia—Dorsal tentorial arm.

E—Eye; Emp—FEpimeron; Eps—Epigtornum.

F—Femur; Fl—Flagellum; Fr.Pa—PFronto-parietal; Fr.5—Frontal suture;
F.8 —Furca sternum. .

Ga—Galen; GI—Glossa.

Ham—Hemuli; H.P.—Humeral plate; Ry—Hypandrium; Hyp—HBypopbarynz;
Hys—Hypostoma,

1.7 —Incisor tooth.

Kem—EKatepimeron; Kes—Katepisternum.

Labr—Labrum; Lac—Lacinia; Lp—Labial palp.

M.—Media; m cu;—Medio-cabital cross.vein; Md—Mandible; M P ~—Median
plate; Myl—Maxillaria; Mzp—Mazxillary palp.

Oc.l—Qcellus lateral; Qce—Qcciput; O.F.—Qccipital foramen; Orb—Orbicula.

Ped—Pedicel; Pf—Palpifer; P.G.—Fostgena; Pgl~Paraglossa; Phr—Phragma;
Fh.S¢c—Pharyngeal Selerite; Pl—Planta; PIL.S.—Pleural suture; Pm—FPostmentum;
Pm.p—Parameral plate; Pmr—Paramere; P.N.—Post Notum; P.Qcc—FPost occiput;
Ppl—Parapenial lobe; Prm-—FPrementum; Pr.N—Fronotum; Pr.S—Presternum;
Pr.So—Prascutum; FPr T—Pretarsus; Ps-Parapsides; Pi—Post-tergite; Pip—
Posttentorial pit; Pis—Pterostigma; P.V.—Penis valve.

R—Radius; Rs—Radial sector; rm—radio-medial cross-vein.

S—5Sternum; S.0—Sternal articulation; SO—Subcosta; Se—Scutum; Seg—
Bcape; Scl—Scutellum; SI.D—Salivary Duct; Sp—Spiracle; S.pp—Sense papillae;
Sp.R—Suspensorial Rod; §t.—Stipes.

. P—Tergum; Ta—Tarsus; T.4ns.5—Terminal Antennal Segment; Tey—Tegula;
Tem.S—Temporal Suture; Ti—Tibia; T.m~-Tentorial Macula; Tor—Tormee; T'p—
Tarsal pulvilli; Tr—Trochentin; Tr.e—Trochantinal articulation; T're—Trochanter;
T.8—Tibial Spur.

Uf—Unguifer; Utp—TUnguitractor plate.

Ve—Vertex; VI—-Valvula; Fif—Valvifer; Val—-VolseHa
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Head of Diprion pini—dorsal view.

Head of Diprion pini—ventral view.

Labrum of Diprion pini-—~ventral view. '
Right Mandible of Diprion pini. ‘
Hypopharynx of Diprion pini—dorsal view.
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PL.I

Fic. 1. Antenna of Diprion pini (female).
»» 2. Terminal antennal segment of Diprion pini.
» 3. Tentorium of Diprion pini—dorsal view.
,» 4. Antenna of Diprion pini (male).

,» B. Maxilla of Diprion pini.
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PL.I

1-Am N

Ptero-thorax of Diprion pini—dorsal view.
Thorax of Diprion pini——ventral view.
Hind leg of Diprion pini.

Thorax of Diprion pini—lateral view.
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\ F1a.1. Fore-wing of Diprion pini.
2. Hind-wing of Diprion pini.
» 3. Pretarsus of Diprion pini—ventral view.
4. Wing bases of Diprion pini.
5

Pretarsus of Diprion pini—dorsal view.
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Terminal abdominal segments of Diprion pini—(female).
Abdomen of Diprion pini-—(male) lateral view.
Terminalia and Ovipositor of Diprion pini—ventral view.
Ovipositor of Diprion pini—ventral view.

Phallus of Diprion pini—ventral view.
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A PRELIMINARY INVESTIGATION 170 STUDY THE EFFECT OF
FEEDING CONCENTRATES ON THE FREQUENCY OF
OESTRUS IN CATTLE

By G. P. Suarma! K. N. Van12 and K. R. Surt, Animal Genetics
Section, Government Livestock Farm, Hissar

INTRODUCTION

A common difficulty felt in this country is that sufficient number of
females on heat is, a3 a rule, not available when work on artificial insemi.
nation is in hand. 'To overcome this difficulty, a small-scale oxperiment on
40 hill.goats was conducted at this farm in 1944-45 by Dr. J. K. Makhijani,
the then Animal Geneticist, and he concluded that feeding of methi seed
(Trigonclle foenumgroecum) could be successfully employed for increasing
the frequency of oestrus in goats.

In 1946, while adopting the Annual Report of the Scheme to Supple-
ment Livestock Investigation, Hissar, for the year 1944.45, the Animal
Breeding Committec and the Advisory Board of the Indian Council of
Agricultural Research emphasized upon the necessity of further investi- °
gational work on feeding methi seed for bringing animals into oestrus.
In response to these remarks an expetiment on 40 young Hariana heifers,
each about 2% years old, was conducted during the year 1946.47. Four
groups, each of ten animals, were formed and each group was given a
different treatment. The data collectod for one year’s experimentation
revealed that the number of animals put in each group was not sufficient,
as some animals under different treatments did not come on heat even
once during the entire experimental period. The statistical analysis of -
the data was, thus, rendered difficalt and no useful results of practical
importance could be achieved. Fresh experimental work was, therefore,
started on the 6th May, 1948,

-

Previous Work

From a careful study of the Literature, it appears that very little work
dealing specifically with the influence of nufrition on the frequency of
vestrus in farm animals has been done. Some references to the effect of
feeding on early onset of cestrus, and on the length of oestrous cycle are,
however, available,

Darlow and Hawkins (1933) found thai{ breeding was more effective
with ewes receiving modified rations than with ewes receiving only prairie

1 Now Reader in Zooclogy, Panjab University College, Hoshiarpur.
2 Now Statistician, Directorate of Land Records, Panjab and East Panjab States
Union, Patiala. )
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hay. Clark (1934) stated that flushing did not appear to have any signi-
ficant influence on accelerating onset of heat in ewes and that gain in weight
was not in itself indicative of higher ovulation rate. Okulicev (1934)
found that flushing had good influence on lamb crops by reducing the
percentage of barren ewes and raising the pereentage of multiple births.
It also reduced the death rate amongst the new-born lambs and the
percentage of still-births. It seemed that feeding of barley was the most
and that of millet the least satisfactory. Tebbe (1935) stated that a
gimming diet may induce oestrus in cows. Poloveeva et al. (1938}
concluded that feeding of concentrates to ewes increased the number of
multiple ovarian follicles and of lambs born. Addition of phosphates
did not appear to affect ovarian function, Kelley (1939), working with
shesp, noticed -that the incidence of oestrus decreased during the spring
months and incressed in the summer months, the higher incidence being
maintained during late summer, autumn and winter. His data, however,
did not support the suggestion that the reproductive rhythm was directly
associated with periodicity of the plane of nutrition. Sinicyn (1939) made
observations on three groups of ewes which grazed respectively on natural
gteppe pasture, lucerne and winter barley aftermath, and showed that the
rate of lambing was lowest in the group grazing on natural pasture. This
result was ascribed to differences in chemical composition, vitamin and
water content of the fodder. Ovsjannikov (1940) observed that a ration
rich in proteins caused a 259, increase in fertility in pige. Underwood
and Shier (1941) found that fushing produced a highly significant increase
in fertility due entirely to an increased proportion of twins. It, however,
did not bring the ewes into oestrus any earlier, nor did it inerease the
percentage of ewes which conceived. Palmer et al. (1941) concluded that
a eombined deficiency of phosphorus and protein in the bovines, analogous
to similar deficicncies in animals reared largely on prairie hay in the
phosphorus deficient regions, delayed sexual maturity and repressed
normal evidences of cestrum, missing thereby periods of oestrum, but did
not interfere with the normal regularity of ovulation or the eage of concep-
tion. Briggs el al. (1942) did not observe any difference in time of first
oestrus between flushed and unflushed groups of ewes. The unflushed
ewes had, however, significantly longer oestrous cycles.

MATERIAL AND METHODS

Sixty young Hariana heifers, each of about 2 years in age and
possessing normal conformation, were selected from the farm-bred stock
at Hissar for this experiment. These animals were divided into 15 blotks,
each consisting of 4 animals of ag equal an age ag possible. This was done
to eliminate, as far as possible, the effect of age which seemed to influence
the onset of cestrus to a great extent. Since the lay-out of the experiment
was on a Fisherian ‘Randomized Block Design’, the four proposed treat-
ments were allotted at random to the animals within each block. Thus,
by separating the block differences, i.e. differences between the various
age groups from the main error, a true and proper estimation of the
experimental error was obtained,
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The plan of feeding in the four treatments was as follows:

Treatment No. 1 .. Grazing only (Control).

Treatment No. 2 .. Grazing plus one seer of gram per head daily.

Treatment No. 3 .. Grazing plus half seer of gram and half seer of
bajra (Pear! millet) per head daily.

Treatment No. 4 .. Grazing plug half seer of gram and half seer of
methi seed (Fenugreek) per head daily.

It may be stated here that free grazing was preferred over stall-feeding
as it was observed that the animals in the Hariana tract in general and at
the Hissar Farm in particular did not thrive well if they were stall-fed.
If the rains are normal the grasses in.the ddr (reserved forest) attached to
the Hissar Farm grow in such abundance that the animals do not care to
look at the other fodder crops. However, when grazing is. not adequate
roughages are also fed to all the animals. The roughages normally avail-
able at the Farm are:

1. Grasses .+ Anjan (Pennisetum chenchorides); Dub (Cyno-

don dactylon).
2. Straws .+ Oat and Wheat bhusa.
3. Hays. .. Jowar and grasses.
4, (Greens .. Bergeem, Jowar and Lucerne.
5. Silage .+ Jowar and grasses.

Bajra and methi seed, used as feeds in treatment No. 3 and 4
respectively, were analysed at the Animal Nutrition Section of the Indian
Veterinary Research Institute, Izatnagar, and the results of analyses on

dry matter basis were as follows:
Bajra %, Methi 9,

Ether extract .. e .. 2766 7962
Ash .. . . .. 2300 4-438
Crude protein .. .o .. 13369 24797
Crude fibre .. . .. 1862 11-617
Nitrogen-frea extract .o .. 79694 50-886

Since the various signs of oestrus in an animal are displayed best
when a bull or other cows are present nearby, all the experimental animals
were let loose in an enclosure along with two vasectomized bulls. They
were always kept under close observation and were tied only af the time
of feeding. A careful record was made of the date and time when a parti-
cular animal came on and went off heat. The following description of the
signs of heat in cows is from Hammond (1927):

‘At the onset of heat a cow becomes restless and frequently when
tied in the stall is seen standing while the others are lying down. She
twitches her tail frequently and often raises it. When out at grass
the cow does not wusually continue to feed but wanders about the
field and frequently goes off by herself or with another cow which she
rides or is ridden by. She will also frequently jump the bull and
when he attempts to serve her will stand still and not move away as
happens when the ahimal is not on heat. A cow on heat also
frequently lowers the hips and small of the back and raises the tail
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head; she also, more especially after jumping other cows (and after

service by the bull), arches her back and strains, a string of glairy

mucus coming away from the vulva at this time.’

‘When on heat she will also frequently play with the bull by
horning him or will stand and lick him, and when separated from
other cattie will low or “blar””. The bull will “hang round*’ a cow that
is just coming on or going off, although she is not actually on heat at
the time, and will not stand to service.’

During the course of this investigation, which continued for full one
year, it was observed that besides one heifer which calved, there were four
others which did not show any signs of heat at all. While the inclusion of
the already pregnant heifer in the experiment could reasonably be ascribed
to the fact that her early pregnancy was not detected at the time of her
‘selection, no satisfactory reason for the absence of oestrus in the other four
animals could be given without a careful study of their future behaviour.
These animals were, therefore, retained for further study, of course, under
nortal conditions. Qut of these four animals three came on heat later
and this was probably the result of their late maturity. The fourth heifer
seemed to be an abnormal case inasmuch as her reproductive organs were
found, on rectal and vaginal examinations, to be under-developed. A
zero was, therefore, put in Table I to represent the number of heats
recorded for all those animals which did not show any signs of heat through-
out the experimental period but were normal, The data thus collected
were as follows (dashes representing the abnormal cases):

Tasre 1
; Number of heats recorded
Treatments v
! I I (Gram & Methi
(Control} {Qram) {Gram & Bajra) sood)
Blocks
1 1 4 11 4
2 1 9 7 13
3 2 0 10 6
! 4 2 3 2 —
5 4 10 11 1
6 2 -— 2 4
7 3 7 9 4
8 1 2 2 2
g -] 4 9 3
10 14 1 1 5
11 3 1 3 2
12 0 6 5 8
13 0 T 4" 8
14 1 2 i 3
15 1 1 9 9
ToraL 43 67 92 63

STATISTICAL ANALYSIS AND THE RESULTS

Obviously the straightforward analysis of variance of the data could
not be made as these were non-orthogonsl. Moreover, from a look at the
data, the animals in the ‘control’ group did not appear to behave so
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consistently as those in the other groups. This might, of ‘course, arise out
of chance effecta. The data, however, were examined in various ways by
one of ns (K. N. Vali) in consultation with the statistical section of the
Indian Council of Agricultural Research. The details of the analyses and
the results achieved were as follows:

1. Study on the three treated groups leaving out the ‘control’.—In view
of the apparent lack of uniformity in the data for the four groups,
a3 explained above, it was thought desirable to confine the statistical
analysis to the three treated groups only leaving out the ‘control’. As the
data were non-orthogonal, recourse was made to the method of ‘Fitting of
constants’ for their analysis. The following Table II for the analysis
of variance was constructed after evaluating the block and treatment
effects and finding out, subsequently, the various sums of squares
involved:

TasLe IT

Analysis of Variance

Variance due to D.F. 8.5. M.5. F. Ratio | 59 point of I,
[}
Biocks (ignoring treatments) { 14 | 202-74 14-43 1-68 2-10
Treatments {adjusted for
bloeks) . .. .- 2 35-36 17-68 1-93 3-37
Error . o 26 | 237-81 9-1& .. e
Toran . 42 | 47591

— e e

The above table shows that neither the treatment nor the block mean
square wag significant as compared to the error. This implies that the
treatments Nos. 2, 3 and 4 did not appear to be significantly different in
inducing oestrum.

2. Study on ail the four treatments.—The question whether chance
could be the reagon for the apparent inconsistency in the data for the
‘control’ group as compared to the other groups was investigated as
follows:

A straightforward analysis of variance as above on all the four groups
instead of three was first carried out and the results achieved were gs
follows:

Tapoe IXT

Analysis of Variance

=
Variance dus to DF.| B.8 M.S. | F.Ratic | 89, point of B,
Blocks (ignoring treatments) | 14 | 152-90 10-92 0-89 1-95
Treatments {adjusted for
blocks} .. . 3 76-37 25-457 2-09 2-84
Error . . 40 [ 487-21 12-180
ToTan o) BT O TIG4B
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It would be apparent from the foregoing table that the block variation
was not significant. This means that the data for the four groups could be
taken as random samples from possibly four different populations. The
comparison of the variances of these four populations should reasonably
give us a criterion for judging whether the data for the four groups were
really inconsistent to justify a joint analysis of varience on all the four
groups. If these variances did not differ significantly, there was every
reason to believe that the differences were only due to chance effects. For
this purpose a test of homogeneity of variances of these four populations
was made. The value of ¥2 (chi-square) was found to be as low as 0°507.
It was, therefore, concluded that these four variances did not differ signi-
ficantly and thus & joint analysis of variance on all the four groups for the
comparison of the four treatments appeared to be justified.

From Table IIT it was obvious that the treatments were not signi-
ficant and that the calculated value of F in this case was slightly less than
the value at the 5%, level of significance while in the previous case the
caloulated value of F was very small and had a very high probability.
This cleg,rly showed that the difference in treatments, though not
significant, tended to approach significance when ‘control’ was also

"included in the study. It was, therefore, reasonable to compare the means
of the three treated groups with that of the untreated one, i.e. ‘control’.
This comparison showed that only treatment No. 3 (bajra plus gram) was
significantly better than ‘control’, the result which would make it possible
to recommend the feeding of a mixture of bajre and gram for increasing
the frequency of cestrus in cattle.

3. BEstimation' of missing vnlues.—To exploit the data for deriving
some more useful inferences which might confirm the results already
achieved it was thought desirable to restore the orthogonality of the data
by estimating the two missing values. Recourse had, therefore, to be
made to the ‘Technique of the estimation of missing valués’ as evolved by .
‘Allan and Wishart (1930) and later generalized by Yates (1633). Employ-
ment of this technique was found quite reasonable in view of the fact that
the two missing values oceurred in the experiment merely due to random
causes, On these grounds the problem was taken to be analogous to the
one commonly arising in agricultural experiments where the yield of 2 plot
or plots was occasionally lost or distorted by some disturbing factor beyond
human control.

The two missing values were estimated both by approximate a.nd
exact methods. The values thus caleulated were 2-03 and 273 respec-
tive]y and with them the data were completed. The analysis of variance -
is given in Table IV.

From this study as well, it was clear that the caleulated value of F
{2-36) was slightly less than the value of F (2:84) at the 59 level of signi-
ficance and it, therefore, completely corroborated the inference detived
already in the previous case.

4. Splitting the three degrees of freedom for treatments,—For making a
more detailed study of the data the three degrees of freedom assigned to
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TarLe IV

Analysis of Variance

DF.{ 88 M.S. | F.Ratio | Sum of squares
caleulated from
Total . - 57 | 716483 . .. Original data
Error . .. 40 | 478951 | 11.974 . Completed dsta
Differences =
Blocks 4 Treatments e 17 | 237-532 .. . .

Blocks . .. 14 | 162-003 - .. Original data
Differences = Treatments 3 84-620 | 28-209 2-36

treatments were further subdivided into three individual orthogonal
degrees of freedom comprising the following three comparisons:

(i) Treatments (IT+-1T14-TV) ~ 3 T (Treated versus untrested).
{i1) Treatments (ITI4+-IV) ~ 2 1 (Mixture versus no-mixtnre).
(iti} Treatment IIT ~ IV {Bajra versus meths seed).

After caleulating the mean square for each of the above comparisons
and comparing it with the error mean squarc it was found that only the
first comparison, i.e. the treated versus the untreated, seemed to be signi-
ficant at the 59, level of significance. It was, therefore, concluded that the
fecding of a mixture of bejra and gram, due to its effectiveness, made the
three treated groups as a whole to appear superior to the ‘control’.

b. Test of significance of the difference between the largest and the
smallest means.—To confirm the result already achieved the test of signi-
ficance of the difference between the largest and the smallest means in a
given group of sample means, as propounded by Tippett {1941), wasg
employed. The range (the difference hetween the largest and the smallest
means) and the standard crror of difference in our case were caleulated to
be 326 and 1-27 respectively. Their ratio being just 2-6 (for a set of four
means) was found fo be significant at the 5%, point according to the table
prepared by Tippett for this purpose. This result, therefore, also con-
firmed the effectiveness of feeding a mixture of bajra and gram for the
purpose in question,

Discussiow

Tt will be recalled that vmder the heading ‘Previous work’ we recorded
only two references in which work on ocestrus in cattle was mentioned.
The first one was that of Tebbe (1935) who stated that a slimming diet may
induce oestrus in cows. What actually constituted the so.called slimming
diet, could not be ascertained as his original paper was not available any-
where in this country; nor could it be obtained from abroad. The second
reference was that of Palmer et al. (1941) who concluded that a combined
deficieney of phosphorus and protein in the bovines, analogous to similar
deficiencies in animals reared largely on prairie hay in the phosphorus
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deficient regions, delayed sexual maturity and repressed normal evidences
of oestrum so that periods of oestrum appeared to be missed, but did not
interfere with the normal regularity of ovulation or the ease of conception.
These observations algo run contrary to our own, as by chemical analyses
the crude protein has been found to be less in bajra than in methi, while
the former mixed with gram has been seen to be more effective for increas-
ing the frequency of oestrus in cattle. It may, however, be pointed out
that Makhijani (1944-456), working with goats in this Section, observed that
methi seed containing more of protein was slightly better than bajra for
increasing the frequency of cestrus.

The present experiment has further shown clearly that the interval
between two successive heats in animals of the same breed and even of the
same age varies considerably, The individual differences in the number
of heats recorded from treatment to treatment and cven within each treat-
ment are 5o large as to warrant the statement that it is futile to assess the
normal condition of oestrus in a breed by merely including a ‘control’
group for subsequent comparisons. In an experiment of such a nature,
every individual animal should, therefore, have her own ‘confrol’ as the
knowledge of her behaviour under normal conditions can possibly serve ag
the ideal ‘control’ which will enable a statistician to derive definite and
precise conclusions after employing suitable statistical techniques. With
this device the inconsistent ‘within block variation’ can also be avoided
and properly accounted for, which, otherwise, is liable to vitiate the preci-
sion of the results.

In such experiments, it is ideal to study the oestrus in every individual
animal for some reasonable period under normal conditions beforc they are
given the proposed treatments. This would avoid the chance of losing
some precision of the results by estimating certain missing values, This
will also help in giving due consideration to the genetical differences
between the various animals so far ag frequency of oestrum is concerned.
Finally, by using the number of Leats per animal as a concomitant variate,
the data will be easily analysed by the use of the well-known technique of
¢ Analysis of Covariance’ and quite trustworthy results will be achieved.

- SUMMARY

1. Tn this investigation, feeding of a mixture of gram and bajra has
heen found to be quite effective for inereasing the frequency of oestrus in

cattle,
2. Some of the difficulties which are likely to be encountered in such

investigations are presented in this paper.

3. A proper design of an experiment: of this nature for tiding over
some major difficulties is given, ‘

4. Methods and suggestions for carrying out the statistical analysis
of the data collected for such investigations have been put forth in detail.
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THE SPERM OF LEPISMA DOMESTICA

By Visawa Nartn, University Professor of Zoology,
Panjob University, Hoshiarpur

and
C. L. BuaTia, Lecturer in Zoology, Government College, Ludhiana

INTRODUCTION

In the last of the series of his epoch.-making publications on insect
spermatogenesis, Bowen (1924) gave a remarkable account of the formation
of the sperm in Coleoptera (Chelymorpha, Lizus and Cicindela) and Aptera
{(Lepisma domestica) with a general discussion on flagellate sperms.

According to Bowen the gperm of Lepisma is an atypical flagellate
sperm inasmuch ag (1) the centrosome travels to the extreme anterior tip
of the elongated nucleus, giving backwards an axial filament, which lies
on the nucleus and then enters into the tail of the sperm, and (2) the
acrosome, which is a product of the Golgi apparatus, remaing at the base
of the nucleus in the neck region, from where it sends backwards into the
tail region a filamentary process, which gets lost along with the axial
filament in the ripe sperm. In other words, the centrosome, which in
typical flagellate sperms lies at the base of the sperm nucleus in the neck
region, has, in Lepisma sperm, travelled to the extreme anterior tip of the
nucleus, whereas the acrosome has departed from its typical position at
the extreme tip of the nucleus, remaining in the neck region and sending
backwards, instead of forwards, a long filamentary process.

Earlier Charlton (1921} had given an account of Lepisma sperm, which
wag surprisingly correct; bui Charlton’s homologies were all wrong due to
the fanlty technique he had used. According to Charlton also the centro-
some migrated to the extreme anterior tip of the sperm nucleus, but, for
the reason that the centrosome took up a position at the tip of the nucleus,
he mistock it for the acrosome. Likewise, not knowing that the acrosome
is always a product of the Golgi apparatus and puzzled by the unusual
position of the acrosome, he mistook it for the ‘middle-piece’. Apain,
considering that Charlton used fixatives containing fat-solvents, he gave
a faithful account of the mitochondrial nebenkern as he saw it in his faulty
preparations. It was subsequent to Charlton’s publication that Bowen
had given a very clear account of the origin, structure and ultimate fate
of the mitochondrial nebenkern, particularly in insect spermatogenesis,
as alsp of the origin of the aerogsome from the Golgi apparatus in general.

Bowen’s description of the sperm of Lepisma started a controversy
which has not, up till this day, been settled. Gatenby and Mukerji (1929)
and Mukerji {1929} questioned the findings of Bowen. According to these
authors the spermatogenesis of Lepisma could be compared with the same
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process as found in some other insects such as a Lepidopteran or a Cicindelid.
Mukerji stated that Bowen, instead of trying to bring this Lepisma sper-
matogenesis in line with these insects, had gone so far as to suggest that
the sperm of Lepisma was of an atypical type, differing in every respect
from all other typical flagellate sperms. According to these authors what
Bowen calls the acrosome in the neck region of the sperm is not the acrosome,
but a new type of body, the post-nuclear body, ‘as yet undescribed by all
authors except Gatenby (1922 and 1929), who noted its presence in every
type of spermatogenesis studied by him’ (Mukerji 1929, p. 1). Mukerji
goes on to say that their post-nuclear body ig the ‘middle.piece’ of Charlton
(1921).

Gatenby and Mukerji and Mukerji describe in both the papers a
peculiar funmel-shaped structure immediately behind their post-nuclear
body. This funnel-shaped structure has also been described and figured
by Bowen (1924), but Bowen gives convincing evidence, which has been
supported by our own observations, that the funnel is really & part of the
attenuating acrosome, sending backwards in the tail region a filamentary
process in later stages of spermateleosis.

Our observations on Lepisma spermatogenesis support Bowen’s inter.
pretations and homologies in every respect—the centrosome, the acrosome
and the mitochondrial nebenkern. We have been fortunate in having a
series of brilliant slides prepared by one of us (C. L. B.), which have enabled
us to give, what we believe, is a correct account of the process. While
supporting the homologies of Bowen we have filled up the gaps necessarily
left by him. Likewise we have given reasons why we cannot accept the
interpretations of Gatenby and Mukerji.

Work on the spermatogenesis of Lepisma was underteken by one of
us (C. L. B.) at the suggestion and under the supervision of the senior author
at the Panjab University, Lahore, some years before August, 1947, when the
partition of the Panjab took place. The work was completed at Lahore,
but it could not be sent to the press before the partition. Some two years
after the partition the junior author succeeded in bringing his Lepisma
glides from Lahore. Subsequently he paid three visits to Hoshiarpur ab
wide intervals, when both the authors re-examined the slides. Al the
figures are prepared by C. L. B., but the manuscript hag been prepared by
the senior author.

The junior author obtained such brilliant preparations with Flemming-
without-acetic followed by -5%, iron-haematoxylin that it was not considered
necessary to use any other technique,

OBSERVATIONS

Spermatogonia and Spermatocytes (—

Although we have concentrated on the study of spermateleosis and
have paid scant attention to earlier stages, it is necessary to examine the
mitochondris, and the Golgi elements in the spermatogonia and the
spermatocytes.
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In the spermatogonia (Pl 1, fig. I) the Golgi elements exist in the
form of vesicles, each vesicle showing a chromophilic cortex and a chromo-
phobic medulla. In optical sections the Golgi vesicles appear either in
the form of rings or crescents, each crescent generally showing the chro-
mophobic sphere attached to it. It has not been possible to find any
granules etc. in the spermatogonium, which can be assigned to the category
of mitochondria; and we believe the mitochondria are differentiated for the
first time in the primary spermatocytes.

In the primary spermatocytes alse (PL I, fig. 2) the Golgi elements
stain brilliantly and appear under the same forms as in the spermatogonia,
but the mitochondria appear as a nebulous, juxta-nuclear mass of ill-defined
granules,

Our material did not show any secondary spermatocytes or any
spermatogonial and spermatocyte mitoses, but it abounded in different
stages of spermateleosis. As we were concerned primarily with the
maturing sperm, we did not consider it worth our while to prepare fresh
preparations.

Spermateleasis . —

The earliest spermatid that we have been able to get has been drawn
in-Plate I, figure 3. The Golgi elements still lie scattered in the cytoplasm,
but the mitochondria have fused together to form a deeply-staining, oval
and curved mass, the mitochondrial nebenkern. A rod-shaped centrosome
has appeared, which lies on the surface of the nucleus, giving rise posteriorly
to the axial filament. '

The mitochondrial nebenkern quickly assumes a spherical form and
reveals a structure, which is highly characteristic of insect sperm, as shown
by Bowen. It now consists of a deeply-staining medulla and a lightiy-
staining cortex, consisting of clear vacuoles (Pl I, figs. 4, 7 and 13). But
more often the medullary part of the mitochondrial nebenkern does not
stain at all, with the result that the mitochondrial nebenkern is liabie to
escape notice altogether (P1. I, figs. 5, 6, 8 to 10 and 12). The mitochondrial
nebenkern now loses its duplex structure, and, since it has eompletely lost
its staining capacity, it becomes increasingly difficult to demonstrate it
for a long time. Indeed we have not figured it in figs. 15 and 16, Plate I.
At a later stage, however, when the nucleus has completed its condensation
aund has lost its chromaticity, and the centrosome has placed itsclf at tho
anterior agpect of the nucleus, there can he noticed in a very small percentage
of cells a faintly-staining, fusiform structure, stretching over the nucleus,
between the centrosome and the acrosome, the latter lying immediately
behind the nucleus (Pl II, figs. 27 and 28). This is the degenerating
mitochondrial nebenkern. But for the fact that the limits of the
degencrating mitochondrial nebenkern are well-defined with the deeply-
staining controgome in front and the acrosome behind, and the nucleus
provides an excellent background, it would have been almost impossible
to demonstrate this structure. There can be no doubt whatsoever that
the mitochondrial nebenkern completely pales off and disappears in the
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later stages of spermatelecsis. In one case only we have seen the mito-
chondrial nebenkern lying on the side of the pale nucleus, and taking up
the stain (PL I, fig. 26).

When the mitochondrial nebenkern is passing through early stages of
its formation as described above, most of the Golgi elements, but by no
means all, come together to form the acrosome. Those Golgi elements,
which do net co-operate in the formation of the acrosome, are ultimately
sloughed off on entering the tail region of the sperm; but the acrosome-
forming Golgi elements place themselves on the posterior side of the nuclens
and, fusing together, form a prominent vesicular acrosome, which attaches
itself closely to the posterior aspect of the nucleus (Pl I, figs. 4 to 16}, In
figs. 13, 156 and 18, the large vesicular acrosome, clinging to the posterior
side of the nucleus, is well represented; in fig. 12 the formation of the
acrosome has been almost completed; in figs. 11 and 14 the vesicular nature
of the acrosome-forming Golgi elements is well represented; and lastly in
figa. 9, 10, 15 and 16 the Golgi elements, which did not eo-operate in the
formation of the acrosome, are seen being sloughed off in the tail region ().

It has to be noted that the vesicular acrosome, when first formed,
shows a duplex structure consisting of an outer chromophilic cortex and
an inner chromophobic medulia, exactly like the vesicular Golgi elements,
which participated in its formation. But scon the acrosome begins to
stain homogeneously; nevertheless it retains its spherical form (Pl I, figs.
17 and 18).

Condensation of the acrosome continues till it becomes a shallow cup
with a emall process in its middie, sticking firmly to the posterior aspect
of the nucleus (Pi. I, figs. 19, 20 and 21). By the elongation of this small
process towards the posterior side, the cup-shaped acrosome is converted
into a short, broad cone, which continues to stain deeply (Pl II, figs. 22,
24, 25 and 27). The short, broad cone-like acrosome is gradually converted
into a long, narrow cone (PL. II, figs. 23, 26, 28 to 33, 35 and 39), til} ulti-
mately the apex of the cone-like acrosome is drawn cut posteriorly into a
long filament, which gets lost in the tail of the ripe sperm along with the
axial filament, the upper broad part of the cone continuing to stick firmly
to the posterior aspect of the nucleus (P1. II, figs. 38 and 40).

The centrosome is recognizable ag such for the first time in the earliest
spermatid as & small thick rod, highly stainable, and giving off the axial
filament (PL I, fig. 3). During the earlier stages of spermateleosis the
centrosome keeps hovering in the vicinity of the nucleus generally towards
its posterior aspect (Pl. I, figs. 4 to 10). But when the condensation
processes within the nucleus have been completed and the nucicus begins
to stain uniformly, the rod-like cenfrosome begins to travel forward,
carrying the axial filament with it. A study of figs. 19 to 40 of Plate IT will
make this anteriorward migration of the centrosome very clear. In nearly
ripe or ripe sperms (Pl II, figs. 36 to 38 and 40) the rod-like centrosome is
found to be placed at the extreme tip of the sperm nucleus, The axial
filament runs over the surface of the elongated nucleus, and since the latter
is sinuous the axial filament also takes a sinuous course. Behind the
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nucleus the axial filament enters the sperm tail and gets lost along with
the posterior filamentary process of the acrosome.

During the whole of this process of its migration anteriorward, the
centrosome grows in size, becoming longer and thicker, On account of its
elongated form, the centrosome is liable to break up into two, or even
three, parts {Pl. II, figs. 29 and 32). We regard this breaking up of the
centrosome as an artifact (vide infra). :

Discussron

Our investigations confirm the findings of Bowen (1924) on the homo-
logies of the various cell-components of the sperm of Lepisma.

There is complete consensus of opinien amongst the earlier investigators
on the sperm of Lepisma with regard to the migration of the rod-like cen-
trosome towards the anterior tip of the sperm nucleus, where it ocoupies a
position generally assigned to the acrosome. Charlton (1921) clearly
described this migration of the centrosome anteriorwards, but he mistook
it for the acrosome on account of its unusual position at the tip of the
elongated sperm nucleus. Besides Charlton seems to have been ignorant
of the paper of Gatenby (1917), who for the first time had given a clear
account of the direct origin of the acrosome from the Golgi elements, his
acroblasts, in the sperm of the Lepidopteran, Smerinthus. Bowen (1924),
Mukerji (1929) and Gatenby and Mukerji (1929) all confirm this migration
of the centrosome anteriorwards. This unusual position of the centrosome
at the anterior tip of the sperm nucleus in Lepisma is paralleled by the
sperm of the tiger beetle cicindele, as worked out for the first time by
Goldsmith {1919) and later confirmed by Bowen (1924). Our investigations
on the Lepisma sperm also fully confirm these findings of the earlier
investigators. '

We agree with Bowen (1924) that ‘in the primary spermatocytes there
are numerous and unusually large scattered Golgi bodies....... > We
also agree with him that ‘in well-fixed spermatids the Golgi elements are
very clearly demonsirated, each one being composed of a small mass of
idiosomie material, to which is applied a darkly stained Golgi rodlet
veei..... Bowen goes on to say that these spermatid ‘Golgi bodies, at
first scattered, may collect gradually into a more or less concentrated
mass (fig. 92), they may remain for a time in a looser association (fig. 93),
or they may be for quite a period rather widely scattered in smaller
aggregates’. We entirely agres. If Bowen’s figs. 92 and 93 are compared with
our figs. 7 to 11 and fig. 14, it will be discovered that there is an essential
agreement between us on this point. Bowen is guite correct in interpreting
these clusters as clusters of Golgi bodies, which had been earlier considered
by Charlton as derivatives of the mitochondria separated off from the
nebenkern mass at an carly stage in its condensation.

But we cannot agree with Bowen when he says that ‘in addition, there
ocour in the cytoplasm several darkly stained granules (figs. 93 and 94)
perhaps related to the ckromatoid body (italics ours), and also rather ill-
defined masses possibly to be compared with the spermatid remnant
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(italics ours)’. Bowen goes on to say that these additional components
(i.e., his chromatoid body and spermatid remnant) combine to make a
very confusing cytoplasmic pieture, but he does not consider them as
Golgt material. On the contrary, without giving any reasons for building
up new categories of cytoplasmic inclusions, he dismisses the ‘chromatoid
body’ and the ‘spermatid remnant’ as unworthy of further consideration,
and interprets in Charlton’s figs. '80, 81 and- 83 the body marked X as
chromatoid granule of some kind, while the masses labelled m by Charlton are
interpreted by Bowen as poorly preserved Golgi clusters for the most part.
We cannot agree with Bowen that the cytoplasmic picture offered by
the maturing spermatid of Lepisma is confusing. Once it is understood
that the Golgi elements, which are essentially granular and vesicular,
may appear under different forms in fixed and sectioned material, there is
no difficulty in regarding the ‘chromatoid body’ and the ‘spermatid
remnant’ as the Golgi material. At any rate Bowen does not supply any
information whatsoever with regard to the origin, morphology, fate and
functions of his ‘chromatoid body’ and ‘spermatid remnant.” On the
contrary, he dismisses these bodies as unworthy of further consideration.
We invite comparison of Bowen's fig. 93 and our figs. 7 to 10 and 12,
In Bowen’s'fig. 93 there is shown a darkly-staining spherical body on the
left-hand side. This is- presumably the ‘chromatoid body’ of Bowen; and
admittedly this body has no fixed position in the cell, In our figures
Bowen’s chromatoid body appears in different forms, but it has been labelled
by us as @, that is, the Golgi element. In fig. 7 it lies on the left of the
nucleus and appears in the form of a ring; in fig. 8 it lies in front of the
nucleus and consists of two tiny crescents; in fig. 9 it lies in the top corner
of the cell on the léft and appears in the form of a few granules; in fig. 10
alzo it appears 28 a granule immediately above the mitochondrial nebenkern;
and in fig. 12 it appears in the form of three granules, one large and the
other two small, lying immediately above the mitochondrial nebenkern.
Likewise we have had no difficulty in interpreting the ‘spermatid
remnant’ of Bowen as the Golgi elements, which do not co-operate in the
formation of the acrosome and are ultimately sloughed off. Bowen in his
fig. 94 doubtfully labels his ‘spermatid remnant’ as S; whereas we have
labelled the same material as @ in our figs. 9, 10, 15 and 16, that is, the
sloughing-off Golgi material.
Before ledving the subject of ‘ chromatoid body’ it will he profitable
to dispose off references to this body made by Gatenby and Mukerji (1929).
Even a casual study of the figures produced by these authors leaves no
doubt that they are really describing the Golgi element under a different
name. In their figs, 2, 5 and 7, Plate I, they have figured the ‘chromatoid
body’ (CB), which is in fact, the Golgi element. In fig. 2 the ‘chromatoid
body’ has been fignred as a ring with rather a thick chromophilic cortex
and & chromophobic medulla; in fig. 5 the cortex of the ‘chromatoid body’
{our Golgi element) is rather attenuated with a more prominerit medulla;
and in fig. 7 two small Golgi rings, touching each other, have been interpreted
and labelled as the chromatoid bedy (CB).

38 \



We now address ourselves directly to that structure in the sperm of
Lepisma, which has been deseribed by Bowen (1924) as the acrosome.
According to this author the acrosome of Lepisma sperm, which, like all
other sperms, is formed by the Golgi elements, is unique inasmuch as it
remains in the neck region. The same structure has been described earlier
by Charlton {1921) as the ‘middle-piece’ and later by Gatenby and Mukerji
(1929) and Mukerji (1929) as the ‘post-nuclear body’.

We agree with Bowen that the acrosome of the sperm of Lepisma
remains in the neck region, but we do not agree with him when he says that
the acrosome is secreted by the Golgi clements (acroblasts). On the
contrary, we have no doubt that the acrosome in the sperm of Lepisma is
formed directly by the fusion of vesicular Golgi elements. We invite a
reference to our figs. 11 to 16, Plate I, whose study, we believe, will make
our point very clear. In figs. 11 and 14 the vesicular Golgi elements have
come together to form the acrosome; in fig. 12 the large vesicular acrosome
has been formed but its composite nature is still clear; and in figs. 13, 15
and 16 all traces of the composite nature of the acrosome have completely
disappeared.

Indeed Bowen is himself doubtful about the acrosome being a secretory
product of the Golgi elements (his acroblasts). In his figs. 93 to 95 he
correctly shows the Golgi elements coming together, but ‘this multiple
construction of the acroblast makes it difficult to observe the actual
deposition of the acrosome, which is perhaps deposited a little at a time as
in the Lepidoptera’. Bowen admits that in the scanty material at his
command, ‘the steps in the deposition of the acrosome could not be followed
satisfactorily; but once the process is well advanced, the acrosome becomes
conspicuous as a more or less flattened, probably somewhat elongate, mass
applied to the nuclear membrane at a point corresponding to the former
position of the acroblast (figs. 97 and 98)." Bowen considers this mass to
be homologous with the acrosomal granule of other forms, ‘but I have not
been able to make out the acrosomal vesicle, the occurrence of which one
wonld expect.’

From the above it is clear that Bowen has not admittedly produced
any evidence in favour of his theory of the acrosome being a secretory
product of the acroblasts. Study of our preparations, on the contrary,
has convineed us that the acrosomal mass, which Bowen considers “to be
homologous with the acrosomal granule of other forms’, is a composite
structure to begin with, formed as it is by the direct fusion of Golgi vesicles,
and later this mass is converted into an acrosomal vesicle, which Bowen
failed to observe in the scanty material at his disposal. A close study of
Bowen’s figs. 98, 99 and 106 to 108 ieads one to suspect that his acrosome
magss, which he has homologized with acrosomal granule, has after ail a
composite structure ! ,

Nevertheless we strongly support Bowen’s valuable conclusion that
the acrosome, having been formed by the Golgi bodies, remains in the
neck region, and corresponds to the ‘middle.piece’ of Charlton and to the
‘post-nuclear body’ of Gatenby and Mukerji.
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We have also to make due allowance for the limitations of Bowen,
considering that his conclusions are based on the study of Charlton’s slides,
which were admittedly prepared with fixatives containing fat-solvents.
As stated by Bowen (1924) ‘Charlton’s attempts with specific Golgi technique
were unsuccessful. ...’

We believe that the use of fat-solvents by Charlton is also responsibie
for some of Bowen’s conclusions with regard-to the structural details of
the mitochondrial nehenkern and its uitimate disposition in the sperm, with
which we cannot agree, It will be recalled that in late stages of sperma-
teleosis we have described the nebenkern as a fusiform and faintly.staining
structure stretching over the surface of the nueleus with the centrosome in
front and the acrosome behind (PL II, figs. 27 and 28). A reference to
Charlton’s figure 87, Plate 6, will make it clear that this author also has
defined the limits of the nebenkern in an identical manner,—that js, the
centrosome (his acrosome) at the anterior end and the acrosome (his
middle-piece) at the posterior end of the nebenkern. But Bowen figures
(fig. 107, PL. 4) the nebenkern as extending beyond the acrosome into the
tail-region of the sperm. We cannot agree with this part of Bowen’s
conclusion. We believe that the nebenkern does not extend beyond the
acrosome behind; and as we have already stated it completely disappears
from view, whereas, according to Bowen, it forms the sheath of the axial
filament of the tail. We must, however, state, in fairness to Bowen, that.
neither Charlton nor we have ever been able to get that fine differentiation
of stain in the tail region of the sperm behind the acrosome which Bowen
obtained in his figure 87, Plate 6, and in all our figures in Plate II, the tail
region consists of deeply-staining acrosome in front and the fine axial
filament behind,

Nor did we ever get the stage of the nebenkern as fizured by Bowen
in his figure 95, Plate 4, where the nebenkern has considerably elongated
and the ‘ central substance’, which consists of delicate vesicles, has appeared
in its interior. In our preparations (see our figs. on Plate I), the nebenkern
remains spherical and simply pales off; and it can be seen in a very small
percentage of cells at a much later stage as an almost hyaline and fusiform
gtructure stretching over the sutface of the nucleus between the centrosome
in front and the acrosome behind.

But the ‘central substance’ of Bowen is conspicuous by its absence in
our preparations. While going through Bowen’s paper one gets the
impression that Bowen, while recording some of his statements, was
unconscigusly influenced hy what he had seen and described earlier in other
insect orders, such as the Lepidoptera and the HMemiptera, in which there
is a typical mitochondrial nebenkern.

It may be that Bowen bhas mistaken the vacuolar system described by
Mukerji (1929) for the ‘central substance’. According to this author there
is a system of neutral red-staining vacuoles, consisting of small vesicles
aggregated together, as in the germ-cells of Abraxes, Cavia, Saccocirrus and
Macrothylacia. In Lepisma the vacuoles are ultimately thrown down
the tail.
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Our belief that Bowen has mistaken these delicate vacuoles for his
‘central substance’ is strengthened by the study of our figures 9 to 11,
Plate I, in which we have figured delicate vacuoles (¥) in the tail region
independent of the nebenkern.

While our observations support the broad conclusions arrived at by
Bowen, we must strongly controvert the conclusions of Gatenby and
Mukerji (1929) and Mukerji (1929}, viz., (1) the acrosome in the Lepisma
sperm lies as usual at the anterior tip of the nucleus and (2) the ‘acrosome’
of Bowen or the ‘middle piece” of Charlton is the ‘post-nuclear body’.

Talking of the centrosome in Lepisma, Bowen. (1924) says that this
rod-shape i3 retained by the centriole in all the subsequent stages which
hove been studied and there is practically no indication of a division into
two parts such as commonly occurs in the spermatid. But ‘rarely, at
about the stage of figure 109, I found an apparent division of the rod into
two rather distinct, elongate granules—possibly indicative of a potential
duplicity in the outwardly single centriole’. Charlton (1921) also describes
the breaking up of the centrosome into two or three parts.

We have also noticed in & few cases & similar breaking-up of the rod-
shaped centrosome into two or three parts (PL II, figs. 29, 32 and 33),
which we consider to be an artifact. We are convinced that Gatenby and
Mukerji {1929) have mistaken the snterior part of the centrosome for the
acrosome. Indeed these authors also describe the breaking up of the
centrosome in two parts (their fig. 6, P1. I). In their figure 4, Plate I, they
geem to have misinterpreted the anterior of these two granules as the
acrosome | Again Gatenby and Mukerji have failed to establish the origin
of their ‘acrosome’ from the Golgi bodies, as was done by Bowen, whose
observations we have fully supported. Both Bowen and the present
writers have shown numerous Golgi bodies in the neck region where they
form the acrosome, which continues to remain in this region of the sperm.
After all a structure cannot be callad an acrosome unless it is proved to
have its origin in the Golgi bodies.

In addition to the ‘post-nuclear body’, which is really the acrosome,
Gatenby and Mukerji have described a clear funnel-shaped structure, the
‘post-nuclear funnel’, which lies immediately behind their ‘post-nuclear
body’. This funnel has neither been described by Charlton, nor by Bowen,
nor again by the present writers. Judging from the very scanty data
furnished by Gatenby and Mukerji, one gets the impression that their
preparations are not satisfactory. A reference to our figures on Plate II
will show that the acrosome, when fully developed, is a funnel-shaped
structure, staining deeply with iron-haematoxylin. We are inclined to
believe that Gatenby and Mukerji have failed to stain this funnel-shaped
acrosome except its anterior part, which they have called as the ‘post-
nuclear body’, and the posterior unstained part as the ‘post-nuclear funnel’.

If the ‘post-nuclear body’ of Gatenby and Mukerji (1929) in the
Lepisma sperm is the acrosome, that of Cavia as described by Gatenby
and Wigoder (1929) is nothing but the posterior region of the nucleus.
‘This was reported by Nath (1944} in his Presidential address to the Section

41



of Zoology and Entomology, 31st Indian Science Congress held at Delhi.
It will be profitable to quote what Nath said:

‘Reverting to the silver methods, I feel no hesitation in saying that
these methods, in spite of the occasionally brilliant results they have
vielded, have grievously led us astray with respect to the form of the Golgi
apparatus. But what is worse is that these methods (snd also the long
osmication methods) can blacken mitochondria, nuclear membrane and
several other structures in the cell totally unrelated to the Golgi apparatus
(see Bowan, 1928h for this phenomenon). Indeed it appears that granules
of silver and osmium can settle down on many kinds of surfaces. Friend
(1934), working on the sperms of British Muridae, discovered that there
was an asymmetrical deeply staining area in the posterior part of the
nucleus in all the Muridae sperms he had seen, which gave the characteristic
stain with Feulgen. He named this area as the “dense posterior region”,
and he pointed out that in position it agreed with Gatenby’s “post-nuclear
body”. @. W. Vaidya, the King Edward Memorial Scholar from Nagpur
working at Lahore on the gperm of the squirrel, has confirmed Friend’s
conclusions. He employed Feulgen’s reaction on smears and sections
fixed in about seventeen fixatives. The posterior part of the nucleus in
each case took up the characteristic stain, showing that the “post-nuclear
body” is only a part of the nucleus. In Da Fano (chilled) preparations no
post-nuclear granules were observed in any stage of spermatogenesis, but in
Da Fano smears silver was deposited on the posterior part of the nucleus.
Gian Chand has arrived at identical results in the sperm of Cavia.’

The degeneration of the fully-formed acrosome in the non-flagellate
sperm of Paratelphusa spintgera and its allies has been reported by Nath
(1932 and 1942), who also reported in several species of the Decapod sperm
the complete degeneration of the Golgi elements before they have had &
. chance to form the acrosome.

But Leptsma domestica scems to be the first case on record of the
complete paling off of the fully-formed mitochondrial nebenkern. The
climax seems to have been reached in the spermatogenesic of a local
dragon-fly, in which Rishi (unpublished) has reported in this laboratory
a complete absence of the mitochondrial material in the spermatid-—not
to talk of the mitochondrial nebenkern !

SUMMARY

1. We are in general agreement with the broad conclusions of Bowen
(1924} on the spermateleosis of Lepisma domestica, although we have
important differences of detail.,

2. We have been able to confirm the important discovery of Bowen
that the acrosome of the Lepisma sperm remains in the neck region, from
where it sends backwards into the tail region a filamentary process, which
gets lost with the axial filament.

3. But, according to our investigations, on Lepisma sperm, the
acrosome ig formed by the direct fusion of the Golgi vesicles and iz not a
secretory product thereof as described by Bowen,
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4, The ‘chromatoid body’ of Bowen, Gatenby and Mukerji (1929)
and Gatenby (1929) is only that part of the Golgi apparatus, which does
not merge into the acrosome. The ‘spermatid remnant’ of Bowen also
represents the non-participating Golgi elements, which are ultimately
sloughed off down the region of the sperm tail.

5. The structure described as acrosome by Bowen corresponds to the
‘middle-piece’ of Charlton (1921) and to the ‘post-nuclear body’ of Gatenby
and Mukerji, and Mukerji.

6. The ‘post-nuclear funnel’ of Gatenby and Mukerji, and Mukerji
is again the posterior part of the funnel-shaped acrosome, which they have
failed to stain.

7. The rod-shaped centrosome gets itself placed at the extreme
anterior tip of the attenuated nucleus, from where it sends back, on the
side of the nucleus, an axial filament, which enters the sperm tail behind
the nucleus.

8. Bowen, Charlton, and the present authors—and even Gatenby
and Mukerji, and Mukerji—report the breaking up of the rod-shaped
centrosome into two or three parts. The last-mentioned authors seem to
have mistaken one of these parts of the centrosome as the acrosome.

9. A typical insect mitochondrial nebenkern is formed in Lepisma,
but it seems to pale off and disappear completely without forming the
sheath of the axial filament in the typical insect manner. This is contrary
to Bowen’s conclusions.
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VISCOSITY OF CONDENSED PHOSPHATES IN SOLUTION

By Ram Caand Paor, Konpaw Lax, V. 8. Gatwp and S. 8. Bawa

As early as 1833, T. Grahm' demonstrated the existence of three
different types of sodium metaphosphates: glassy soluble metaphosphates,
crystalline soluble metaphosphate, and insoluble metaphosphate. Glassy
metaphosphate was also described in some details by Proust.2 An
early paper intercsting because of its insight into polymeric aspects of the
structure of condensed phosphates and their hydrolytic instability in the
presence of acids is that of Flietmann and Hanneberg.® That a century
of work following these earlier papers only resulted in creating confusion
about the chemistry of metaphosphates is apparent from the many con-
tradictory systems of nomenclature adopted by various authors during
this period. Most of the trouble can, however, be traced back to the in-
adequacy of the methods used in establishing the chemical individuality
and to assign the degree of polymerization. In recent years a number of
helpful reviews have been made.t Mention may also be made of the two
modern experimental papers which have thoroughly dealt with the phase
equilibria of the system Na,0-P;0; in the range NaPOg-Na,FP:0;.
Recently Monk and Davies ¢ and Lamm 7 have shown that the so-called
sodium hexa metaphosphate is in fact a polymer with molecular weight of
about 13,000, e.g. 130 units of NaPQ;. It has also been noticed that some of
the condensed phosphates give highly viscous-solutions. But a comparative
study of the viscosities of different solutions of condensed phosphates has
not been made. In the present work attempt has been made to do so and
to estimate roughly the molecular size of the phosphate polymers by
applying the well-known Staudinger’s equation 8 relating intrinsic viscosity
with molecular weight. Much work has been done on organic polymers
by Sta.udinéer and others (loc. cit.) who have concluded that the equation

() = KM* .. . (1)
gives results with a close degree of approximation as long as the solute-
solvent system remains the same in cases of polymers with molecular

1 Grabm, T., Phil. Trons., 1833, 123, 253.

2 Proust, J. L., Ann. Okim. Phys., 1820, 14, 281,

3 Flietmann, T. and Hanneberg, W., Annalene, 1848, 65, 304.

4 Terry, H.,, dnn, Reports, 1937, 34, 115; Karbe, K. and Jander, G., Koll.
Beikefte.,, 1942, 54, 1; Topley, B., Quart. Revs., 1949, 3, 345,

§ Parwridge, E. P., Hicks, V. and Smith, G. W., J.4.0.8,, 1941, 63, 454;
Morey, G. W. and Ingerson, E., Amer. Journal, Sci., 1944, 42, 1.

8 Monk, C. B. and Davies, C. W., J.0.8., 1948, 413.

? Lamm, Q., Arch. Chem. Min. Jeo., 1944, 17, No. 25,

8 Staudinger, H., 1932, die hoschmelecular organschen verbindugen springle, Berline;
Staudinger, H. and Howarth, J., J. Praki. Chem., 1940, 153, 24 ; Staudinger, H. and
Fischor, K., J. Prakt Chem., 1941, 19, 1585,
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weight higher than 10,000. In the present work an attempt has been
made to keep the solute-solvent system same.
Nomenclature used is the one suggested by E. Partridge.l

Ezperimental.—Preparation of metaphosphates.

Sodium (1 : 1) phosphate glass I.—Two different methods that of
Monk and Davies (loc. cit.) and Pascal? were used for preparing this
sample. Both the products gave similar results. Other sodium meta-
phosphates were prepared according to the method described by Topley.®

Sodium metaphosphate IT.—Dehydrated NaH;P0O, was heated for
10-12 hours at 350-380°C. in an electric oven.

Sodium metaphosphate IIL—This is obtained mixed with NaPQg I
and the unchanged sodium phosphate when dehydrated NaHgPO, is
heated for 8 hours at 250-280°C. The soluble impurities were removed
by repeated washings with water in which NaPOg IIT is insoluble.

Sodium metaphosphate IV.—The sodium metaphosphate melt was
cooled to 500°C, till crystallization began. It was then heated to 550—600°C.
to promote crystallization and formation of & fibrous mass. This was
then washed with water to remove soluble impurities. The insoluble
erystals thus obtained were used to previde nucleus for another melt cooled
to 550-6800°C. The ratio of Na,O/PyQy in these melts was about one and
the fibrous mass could be obtained only after six attempts. The potassium
metaphosphates were prepared by the method of Lamm and Malmgrem.t

Potassium 1 : 1 phosphate glass.—It was prepared by fusing KH,PO,
in a platinem dish, keeping it in a molten state for 4-5 hours and then
cooling abruptly.

Potassium Kurrol salt.—It was prepared by heating KHoPO, in a
dish at 350-380°C. The same produet was obtained by sintering KH,PO,
over a mecker burner for half an hour.

Potassium trimeta phosphate.—It was got by heating KH,PO,
{dehydrated) for ten hours at 170-180°C.

Preparation of solutions—In case of insoluble metaphosphates the
solntiony were made by dissolving the powdered samples in minimum
amount of 5% NH,Cl solution. When completely dissolved, precipitation
of the phosphate was effected by addition of aleohol to cold solution and
allowing it to crystallize over night. The precipitated phosphate was then
filtered, redissolved in water and reprecipitated by adding alecohol. The
filtered sample was washed with alcohol, dried in vacuum and its solution
in water used for viscosity determinations. Reprecipitation was necessary
to eliminate the electrolytes in the presence of which viscosity is known to
decrease a good deal. Malmgrem (loc. eét.) found that although the molecuie
becomes stable in Na CNS solution, the molecular size actually decreases
and becomes stable at a lower value.

1 Partridge, Chem. Engg. News., 1949, 27 214.
Pascal, Jompt. Rend., 1923, 176, 1398,
3 Topley, B., {). Reviews, 1849, 111, 365.
4 Lawmm, O. and Mealmgrem, H., Z. Anorg. Chem., 1840, 245, 103,
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Apparatus—An Ostwald type viscometer constructed according to
the design of Fenske and Cannon ! to eliminate drajnage and tilting error
was used. Since it had a flow time of about 220 seconds with water no
kinetaic error correction was applied and kinematic viscosity could be
obtained directly from the time of flow. The temperaturc of the bath
wag kept at, 25°C, (40-05°.)

1ty

nd

- o * ”

oz—ﬁgsa’%ﬁ?-—ﬁa_

0L Q. 0.6 ab -0
CONCENTRATION
—
Fiy. T
X ¥ * Fatassium Mol salt
1 a —0 Wa PDy. MV,
0 O O—— Nua 883 1t
— A A NaPa, i,
. ) . Putessisen (111} phoophale gham
4 O Pobaasiam  Frimals

Sediver {131) phusphole glass.

1 Fenske and Cannon, Ind, Engg. Chem. Analyst. Ed., 1938, 10, 192.
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Results and discussion.—The results have been tabulated in Table 1.
The relative viscosity, specific viscosity and the ratio of sp. vise. to
concentration are shown against concenfration of the solutions. In
fig. I %y, /C is plotted against €. Unlike organic polymers, slight curves
are obtained. This is in accord with the results of earlier authorsi who
have worked with similar molecules. The curves have been extrapolated
to infinite dilution to obtain the value of intrinsic viscosity. Substituting
this in equation (1), the values of mol. wis., have been calculated and are
given in Table II. The constants K and o in the equation (1) were
caleulated by substituting the values of molecular weights of sod. 1:1
phosphate glass and potassium Kurrol as found by Malmgrem.?

From the results it is noticed that all the phosphates which are in-
soluble in water show high mol. wts., e.g. greater degree of polymerization,
The insolubility is probably due to the enormous size of the molecules.
The values of mol. wts. can only be approximate due to the inherent
character of the method that has been used and also due to the process of
solvation of the samples during which the substances have sometimes
been warmed with NH,Cl solution. NH,C] has been selccted preferentially
for solvation due to the ease with which it can be estimated quantitatively.
The réle of NH,Cl in bringing about the dissolution of the insoluble phos.
phates is under investigation,

Tanrr 1.
% of  Relative 8p. Visc.
No. Sample solution &  Vise. Tep O
My Tsp.
1  Bodium(l : 1) phosphate glass 1-00 1-116 0-116 0-116
075 1-085 0085 0-113
0-50 1055 0-055 0110
0-26 1-028 0-028 0-112
2 NaP0OyII .. 1-00 542 4-42 4-42
0-75 469 389 4-92
0-50 403 3:03 6-06
025 3-20 2:20 8-80
3 NaP0, III 1:00 2-96 1-98 1-96
0-75 2:66 1-66 2.20
0-50 2-40 1-40 2-80
025 1-68 G99 308
4 NaPO, IV 1-00 7-80 6-80 680
0-75 846 5-46 7-26
0-50 5:02 4-02 8:04
0-25 3-45 2-45 9-80
5 Pot. (1 : 1) phosphate glass. . 1-00 219, 1-19 119
0-75 1.31 0-81 . 1-08
0-50 1-50 0-50 1-00
’ 0-25 1.25 0-25 1-00
6  Pot. Kurrol salt 1.00 8-61 781 7-61
075 7:06 605 8:06
0-60 5-67 167 3-35
0-25 375 L78 11-02
7  Pot. trimeta phosphate 1-00 1-171 0171 171
0-75 1-162 0-162 0-121
0-50 1.118 0-118 0236

<
b
=13
I
(=)
-
-]

00,3 0-2682

1 John, R. Van Wazer, J. Amer. Chem. Sec., 1950, 72, No, 2, 908; Bawn,
Chem. of High Polymers; Interseience Publishers, Inc., New York.

2 Lamm and Malmgrem, loc. ¢it.; Malmgrem, H., Acta, Chem. Scand., 1048,
2, 147-1866.
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Tamz 11,

No. Sample (1) . Mol. wt.
1 Sodium (1:1) phusphabe glass .. o111 13,000
2 NaPQ, II . . 9-800 981,700
3 NaPQ; I . . .. 5-560 566,200
4 WaPO,; IV . 11-820 1,175,000
& Potasgium (1 : 1) phospha.te g]ass . 0-980 124,500
&  Potassium Kurrol salé .. 13-1G0 1,300,000
7  Potassium trimets phosphatbe . 0-330 37,240

!Pubushed by the Hast Panjab University, Hoshiatpur, and Printed by Norman A. Ellis Baptist stsmu
Press, 414 Lower Circular Road, Caleutta.
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ANTIMALARIALS IN QUINAZOLONE SERIES

By Mecu KuMar Jaw and K. S, Narang, Chemistry Department,
Panjab University College, Hoshiarpur

Febrifugine (I) is a 4-quinazolone having a basic side chain at 3. The
remarkable antimalarial activity of febrifugine, namely 100 Q—E, led us to
synthesize a few 3-substituted 4-quinazolones, In fact, the compound
(IT), synthesized already in these laboratorics, has been found to be as
active a8 quinine-when tested against P. gallineceum in chicks,

CH,
N - |
S O OB ~
A ] | _
N—CH,COCH..CH CH, N. CH.
l} T N/ | — -0,
CH NH - 1\ \/(;CH3
N ¥
M )

The present communication records the preparation of some 2, 3-

gubgtituted 4-quinazolones (Table I). Details will, however, be published
later on. .

ACENOWLEDGEMENT,

The authors wish to express their gratefulness to Dr, 8. M. Mukherji
for all the keen interest he showed in this work,
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List of Quinazolone Derivatives
(Miero-analyses are by Drs. Weiler and Strauss, Oxford)
Analysis Results
8. No. Name Formula Solvent of Crystallization m.p. °C,
Found Reguaired
, % %
1 2-Methyl-3-(p-Acetylaminophenyl) Quinazolone-4 C1-H;1 N30, Dil. Alechol* 260 L 89-43 | C 69-62
H 512 | H 512
N 1420 N 14-33
2 2.Methyl:3-{p-Aminophenyl} Quinazolone-4 . C1HaNzO Dil. Alechol 220 N 1640 | N 16-78
3 2.Methyl-3-(p-Chloroacetylamino phenyl) Quma. O 7H;,.N30:C1 Aleohol 206 N 12:60 N 12-82
zolone-4.
4 2-Methyl-3-(p-8-Chloropropionylamino phenyl) CygH 1 Ng0aCl Aleohol 222 N 12-10 | N 12-29
Quinazolone-4.
b 2-Methyl-3-(p-Piperidinoacetylamine  phenyl) CaaH N, 00 Dil. Alechol 140 C 6978 | C 7021
Quinazolone-4, H 618 H 638
. N 14-68 | N 14-80
[} 2.Meth yl-3-{p-Diethanolamino-acetylamino Cg Hpy N, Oy Aleohol 1220 C 6347 C 63-63
phenyl) Quinazolone-4, H 696 | H 606
N 14-29 N 14-14
7 2-Methyl-3-(p-B-Piperidinopropionylamino CogHoeN Oy Aleohel 200 N 1420 | N 14-36
phenyl) Quinazolone-4.
8 3-(p-Acetylumine phenyl} Quinazelonc-4 CyH 13N 300 G1. acetic acid/ethyl acetate 226 N 1460 | N 1505
9 3-(p-Aminophenyl) Quinazolone-4 C1eH 11,0 Alcohol . 180 C 7073 | C 7090
H 466 | I 4-64
N 1800 (N 17-72
10 3.(p-Chloroacctylamino phenyl} Quinazolone-4 . Cy4H,,N30,Cl Aleohol 230 N 13-60 | N 13-39
11 3-(p-B-Chloropropionylaminophenyl) Quma.zo- C, - F; N 30.Cl Alcohol 245 N 12-49 | N 12-80
lone-4.
12 3-(p-B-Piperidinopropionylamine phenyl) Quina- CooHo N, 0g Aleohol 202 C 6905 {C 7021
zolone-4. H 633 | H 638
N 1475 | N 14-80



£9

13

14
15
16
17

18
19
20
22
23
24
25

26

3-(p-f-Diethanclaminopropionylamino phenytl)
Quinazolone-4.
3-(4'-Methyl thiazolyl) Quinazolone.4 ..
2-Methyl-3-(4'-Methy! thiszolyl) Quinazolone-4 ..
3-(4’, 8’-Dimethyl thiazolyl) Quinazclone-4 .
2-Methyl-3-(4/, 5°-Dimethyl thiazolyl) Quinazo.
lone-4.
2-Mothyl-3-(4"-Ethyl thinzolyl) Quinazolone-4 ..
3-(4"-Phenyl thiazolyl) Quinazolone-4 .
2.-Methyl-3-(4"-Phenyl thiazolyl) Quinazolone-4 ..
3-(4’-p-Chlorophenyl thiazolyl} Quinazolona-4 |
2-liiethyl-&(4'-p-Ch]omphanyl thiazolyl) Quinazo-
one-4, ’
3-(4'-p-Methoxyphenyl thiazolyl) Quinazolone-4. .
2-Melthyl-3-(4’ g-Methoxyphenyl thiazolyl) Quina.
zolone-4.

2-Methyl.3-(4"-Methy]

6'-carbothoxy  thiazoiyl)
Quinazolone-4,

2-Methyl-3-({a-1-Piperidyl-g-crescl) Quinazolone.-4

Gy Hpy N Oy

C1aHoN,08

Cr5Hy,N50S
Cral1;, M08
CIQHISNsOS

CqusNﬂOS
C1H 1 N308
C15H,;,N ;08
Cy7H7aN508Cl
Gy, ;N308C

C1pH, ,N;058
C15H; ;N 30,8
C1gH,5N50558

Cpy Hps N300

Aleolhol

Aloohol
Benzene
Alcohol
Benzene

Benzene

Benzone

Benzene
Benzene/pet. ether
Ethyl acelule

Benzenefpet. ether
Alcohol

Aleohol

Alecohol

120

184
148
202
200

201
162
144

172
204

182
160
235

214

63-53

414
13-04
17-10
16-10
16-29
15-20

15-10
13-48
12-90
12-00
11-70

12-64
85-27
460
12-20
58-10
476
12-48
71-8
6-35
12-00

Fmozmormaz =ZEZzZ Z22ZEIa

A e

ZElzzz

FEGEOOEmam

63-63

6+0G
14-14
17-28
1634
16-34
15-49

15-49
13-77
13-16
12-04
11-80

12-54
65-32

4:30
12-03
58-35

4:56
12-76
72-20

6-59
12-03
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POTENTIOMETRIC STUDIES IN OXIDATION-REDUCTION
REACTIONS

Part XVI, OxmparioN wiTHE CEHLORAMINE-T. DETERMINATION OF
ORGANIC SUBSTANODS

By BarwanT SINGE, Arar Smvan end MoHAN SmwenH

Noll (1924) described the use of chloramine-T as an oxidizing reagent.
The solid salt has the composition

/NEL
p—CHS. CBH4- SOg N\CI . 3H20

In solution it behaves like a stable hypochlorite

Na
CH,. CoH,. 80, N< +H,0 = CH;. CoH,. $05. NH,+NaCl+0
al

Rupp (1925, 1928) used chloramine-T for the defermination of tri-
valent antimony, and later for the titration of stannous tin.

Tomicek and Sucharda (1932) used it as a reagent for the potentio-
metric determination of tervalent arsenic and antimony; bivalent tin and
iron and the ferrocyanide and iodide ions; and for the visual titration of
tervalent arsenic and antimony, using methyl red as an indjcator,

Komarovskii, Filonova and Korenman (1933, 1934) have shown that
chloramine-T can be used as a volumetric reagent to replace the more
expensive iodine and the less stable hypochlorite in the estimation of
ferrocyanide, hydrazine and hypophosphite. B. Singh and A. Rehmann
{1040) have used chloramine-T for the determination of hydroquinone,
quinhydrone, hydrazine hydrochloride, potassium iodide, sodium bisul-
phite and sodium nitrite by a potentiometric method. Thomas Lee,
Holzmann, Swift and Neimann (1948) used chloramine.T in the quan-
titative estimation of various organic sulphides.

B. N. Afanas’ev (1949, 1950) has shown that chloramine.-T is a
suitable reagent for determining many organic compounds by oxidative
volumetric procedures, using methyl red or indigo carmine ag an indicator.

In the present investigation chloramine.T has been used for the
potentiometric estimations of vanilin, p-hydroxy bhenzaldehyde, benzal-
dehyde, salicylaldehyde, acetaldehyde, furfural, urea, oxalic acid,
thio-urea, glycerol and mannitol.

The aldehydes are oxidized with chloramine-T in a strongly alkaline
medium, urea in & weak alkaline medium, and the rest in an acidic mediunt.
These compounds are oxidized according to the following equations:—

5%
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8.

VANILIN.

Na
CH,. CGH4SOQN<C +CH,0. (OH). C,H;CHO + NaOH
1

= CHj. CgH,S0,NH; 4+ CH;30. (OH). CeH,CO0Na+NaCl

p-HYDROXY BENZALDEH Y DE.

Na
GH306H4802N< +HO. CH,CHO+NaOH
a

= CHj. CgH SO0,NH,+HO. OgH,000Na-+NaCl

BENZALDEHYDE.

Na
CHS. CoH4SOgN<C +C&H5CHO +N&OH
1

= CHa. CGH4802NH2 +05H5COONR +NELOI

SALICYLALDEHYDE.

Na

| +CeH,(OH) CHO+NaOH
C

= CH3 CBH4802NH2 +CﬁH4(0H) COON&""N&CI

CH,. 06H4302N<

ACGETALDEHYDE.
Na

+CH,;CHO4+NaOH
Cl
= CHjy. CgH S0, NH; +CHCOONa 4 NaCl

CH,,. 06H4802N<

FURFURAL.
/Na-
CHS. CBH4SOQN\\ | +C4H5(0) CHO +NaOH
C

= CHg. CGH4SOQNH2+G4H3(O) COONa +N&CI

UREA.
/Nn,

=3 CHg. CGH,‘SOEE\TH2+3 NRCI-'—Nz +002

OXALIC ACID.

Na COOH

CH;. CoH,S0.NC  + | = CH,. CH,SONH;+NaCl+2 CO,
¢l COOH



9. THIOUREA. |
- [ .o . R /N
7 CH. CﬂﬁlsOuN\ +6 H20+SC(NH2)2

= 7 CHs. C6H4802N—H2+7 N&Cl"i"Nz +002+HQSO‘

10. GLYCEROL.
/Naa‘
7 CHS CGH‘_SOEN\ +3 Hzo +03Hsog
Cl- T

= 7 OHj. CgH,S0,NH, 47 NaCl-+3 CO,

11. MANNITOL.
‘ ' /Na,
13 CH. CoHLSONC -6 H,04CyE O
: . 1

= 13 C:Hg. GQH4802NH2+ 13 N&Cl+6 COz

E3PERIMENTAL

Standardzzatwn of Ohloramme T Solution.

25 c.c. of the solutmn were acidified with 5 c.c. of 2N hydrochlorie
acid and 10 c.c. of ten per cent potassium iodide solution were added to it.

Na
CH,. CBH.,SO;;N<C1 +2 HI = CHj,. CoH,S0,NH, +NaCl+1,

The liberated iodine was titrated against standard sodium thiosnlphate
solution.

Potemiometric Titralions.

A known weight of an aldehyde was dissolved in aqueous alcohol and
the solution was made alkaline with scdium hydroxide. This was titrated
against standard chléramine-T solution* The aleohel did not interfere in
the oxidation. B. N. Afanas’ev has shown that methyl alechol and ethyl
alcoho! are not oxidized by chloramine-T under any conditions.

A known weight of urea was dissolved in water and was titrated
against chloramine-T solution in the presence of sodium bicarbonate,

Aqueous solutions of glycerol, mannitol, oxalic acid and thiourea
were acidified with sulphurie acid and titrated ageinst chloramine-T.

The reaction mixture was kept stirred by means of a mechanical stirrer
and the progress of the reaction was studied potenticmetrically. A bright
platinum foil was used as an oxidation-reduction electrode’'and this was
coupled with & saturated calomel electrode through an ager-agar
potassium chloride bridge.

A geries of potentiometric titrations were performed thh different
amounts of ‘cach substance. One titration for each substance, as typical
of that set, ig recorded in the following tables:— -
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‘TanLE I

Titration of ¢-1140 gms. of vanilin mized with 63 c.c. of aqueous alcohol and 0-096 gms.
of NaOH, against (-0456 M chloramine-T,

Chloramine-T EM.F. B/IC Chloramine-T EMF. E/C
c.c. {volts) (. valisfc.c.) c.c. {volta) {m. voltsjc.c.)
0-00 —0-1038 12

9 16-50 —0-0027
1-00 —0-0950 12
8 16-80 — 00015
3:00 —0-07790 4
8 17:00 0-0000
6-00 —0-0556 2
6 18:00 0:0020
10-00 —0-0334 2
’ 4 20-00 0-0054
13-00 —0-0217 2,
4 23:00 0:0101
15-00 - 00140 1
4 27-00 0-0149
16-00 — 00102 2
(i1 30-00 0-0194
16-30 —0-0084 1
32 32-00 0-0219
16-33 —0-0068 |
44 35-00 00252
16-40 —0-0046 | (maximum) - 1
26 40-00 0-0302
16-45 —0-0033
Tasre YT

Titration of 0-1647 gmas. of p-hydrozy benzaldehyde mized with 113 c.c. of agueous
aleohol and -172 gms. of NaGH, against 0-0453 M ehloramine.T.

Chloramine-T EMF. E/C Chloramine-T EM.F. E/C
c.0. (volts) |(m. voltsfe.c.} c.c. {volts) |(m. volis/e.c.}
0-00 —0-0773 30
6 2970 0:0121

3-00 —0-0586 . 50

4 29-76 0-0146 | (maximum}

6-00 —0-0466 of
3 29.80 0-0160

10-00 — 00346 10
3 30-00 0-0180

15-00 —0-0224 1
2 . 30-50 0-0187

20-00 —0-0115 1
. 2 31-00 00143

24-00 —0-0056 1
2 32-00 0-0206

29-00 +0-0028 1
8 3600 0-0225

29-30 0-6052 1
12 38-00 0-0256

29-50 0-6076 1
16 42-00 0-0287

28-G0 0-0092 1
28 46-00 0-0313

29-85 0-0108 1

50-00 0-0340 |
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TaBLE ITI

Titration of 0-0797 gmae. of benzaldehyde mized with 39 c.c. of agueous alcohol and
30480 gms. of NaOH, against 0-04563 M chloramine-T'.

Chloramine-T EM.F. EfC Chloramine-T E.M.F. E/C
c.c. (volta} |(m. voltsfe.c.} c.c. fvolts)  [(m. voltsfe.c.)
1-00 —0-0621 16
14 16-66 0-0469

3-00 —0-0345 14

. 8 16-70 00476 :

500 —0-0179 12
7 1700 00513

7-00 —0-0045 4
i3 18:00 0-0550

9-00 0-0063 2

4 21-00 0-0610 A

1200 ° 0-0170 2
3 24-00 0-0659

15-00 0-0265 2
7 26-00 0-0692

16:00 0-0334 2
12 28-00 0-0726

16-30 00370 2
15 30:00 0-0760

1650 0-0400 2
46 ¢ 3200 0-0792

16-55 0-0423 2
76 35-00 0-0852

16-60 0-046]1 + (maximumn) 1
40-00 0-0%00

TasLe IV

Titration of 0-04274 gms. of salicylaldehyde mived with 29 c.c. of agueous alcokol

and 0-044 gma. of NaOH, against 0-0476 M chloramine-T'.

Chloramine-T EMF. E/C Chioramine-T E.M.F, E/C
{c.e.) {volts} [(m. voltsfe.c.} {c.e.) (volts) [{m. volts/c.c.)

0-00 —0:0693 88
44 7-45 0-0865

1-00 —0-0236 . 30
31 7-60 0-0880

2-00 0-0069 13
19 770 0:0906

3-00 0-0255 11
15 800 00937

400 0-0401 3
10 8-60 0-0961

5-00 0-0501 2
11 9:00 0-0971

6-00 0:0606 * 2
B 10-00 0-0995

700 0-0656 - i3
22 11-00 0-1047

720 0-0700 2
24 12-00 0-1064

7-30 0-0724 2
78 13-00 0-1081

7:35 0763 1
116 1400 91091

7-40 0-0821 | {mazimum) 1
15-00 01103

-’
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Tapre V
Titration of 0-0487 gine. of acetaldehyde mixed with 57 c.c. of water and 0-070 gma.
of NaOH, against 0-0476 M chloramine-T.

Chloramine-T EM.F. EjC Chloramine-T | E.M.F. E/C-
<. {e) {volfs) jim. volsfe.c)) {c.e.) {volts) }(m. voltsje.c.)
000 — 0-0803 ]
. . ) 23 23-20 0-0722
100 —0-0574 76
. 12 23-25 0-0760 | *
%00 | —0-0327 46
10 23-30 0-0783
6-00 —0-0021 - 11
5 23-50 0-0805
10-00 00176 ' ]
4 23-70 0-0812
15-00 0-0381 3
2 24-00 0-0820
19-00 0-0465 2
. 3 26-00 00860
22:00 | 0-0559 )|
i ) 4 28-00 0-0888
22-60 : (-0581 : 1
! 9 3000 0-0910
23-00 . 006827 1
) 10 32-00 0-0932
2310 0-0837 1
44 36-00 0-0974
23-156 0-0659 . 1
\ 126 40-00 0-1012
{(maximum) h
TapLE VI

Titration of 0-0336 gma, of furfural mixed with 18 c.c. of agueous aloohol and
0-0220 gma. of NaOH, againat 0-0476 M chloramine-T (Temp. 20°C.).

Chloramine.T EMP. E/C Chloramine-T EMF. BiC
: {c.0.} (volts) |{m. volts/c.c.) (e.0.) (volts}) |(m. voltsfe.c.)

-00 —0-1000 44
15 T-45 —0:0072

1-00 —0-0847 ‘ 38
i2 7-50 —0-0053

2:00 — 00724 - ‘ 1o

& 12 770 ~0-0015 ‘

300 —0-0603 15
11 8:00 0-0029

400 —0-0498 6
10 860 0-0060

5-00 —0-0396 5
: 10 900 0-0083

800 ° | —00205 4
8 10-00 0-0125

8-50 —0-0265 . 5
. 10 11-00 00179

7-00 —0-0217 5
16 12:00 0-0230

7-30 —~0:0170- - ‘ 5

70 13-00 0-0279 .

735 —0-0135 _ 5
g2 14:00 0-0325

7-40 —0:0094¢ | (maximwm) 4
1500 0-0361
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TasLe VII

Titration of 0:0270 gme. of urea mized with 27 ¢.c. of waler and excess of NaHCO3.
againat 0-0615 M chloramine-T (Temp. 20°C.).

Chloramine-T EMF. E/C Chloramine-T EMF. E/C
{c.c.) (volta) [{m. voltsfc.c.) (c.c.) (volts)  |(mn. voltsfe.c.)
1-00 0-4917 388
76 21-90 0-6880 | (maximum)
3:00 0-6435 h 42
24 21-946 0-6859
£00 0-8804 | - 26
8 22-00 , (6846
700 (6964 3
3 22-20 0-6852
10-00 0-7048 3
2 22-50 0-6862
1400 0-7130 2
1 23.00 0-6372
16-00 0-7114 . 3
1 . 2400 0-6900
18-00 0:7134 3
2 26-00 0-6956
21-00 7186 3
[{] 28-00 0-7020
21:50 0:-7156 i1
17 31-00 7170
21-80 0-7106 : 2
64 34:00 0-7227
2185 0-7074 ]
37.00 07248
Tarre VIII

Titration of 0-0441 gma. of oxalic acid mized with 7 c.c. of waler and 7 c.c. of SN Hy80,
against 0-0556 M chloramine-T (Temp. §0°C.), °

Chloramine-T EM.T. E/C Chloramine-T EM.F. E/C
(c.c.} {volts} [{m. voltsfc.c.) {e.c.) (volts} [{m. voltajo.c.)
1-00 1-0275 18
6 G-36 1-0148
- 2-00 1-0333 16
. 5 G-40 1-0140
300 1-0382 14
2 6:60 10125
4-00 1-0405 2
1 : 7-60 1-0137 .
5-00 1-0414 2
1 . 8-00 1-01572
5-50 1-0421 1
T 900 1-0138
5-80 1:0399 1
18 10-00 1-0124
6-00 1-0363 1
31 11-00 1-0114
6-10 1-0332 2
5h 12:00 1-0096
6-20 1-0277 1
72 1300 1-0086
6-25 1-0241 1
168 14-00 1:0076
6-30 1-:0157 | {maximuom)
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TasLe IX

Titration of 0-01195 gms. of thicurea mized with 22 c.c. of water and 22 c.c. of SN HpS0,,
against 0-0615 M chioramine-T (Temp. 86°C.).

Chloramine-T E.M.F. E/C Chioramine-T E.MF. E/C
{c.c.) {volts) ({m. voltelc.c.) {c.c.) {volts) [{m. volts/c.c.)
500 1-0724 80
11 17-95 1-0875 | {(maximum)
7:00 1:0860 N 14
1 18-00 1-0868
9-00 10076 4
1 18-00 14827
11-00 1-1000 3
1 20-00 1-0799
13:00 1-0981 1
1 22-00 1-0777
15:00 1-0956 1
1 24-G0 10760
17.00 1-0242 1
) 2 27-00 1-0731
17-50 1-0984 1
3 30-00 1-0700
17:80 1-0926 1
16 3300 1-0875
17-85 1-081R8 : 1
26 36:00 1:0648
17-90 1-0905 1
40-Q0 10610
Taee X

Titration of 0-01445 gme. of glycerol mized with 22 c.c. of water and 22 c.6. of 8N Hy80¢,
aguinst 0-0556 M chloramine-T (Temp. §0°C.).

Chloramine-T

{c.c.)

3-00

6-00

9-00
1200
15:00
18:00
19-00
1930
1450
19-60
19-65
1970

EMEF. E/C Chloramine-T EM.F. E/C
{volts) i{m. voltafe.c.) (c.c.} {volts) |(m. voltg/c.c.)
0-9750 140
17 19-75 0-9690 | {maximum)
1-0253 60
3 19-80 0-9660
1-0155 10
1 20:00 0-9640
1-0120 5
3 20-650 0-9615
1-0045 2
1 2100 0-9605
1-0005 3
¥ 24-00 00505
0-9953 3
14 2900 0-9430
0-9910 4
30 30-00 0-9320
0-9850 2
37 33.00 40270
0-9813 !
48 36-00 0-9240
0-9789 3
58 40-00 0-9200
0-9760




TasLe X1
Titration of 0-0070 gme. of mannitol mized with 10 ¢.c. of water and 10 c.c. of 12N HpS0,.
against 0-0500 M chloramine-T (Temp. 85°C.). »

Chloramine.T' BE.MF. E/C Chloramine-T EM.F. B/C
(e.c.) (volts) |(m. voltsfe.c.) {c.c.) {volts) [(m. voltsfc.c.)
1-00 1-0926 356
7 10-05 1:0111 { {maximum)
3:00 1-0792 86
3 10-10 1-0068
§5-00 1-0716 62
2 10-20 1-0008
700 1-0676 10
4 10-50 9977
8-00 1-06305 8
4 11-00 0-9938
900 1-0600 3
15 12-00 (9907
050 1-0525 i1
14 13-00 0-0862
9-30 1-0480 4
57 15-Q0 0-9782
990 1-0423 4
106 17:00 Q-9708
9-95 1-0370 4
162 19-00 0-9638 -
10:00 1-0289 2
20-00 0-9617
Disoussion

It is evident from the foregoing tables that there was a sharp break
in EM.F. in each potentiometric titration at the equivalence-point. From
the amount of chloramine-T required in each titration, corresponding to
the equivalence.point, the amount of the substance was calculated. In
the following tables the values obtained are compared with the amounts
of the substances taken for the titrations:

TasLe XII
Vanilin. p-Hydroxy Benzaldehyde.
p-Hydroxy p-Hydroxy
Vanilin Chloramine-T Vanilin Benzal- Chloramine-T Benzal-
token, used. found. dehyde used. dehyde
taken. found.
(gms) (gms.) (gms.) (gms.) (gms.) (gms.)
0-0532 0-09730 0-0526 0:0427 009848 0-0427
0-0760 0-14070 0-0760 0-0610 (-14050 0-0609
0-1140 021018 0-1135 0:00416 0-21000 00911
01672 0-30960 01672 0-1342 0-30860 0-1338
02052 0-37890 0-2047 0-1647% 0-37904 0-1643
0-2508 0-46500 0-2509 0-2013 048390 0-2011
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TapLe XIIL

£
Benzaldehyde. Salicylaldehyde,
Benzal- . Benzal- Salicylal- . Salioylal-
dehyde Ch]orien;me-T dehyde dehyde Chlo;:;?tme-T dehyde
taken. used. found. taken. : found.
{gms.) {gms.) {gms.) (gms.) {gms.) {gms.)
00372 0-09905 0-0373 04274 0-09835 0-0428
0:0531 0-14130 (0-0532 006106 14110 0-0611
00797 0-21080 0-0795 0-09160 0-21150 0-0916
0'1169 0-31050 0-1169 0-13430 0-31100 (01344
0-1435 0-38140 01436 016480 0-38140 0-1651
0-1754 0-46600 1755 020143 0-47600 0-2019
TaprLe XIV
Acetaldehyde. Furfural.

3:?%1(; Chloramine-T dAé"l?taéle Furfural | Chloramine-T | Furfural
% aan. used. fouﬂ d. taken. used. found.
{gms.) {gms.) (gma.) {gms.) {gms.) {gms.)
0-01550 0-00923 001553 0-0386 0-09885 0-0337
02215 0-14163 0-02214 (0-0480 0-14085 0-0480
0-032323 0-21260 0:03323 0-0720 0-21G00 0-0717
0:04870 0-31060 0-04860 31056 31090 01057
0-05967 0-38146 0-05972 0-1296 0-38620 0-1296
0-07309 0-46720 07304 0-1584 0-4G480 0-1585

64



TapLe XV

-

Urea. Oxalio acid.
) CGhloramine-T Ozxalic acid | Chloramine.T' | Oxalic acid
Ures taken. used Urea found. taken, usad., found.
(gms.) {gms.) {gros.) {gms.) {(gms.) {gms.)

0-0070 0973 0-0069 0441 0-0280 00439

0-0100 0-1407 0-01680 0-0630 01308 0626

0-0150 0-2091 0-0149 0-0945 0:2108 0-0944

0-0220 03005 0-0220 01386 0-3086 01382

0-0270 0-3786 0-0269 0-1701 0-3799 0-1700

(0330 0-4653 .| 0-0330 0-2079 0-4634 0-2075

Tasre XVI
Thiourea. Glycerol,

Thioures. | Chloramine-T | Thicures Glycerol | Chloramine.T | Glycerol
taken. used. found. taken, used. found.
(gms.) {gma.) (gms.) (gros.} {gmws.) {gs.}

0-00380 00983 0-00379 00460 00981 004568
0-00543 0-1407 0-00543 000657 01405 0-00856
0-00813 0-2692 0-00806 0-009856 0-2109 00984
0-01195 0-3102 0-01196 0014456 0-3087 0-01441
0-01465 0-3788 01462 001774 03800 0-01774
0-01791 0-46563 0-01786 0-02169 0-4645 0-02169
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TasLe XVII

Mannitol.
Mannitol taken, | OROTemineT | ponpiio) found. *

{gms.) {gms.) {gms.)
0-00490 0-0986 0-00491
0-00700 0-1410 0-00701
0-01050 02113 0-01051
0-01540 0-3119 0-01542
0-01890 0-3802 001891
0-02301 0-4846 0-02301

- The above results show that vanilin, p.-hydroxy benzaldehyde, benzal-
dehyde, salicylaidehyde, acetaldehyde, furfural, urea, oxalic acid, thiourea,
glycerol and mannitol can be determined quantitatively by the potentio-
metric method, using chloramine.T a8 an oxidizing agent.
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SPERMATELEQSIS IN THE DRAGON-FLY SYMPETRUM
HYPOMELAS (SELYR)

By Visewa NaTH and RayNpar Risui, Depariment of Zoology,
Panjab University, Hoshiarpur

INTRODUCTION

In November, 1952, 8. R. Bawa, Panjab University Research Scholar
working in this Department, gave to one of us (R.R.) a paraffin block of
the testicular material of the local dragon-fly, fixed in Flemming—without
—uacetic. On cutting the block and staining with 0-5% iron-haematoxylin
it was observed that the material abounded in spermatids and sperms,
but, to our great surprise, the mitochondrial material was conspicuous by
its complete absence—mnot to talk of the typical insect nebenkern, which
one comss across in the spermateleosis of the Hemiptera, Lepidoptera,
Coleoptera, Orthoptera and even of such wingless primitive insects as the
silver-fish, Lepisma.

In a very recent publication Nath and Bhatia (1953) have attempted
to solve the very controversial homologies of the Lepisma sperm, and have
demonstrated the complete degeneration of the mitochondrial nebenkern
in this atypical sperm. But in the dragon-fy, Sympetrum hypomelas,
which forms the subject of the present investigation, the mitochondrial
material seems to be completely absent even in the spermatogonia and
spermatocytes. This material is also wnusually favourable for the
demonstration of the direct origin of the acrosome from the acroblast,
which is formed by the fusion of a number of Golgi granules.

Subsequently more material was fixed in F.W.A., and sections stained
with 0-59, iron-haematoxylin; but throughout winter the material con-
sistently lacked in dividing spermatogonia and spermatocytes.

QOur thanks are due to Dr. Rattan Lal of the Indian Agricultural
Research Institute, New Delhi, for having identified the dragon-fly.

QBSERVATIONS
Spermalteleosis

-~

In the earliest spermatid (Pl I, Figs. 1 and 2) the nucleus lies at one
pole of the cell, and its chromatin content is lightly stained. The mito.
chondrial substance is conspicuous by its absence, but a few prominent,
darkly-staining Golgi bodies are invariably met with in the cytoplasm.

In the next stage the chromatin is condensed and the nucleus becomes
darkly staining. When the chromatin starts condensing the nucleus loges
its spherical form and appears irregular (P1. I, Fig. 3}, but later on it again
becomes spherical (Pl. I, Fig. 4). The nucleus which, to begin with, is in
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close contact with the cell wall now comes to lie almost in the middle of
the cell.

Meanwhile the Golgi bodies start fusing. From three or four sepsrate
bodies they form two Golgi masses first, and eventually their fusion is
completed by the formation of a single mass of the Golgi material (PL. I,
Figs. 3 and 4). At this stage the Golgi mass lies away from the nuclevs as
a distinet spherical body (Pi. I, Fig. 4).

This Golgi mass now moves towards one side of the nucleus {(P1. I,
Fig. 6), but, sooner or later, it places itself on the anterior aspect of the
nucleus, where it applies itself firmly to the nuclear membrane (P1. I, Figs.
7 and 8).

The earlier history of the centricle could not be traced, but once the
axial filament has put in its appearance, the centriole can be very clearly
made out as a darkly staining granule at the base of the nucleus {Pl. I
Fig. 8).

A remarkable feature of the axial filament is that it never emerges out
of the eytoplasm of the maturing spermatid; hence it remains short (PL I,
Figs. 13 to 15). Indeed the tail of the ripe sperm is ridiculously short as
~ compared with the length of the nucleus (P1. II, Figs. 37 and 38).

Meanwhile the Golgi mass, lying at the anterior end of the nucleus, is
hodily transformed into the acrosome of the ripe sperm. The first step in
this transformation is the appearance of a very lightly staining triangular
area, the Golgi mass, now reduced in size, lying at the apex of the triangle
(PL I, Figs. 9 to 12). The acrosomal triangle never grows to a considerable
size, but it invariably shows a tiny granule, perched at its free tip: this is
the Golgi mass, which has undergone progressive reduction in its size (P1. I,
Figa. 16 to 22 and Pl. II, Figs. 37 and 38).

When the formation of the acrosome iz almost complete the cell starts
elongating along the axial filament {P1. T, Figs. 13 to 15). During this stage
the axial filament can be clearly made out with the cytoplasmic sheath
round it, but in subsequent stages, when the tail gets more attenuated,
the axial filament as such coropletely disappears from view.

We left the spermatid nucleus at a stage when it becomes spherical
and stains deeply and uniformly with haematoxylin (Pl I, Fig. 4). After
the acrosome has been differentiated from the Golgi mass at the anterior
end of the nucleus, the latter begins to elongate, passing through pyriform,
ovoid, dumbell-shaped, and even club-shaped forms (P. I, Figs. 17 to 24).

During the process of its elongation the nucleus is darkly stained. In
the over.differentisted elongating sperms, however, the nucleus appears
highly vacuolated (P I, Fig. 25 and P1. II, Fig. 26). The vacuolar appear-
ance of the nucleus depends largely on the extent to which the stain has
been extracted. These vacuoles are very small and closely packed
together. They give an appearance of a net-work (Pl II, Fig. 26). In
some cells chromatin is condensed at the two poles of the nucleus with a
central vacuolated region (Pl. II, Figs. 26 and 28). Sometimes, however,
the chromatin is aggregated at one pole only (PL II, Fig. 27).

At o still later stage a prominent rod is seen traversing the nucleus.
It joins the two chromatin masses (Pl. IT, Fig. 28). At first the rod is rather
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kinky, and it seems that it has been formed by the condensation of the
chromatin reticulum in the central region (Pl. IT, Fig. 28). Gradually it
smoothens up into a more or less wavy outline (P1. 11, Fig. 29), but eventu-
ally it straightens up to form a straight axial core of the sperm nucleus
{FL. II, Fig. 30).

A certain amount of faintly stmmng material can be observed in the
maturing gperm.tail near the base of the nucleus (P1. I, Figs. 19, 20 and 22}.
It soon condenges to form more darkly stained granules, which travel from
the base of the nucleus to the posterior tip of the tail (P). I, Figs. 21 and 24
and PL II, Figs. 27 and 34). They undoubtedly represent some residual
material, which is ultimately sloughed off. In view of the fact that there
are no mitochondria and ol the Golgi granules fuse to form the acrosome,
it is conjectured that the residual substance thrown out along the tail is
nuclear in origin, This view is strengthened by the important ohservation
that these remnants first of all appear near the base of the nucleus and then
travel downwards.

. The club-shaped form of the nueleus gradually leads to the rod form
(PL II, Figs. 31 and 32). Even at this stage, if the sperm nucleus is over
differentiated, it shows a vacuolated condition (Pl. II, Fig. 33).

Meanwhile the acrosome elongates to its maximum length but even
now a granule can be observed at its tip, which is in the form of a minute
speck. In the final stage the nucleus attains a considerable length by
further elongation and becomes a narrow rod (PL. IT, Figs. 34 to 37).

In the ripe sperm the acrosome is very prominent with a distinet
minute granule at its tip. The nucleus is long and narrow and is now less
darkly staining than before. The tail is very small as compared to the
length of the head (P1. II, Fig. 38).

Early Stages

As mentioned previously, the material was fixed in winter months
{(November to March) at different times. In all the preparations the earlier
stages, i.e. the spermatogonia and the spermatocytes, were very rare.
The mitotic and meiotic stages were completely absent.

Spermatogonia

The earliest spermatogonia of the dragon-fly are large, more or less,
rounded, or oval eells with comparatively large nuclei. The nucleus, which '
reveals inside it one or two darkly staining chromatin granules, is surround-
ed by a thin layer of cytoplasm. The cytoplasm on one side of the nucleus
appears to be denger and very often it is possible to make out a few darkly
staining granules in this area. These are the Golgi bodies and they lie
aggregated in a juxta-nuclear mass (PL. II, Figs. 39 and 40).

Spermatocytes

The resting primary spermatocytes are definitely larger cells than the
spermatogonia, their nuclei also being larger (P1. 11, Fig. 41). In the cyto-
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plasm there is a juxta-nuclear mass of closely packed dark granules, which
are the Golgi bodies.

Each resting secondary spermatocyte is similar to the primary, but it is
definitely smaller than the latter (Pl. IV, Fig. 42). The nucleus contains
ingide it a deeply staining nucleolus-like body. The Golgi granules are
still lying in a juzta-nuelear mass, but now they are not so clesely packed,
so that many Golgi granules of various sizes can be made out.

It is notable that the mitochondria are conspicuous by their absence
even In the early stages.

Diacussion

Undoubtedly the most remarkable feature of the process of sperm
formation in Sympetrum hypomelas is the complete absence of mitochondrial
material right from the earliest spermatogonia to the ripe sperm. On the
contrary a prominent Golgi body is formed in the maturing spermatid by
the fusion of a few discrete Golgi clements. This Golgi body is directly
transformed into a triangular acrosome, which invariably shows a tiny
granule perched at the apex of the triangle.

In a recent publication Nath and Bhatia (1953) have reported the
complete paling off of the mitochondrial nebenkern of the sperm of Lepisma
domestica. The mitochondrial nebenkern in this insect is formed in a
typical manner, and as is usual in insect spermatogenesis, it. consists in the
early spermatids of & central chromophilic mass and an outer chromophobic
cortex. But, surprisingly enough, the mitochondrial nebenkern does not
develop further. On the contrary, it begins to pale off, and is transformed
into a pale, fusiform, hyaline structure, which places itself on the surface of
the nucleus with the centrosome at its anterior end and the acrosome at its
posterior end!! Gradually the mitochondrial nebenkern completely dis-
appears from view and does not confribute at all to the formation of the
cytoplasmic sheath of the axial filament of the ripe sperm.

But in the sperm of Sympelrum hypomelas the climax is reached
inasmich as the mitochondrial material is never differentiated at all—not
to talk of the formation of & mitochondrial nebenkern.

The complete absence of the mitochondrial material in the sperm of
Sympetrum hypomelas leads us to the conclusion that this material is not
essential in the final make-up of the sperm.

In the sperm of the spider Plexipus paykulli, as deseribed by Sharma
{1950), the mitochondrial material is completely sloughed off. Indeed in
this spider Sharma has reported that the nucleus and the axial filament
completely wriggle out of the cytoplasm of the cell, which contains the
entire mitochondrial content.

A complete absence of mitochondrial material has also been described
from the egg of Culex fatigans by Nath (1929).

These facts fit into the theory of Hirsch (1939), according to whom
there is a primordial lipoidal material in all undifferentiated cells, and
gradually with the differentiation of the cell the mitochondria and the
Golgi elements, which arc allied substances, are differentiated from the
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primordial substance. It is, therefore, not surprising if in some cases the
primordial lipoidal substance is differentiated into the Golgi elements only.

Another remarkable feature of the sperm of Sympetrum hypomelas is
the ridiculously small size of the tail of the sperm. This small size is directly
related to the fact that the axial filament never emerges out of the cyto-
plasm of the maturing spermatid,

Lastly there can be no doubt that the acrosome in the sperm of
Sympetrum hypomelas is formed directly from the Golgi material as des-
cribed by Nath in several cases of spermatogenesis.

It will be recalled that in the sperm of Sympetrum hypomelas we have
reported an intra-nuclear rod and two darkly staining areas, one at the
anterior and the other at the posterior end of the nucleus. We propose to
defer a detailed consideration of these structures to a later stage, when
we have completed our observations on the living material under the Phase
Contrast Microscope. )

STUMMARY

1. The spermateleosis of Sympetrum hypomelas has been worked out.

2. In the early spermatids the Golgi bodies are in the form of discrete
granules, and in later stages they fuse together to form a prominent,
spherical Golgi body. This Golgi body directly forms the acrosome. A
prominent granule is invariably geen at the apex of the triangular acrosome.

3. The axial filament of the maturing spermatid never emerges out of
the cytoplasm of the cell, with the result that the sperm tail is ridiculously
small as compared with the sperm nucleus.

4. In the elongating nucleus of the sperm a vacuolized condition of
the ground substance can be observed in suitably differentiated cells.

5. A prominent intra-nuclear rod can be observed in the over-
differentiated ripening sperms.

6. Mitochondria are conspicuous by their absence throughout
spermatogenesis.

7. In the spermatogonia and spermatocytes the Golgi elements are
in the form of granules and are arranged in 4 mass on one side of the nucleus,

EXPLANATION 0F PLATES

All the figures have been drawn with camera lucida at the table level with Spencer
10 x eyepiece using an oil immersion objective. They are subsequently enlarged two
times, thus giving an approximate total magnification of 3,400 timca. Figures 3 to 12
and 39 to 42 have been selected from the sectioned material fixed in Flemming-without.
acetic acid followed by 0-59, iron haematoxylin. All the others have been drawn
from smears fixed in Flemming-without-acetic acid, diluted with an equal quantity of
distilled water and stained with 0-59} iron-hsematoxylin.

LETTERING

A—Acrosome; AF—Axial filament; C—Centrosome; Chr—Chromatin; Cs—
Cytoplasmic sheath; G—Golgi body; J—Intra-nuclear rod; N—Nucleus; Nu—
Nucleolns ; B—Remnant; T'—Tail.
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THE LOUSE SPERM

By G. P. SwarMa and A. P. MavLk, Depariment of Zoology, Panjab
University College, Hoshiarpur

INTRODUCTION

Sharma (1944) referred to the work on the louse sperm, carried out by
Daljit Singh Sarkaria in the Zoological laboratories of the Government
College, Lahore (now in Pakistan). Sarkaria worked out fully the sper-
matogenesis of the cattle-louse, Haematopinus tuberculatus, obtained from
buffaloes of Lahore and published the results of his investigations in the
form of a short abstract in the Proceedings of the 31st Indian Science
Congress held at Delhi in 1944, In this communication he confirmed the
earlier work of Doncaster and Cannon (1920) on the spermatogenesis of the
louse (Pediculus corporis and Pediculus capitis). He could not, however,
publish a detailed account of his investigations as the manuscript and the
slides prepared by him were all left in Lahore and could not be brought
to this side of the border on account of the partition of the ecountry.
Consequently one of us (A. P. M.), at the suggestion of Prof. Dr. Vishwa
Nath, prepared some slides of the testicular material obtained from the two
species of louse, viz., Pediculus capitis and Pediculus corporis and these
were studied independently as well ag jointly by both of us. The present
paper is an account of these studies.

PrEVIOUS WORE

Although the spermatogenesis in insects has been the subject of
investigation for a number of years, yet we find very few papers dealing
with the sperm of lonse. The reason for this seems to be the very small
size of the germ cells in all the lice examined so far by the various workers.

The earliest work on the sperm of louse is that of Foot (1919), who
worked out the spermatogenesis of Pediculus vestimenti. According to
her the number of chromosomes in the somatic as well as the spermato-
gonial cells is ten. She also noticed an unequal bivalent in the primary
spermatocytes. Although the division of the secondary spermatocytes
was not observed by her, yet she assumed that this division was similar to
that in corresponding mitoses in the other species of Hemipters. Strange
as it would appear, Foot has not mentioned or figured so conspicuous a
structure as the mitochondrial nebenkern in her paper.

Doncaster and Cannon (1920) also worked out the spermatogenesis of
two species of Pediculus, viz., corporis and capitis and noted some very
interesting facts about the sperm formation in these lice. According to
them the somatic number of chromosomes is twelve but the spermatogonial
division stages show only six. This haploid number of chromosomes at
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the spermatogonial stage has been agcribed by them to premature pairing.
They further state that in Pediculus only one maturation division is met
with and that too is very unequal so far as the cytoplasmic components
are concerned. A small nucleus with a little amount of cytoplasm is
nipped off from the relatively very large cell which retains the most of the
cytoplasm, the whole of the mitochondrial nebenkern and the acroblast,
Doncaster and Cannon were, however, not sure of the origin and nature of
the acroblast but they rightly suspected that it belonged to the category
of the Golgi apparatus. They have also demonstrated very clearly that
the acroblast is directly transformed into the acrosome. The spermatid,
according to them, has two centrosomes and from each an axial filament
iz given out. The mitochondrial nebenkern (their mitosome) has been
shown by them to have a plate-work structure.

Doncaster and Cannon {1920) make no reference to Foot (1919) as they
had not seen her paper. Later on, however, when Cannon studied this
paper and found her account differing so much from the one given by
Doncaster and himself he decided to make a thorough examination of the
testicular material of three more species of louse, viz., Lignognathus pili-
ferus, Haematopinus asini and Haematopinus consobrinus. As a result of
these fresh investigations Cannon (1922) published another paper in which
he not only criticized Foot (1919) but also confirmed the earlier account of
spermatogenesis given by Doncaster and himself for the two species of
louse, viz., Pediculus corporis and Pediculus capitis.

MaTERIAL AND METHOD

Both the species of the genus Pediculus, viz., capitis (the head louse)
and corporis (the body louse) are found in abundance on a person with
unelean habits, The head lice are found moestly on' the sealp, clinging to
the roots of the hair. The body lice, on the other hand, may be found on
the skin of those parts of the body which are covered over with clothes,
but a great majority of them are seen hiding in the seams of the jnner
clothing.

In the young stages, when the external sexual characters are not
developed, the male lice cannot be distinguished externally from the
females. However, the testes in these very young and small lice are very
well developed while the ovaries in the females of the corresponding stages
are not 80,

Tor fixing the testes a live louse i first placed in a drop of saline water
on a slide under a mounted lens, The thorax is held in position by means
of a needle with one hand and the tip of the abdomen is cut with the other,
nsing & sharp scalpel or another needle. The contents of the abdomen are
then squeezed out by slight pressure and the testes, which are in the form
of white pear-shaped bodies, can be easily spotted. There are two, pairs
of these pear-shaped bodies, a pair situated on each side. In each pair the
two pear-shaped structures are placed with their broader ends facing each
other, From the broad inner end of each lobe of the testis is given off a
vag deferens. The two vasa deferentia soon unite to form a common vas
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deferens on each side. It is always better to take out the testes along with
the vasa deferentia as, by doing 80, it becomes eagier to handle them during
the later processes of fixation, washing, dehydration and embedding, eto.

Out of the several fixativey tried, Champy’s and Flemming 's—without
acetic acid—gave the best results so far as the eytoplasmic inclusions are
concerned. Flemming’s—without acetic scid—was used with various
modifications, but with 759 of water it gave excellent revelations of the
Golgi apparatus and the mitochondria.

The material fixed in Flemming’s and in Bouin’s fluid particularly,
gave us the best preparations for the study of the chromatin contents
especially during the division stages. The presence of the two centrosomes
and the two axial filaments in the spermatid was also confirmed by sections
obtained from the material fixed in Bouin’s fluid. '

The sections were mordanted in 4% iron alum, stained in 0-59%
haematoxylin, differentiated in 2% iron alum, dehydrated as usual and were
mounted finally in Canada balsam.

OBSERVATIONS
Spermatogonia

In both the species of the genus Pediculus, viz., capitis and corporis
the spermatogonia fill up practically the whole of the space in the testes
of a younger louse. As the louss, however, matures the spermatogonia
occupy lesser and lesser apace and ultimately become confined only to the
distal narrow ends of the testes and a little way down along the sides of
the testes.

The spermatogonia are small and round cells, when lying free, but
they may appesar as many as five- or six-sided, when seen in a compact
follicle.

Each spermatogonium has & comparatively large nucleus, occupying
generally a central position. The nucleus invariably contains a big darkly
staining nucleolus which is surrounded by a clear area. The nuclear
membrane at this stage is not very comspicuous (Plate I, Fig. 1). The
cytoplasm in the spermatogonia stains uniformly and does not show any
prominent structure like the Golgi apparatus or the mitochondria. The
spermatogonial wall is very delicate ag is typical of the animal cells.

In the testes of Pediculus the division stages of the spermatogonia
were rarely seen. The gpermatogonia, however, divide a number of times
#g is evident from the increasing size of the testes which are very much
larger in the fully grown animal but are still filled up with spermatogonial
cells only. When a spermatogonium prepares to divide the first structure
to appear in its cytoplasm is the centrosome in the form of a small granule
which soon divides into two (Plate I, Fig. 2). The nuclear membrane
round the clear area of the nucleus also becomes prominent at this stage.
Small chromatin granules or prochromosomes now make their appearance
and they arrange themselves on the inside of the nuclear membrane (Plate
I, Figs. 3, 4 and 5). Theso prochromosomes gradually grow larger and
finally obliterate the entire clear space inside the nucleus. The nuclear
membrane at this stage is very prominent (Plate I, Fig. 6). Most of these
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prochromosomal granules are double from the very beginning and the
maXximum number of chromosomes during the present studies has been
found to be six. With the growth of the prochromosomes the nucleclus
becomes less prominent and finally disintegrates completely, probably
contributing to the formation of the chromosomes. During the metaphase
stage of the spermatogonial divisions the chromosomes arrange themselves
in the form of a ring on the equator of the spindle and their double strue-
ture can be clearly seen in the polar as well as the sideviews of the
spermatogonial spindles (Plate I, Figs. 7 and 8). Each spermatogoniaj
spindle is a fusiform area completely devoid of any fibrillar structure. At
each pole of the spindle is a conspicuous darkly staining centrosome which
is also devoid of astral rays.

Spermatocytes

In Pediculus corporis the mitochondria put in their appearance for the
first time just when the growth phase begins in the spermatocytes (Plate I,
Figs. 9 to 11). In Pediculus capilis, however, they appear at a little later
stage of growth in the spermatocytes (Plate I, Fig. 12). In the former
case, the mitochondria, to begin with, occupy the whole of the cytoplasmie
space available around the nucleus (Plate I, Fig, 9} while in the latter they
are seen lying scattered loosely on one side of the nucleus (Plate I, Fig. 12).
The mitochondria, at the time of their first appearance, are in the form of
granules but due to their very small size and their readiness to take up the
gtain intensely it often becomes difficult to demonstrate their exact
structure,

Like the spermatogonia each spermatocyte also possesses a nucleus
with a very prominent nucleolus which is surrounded by a clear space and
a very faint nuclear membrane. The spermatocyte may grow as mueh as
about four times the size of & spermatogomium. With its growth the
mitochondria tend to collect together in one half, while the nucleus occupies
the other half of the spermatocyte (Plate I, Figs. 12 and 13). At this stage
the mitochondrial granules may be arranged in a number of ways. They
may be lying either in the form of one compact mags, or in a semi-circle
or in the form of a complete ring (Plate I, Fig. 13).

The small mitochondrial granules gradually fuse with each other to
form bigger and fewer granules. These may now be termed as the mito.
chondrial vesicles because each one of them seems to be made up of
a chromophilic cortex and a chromophobic core (Plate I, Fig. 14). Later
on, however, these mitochondrial vesicles lose their identity as such and
this results from their further fusion with each other. The mitochondrial
mags, which may now be called the mitochondrial nebenkern, appears at
this stage in the form of an anastomosing network (Plate I, Fig. 15). This
reticulate formation seems to be made up of the chromophilic portion of
the mitochondrial vesicles while the spaces in it are filled up with
the chromophobic material. This mitochondrial mesh-work has larger
chromophobic spaces near its periphery than in the centre (Plate I, Fig.
15). - As the condensation of the mitochondrial nebenkern proceeds further
the chromophilic mass is gradually withdrawn from the peripheral porfion
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of the reticulum til! we get a few large chromophobic cavities which are
still provided with thick chromophilic walls surrounding the central chro-
mophilic mass in a more or less irregular fashion (Plate I, Fig. 16), Most
of the chromophilic material from the walls of the peripheral chromophobic
cavities is further retracted contrally with the result that they become
perfectly chromophobic except for the thin chromophilic rims only (Plate 1,
Figs. 17 and 18, and Plate II, Fig. 19). In properly differentiated sec-
tions the central chromophilic ares always shows a number of lines
traversing it. These mark the boundaries of the alveoli which are still
present in this area. If, however, the stain is not properly extracted the
central chromophilic mass appears structureless. Later on the number of
alveoli in the central chromophilic mass is gradually reduced till only a few
lines can be seen traversing this area (Plate I, Fig. 18, and Plate II, Fig.
19). We have now reached a stage in which the mitochondrial nebenkern
possesses a few prominent peripheral chromophobic cavities surrounding
a central chromophilic mass. '

During all the above-mentioned changes in the mitochondrial material
i.e., from the small mitochondrial granules to a star-shaped mitochondrial
nebenkern (Plate I, Figs. 9 to 18, and Plate I, Fig. 19) the spermatocytes
do not exhibit any other structure beside if, except the nuclens with a
prominent nucleolug which is surrounded by a clear area.

In Pediculus capitis, further differentiation of the mitochondrial
nebenkern in the spermatocyte leads to the formation of a very beautifal
pattern. In an optical section this looks something like a set of four rings
of different sizes, made up of the chromophilic material (Plate IT, Figs. 20
to 23). This mitochondrial nebenkern appears differently -in different
sections, the shape depending on the angle a section is cut. The chro-
mophobic material still surrounds the chromophilic rings of the mito-
chendrial nebenkern and also fills up the spaces enclosed by the various
rings. In reality these rings are thick-walled shells which are made up of
the chromophilic material. One of them is larger than the others which
are invariably enveloped by it (Plate II, Fig. 23). In all these stages the
mitochondrial nebenkern occupies & central position in the cell, while the
nucleus ig pushed towards one side (Plate IT, Figs. 20 to 23).

Before the division of the spermatocyte a number of characteristic
changes take place in the cell. Firstly the chromophilic portion of the
mitochondrial nebenkern fades away gradually, with the result that only
a shaded outline marks its existence during mejosis. The chromophobic
substance, however, still envelops the very lightly but uniformly stained
chromaophilic portion of the mitochondrial nebenkern, saparating it from
the rest of the cytoplasm (Plate II, Figs. 24 to 28).

Becondly there appears for the first time a darkly staining and
perfectly spherical structure, shout the size of the nucleolus, in the
cytoplasm of the spermatocyte. This is the Golgi body which could not
be observed in any of the earlier stages of spermatogenesis (Plate IT,
Figs. 24 to 28). ,

In all these pre-division stages of the spermatocytes the nucleolus ia
the only structure which can be made out in the nucleus. But a few small
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granules, known as the prochromosomes, now put in their appearance just
underneath the nuclear membrane (Plate II, Fig. 24). The nucleolus also
soon disappears probably contributing to the growing chromosomes (Plate
IL, Fig. 25). These chromosomes are clearly double even when they are
in the making. Figures 26 and 27, in Plate II, depict the anaphase stages
of the spermatocyte division in which the chromosomes have moved quite
apart on the spindle but the mitochondrial nebenkern and the Golgi body
show no signs of division.

The meiotic spindle, like the one seen during spermatogonial mitosis,
is & fusiform area completely devoid of any fibrillar structure. At each
pole of the spindle, there is a conspicuous darkly staining centrosome which
again is devoid of astral rays. Corresponding to the position of the nucleus
in the early stages of the spermatocytes the spindle also liez eccentrically
in the cell throughout the meiotic division.

" In figure 28, Plate II, is shown a late telophase stage of the meiosis
in which the two sets of chromosomes have already given rise to two
daughter nuclei. One of these nuclei is seen lying in a finger-like omt-
growth of the dividing cell, while the main body of the cell has retained not
only the other nucleus but also the whole of the mitochondrial nebenkern
and the Golgi body. This spermatocyte division is thus extremely unequal
go far as the eytoplasm and its inclusions are concerned. The smaller cell
containing one of the daughter nuclei and a little amount of cytoplasm gets
cut off from the main body of the cell just like a polar body from a maturing
ovum. This small cell does not undergo any further development ag it is
very often seen as such lying along mt.h the ma.turmg spermatxds (Plate
T1¥, Fig. 33).

There has not been observed any other division of the sperma,tnoyte

Spermateleosw

Even in the earliest spermatids of hoth the species, viz., Pediculus
capitis and Pediculus corporis we find two centrosomes lying in close proxi-
mity to the nucleus (Plate II, Figs. 20 and 30). This fact clearly proves
that the originally single centrosome soon divides into two in preparstion
for the second meiotic division which, however, does not take place due to
some unknown reasons. The nucleus has resumed its shape which is so
typical of the resting stages, i.e., there is only a small nucleclus with a clear
space around it.

After the meiosis, the next change that the mltochondrml nebenkern
undergoes in the spermatid, is characterized by the appearance of a new
chromophilic mass in place of the previous chromophilic material of the
mitochondrial nebenkern. This new substance is in the form of big vesicles
but differs from the old chromophilic material in being not so deeply stain-
able (Plate II, Figs. 29 and 30). This new chromophilic substdnce
corresponds to the ‘Central substance’ of Bowen (1922) or ‘sheath
substancs’ of Nath (1925) as it ultimately forms the sheath of the tail of
the ripe sperm, The number of vesicles observed in the newly appeared
‘sheath substance’ is quite large in the beginning (Plate IT, Fig. 29), but
later on these vesicles seem to coalesce with each other gradually till only
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one big spherical structure is formed (Plate II, Fig. 31, and Plate I1I, Fig.
32). In sections of the late spermatids the ‘sheath substance’ appears in
the form of a ring of chromophilic material enclosing & chromophobic
substance inside. The latter substance also completely envelops the
chromophilic sphere, separating it from the rest of the cytoplasm,

An axial filament now grows out from each of the two centrosomes
lying beneath the nucleus. Considering the nuclear end of the spermatid
as the anterior, the two axial filaments grow backwards towards the
posterior end of the cell (Plate II, Fig. 31). In soms such cells one of the
two axial filaments appears to divide the mitochondrial nebenkern into
two symmetrical halves (Plate ILI, Figs. 33 and 37). The other axial
filament seems to be a bit thicker than it but as it lies in close proximity to
the mitochondrial nebenkern it is not always possible to discern it.

The growing axial filaments sometimes protrude a little out of the cell
at the posterior end, carrying at their free outer ends small knob-like distal
centrosomes. These resemble very much the antenn® of a butterfly (Plate
I, Fig. 32). Put that is not the end, because the axial filaments still
grow further, carrying a little amount of cvtoplasm along with them, till
thoy attain a length which is roughly double that of the cell they are lying
in (Plate IT, Fig. 31). The two axial filaments very often get twisted over
each other outside the main body of the cell.

The single spherical Golgi body may be lying anywhere in the
cytoplasm in the early stages of spermateleosis (Plate III, Fig. 33), but
mostly it is found in the anterior region of the cell. As the spermatid
begins to elongate the Golgi body comes to lie very near the posterior end
of the nucleus, quite often overlapping one of the centrosomes (Plate IT,
Fig. 31, and Plate IT1, Figs. 32 and 35 to 37).

In the elongating spefmatids the nucleolus disappears and the nucleus
bocomes solid, the whole of it getting packed up with the deeply staining
chromatin confents (Plate IIT, Figs. 32 and 33). .

As repards the elongation of the spermatids a slight difference has
been noted between the two species. In Pediculus corporis the head region
of the spermatid, consisting of the nucleus, Golgi body, centrosomes and a
little cytoplasm takes a lead in the process of elongation. This region is
pushed out like & small bulb-like off-shoot from the main body of the cell
and remains connected with it by means of a broad neck (Plate ITI, Fig.
35). In Pediculus capitis, on the other hand, the process of elongation is
accomplished rather uniformly. As is shown in Figures 36 and 37, Plate
IIT, the cell is narrowed down as a whole with the cytoplasm preceding the
nucleus and the other structures anteriorly. '

Next and the most important step in spermatelecsis is the movement
of the Golgi body from the posterior to the anterior end of the nucleus.
This process is clearly illustrated in Figures 39 to 42, Plate ITI. As has
slready been said the Golgi body is generally found near the nucleus in the
elongating spermatids. Later on it gets applied to the posterior end of the
nuclens {Plate ITT, Fig. 32) over which it spreads like a cap on one side of
it (Plate III, Figs. 39 to 41). Finally the whole of the substance of the
Golgi body, after having crept over the muclear membrane is scoumulated
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in front of the nucleus (Plate ITI, Figs. 42 to 44). This spherical Golgi
body, now lying at the anterior end of the nucleus, is practically of the
same size as at the time when it started its journey over the nuclear
membrane. It is, therefore, quite clear that no part of the Golgi body is
left behind or cast off. For some time now the lengthening of this Golgi
body to form the acrosome is postponed till the nucleus has elongated
considerably.

It has been mentioned before that the nucleus in the early stages of
spermateloosis takes up a uniform and intense stain. But when the Golgi
body starts moving up along one side of the nucleus its staining capacity
is once again lost. At this stage the nucleus is generally quite clear (Plato
II1, Figs. 39 to 42) but sometimes it reveals inside it a deeply stain-
ing nucleolus-like body which is so characteristic of the early stages of
gpermatogenesis (Plate 11, Fig. 38).

The nucleus which has so far been almost perfectly spherical now
begins to elongate, carrying at its tip the button-like Golgi body. As a
result of this elongation the nucleus may attain a length which is approxi-
mately three or four times it original diameter (Plate I1I, Figs. 43 and 44).

With the narrowing of the spermatid, the centrosomes come to lie so
close to each other as to look like one whole mass and the same is the case
with the axial filamnents. When the spermaftids have spun out con-
siderably the separate entity of the axial filaments cannot be made out
(Plate II1, Figs. 43 and 44).

The middle portion of the spermatid thins out comparatively sooner
than the anterior and the posterior regions with the result that the bulk
of the ‘sheath substance’ gets accumulated in the posterier region which
appears as a spindle-shaped swelling (Plate III, Fig, 43).

After this the cell attenuates enormously. The head consisting of the
nucleus behind and the Colgi- body in front tapers anteriorly from its
comparatively broad base. Like the nucleus the Golgi body also spins
out anteriorly to form a long flagellum-like acrosome (Plate III, Fig. 45).
With further elongation of the celi, the spindle-shaped swelling in the tail
region disappears as it seems to spread out umiformly along the whole
length of the sperm tail. Consequently the discrimination between the
two substances, i.e., the cytoplasm and the “sheath substance’ of which the
spindle-shaped swelling is made, is done away with in the mature sperm.

Disousston

(a) Golgi apparatus and Acrosome

Doncaster and Cannon (1920) state that in Pediculus the acroblast,
which is really the Golgi apparatus, may ‘sometimes be double at the time
of its first appearance, but is always a single spherical body later’, -Simi-
larly in the horse-louse, Haematopinus asini, Cannon (1922} records that
the gcroblast ‘is usually, but not always, double and remains so until the
spermatid has formed and is elongated’. On the other hand, in the two
species of Pediculus, viz., capitis and corporis, investigated by us, the Golgi
apparatus, from the very beginning, is in the form of a single, spherical
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and darkly staining body. It appears for the first time in the cytoplasm
of the spermatocyte. It could not be observed in the spermatogonia and
in the spermatocyte too it appeared quite late, just at the time when the
nucleus had started preparing for the division. It takes up the haema.
toxylin stain rather sharply and homogeneously. In good preparationy
its outline is always evenly circular and it is generally surrounded by »
small lightly staining cytoplasmic area. In size it is equal to that of the
nucleolus of the resting stages. Doncaster and Cannon (1920) and Cannon
{1922) were doubtful about the origin and nature of .the acroblast bug
judged from the roll that it plays in the formation of the acrosome thers
geemns to be no doubt at all about ite original nature that it belongs to the
category of the Golgi apparatus. Actually in Mann-Kopsch preparationy
of the dog-louse, Lignognathus piliferus there are, according to Cannon
himself (1922), indications of the acroblast arising from two or thres
scattered granules which may be the true Golgi bodies,

From its first appearance to the time till it forms an acrosome therg
takes place no change of any kind in the single spherical Golgi body, In
other words it remains as such during the only maturation division ang
goes as & whole to one daughter cell only. In the earliest spermatid, thuy
forred, the Golgi body may be lying anywhere in the cytoplasm. In the
late spermatids, however, it shows a distinet tendency to be near the
nuclear or the anterior end. As the spinning out process to form the ripy
sperm is taking place the Golgi body comes to lie very close to the nucleus
and gets applied to its membrane at the posterior end. It then begins to
creep over the surfaco of the nucleus and in doing so it forms a sort of cap
over its one side. Gradually the whole of the substance ot the Golgt body,
after having crept over the nuclear membrane, is accumulated in front of
the nuclens, The size of this Golgi body, now lying at the anterior end of
the nucleus, is practically the same 2s at the time when it started its jour.
ney over the nuclear membrane. It is, therefore, quite clear that ng
fragment of the Colgi body is left behind or cast off. Some similar
observations have been made by Doncaster and Cannon (1920) on
Pediculus. But in the horse-louse, Haematopinus gsini Cannon (1922}
records ‘that during spermateleosis the double acroblast loses one of ity
halves, which passes away from the nucleus and disappears’. Thig
apparently useless half of the acroblast can be easily homologized with the
Golgi remnant recorded in so many animals.

Further development of the Golgi body takes place only after the
nucleus has elongated considerably. Then by a spinning out process thg
Golgi body is transformed directly into a long flagellum-like acrosoma
which is narrower in front and a litfle broad behind. This whole structurg
gets so much blended in general appearance with the likewise elongated
nucleus that in the mature sperm it becomes increasingly difficult to dis.
criminate one from the other. :

These observations regarding the direct origin of the acrosome from
a single spherical Golgi body completely confirm the earlier accounts of
Doncaster and Cannon (1920) and Cannon (1922). Recently in this
laboratory Nath and Bhatia (1953) have also clearly shown that in Lepisma
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the acrosome is formed by the direct fusion of the Golgi vesicles and is not a
gecretory preduct thereof, ns described by Bowen (1924). For the direct
origin of the acrosome from the Golgi bodies reference may also be made to
Sharma (1944 and 1950) and Nath (1932 and 1942},

(b} Mitochondria _

According to Cannon {1922) the cvtoplasm in the earliest spermato-
gonia of the dog-louse, Lignognathus piliferus iz completely filled up with
vacuolated mitochondria. In Pediculus, however, Doncaster and Cannon
(1920) were of the opinion that some of the earliest spermatogonia showerd
granular mitochondria. In contrast to these observations the mitochon-
drie could not be demonstrated at all in the spermatogonia of both the
species of Pediculus, viz.. capitis and corporis investigated by us. They
appear ‘for the first time in the spermatocytes at a time when the growth
phase has started. As there is 4 very large number of these mitochondria,
to begin with, they just look like a black cloud in an overstained prepara-
tion. But in a carefully differentiated cell each mitochondrium appears
a6 a small granule, which takes up the haematoxylin stain intensely. These
mitochondrial granules have a distinct tendency to come together and
consequently bigger mitochondrial granuies, which are fewer in number,
are formed. These may now be termed as mitochondrial vesicles because
each one of them seems to have, at this stage, a chromophilic cortex and a
chromophobic core. By the running together of these mitochondrial
vesicles, i8 formed a rather compact mitochondrial nebenkern which
generally gives an impression of scap bubbles or of an sanastomosing net-
work, if there is a lot of stain on it.

The next step in the process of condensamon of the mlbochondrml
nebenkern is that the most of the chromophilic material from the alveoli
Iying at the periphery is progressively withdrawn, with the result that an
irregular envelope of large chromophobic alveoli surrounding a central
darkly staining chromophilic mass is formed. In properly differentiated
sections the central chromophilic arca always reveals a nmumber of lines
traversing it and these represent the boundaries of the alveoli which are
included in this area. If, however, the stain is not properly removed the
central ehromophilic mass appears structureless.

With further retraction of the chromophilic substance towards the
cenire of the mitochondrial nebenkern there are formed a few very large
alveoli at its periphery, each with & large chromophobic area enclosed by
only a thin chromophilic wall. At this stage the ceniral chromophilic
mass of the mitochondrial nebenkern clearly reveals a plate-work structure
as shown carlier by Doncaster and Cannon (1920) and Cannon (1922) and
not a spireme 58 urged by Gatenby (1M7). This plate-work consists of &
number of spherical or ovoid shells with thick walls of & chromophilic
material and containing in them a chromophobic substance, These shells
are of different sizes and the biggest of them seems to envelop all the others,
In optical scctions these shells appear as rings which look different in
different views, depending upon the angle a cell is cut. The maximum
number of these rings, observed in a section, is four,
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As the spermatocyte prepares for the only meiotic division the central
chromophilic part of the mitochondrial nebenkern gradually grows dim
and ultimately fades away altogether. Consequently only a lightly stain-
ing sphere, surrounded by a clear area, marks the existence of the
mitochondrial nebenkern during the division stages. Doncaster and
Cannon (1920) have also clearly shown in their figures this fading away of
the chromophilic part of the mitochondrial nebenkern but they make no
reference to it in their text. In their explanation of plate, however, they
mention in the form of a note that the acroblast (our spherical Golgi body)
and the mitochondrial body (our mitochondrial nebenkern) are not pre-
gorved in their figures 11 to 13 which depict the division stages of
the spermatocyte.

The mitochondrinl nebenkern does not divide at all during the
spermatocytic division but, like the Golgi body, it is simply passed on as
such to one of the two daughter cells only.

In the spermatid the mitochondrial nebenkern is always lying almost
in tho centre of the cell, the two centrosomes lying between it and the
nucleus. A new chromophilic substance now makes its appearance in
place of the old one. This new substance in the central part of the mito-
chondrial nebenkern differs from the old chromophilic material inasmuch
ag it does not take up the haematoxylin stain infensely. In this paper it
. has been homologized by us to the ‘central substance’ of Bowen (1922)
or the ‘sheath substance’ of Nath {1925) as it ultimately forms the sheath
of the tail of the ripe sperm. The number of vesicles observed in this
newly appeared ‘sheath substance’ is quite large, to begin with, but later
on these vesicles seem to coalesce with each other gradually, till only one
big spherical structure is formed. In sections of the late spermatids the
‘sheath substance® appears in the form of a ring of chromophilic material
enclosing a chromophobic rubstance inside. The latter substance also
envelops it completely from all sides, separating it from the rest of the
cytoplasm.

When the axial filaments start growing out, the mitochondriel
nebenkern appears to be divided into two equal halves by the impressing
of one of the axial filaments on the envelope of this body. The symmetri-
cal disposition of the two parts can be clearly made out in the cross-sections
of the spermatids at this stage.

As the spinning out of the spermatid takes place during the process of
sperm formation the mitochondrial nebenkern is also drawn out along
with the cytoplasm. In the penultimate stage the bulk of the sheath-
forming substance of the mitochondrial nebenkern gets accumulated ina
swelling in the posterior region of the attenuated spermatid. Finally,
however, when the sperm has drawn out to its full length, the sheath-
forming substance of the mitochondrial nebenkern is also spread out
uniformly, forming the sheath of the tail of the ripe sperm.

It will thus be seen from the foregoing account that a mitochondrial
nebenkern which is so typical of the insect spermatogenesis is also formed
in the two lico examined by us by the usual process of running together of
the mitochondrial vesicles. The only difference is that in the lice the
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process of condensation of the mitochondrial nebenkern starts as eatly as
in the spermatocyte and not in the spermatid as in the other ingects.

{(¢) Nucleus

In the gpermatogonia of both the species of Pediculus, viz., capifis and
corporis the nucleus is the only structure to be found besides comparatively
little cytoplasm in which it is placed alfnost in the centre. In the resting
stages of both the spermatogonia and the spermatocytes the nucleus always
reveals & prominent darkly staining nuecleclus surrounded by a clear area
and a very faint nuclear membrane. The spermatocyte nucleus is almost
of the same size as that of the spermatogonium, but it now lies towards
one side of the cell and is not situated in the centre as was the case in the
spermatogonia. In both the spermatogonia and the spermatocytes the
nuclear membrane becomes conspicuous only when the nucleus is preparing
for the division, :

Just before cach division, whether mitotic or meiotic, small pro-
chromosomal granules appear in the clear space around the nucleolus.
The latter, however, disappears, probably contributing to the growing
chromosomes which finally fill up the whole of the available space in the
nueleus. In Pediculus there is not formed in the nucleus any structure
like a spireme. In the dividing spermatocyte, corresponding to the posi-
tion of the nucleus in the restmg stages, the meiotic spindle also
lies eccentrically in the cell.

Another interesting fact about Pediculus is that unlike the normal
state of affairs during meiosis, the division of the nucleus fails to induce the
other cell components to divide into two parts. The result is that one
small daughter nucleus along with a little amount of cytoplasm is nipped
off from the main cell which retains not only the single spherical Golgi
body but alse the whole of the mitochondrial nebenkern. The small polar-
body-like ceil does not undergo amy further development. A similar
gingle spermatocyte division has also been observed by Meves (1807) and
Mark and Copeland (1906) in the hive-bee.

After this only meijotic division the nuclees in the early spermatid
resumes it normal sbape, typical of the resting stages, but with “this
difference that it is now considerably smaller. As the spermatid begins
to elongate the chromatin gets distributed evenly throughout the clear
space in the nucleus which now stains intensely and uniformly. In the
late stages of spermatcleosis, however, when the single spherical Golgi
body is moving towards the anterior side along one side of the nucleus, it
‘loses its staining capacity and becomes clear once apain. In some such
cells a deeply staining nucleolus-like body was also seen in the centre of the
nucleus but it disappeared quickly. On the other hand, Doncaster and
Cannon (1920} have described a decply stained oval body which lies within
the nucleus at the posterior end of more elongated heads and this seems to
persist till the formation of the ripe sperm.

During the transformation of the spermatid into the sperm the
spherical nucleus of the earlier stages is lengthened out along a line con-
tinuous with the axis of the tail sheath. As a result of thig, thé nuclens
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thins out anteriorly leaving its posterior region comparatively broad.
This elongated nucleus carries at its tip the spherical Golgi body which is
also now spun out directly into a long flegellum.like acrosome. The
elongated nucleus and the acrosome together at this stage form a needle-
like head for the ripe sperm.

(2) Centrosomes and Azxial filaments

In both the species of Pediculus, viz., capitis and corporis the centro-
some is not visible during the resting stages of the spermatogonia and the
spermatocytes. When a spermatogonium prepares to divide the centro-
gome is the first new structure to put in its appearance in the cytoplasm of
the cell and it soon divides into two. This structure is very conspicuoug
in the preparations made from the material fixed in Bouin’s fluid but it
could not be made out with certainty in the sections of the material fixed
in Flemming’'s—without acetic acid. During the division stages of both the
spermatogonia and the spermatocytes the centrosomes behave as usual,
i.e., they are found at the apices of the spindle as darkly staining granules,
They have neither the astral rays nor any clear area round them.

The spindle, whether it is mitotic or meiotic, is a fusiform area
completely devoid of eny fibrillar structure. The characteristic featuyre
of the meiotic spindle is that throughout the division period it remains
lying quite eccentrically in the cell.

Even in the earliost spermatid there are found two centrosomes. It
ie, therefore, quite evident that the originally single centrosome divides
immediately into two preparatory to the second maturation division of
the spermatocyte which, however, does not take piace in Fedicufus due to
gome unknown reasons.

The two centrosomes in the spermatid are always lying beneath the
nucleus in close proximity to it. Later an axial filament grows out from
each controsome and proceeds to the posterior side. These growing axjal
filaments may sometimes be seen to bear at their free ends the distal centro-
somes. The two axial filaments grow extensively and outside the cell
they get twisted round each other. One of the axial filaments appears to
divide the mitochondrial nebenkern into two symmetrical halves and the
other seems to be & bit thicker than it.

In some of the elongating spermatids one of the centrosomes is lost to
view ag it becomes coverad over by the single spherical Golgi body which
now takes its position at the posterior end of the nucleus to make its for-
ward journey along one side of the nucleus. In the late stages of
spermateleosis - the two centrosomes come to lie so near each other that
their separate entities cannot be made out. Similarly the two axzial
filaments also appear as one at this stage.

Doncaster and Cannon (1920) have also described a double centrosome
and two axial filaments in the elongating spermatids. They are quite
definite that both the axzial filaments pass outside the mitochondrial
nebenkern. According to them the bilateral symmetry of the mitochon-
drial nebenkern is possibly due to the line of junction of the two outer
vacuoles running over its surface. On the other hand, we have clearly
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ghown that it i8 due to the impressing of one of the axial filaments upon
the envelope of this body. Similar observations-have also been made by
Gatenby (1917).

SuMmaRy

I. In this paper the spermatogenesis of two species of louse, viz.,
Pediculus capitis and Pediculus corporis is described.

2. Each spermatogonium containg a large nucleus with a prominent
nucleolus in the centre and comparatively very little cytoplasm.

3. The mitochondria appear for the first time in the growing sperma-
tocytes in the form of a dense cloud of numerous small granules. These
gradually fuse to form a fewer and bigger granules which may now be
termed as the mitochondrial vesicles, each having a chromophilic oorbex
and a chromophobic core.

4. By the running together of these mitochondrial vesicles, is formed
a typical mitochondrial nebenkern the condensation of which starts as
early as in the spermatocyte. The structure of the chromopmhc part
of the mitochondrial nebenkern is that of a plate-work.

5. The (Golgi apparatus also appears in the spermatocyte at a time
when it is preparing for the division. It is in the form of a single, darkly
staining, spherical body.

6. There is only a single spermatocyte division during which the
singlo spherical Golgi body and the whole of the mitochondrial nebenkern
are passed on &s such to only one daughter cell. The other daughter cell
containing a small nucleus and a little amount of cytoplasm degenerates,

7. During the only meiotic division the chromophilic part of the
mitochondrial nebenkern disappears and in its place a new chromophilic
substance appears in the spermatid. This forms the sheath of the tail of
the ripe sperm.

8, During spermateleosis the spbencal nucleus atteuua.tes anterlorly
leaving its posterior end comparatively broad.

9. The single spherical Golgi body of the early spermatid first moves
from the posterior to the anterior end of the nucleus and is later on trans-
formed directly into a long flagellum- 11ke acrosome durmg the late stages
of sperma,teleosm C Co

10. " There are two centmsomes in the spermatid from the very
beginning and from each one of these is given out an axial filament. In
the ripe sperm, however, it is as difficult to make out their separate entities

as it is to distinguish the acrosome from the nucleus.
. . .
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r
ExPLANATION OF LETTERING IN THE PLATES

A—Acrosome; Af—Axial filament; C—Centrosome; Ch—Chromosomes; Oh'—
Prochromosomes; G—~Golgi body; M—Mitochondria; M.n.—Mitochondrial nebenkern;
N—Nuclous; N'—Nucloolus. ’

EXPLANATION OF PLATES

All figures have been drawn with & Spencer Camera lucide at the stage level,
ueing Spencer 10 % eyepiese and an oil immersion objective. They were subsequently
enlarged 18 times, thue giving a total magnification of 16,000 times. Unless otherwise
mentioned in the text all figures have been selected from preparations of Pediculus
capiiis,

Plate 1

Fra. 1. Earliest spermatogonium showing only a nucleolus with a clear space around
it and a little cytoplasm,

Fio. 2. A spermatogonium in which a double centrosome and s prominent nueleolus
aTe seen.

Fres, 3 to 6. Spermatogonia showing a prominent nuclear membrane. The pro-
chromosomes are bacoming larger gradually.

Fig. 7. Polar view of a spsrmatogonial metaphase.

Fia. 8. 8ide view of a apermatogonial metaphase.

F1ea. 9 to 11. Early spermatocytes showing numercus mitochondrial granules in the
cytoplasm.

Fras. 12 and 13. Spermatocytes after the growth period showing mitochondria

accnmulated in one-half of the cell while the other half is occcupied by the
nucleas.

Fra. 14. Spermatocyto in which the small mitochondrial granules have fused to
form a few big mitochondrial vesicles.

Fra. 15. Spermatocyte in which a network-like structure is formed by the fusion of
mitochondrial vesieles.

Fras. 16 to 18. Late spermatocytes showing condensation of the mitochondrial
nebenkern.
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Flaie IT

Fres. 19 to 23. Late spermatocytes showing condensatmn of tho mitochondrial
nebenkern.

Fies, 24 and 25. Spermatocytes proparing for the division, showing faded mito-
chondrial nehenkern, Prochromosomes are eeen developing into the
nucleus. The Golgi apporatus hes alsc appeared in these cells in the
form of a single spherical body.

Fias. 26 and 27. Anaphase stages of the only spermatocyte division. The single
spherical Golgi body and the faded mitochondrial nebenkern are not
dividing.

FIG 28. Late telophase stage of the only spel'matoeyte division. One of the
daughter nuclei lying in a finger-lile outgrowth of the cell.

Figs. 29 and 30. Farly spermatids showing two centrosomes lying underneath.the
nucleus. The newly appeared ‘sheath substance’ can also be seen in the

 mitochondrial nebenlern.

Fi16.31. Elongating spermatid with two long gxial filaments forming & tail-like
structure,

Plate 111

Fre, 32. Spermatid in which the two axial filaments along with their distal centro-
somes are aeen protrading out of the eell like the antennm of a butterfly.

Figs. 33 and 34. Cross-sections of the elongating spermatids through the anterior
and posterior regions respectively.

Figs. 35 to 38, Elongating spermatids.

Figs, 30 to 42. Anterior ends of the elongating spermatids showing the creeping up
of the Golgi body elong ono side of the nuclear membrans.

Fia, 43. A late spermatid showing & cone-shaped nuclens with o button.like Golgi
body situated at its anterior end. The buik of the sheath-forming eub-
stance is accumulated in the spindle-shaped swelling in the tail region.

Fia. 44. A very late spermatid showing the process of attenuetion.

Fio. 45. A nearly ripe sperm showing the needle.like acrosome lying in front of the
elongating nucleus.
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POTENTIOMETRIC STUDIES IN OXIDATION-REDUCTION
REACTIONS

ParT XVIII. OXIDATION WITH ALKALINE PoTASSIOM PERMANGANATE
By Bauwant Smom, Arar Smon and Mms Rar Kumart Namaw

Holluta (Z. Phys, Chem., 1922, 102, 32 and 276) has shown that in the
reaction between permanganate and formate the reduction of permangs-
nate in alkaline solution proceeds in two stages:—

.

MnO] 4-¢ = MaQ; - S 4 1
MnO; " +2 H,0+2 = MnOg+4 0H™ .. .. .. .. (2)

The first of these two reactions proceeds much more rapidly than the
second. This is in conformity with the observations of Sackur and
Taegener (Zeit. Eleckirochem., 1912, 18, 718). The difference of the velo-
cities of the two partial reactions increases with rising hydroxyl ion
concentration.

According to Stamm’s procedure (Z. angew. chem., 1934, 47, 191;
1935, 48, 710) the oxidation with alkaline permanganate solution involves
only the first partial reaction, i.e., the conversion of permanganate to
manganate and the slow conversion of manganate t0 manganese dioxide is
not allowed to oceur. To attain the highest possible oxidation velocities,
the substance to be determined is added to an excess of alkaline per-
manganate Solution, After the oxidation is finished, the excess of
permanganate is titrated back with sodium formate.

2 MO +3 OH™+HOO; = 2 MnO] ™ 4CO] ~ +2 H,0.

To prevent the formate from carrying the reduction of the manganate on
to manganese dioxide, which would occur as soon ag about ninety per cent
of the permanganate originally present had changed to manganate, a
barivm salt s added to the reaction mixture before beginning the addition
of the formate. Barium permanganate is soluble in water, while barium
manganate is insoluble. The manganate ions produced by the reduction
consequently are bound by the barium ions so rapidly that they are effec-
tively removed from any further action of the reducing agent.

P. A. Heredia (Arch. farm. bioquim. Tucuman, 1947, 3, 173) found the
method of Stamm suitable in the volumetric analysis of potassium iodide,
potassium iodate, potassium cyanide, potassium phosphite, methyl aleohol,
formaldehyde and formic acid.

In the present investigation alkaline potassium permanganate has
been used as an oxidizing agent and the Stamm’s procedure employed in
the potentiometric estimations of Acetaldehyde, Formaldehyde, Benzal-
dehyde, Mandelic acid, Cinnamic acid, Tartaric acid, Malic acid, Isoamyl
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alcohol, Bonzyl aleohol, Ethyl alcohol, n-Propyl aleohol, n-Butyl aleohol.
Theso compounds react with alkaline permanganate according to the
following equations:—
1. 2Mn0; 43 OH™ +CHgCHO = 2 MnO] ~+CH;000~ +2 H,0
2, 4MnO, +60H +H.CHO =4 Mn0O; = +CO, " +4H,0
3. 2MnO] +3 OH" 4+CaH,CHO = 2 MnO; ~ +C;H;C00"™ +2 H,0
4. 4 MnO; 47 OH +CeH,CHOH . COOH
=4 Mn0; " +C0; ~ +CoH;CO0 ™ +5 Hy0
5. 10 MnO; +15 OH™ +CsH,CH. CH. COOH
= 10 MnO; ™ +2 CO, ~ +CeH,;C00 ™ 49 H,O

. CHOH . COOH

6. 8MnO; +14 OH™ + |
CHOH . COOH

C00~"

= 8 MnO; ~+10 H,0+2 CO; ™+ |

€00

7. 12 MnO; 420 OH"+COOH . CH, . CHOH . COOH
= 12 MnO; ~ +4 €O, ~+13 H;0

8. 4MnOJ +5 OH" +(CH,);CH;CH . CH,0H
= 4 MnO; ™+ (CHy),CH, . CH .CO0™ +4 H,0

9 4 Mn(); +5 OH— +CGH5 . CHEOH
= 4 M0}~ +4 H,0+C,H 000"

10. 4 MnO; +5 OH™ +CyHz0H = 4 MuO] ~ +CH,CO0™ +4 H,0

11. 4MnO] +5 OH"+4CH, . CH,CH,0H
= 4 MnO; ~+CHy . CH; . 600~ +4 H,0

12. 4MnO +5 OH " +CHg. CH; . CH, . CH,0H
= 4 MnO; ~ +CHj . CH, . CH, . C00™ +4 H,0.

EXPERIMENTAL

A known weight of the substance was added to & known excess of
standard potassium permanganate solution to which 10 c.c. to 30 c.c. of
309, sodium hydroxide solution had already been added. The mixture
was allowed to stand for ten minutes at 46°C. About 10 c.c. to 30 c.c.
of 30%, barium chioride solution was then added to the mixture and the
excess of potassium permanganate solution titrated back potentiometrically
against standard sodium formate solution. In these titrations the mixture
was kept stirred by a mechanical stirrer.

The oxidation-reduction electrode which consisted of a bright
platinum foil immersed in a solution to be titrated, was coupled with a
saturated calomel electrode through an agar-agar potassium chloride
bridge. The cell was placed in & water bath, the temperature of which was
maintained at 45°C. EM.F. of the cell was read on a potentiometer.
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A series of potentiometric titrations were performed with different
amounts of each substance. The titrations, one for each substance, are
recorded in the following tables:—

TanLe I—Titration of 0-1058 gm. of acetaldehyde tn presence of 15 c.c. 30% soditm
hydroxide, 20 e.c. 30% barium chioride and 40 c.c. 10101 N potassium
permanganate agatnst -1 M sodium formate.

Sodium Sodium N "
EMF. EfC EME. B/C
fo:;n:ate {volts)  |(m. voltsfe.c.) fu?zatﬂ {volts) (m, voltafe.c.)
1:00 16181 668
1 16-20 (-4804
3-00 0-6166 2154 (Max.)
! 2 16-25 0-3727
5-00 0-6131 440
3 1630 0-3607
7-00 0-6076 282
3 16:36 0-3366
2-00 0-6016 220
4 16-40 0-3266
11-60 0-5942 85
5 16-650¢ 0-317]
13-00 0-5835 - 14
7 17-00 03100
15-00 0:5698 I 7
3 18-00 0-3028
15-50 05567 6
3 2000 0-2918
1800 (5442 4
144 23-00 0-2803
16-10 0-5298 3
320 27-00. 0-2671
16-15 05138 1
{ 30-00 0-2650 L

TasLe IL—Tdration of 0-0543 gm. of formaldehyde in presence of 15 o.c. 309, sodium
hydrozide, 20 c.c. 30% harium chloride and 48 c.c. 10105 N potassivm
permanganate againgt 0-1 M sodium formate.

Sodium Sodium
EMF. E/C E.M.F. E/C
foﬁm’ (volts)  |(m. voltsfo.c.) foﬁaw (voltg) | fm. voltsfo.c.}
1-00 0-6105 264
4 12:76 0-4855
300 0-6032 310
4 12-80 0-4700
5:00 06057 4096 (Max.)
: 5 12-85 02652
3-00 0-5810 214
6 1280 0-2545
10-00 0-5690 63
18 13:00 0-2482
1050 0-5610 13
19 13-50 0-2419
1100 | 05517 ; 12
21 14-00 0-2361
11:50 0-h413 3
27 | 16-00 | 0-2296
12-00 05278 i 2
. 41 18-00 0-2262
12:30 ' Q5155 1
40 21-00 0-2226
12-50 0-5058 2
38 24-00 0-21687
12.90 0-4982
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Tagre IL—Titration of 0-0450 gm. of benzaldehyde in presence of 10 c.c. 309, sodium
hydroxide, 15 c.c. 30% barium chloride and 1-0204 N 20 c.c. potassium
vermanganate against 0-1 M sodium formate.

Sodmm Sodium
EM.F. E/C EM.F, E/C
foz:r.zte {volta} (m. voltsfc.c.) fo:;rr;ate {volts) | (m. voltsfe.0.)
1-00 0-6445 ‘ 2704 (Max.)
) 1 . 1610 0-35768
2 18-15 03404
600 0-6377 |- 160
' 3 16-20 0-3384
800 0-6316 168
5 16-25 0-3800
10-00 0-6221 , 132
: 6 16-30 03234
12:00 0-6100 36
10 1650 0-3162
1400 0-5891 12
15 17-00 03100
15-00 0-5745 8
63 18-00 0-5016
1650 0-5481 - . ; 4
' 53 20-00 02932
1680 | 0-5322 . P
118 2200 0-2808
16:00 0-5085 3
314 25-00 0-2800
16:05 0-4028

Taprn TV.—Titration of -18453 gm. of mandelic acid in presence of 20 c.c. 30% sodium
hydroxide, 25 ¢.c. 30%, bartum chloride and 48 c.c. 10194 N potassium
permanganate against -1 M zodium formate. '

Sodium Sodium
EM.F. E/C N EMF
fm;n;“te (volts)  |(m. voltsje.c.) tm:gate (valta) (m. volts/c.c.)

500 0-6182 95
3 - 22:00 0-4640

9-00 0-6077 ‘ 510
4 22-05 0-4386

13-00 0-5926 3680 {Max.)

4 22-10 02645 .

17-00 0-5763 420
7 22-15 0-2335

19-00 0-5628 290
6 22:20 0-2190

20-00 0-5568 48
44 22-30 0-2142

20-50 0-5350 21
23 22-50 02100

21-00 0-5235 8
28 23-00 0-2060

21-30 0-5150 4
43 24-00 0-2016

21-50 0-6085 3
55 26-00 0-1965

21-70 0-14955 ' 1
125 29-00 0-1923

21-80 0-4830 1
. 34-00 0-1866

1
39-00 1815
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Tanrm V..—Tiiration of (-03561 gm. of cinnamic acid tn presence of 10 c.e. 30% sodium
hydroxide, 15 c.c. 30% bartum chloride and 29 c.c. 0-9806 N potassium

permanganale against 0-1 M sodium formate.

Sodium o Sodinm
E.M.F. E/C EMMLF. E/C
f‘ox:z:’ate (volts)  |(m. voltsfe.c.) fol;n;ate (volts) {m. volts/e.c.)

0-00 0-5831 402
5 10-00 0-2150

1:00 0-5783 198
6 10-05 20351

300 0-5686 194
5 10-10 01954

5-00 0-5584 99
8 10-20 | 0-1R55

7-00 5432 12
10 11-00 0-1757

900 0-5241 1¢
44 12-00 0-1719

9-40 05064 24
102 13-00 0-1658

9-60 0-48470 12
205 15-00 0-1420

9-70 0-4654 3
153 18-00 0-1336

9-85 0-4424 1
1268 21-00 0-1312

9-90 0-3790 1
2878 {(Max.) 24-00 0-1294

9-95 0-2351 1
' 30-00 0-1271

Tastr VI.—Titration of 0-0714 gm. of tartaric acid in presence of 10 c.e. 309, sodivm
hydroxide, 15 c.c. 30% barium chloride and 34 c.c. (-9801 N potassium

permanganate against §-1 M sodium formate.

?odi}lltlil EMF. E[C
01:125 2. (volts) {m. voltsfc.c.)

1-00 0-5698
2

300 (5865
1

5-00 5630
1

700 0-6624
3

9-00 (5564
4

11-10 05476
6

14-00 05300
13

15-00 05169
24

16-50 0-5049
7

15:70 0-4895
98

15-R0 0-4797
131

15-00 (4666

Sodium
. EMF. E[C
formate (volts) | (m. voltaje.c.)
208
1800 0-4458
688
1605 04114
1636 (Max.)
1610 0-3296
814
1615 0-2889
410
16-20 0-2684
132
16:30 0-2552
39
16:50 0-2474
1
1700 02419
a
18-00 92374
2
21-00 02316
1
25-00 0-2260
1
30-00 0-2200
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Tarre VIL.—Tiration of 0-0350 gm. of malic acid in presence of 22 c.c. 30%Y sodium
hydroxide, 22 ¢.c. 309, hariuln chloride and 30 ¢.c. 10309 N potaasium
permangandaie against #-1 M sodium farmate.

Sodium - Sodium ’ N
E.M.F. E/C EMT. B/C
fm;n::aie fvolts) {m. voltsle.c.} for(':n’:!atc {volts) {m. voltg/c.c.)
500 0-5958 2402 (Max.)
2 15-50 3534
7-00 ©0-5928 ; 586
: . 3 15-56 0 0-3241
10-00 05830 | 212
5 16-60 3085
12-00 0-5726 : 450
7 15-65 02860
14-00 0-3587 192
19 15-70 0-2764
14-50 0-5493 25
14 16-00 02690
15-00 0-5421 4
180 17-00 0-26450
15-20 0-5081 3
107 18-00 2593 !
15-30 0-4954 | 4
‘ 108 22.00 0-2478 |
15-35 0-4900 : 4
132 25.00 0-2356 |
1540 04834 . 2
19R 28-00 0-2283 |
15-45 0-4785 %
30:00 2214 |

TanLy VIIT.—Titration of 0-1507 am. of tsoamyl alcohol in presence of 20 c.c. 309,
sodium hydrozide. 20 c.c. 309, barium chloride and 50 c.c. 1064 N
potasstum permanganate aqainst -7 M codium formate.

Sodium Sedium
i EMF, E/C EM.T, E/C
f’o:;:?‘ate {volts) {m. voltsfe.c.) 10!:1;&% {volts} {m. voltafe.c.)
1-00 0-5865 2180 (Max.)
1 19-05 . 0-3380
300 D-5842 910
1 19-10 0-2886
6-00 . 0-h802 380
2 19-15 0-2695
8-00 05730 158
. 3 19-20 0-2616
1200 ¢-5835 15
5 19-50 0-2571
1500 05482 7
g 20-00 0-25%6
1600 0-7398 3
10 21-00 02508
17-00 - 0-5206 2
14 23-00 0-2468
18-00 05154 : 1
42 28-00 02418
18-50 0-4946 1
46 32-00 0-2364
18-90 N-4761 1
286 40-00 0-2321
19-00 0-4475
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Tapte 1X,—

Pigration of 0-0650 gm. of benayl alcokol in presence of 10 c.c. 305, sodium

hydrozide, 15 c.c. 309, barium chloride and 20 c.c.

permangonate against §-1 M sodium formaie.

1-084 N potussium

Soedium 1 Sodium
EMF. E/C .
formate ; formate
c.. (volts) {m. volta/e.c.) e.c.

300 0-6225
5 350

500 6131
4 9535

§-00 0-6088
15 9-60

6-50 n-6012
10 9-65

7-10 [T 5
i4 a-30

7-00 0-5900
13 16-00

800 0-5835
16 10-50

8-50 0-5%55
23 LE-00

8-80 0-5685
42 12-00

9-00 05602
49 14-00

9-20 0-5505
194 17-00

9-40 0-5118
226 22.00

945 0-65005

\

E.M.F.
{volts)

0-4745
0-40D5
0-3578
0-3353
0-3200
0-2870
0-2800
0-2753
9-27 b5
0-2651
02592

-2620

BEiC
{m. voltsfc.c.)

520
1480 (Max.)

8]

Tavre X.—Tiration of 00797 gm. of ethyl alcoho! in presence of 25 c.o. 30% sodium
hydroxide, 25 c.c. 30% barium chloride and 55 e.c. 10104 N potassium
permanganate ngainst 0-1 M sodium formate.

Bodium N Sodium
EM.F. E/C ' EM.F. EfC
f‘”g‘(‘}ate {volts) (m. voltsfe.c.) formate {volts} {m. voltsfc.c.}
}-00 05986 ] 159
1 2140 0-4368
3-00 0-5968 i 3088 (Max.)
1 2143 0-2374
5-00 0-5958 l 306
2 21.50 0-2221
9-00 0-5868 122
4 21-55 0-2160
13-00 05741 198
4 21-60 0-2106
16-00 0-5628 : 23
6 21-80 0-2060
1RG0 0-5409 21
14 22.00 0-2018
19-00 0-5363 ) 10
20 22.50 0-1972
1360 0-5265 4
22 23-00 0-1950
20-00 05163 3
23 24-Q0 0-1925
24-50 35037 1
33 28.00 01878
21-00 0-4874 1
G4 32-00 0-1341
2120 46388
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TasLE XI.—Ditration of 0-0682 gm. of n-propyl alcohal in presence of 15 c.c. 30, sodium
) hydroxide, 20 c.c, 30% bartum chloride and 40 c.e. 1-0104 N potassium
permanganate against 0-1 M sodivum formate.

Sodium EMF E/C Sodium
MF. BEMF B/C
formate /
orau {volts)  |(m. voltsfe.c.)| formate (volts) | (m. voltsje.c.)
0-00 0-6314 1842
18 17-55 0-3744
1-00 0-613% 2156 {Max.)
3 17:60 0-2666
3.00 0-6083 218
|2 17-65 02526
700 0-5994 | 124
) 4 17-70 0-2464
10-00 0-5885 02
B B 17-75 0-2418
1200 0-5793 62
7 17-80 0-2387
14-60 0-5662 23
It 1800 0-2342
1500 0-5555 4
12 1850 0-2322
16-00 0-5436 . *
14 18:00 0-2302
1680 05328 ' !
76 20-00 0-2290
17-00 05176 1
53 25:00 02254
17-40 04965 L
300 30-00 0-2230
17-50 0-4665

TasLe XII.—Titration of 0-07I8 gm. of n-butyl alcohol in presence of 15 ec. 30%
sodium hydroxide, 20 c.c. 30% barium chloride and 40 c.e. 1-0204 N
potussium permanganate against 0-1 M sodium formate.

Sodium Sodiem -
EM.F. E/C EAMF. | B/C
foz::;';ato {volts)  [(m. veltsfe.c.) fm;n;ata {valts) {m. voltajo.c.)

0-09 0-6575 92
2 20-70 5132

3-00 0-6503 262
. 1 20-80 4870

5-00 6475 3036 {Max.)

2 2(-85 3352

9-00 06385 5 414
4 20-90 0-3145

13-00 0-6243 110
b 21-00 0-3035

16-00 0-8095 29
. 7 21-50 0-2890

18- 0-5960 16
11 22-00 0-2810

1800 0-5850 9
22 23-00 0-2725

19-50 0-5742 5
22 25-00 0-2620

20-00 0-6632 4
40 28-00 0-2500

20-30 0-6513 3
99 32:00 2375

20-60 05316 2
36-00 0-2297
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. Discussion

In these titrations with the addition of standard sodium formate,
the EMF, decreased steadily till the equivalence point. At the equiva-
lence point there was a sharp break in the EM.F. in each cage. For the
addition of 0-05 c.c. of the titrant, the inflection potential was of the order
of 106, 157, 114, 195, 157, 86, 167, 106, 102, 172, 134 and 156 m. volts for
Acetaldehyde, Formaidehyde, Benzaldehyde, Mandelic acid, Cinnamic
acid, Tartaric acid, Malic acid, Iscamyl aleohol, Benzyl alcohol, Ethyl
alechol, n-Propyl alcohol and n-Butyl aleohol respectively.

From the volume of sodium formate used, corresponding to the equiva-
lerice point in each titration, the amount of each substance was
calculated. The results are given in the following tables:—

TaBLE T.—Acetaldehyde.

simaaes | 0, PIION e | 2000 | e

axcess KMnO, 4+ | pubstance ound
(gms.) (gms.) (e.c.) (gms.) (gms.) (ms.)
0-1058 1-2767 16-220 0-6126 0-7642 0-1084
0-0866 1:2767 ‘ 18-663 0-5887 0-6870 0-0958
0-0874 1.2787 20-300 08447 0-6320 0-0880
0-0782 1-2787 l 22-477 0-7102 . 0-5865 0-0788
0-0460 0-8575 19-326 0-6285 ; 0-3310 0-0460

Tasie TI.—Formaldehyde.

Substance EMn0, (01 iie%(’;oo?Na Excess usﬁlh%? $e | Substance
taken added exceas KMnO, KMnO, substanee found
{gms.) {gms.) {c.e.) {gms.) {gm=.) {gms.)
00543 1-5326 12:820 0-4051 1-1296 0-05636
00495 1-5326 15-777 0-4986 1-0341 0-0491
0-0426 1-5326 21-841 0-6901 08420 . 0-0399
‘0-0354 1-2772 18-972 0-6363 07409 0-0351
0-0367 1-3762 23-074 07201 0-6471 00307
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Tapre III.—Benzaldehyde.

taken added | om0, | KMnO, cubstance | - found
= K1 A :
{gma.) {gms.) (e.c.) {gmos.) {gms.} (gma.)
00720 (6440 13-541 0-4278 0-2162 00725
0-0450 0-6440 168-071 0-5078 0-1362 0:0458
0-0360 0-3220 B758 0-2135 0-1086 00363
0-0333 0-4830 11-958 0-3778 01064 0-0362
00270 0-4830 12:629 0-3990 0-0840 0-0281
TaBLE TV.—Mandelic Acid.

Substance KMno, 01 fﬂeHd(i‘SI‘ONa Exocess usgi}l%?%he Substance
taken added excess KMnO, KMnOq substance found
(gms.) {gms.) {c.c.) {gms.) {groa.) {gms.)
0-2074 1-7242 26-960 0-8519 0-8723 0-2097
0-1853 1-4688 22-072 0-G974 07714 0-18566
(1162 0-9579 14:-980 04738 0-4846 0-1165
0-0768 0-6386 10:130 03201 3185 00766
0-0614 0-5747 10-063 0-3179 0-2568 . 0-0617

TasLe V.-—Cinntamic deid.

Bubstance EMnO, 0-1 ‘:é :;[(}E})rONa Excess usgihg'lc}?:he Bubatance
taken added oxeess KMnO, KMn0, substance found
{gms.) {gms.) {ec.) (gms.) {emns.) (gms.)
00551 0-8986 9912 03132 0-5853 0-0547
0-0493 1-0535 18791 5306 0-5230 0-048D
0-0436 0-9295 15-181 0-4797 0-4498 00421
00377 (8056 12:769 0-4035 0-4021 00376
0-020¢ 5264 6677 02109 0-3158 0-0295
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TasLe VI.—Tariaric Acid.

Substance | KMnQ, (01 MHCOONG  pyoes | KMnOs 1 gubstance
taken added excess EMnQ, K3nO, substance found
r
{gms.) {gms.) {ec) {gms.) {gms.} (gms.)
0-1092 1-4856 20-538 0-8490 0-8068 0-1071
0-0840 0-9201 9-550 0-3017 0-6274 0-0833
0-6714 1-0530 16-077 05080 0-5450 0-0724
0-0504 0-7433 11-337 0-3582 0-3851 0-0511
0-0252 0-3724 6-020 0-1902 0-1822 0-0242
TapLe VII.—Malic Acid,
Sfbatance KMnO, 0-1 ‘?fi eEdCngNa Txcess lill\f_n()‘h Substance
taken added KMaQ, |1eedforthe | oy ind
excess KMnO, + substence
{gms.) (gmas.) (e.c.) (gms.) (gms.) {gma.)
0-0233 0-6515 10350 0-3244 0-3271 0-0231
0-0350 0-9774 15487 04893 04831 0-0344
0-0466 1-3032 20667 06530 0-6502 0-0459
0-0583 16290 25-550 08238 0-8054 0-0568
0-0700 1-9548 30-777 0-9725 0-9823 0-0693
TaBLE VIIL.—Izoamyl Alcohol.

Substanco | KMnO, |°1MHCOONS)  myeees | EMO. | gupieng,
taken added oxecess KMnO, EMnO, substance found
{gras.} (gms.) (c.e.} (gms.) (gms.) (gms.)
0-1507 1-6800 19-050 0-6020 10780 0-1500
0-1202 1:3440 12:873 0-4067 0-9373 0-1304
0-0818 1-0752 15-368 0-4866 0-5896 0-0820
0-0606 1-0080 18072 0-5710 0-4370 00608
0-0430 0-6720 11:373 0-3503 0-3127 0-0435
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Tapre IX.—Benzyl Alcohol.

0-1 M HCOONa

: EMnO
Substance KMnO, Excess by Substance

used for used for the
taken added oxcess KMnO, KM"lO“' substance found
(gmms.) {gms.) (e.c.) (gms.) (gus.) ! (gms.)
0:14903 1-5456 29-483 0-9316 06140 1048
(3-1300 1-3440 19-139 0-8047 0-7393 01262
0-1170 0-9408 13-836 0-4372 0-5036 l[ 0-0860
0-0845 0-8736 13-250 0-3871 0-4865 0-0830
0-0650 0-6720 9-531 03011 0-3709 ,! 0-0633

Tasre X.—Ethyl Alcohol.
'
Substance KMnO.,, 01 M HOOONa gy KMnO, Substance

. uszed for used for the
taken added excess KMnO, KMnO, substancs found
(gms.) {gms.) {e.c.) (gms.) ~ (gma) {gms.)
0-0797 17666 21-40 06762 10794 0-0784
0-0458 1-2120 19:00 0-6004 6125 0-0445
0-0338 1:08563 19-95 0-6304 0-4549 0-0333
0-0374 0-8299 4-65 03049 0-5250 0-0381
0-0108 0-7022 1370 0-4329 (0-2603 0:0196

Pasre XT1.~—n-Propyl Alcohol.

Substance K¥nO, 01 ﬂ‘; G.E[Cf(?rONa Excess usgfll\%:?:he Substance
taken added excess XMnO, KMnO,4 gubstanee found
{gms.) {gmns.) (e.c.) (gms.} {gms.) (gms.)
0-0873 1-2768 10:95 3460 0-9308 00883
0-0682 1-2'.768 17-60 05530 0-7238 0-0683
0-0382 (0-8037 15-45 -4882 0-4085 00384
0-0273 (-8384 11-00 0:3476 0-2908 ' 0-0295
00220 05107 8-80 0-2781 02326 0-0220
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Tasre XIT.—a-Butyl Aleohol.

Substance

01 M HCOONa

Excess

KMnO,

e | added® | emdler im0, | vendforhel M
(gms.) (gms.) () (gms.) {gms.) (gma.)
0-0945 1-:6100 24-90 0-7868 0-8232 00963
00718 1-2800 20-85 0-8588 0-6212 0-0726
0-0604 1-2558 2295 0-7189 0-5369 00628
0-0491 09660 17-10 0-5403 0-4257 0-0498
0-0302 06440 11-90 0-3760 0-2680 0-0313

From the above results, ib is evident that Acetaldehyde, Formal-
dehyde, Benzaldehyde, Mandelic acid, Cinnamic acid, Tartaric acid, Malic
acid, Isoamyl alechol, Benzyl alcohol, Ethy! alecohol, n-Propyl aleobol and
n-Butyl alcohol can be determined potentiometrically by using alkaline
potassium permanganate a8 an oxidizing agent.
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CATIONOTROPIC REACTIONS WITH ETHYLENIC CARBONYL
COMPOUNDS

I. CONVENIENT SYNTHESIS OF SOME METHOXY NAPHTHALENE
DERIVATIVES

By 0. P, Vig, N. K. ManesEwaRY and S, M. MUREERTT

The method developed by Mukherji and co-workers (1, 4, 5, 9-12, 14)
wad extended to a study of the behaviour of anisol when subjected to
aluminium chloride-catalysed reaction at 0-5° with ethyl allylacetate and
allylacetone. Friedel-Crafts’ alkylation of anisol is rather well known (13)
and the para-oriented products are the major components, although in
the case of condensation of anisol with cyclo-hexene (2), the crtho-izomer
wag reported to be greater in proportion. However, when anisol was
subjected to aluminjum chloride-catalysed reaction at 0-5° with ethyl
allylacetate, 4-(p-methoxyphenyl)-valerate (I) was obtained. This ester (I)
on hydrolysis gave a quantitative yield of the corresponding acid (II).
That the product (I) was para-orientated was proved by alkaline potassium
permanganate oxidation of the acid (IT) to p-anigic acid. Furthermore,
the acid (II) was eyclized by Johnson’s inverse cyelization process (8) to
furnish the ketone (IIT} which was smoothly reduced by Clemmensen
method (Martin’s modification) to the tetralin derivative (IV) followed by
dehydrogenation with sulphur to give 1-methyl-6-methoxy-naphthalene (V).

CH2 7 ]CH3 CH3

"CH AlCl /\/CH\ EoH =~/ /lOH\
A e, T Y Nam e (Y o,

1+ VA Ve | SN
7N CHy  HiCO CH, H,C0 e
CO0C,H, COO0C.H, COOH
(I) (IT)

JGHs I-I

PCl !Alcla - |<\ Zn+HCI T/YK ) __b {?\K /I

(III) (IV) vy

As the yield in the Friedel-Crafts’ condensation step was not satisfactory,
sttempts were made to alkylate anisol under more vigorous temperature
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conditions with & view to improving the yield, but extensive demethylation
wag observed (15}

Similarly, anisol was condensed with allylacetone under the comparable
conditions when 5.-(p-methoxyphenyl)-hexan-2.one (VI) was obtained.
The orientation in this case was established by sodium hypoiodite oxidation
of the ketonic product (VI) to give the samo acid (II) as identified through
the mixture melting point of their 8-benzyl-iso-thivronium saltse, However,
the ketone (VI) was reduced with sodium and moist ether to the ecorres-
pouding carbinol (VIT) which was cyclized to the tetralin derivative (VIII)
by means of concentrated sulphuric acid. The tetralin derivative was then
dehydrogenated to afford a good yield of 1 :4-dimethyl.6-methoxy.
naphthalene (IX).

CH, CH,q CHg
y}H /(|3H (j}H
AN \CH2 — |/\ \CH -———9-)//[] \CHE
|+ NS ! AN |
SN o Hy s O CH,
H,COo v
co Cco HOCH
(!JH.} ICHg ICHs
(v (VI
e
H2S04_> l/p\\{//\l 8 \l/\
NS K( / \/\/
H,CO HyCO
CH;y : CHa
(VIII) (IX)

In one of our experiments with anisel and allylacetone, the tem-
perature of the reaction mixture waa not controlled so that the temperature
rose a8 high ag 30°. It was found that the product from this lot failed
to give the semicarbazone, Examination of this product revealed that
the initial Friedel-Crafis’ reaction at the double bond of allylacetone was
acceompanied in situ by cyclodehydration to give the dihydro derivative (X).

CH, )
I cH,
CH [
\OH2 alc, / \"/ )
a0°
+
! )l lCHg HsCO/ \/\
H,CO G/O CH3
= | X)
CH,
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This was confirmed by dehydrogenation of the product (X) by sulphur to
give 1 : 4-dimhethyl-6-methoxv-naphthalene. The optimum condition found
suitable for the one step synthesis of (X) is described in the experimental
section. Although it appears to be very similar with the process of ‘eyeli-
alkylation’ (3) ag under :

CH, CH, CH,
™, CHs NS
Cl—C ¢ CHy CH,
~ AN N
/ \\ CH, / CH, AlClL, / \/
|+ i Or O E s
CH, . CH, NN
/ N VAN
¢l—C C H,C CHy
ya s /N
CH, CH; H,.C CH,

our observation may well be explained on the basis of initial Friedel-Crafts’
addition of the p-methoxyphenyl to the double bond followed by eyclo.
dehydration (6} according to the following scheme:

CH, CH, CH,
- b ) -
A em 2, O NemEL Y b,
| )l | N | PN |
HCO CH, 5C0 /CH2 4CO CH,
’ éo éo HO* =
(IJHa (l-}HS [CHS
CH, |
" o o
NN e AN o
NS HZ’/\/K/' HHO*}/@)
H,CO CH, H,C0 A\ Hy0 i
HO_ + CH; OH CH,
-

This observation seems to offer possibility for the development of a atill
simpler method for the synthesis of naphthalene derivatives in two steps.
This possibility encouraged us to extend this method to benzene, toluene,
m-xylene and naphthalene, which would form the bagis of future com-
munications.
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ExXPRRIMENTAL

Melting points and boeiling points are uncorrected.
Micro-analyses by Drs, Weiler and Strauss, Oxford.

Ethyl-4-(p-methoxyphenyl)-valerate (I):

Freshly distilled anisol (75 c.c.) and anhydrous aluminium chlpride
(1€ g.) out of a total of 30 g. were taken in a three necked flask (500 c.c.)
fitted with a (i) mercury sealed mechanical stirrer, (ii) dropping funnel, and
(i) guard tube and & thermometer. The flask was placed in an ice-bath
and the stirrer was started. When the temperature of the resulting
mixture came down to 5°, the dropwise addition of ethyl allylacetate was
commenced. When half (7 g.) of the total amount was added, its further
addition was stopped. About 2-3 g. of anhydrous aluminium chloride was
added, followed by the dropwise addition of the remaining ethyl allylacetate
(8 £.). The remaining aluminium chloride was then added in small instal-
ments, maintaining the temperature between 5-10° throughout the addition.
The addition was complete in an hour and the stirring was conftinued for
another two hours. The reaction mixture was then decomposed by pouring
it into ieced hydrochloric acid and extracted four times with ether. The
othereal extract was washed once with water, twice with 5% soedjum
bicarbonate solution and again with water till neutral to litmus. After
drying over anhydrous sodium sulphate and removing ether, the liquid
was distilled under reduced pressure to give 18 g. (65-2%) of ethyl-4-
(p-methoxyphenyl)-valerate, b.p. 1562-154°/10 mm.

4-(p-methozyphenyl)-valeric actd (1) :

Hydrolysis of the ester (I; 13 g.) was effected by refluxing it with alco-
holic potassium hydroxide (potassium hydroxide 7-5 g.; distilled water b c.c.;
rectified spirit 165 c.c.) for fourteen hours on the water-bath. The aleohol
was partly removed and the remaining liguid diluted sufficiently with
distilled water. It was extracted twice with ether to remove any un-
changed ester (I) and then acidified with dilute sulphuric acid. The
liberated oil was taken up in ether. The ethereal extract was washed twice
with water and dried over anhydrous sodium sulphate. The solvent being
removed, the residue was distilled under reduced pressure, when 10 g. (879,)
of 4.(p-methoxyphenyl).valeric acid was obfained as a colourless oil,
b.p. 171-173°/6 mm.

8-benzyl-iso-thivrontum derivative

The actd (IT; 1 c.c.) was taken in 10 c.c. of distilled water and two
drops of phenolphthalein were added, followed by the addition of & few
drops of sodium hydroxide solution, The solution was neutralized with
hydrochloric acid indicated by the disappearance of the pink colour, I
was warmed and mixed with the reagent prepared by dissolving 2 g. of the
same in 10 c.c. of distilled water. Immediate separation of the acid
derivative was observed. The acid derivative was crystallized from 509/
ethyl aleohol, m.p. 125-126°.
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Analysis : Calculated for CogHpaOgNoS: N, 7:48; 8, 865; €, 64-17,
H, 6.95
Found: N, 7-70; 8, 8-13); C, 63-94; H, 675,

4-methyl-7-methoxy-I-tetralone (111) :

Phosphorus pentachloride (11 g.; -1 mol) was placed in a 100 c.c.
distillation flask fitted with a guard tube on its side arm and covered with
25 c.c. thiophene-free dry benzene. The acid (IT) (10 g.; 1 mol) dissolved
in dry thiophenc-free benzene (20 c.c.) was then added. The reaction
nmixture was shaken when a violent reaction set in. After the vigorous
reaction had subsided, benzene and phosphorus oxychloride were removed
under reduced pressure at a temperature not exceeding 90°.  Anhydrous
aluminium chloride (7:5 g.; 1-1 mol) was placed in & 250 c.c. conical flask
carrying & calcium chloride guard tube and immediately covered with
potroleum ether (80-100°; 40 c.c.) and the mixture cooled in an ice-salt
bath at —10°. The acid chloride was taken up in 20 c.c. thiophene-free dry
benzene and cooled in an ice-bath. The thoroughly cooled acid chloride
solution was added all at once to the aluminium chloride-petroleum ether
mixture and swirled. On warming to room temperature (25°), the reaction
started with vigorous evolution of hydrochloric acid gas. When the
vigour of the reaction had subsided, the mixture was just warmed on the
water-bath at 50° and immediately taken out and the reaction allowed to
proceed as such; this was repeated for an hour. The mixture was dark
brown in colour. A jelly like complex was obtained which was decomposed
by crushed ice and hydrochloric acid. The cyclized compound was ex-
tracted with benzene, the cxtract washed thrice with 5%, sodium carbonate
solution, then with water and dried over anhydrous sodium sulphate. The
regidual liquid, left after the removal of the solvent, was distilled under
reduced pressure, when 4 g. (449%,) of the ketone (III) was obtained, b.p.
162-105°/4 mm,

The semicarbazone derivative was prepared in the usual way and
crystallized as colourless crystals from ethanol, m.p. 199.200°.

Analysis : Calculated for Ci3H,70,N5: N, 1700
Found: N, 17-50 '

The 2 : 4-dinitro phenylhydrazone was prepared in the usual way and
was crystallized as orange red needles from ethyl acetate, mp. 214.215°,
Analysis : Calculated for C,gH;0,N,: N, 15-13
Found: N, 15-50.

I-Methyl-G-methoxy-1: 2: 3: d.tetrahydro-naphthalene (IV);

Preparation of amalgamaled zinc: 17 g. of granulated zine, 2 g. of
mercaric chloride, 1 c.c. pure hydrochloric acid and 28 c.c. of distilled
water were stirred for about five minutes in a beaker. The aqueous
solution was decanted off and the amalgamated zine washed with distilled
water.

Amalgamated zine (17 p.) was taken in 250 c.c. flask fitted with a
reflux condenser. To this was added 3-5 g. of ketone {III), 30 c.c. toluene
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20 c.c. water, 1 c.c. glacial acetic acid, 30 c.c. hydrochloric acid and the
mixture refluxed in the oil-bath at 130-140° for thirty-six hours. After
cvery six hours, 5 c.c. of pure hydrochloric acid was added. The reaction
mixture was cooled and extracted with tolucne; the toluene extract washed
and dried over anhydrous caleium chloride. The solvent was removed
and the residual liquid was distilled under reduced pressure, when 2:5 g.
(78%,) of {IV}) was obtained as a clear oil, b.p. 120-122°/56 mm.

1- Methyl-6-methoxy-naphthalene (V) :

The above produect (2:5 g.) was heated with 1-1 g. of sulphur in a
sulphuric acid bath for ten hours.  The dehydrogenated prodnct was then
submitted to steam distillation. The distillate was taken up in ether and
worked up in the usual way, when 1-6 g. (66-69%,) of 1-methyl-6-methoxy-
naphthalene was obtained, b.p. 135°/10 mm.

The pierate of (V) was prepared in the usual manner and crystallized
as orange red needles from 809, ethyl alcohol, m.p. 144-145° (shrinkage
at 136°).

Amlyma ; Calculated for CmngO, CGH3N307: N, 10-47
Found: N, 10-30.

Oxidation of the acid (II) with alkaeline permanganate

The acid (IX; 2-5 g.) was oxidized with alkaline potassium permanganate
solution (prepared from 15 g, of potassinm permanganate, 300 c.c. of
distilled water and 2.3 pallets of sodium hydroxide) by refluxing for eight
hoors. The manganese dioxide precipitate was removed by filtration.
The colourless filtrate was reduced to a small bulk by evaporation on the
water-bath and then acidified with hydrochloric acid. p-Anisic acid was
obtained as ecrystalline precipitate. It was recrystallized as colourless
orystals from water, m.p. 182-183° decom. (lit. 7) m.p. 184° decomp.

5-(p-Methoxyphenyl)-hexan-2-ome (VI}:

A mixture of freshly distilled anisol (100 c.c.) and anhydrous aluminium
chloride (12 g. out of total required guantity of 36 g.) was placed in a three
necked flask (500 c.c.) carrying (i) a mercury sealed stirrer, (ii) & thermometer
and a calcfum chloride gnard tube, and (iii) a dropping funnel. The mixture
was stirred vigorously and cooled in ice-bath. As soon as the temperature
of the reaction mixture came down to 2°, about 10 g. of allylacetone out
of the total of 20 g. were added dropwise to the contents of the flask. A
small amount of anhydrous aluminium chloride was then added, followed
by the dropwise addition of the remaining 10 g. of allylacetone maintaining
the temperature between 0-5°. The rest of aluminium chloride was added
in portions under controiled conditions of temperature. The addition was
completed in an hour and the stirring was continued for another two hours
in the ice-bath. The reaction mixture was kept overnight in an ice chamber
and then decomposed in the usual way (vide supra), when 13 g. (319,) of
5-(p-methoxyphenyl)-hexan-2-one was obtained, b.p. 136-140°/7 mm.
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The semicarbazone derivative was prepared in the usval way and
crystallized from dilute ethanol, m.p. 161-152°.
Analysis : Caleulated for Gy Hyy NgOp: C, 63-87; H, 7-08; N, 15:96.
Found: C, 63-32; H, 830; N, 1572,

5-(p- Methoxyphenyl)-hezan-2-ol (VII): .

The ketone (VI; 6 g.}, 100 c.c, of ether and 5 c.c. of water were taken
in a flask fitted with a condenser. Metallic sodium (5-5 g.; 8 atoms) was
cut into pieces and slowly added to the ketone. Whenever the reaction
with sodium subsided, 1-2 c.c. of water was added to facilitate the reaction,
After the addition of the required amount of sodium, the product was taken
up in ether, washed with water and dried over anhydrous sodium sulphate,
After removing the ether, the viscous liquid was distilled under reduced
pressure, when 4g. (66:6%) of 5-(p-methoxyphenyl)-hexan-2-0l wag
obtained, b.p. 135-136°/4 mm.

1. 4-Dimethyl-6-methoxy-tetralin (VIII):

The above aleohol (4 g.) was placed in a conical flask (100 c.c.) fitted
with a guard tube and cooled in ice. Sulphuric acid {8 g.; 1-84 d) was
added gradually with constent shaking within fifteen minutes and shaking
was continued in the bath for another thirty minutes. - The contents were
then allowed to attain the room temperature. The resulting mixture was
decompozed by pouring into iced water and extracted with ether. The
ethereal extract was washed with water, 6% sodium carbonate solution,
again with water and dried over anhvdrous sodium sulphate. After
removing the solvent, the residue was distilled under reduced pressure,
when 2-5 g. (89-59,) of the tetralin derivative (VIII) was obtained, b.p.
195-200°/12 mm.

1: 4. Dimethyl-6-methoxy-naphthalene (I1X) :

The product (VIII; 2 g.) was heated with 0-900 g. of sulphur in 4
sulphuric acid bath for ten hours at 180-190°. The dehydrogenated product,
was obtained by steam distillation. The yellow coloured oily drops in the
distillate were taken up in ether and worked in the usual way, when 1: 4.
dimethyl-6-methoxy-naphthalene, b.p. 156-158°/12 mm., was obtained in
52-69, yield.

The picrate of (IX) was prepared in the usual manner and crystallized
from ethanol, m.p. 107-108°, ,

Anglysis : Calculated for Cy3H,;,0, CgHgN0,: C, 54-94; H, 4.09;
N, 1012 :
Found: C, 54-36; H, 4-22; N, 9-7.

Oxidation of 5-(p-methoxyphenyl)-hexan-2-ome with sodium hypotodite :

The ketone (VI; 3 g.) was dissolved in 60 c.¢, of dioxan and 80 c.c. of
109% sodium hydroxide solution, The mixture was well stirred. Some
iodine solution (prepared in the ratio of KI : Tz: HeO: : 2: 1: 4) was added
wher a yeollow colour developed. The addition of iodine solution wag
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eontinued till the dark red colour of iodine persisted in the aold as well as
on warming the mixture on the water-bath (60°) for 2-3 minutes {about
120 ¢.c. of iodine golution was required), The excess of iodine was removed
by adding & few drops of dilute sodium hydroxide solution. The veaction
mixture was allowed to stand when iodoform, formed during the oxidation,
separated at the bottom. The aqueous layer was decanted off and it was
extracted with ether to remove any unchanged ketone (VI). The ethereal
extract was rejected. The aqueous layer was acidified with dilute sulphuric
acid and the liberated jodine wag discharged with sodium bisulphite. The
oily product was taken up in ether, washed and dried over. anhydrous
sodium sulphate. The liquid, left after the removal of ether, was diytilled
in vacuum, when 4-(p-methoxyphenyl)-valeric acid (II) was obfnined,
b.p. 178°/7 mm.; yield: 1-656 g. (65%,).

. The S-benzyl-iso-thinronium derivative was prepared in the usna] way
and crystallized from dilute ethyl alechol, m.p. 124-125°, undepressed when
mixed with the sample previously prepared.

Priedel-Crafts’ Reaction at Higher Temperature :
Between anisol and allylacetone :

1: 4-Dimethyl—6-methoxy-f : Z-dihydro-naphthalene (X):

Freshly distilled anisol (50 c.c.) was placed in a three necked flask
having {i) & mereury sealed stirrer (ii) a dropping funnel, {iii) a thermameter
and & caleium chloride guard tube. 6 g. of anhydrous aluminjum chloride
was added to anisol and the contents of the flask were cooled in an ice.hath.
The stirrer was started and, as soon as the reaction mixture attained the
desired temperature (5°), dropwise addition of allylacetone was commenced.
When about 5 g. of aliylacetone out of the total quantity of 10 g was
added, its further addition was stopped. About 3 g. of aluminium chloride
was added, followed by the dropwise addition of the remaining § g. of
aliylacetone. Then the remaining aluminium chloride was added in five
equal instalments, maintaining the temperature between 5-10° (forty-five
minutes). The ice-bath was removed and the stirring was continued for
another one and a haif hours at room temperature (25%), The reaction
mixture was then heated on the water-bath at 50° for thirty minutes
without stirring and then kept overnight at room temperature. It was
then decomposed and worked up in the usual way, when the product (X)
was obtained in 62-3%, vield, b.p. 194-198°/12 mm.

1: 4-Dimethyl-6-methoxy-naphthalene :

The product (X; 5 g.) was dehydrogenated with sulpbur {1.04 g) and
the dehydrogenated product was worked up in the usual manner ajready
described, when 25 g. (51-1%,) of 1: 4-dimethyl-6-methoxy-naphthalene,
b.p. 1566-160°/12 mm., was obtained.

The picrate was prepared in the usual manner and crystallized from

809, ethanocl, m.p. 107°, undepressed when mixed with the previous gample
of the product (IX).
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StMMarY

The aluminium chloride-catalysed reactions between anisol and
ethyl allylacetate, and allylacetone have been studied leading to convenient
syntheses of some naphthalene derivatives such as l.methyl- and 1, 4.
dimethyl-6-methoxy-naphthalene. Preliminary observations on one-step
Friedel-Crafts’ condensation accompanied by cyclodehydration giving rise
to dihydronaphthalene derivatives have also been recorded.

REFERENCES

Bhattacharyya, N. K., Singh, 8., Vig, O. P., and Mukherj;, 8. M., Seience and
Qulture, (1053), 18, 841; J. Org. Chem. (in the press).
Bodrou, D., Annalen, (1929}, (10) 11, 511.
Bruson, H. A., and Kroeger, J. N., J. Am. Okem, Soc., (1940}, 62, 36,
Gaind, V. 8., and Mulherji, 8. M., Current Science (in the presa),
Ganguly, B. K. and Mukherji, 8. M., Nature, (1951}, 168, 1003.
Grosse, A. V., Marity, J. N, and Ipatieff, V. N., JJ. Org. Chem., (1938), 3, 137.
Heilbron, 1. M., Dictionary of Organic Compounds, (1946), 1, 160.
Johnson, W. 8. and (lenn, H. J., J. Am. Them. Soc., (1949), 71, 1092,
Maheshwary, N. K., Vig, O. P. and Mukherji, 8. M., Current Science, (1953}, 22,
147.
10. Mukherji, 8. M. and Bhattacharyya, N. K., Experientia, (1951), 7, 372; J. Osnp,
Chem., (1962), 17, 1202; Science and Culiure, (1951), 16, 274.
i1. Muikherji, 8. M., Gaind, V. 8., and Rao, P. N., J. Org. Chem. (communicated).
12. Mukherji, 8. M. and Rao, P. N., Nature, (1951), 168, 1041,
13. Price, C. C., Organtc Reactions, {1949), 3, 65.
14. S8aha, N. N, Datta, P. K. and Mukherji, 8. M., Scéence and Culture, (1952), 18,
58
15. Cf. Teukervanik, 1. P. and Nazarova, Z. N., J. Gen. Chem. U7.5.5.R., {1937}, 7, 623,

T

iR

bl

115



Published by the East Panjab U'niversity. Hoshiarpur, and Printed by Norman A, Eilis, Baptist Mission
Press, 414 Tower Citenlar Road, Calcuita,



RESEARCH BULLETIN

QF THE

EAST PANJAB UNIVERSITY

No. 35 Z00LOGY Pp. 117-138

Qctober, 1953

STUDIES ON THE PROTOQZOA OF INDIAN FISHES

I. The Morphology and the Systematic Position of the Ciliates
inpabiting the Intestine of Fish Mystus capasius (Hamilton)

by
MANOHAR SINGH

Lecturer in Zoology, Government College, Rupar, Distt. Ambala, Panjab (I).

Edited for the East Panjab University by Vishwa Nath,
Department of Zoology, East Panjab University,
HOSHIARPUR

i w K kAN



STUDIES ON THE PROTQ0Z0OA OF INDIAN FISHES

I. Tar MORPHOLOGY AND THE SYSTEMATIC POSITION OF THE CILIATES
INHABITING THE INTESTINE oF Fism Mystus cavestus (Hamilton),

By Mawonar Sivan, M.Sc. (Hons.), Lecturer in Zoology, Government College,
Rupar, Distt. Ambale, Panjab (I).

PREFACE

Investigation on the Protozoa of Indian Fishes was carried out by
the author at the suggestion and under.the supervision of the undersigned.
The author submitted a thesis in 1951 on the ‘Studies of the Protozoa of
Indian Fishes’ for the award of the M.Se. degree (Honours School) of the
Panjab University, which was assessed by Dr. H. N. Ray, Officer-in-charge,
Section of Parasitology, Indian Veterinary Research Institute, Mukteswar.
Dr. Ray also conducted the viva voce, and subsequently helped the author
in the preparation of the manuscript for publication,

Visowa NaTH,
University Professor of Zoology
and
Head of the Department,
Panjab University College,
' Hoshiarpur.
Dated 24-4-1953.

1, IXTRODTOTION

Work on the Ciliates from the gut of fish is very scanty, though quite
a lot of work has been done on Myxzosporidia from this host. Schouten
{1340) described Nyctotherus mackinont from the facces of a fish—Pimelotdus
clarias; while some have worked on the ectoparasitic Trichodina of fishes.
With a view to make a survey of the protozoal fauna of the food fishes of
the State of the Panjab, a start was made by cxamining the intestinal
contente of the available local fishes at Ludhiana. During the course of
these studies two new Holotrichous Ciliates were encountered in the gut
of Mystus cavasius; and the object of this paper is to describe in detail the
morphology of these new Ciliates.
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It will appear from the deseription, given below, that a new family
Nathelliidee 1, with the new genus Nathella, had to be created to emhrace
the two new species, viz., N. rayii 2, and N. Kumarii 8.

2. MATERIAL AND METHODS

The greatest difficulty was encountered in procuring the material for
study. T had been examining the intestine of the common mud.fish,
Ophiocephalus punctatus, at HMoshiarpur, for about six months (from
November, 1949 to March, 1950), but none was found to be infected. In
the month of April 0. punclatus, from Ludhiana ponds, were also examined

- with negative results. From a village Jassian (Ludhiana) pond I got a
specimen of Mystus cavasius (Hamilton), vernacular, Tengra (Plate 1,
"Fig, 1), which was found to be infected with Ciliates. Being encouraged
by this finding, attention was then solely directed towards this fish, for
procuring the required material for study.

From time to time this particular fish was collected and the Ciliates
found in ite intestine were examined both in their living condition as well
as in fixed and stained preparations. In order to study the morphology
in detail, the infected portions of the intestine were fixed in Bouin’s flnid
for 12 hours, Flemming’s without acetic acid or Champy’s fluid for 24 hours
in each, and then cut into thin sections (3-5 p thick).

It was observed that the infected fish used to die within a period of a
few hours when brought out from its normal environments, Various
methods were adopted to carry the living fish from Ludhiana to Hoshiarpur,
but only the infected ones used to die on the way, while the uninfected ones
could survive the journey and remain alive for months together. This is
highly suggestive of this Ciliate playing a pathogenic rédle, although eon-
firmatory experimental proof is still lacking. Most of the Ciliates were
found to be moving freely in the lumen of the intestine, while a few were
seen in close contact with the intestinal epithelium. The presence of tricho-
cysts, however, indicates that this Ciliate is non-parasitic in habit. It will,
therefore, be of great interest to study the relationship of this Ciliate to
its host. _

Infected fish were found to be very rare. As the Ciliates could be scen
with the naked eye, instead of carrying them to the laboratory, I could
dissect the fish at the source (Budha Nala) and keep the infected intestine
in normal saline. The stomach proved to be unminfected. Behind the
stomach, a little portion of the intestine, i.e., about one-fourth of the entire in-
testine, was found to be rarely infected. After this region the infection

1 The family is named after Prof. Vishwa Nath, under whose supervision the
entire work wag planned and carried out in the Zoology Department, Panjab University,
at Hoshiarpur,

2 This new species is named after Dr. H. N. Ray, the Protozoologist, Indian
Veterinary Research Institute, Mukteswar, Kumaon (U.P.).

3 This new species is named after Dewan Anand Kumar, Vice-Chancellor of the
Panjab Univorsity,
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increased proportionately towards the posterior region. The uninfected
intestine was found to be very narrow and contained very little food
material, but the intestine of the infected ones was invariably very highly
distended and filled with food material, consisting of Gastropods, insccls,
Crustaceans and other aquatic organisms. In a collection, females out-
numbszred the males and it was observed that the infection was mostly
confined to them. From the observations so far made it cannot, however,
be definitely asserted that the Ciliates have any particular preference for
the gex of the host.

It was very interesting to observe that other carnivorous fishes, living
side by side with Mystus cavasius—a purely carnivorous fish—were found
to be entirely free from this Ciliate, althongh trematodes, pematodes and
tape-worms were found to infect them. The Jassian pond,Which is about
threc miles from Budha Nala, contained many species of carnivorous
fisheg, hut none of them except M. cavasius was infected with these Ciliates.

Why these Ciliates prefer the gut of M. ravasius and not the other
carnivorous fishes, living in the same environment, is a problsm which
requires elucidation. '

QOther carnivorous fishes that were found negative for Ciliates are:—

1. Wallagonia altu (Block & Schneider) .. Mullee, .

2. Mastacembelus armatus (Lacepede) .. Bam or Groj or Samp machli.
3. Ophiocephalus marulivs (Hamilton}) .. Saul.

4. Nandus nandus {Hamilton) .. Khotah or Gadha.

5. Colisa fasciata (Block & Schneider) .. Chidu or Kangee.

8. (Colisa lalius (Hamilton) .. .. Chhoti Kangee.

7. Callichrous bimaculatus (Block) .. Pallu or Pafta,

Their food habit was apparently the same as that of M. cavasius.
Even the other species of Mystus (M. vittatus (Block), Kengar) and (M. aor
{(Hamilton) Shinghari), were found to be uninfected. More then 20 speci-
mens of each of these fishes were examined from different localities but
none of them ghowed any infection,

Fizatives Used:—

Both histological and cytological fixatives were used in these atudies.

1. Osmic acid Preparation.—The Ciliates were uniformly spread on a
cover glass that was previously besmeared with & thin layer of Mayer’s
egg-albumen. This cover glass was then placed on the mouth of the bottle
which contained 2 per cent osmic acid. The osmic vapour was allowed
to act for a varying period (from 5 seconds to 10 minutes) followed by
washing in 50 per cent alechol and dehydration (one minute in each de-
hydrating aleohol) and then mounted in Canada Balsam, Films fixed
with osmic vapours were also stained with Giemisa’s stain or Heidenhain’s
iron hacmatoxylin, or crystal violet. For the latter, the fixed material
was kept in 0005 per cent crystal violet for 18-24ehours, at a tempera-
ture of 22°-24°C. Differentiation wag carried out with clove oil, under
the microscope, and subsequently mounted in Canada balsam after wasMing
in xylol,
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2. Bouin's Fluid.—The material was fixed in Bouin’s fluid from
10 minutes to 2 hours. This fixative produces shrinkage, Its action on
the lipoidal material was also observed which was dissolved by the finid.
Portions of the infected intestine were also fixed in Bouin’s fluid.

Smear preparations as well as the scotions were stajined with
Delafield’s hoematoxylin, Ehrlich’s haematoxylin, Haedenhain's jron-
haematoxylin and Mallory’s triple stain.

3. Kolatchev’s Method.—The material was fixed in Champy’s fluid for
24 hours and washed in running tap-water for about the same period. Hot
fixative was found to be effective in sticking the animalcules to the cover-
slip. The material was then placed in 2 per cent osmic acid at a tem-
perature of 3Q&-37°C., in the dark, for 3-6 days. Washing waa again done
for some hourd, prior to dehydration, and subsequent mounting,

4. Do Fano's cobalt nitrate modification.—The material was fixed for
2 hourg in the fixative confaining 100 c.c. of a 1 per cent cobailt nitrate
solution in distilled water and 15 c.c. of formalin. After fixation, it was
washed quickly in distilled water and placed in one per cent silver nitrate
solution in the dark for 12-48 hours. To remove the excess of silver, the
material was given a quick wash in distilled water. For the reduction of
silver mitrate, Cajal’s hydroquinone formalin (reducing)? mixture was used
for 12-48 hours.

5. Flemming’s fluid withow acetic acid (F.W.4.).—Fixation was done
in EW.A. for 24 hours. Time for washing the smears was reduced to
2-4 hours, but for sections the material was waghed for 24 hours.

6. Sudan IV Technigue—The material was fixed in 4 per cent formalin
for 24 hours; washed in distilled water for 5 minutes. The specimens were
then transferred, fairly quickly, from 30 per cent, 50 per cent, 70 per cent
alcohols to Sudan IV solution for 7-10 minutes. This solution was freshly
made in 70 per cent aleohol to saturation. After keeping the material in
the stain for 7-10 minutes, the smears were passed through 50 per cent,
30 per cent aleohols to distilled water and mounted in glycerine, the cover-
glass being sealed with paraffin wax or gold-size.

7. Schaudinn’s sublimale olcohol—Fixation was carried out from
10 minutes o 1 hour. This is the best fixative for the Ciliates. Almost
avery stain was tried on the organisms after fixation in this fluid.

B. Zenker’s acetic fluid—Fixation was carried out from 4-6 hours
and then the material was washed in tap-water for 24 hours.

9, Carnoy’s fivative.—Filmg were fixed from 10~-30 minutes. Washing
was done in rectified (several changes) from 6-12 hours.

10. Concendrated solution of hot corrosive sublimate.—A drop eontaining
the organisms was spread over a cover-glip and before the preparation was
completely dried, the cover-slip was inverted over hot corrosive sublimate
golution. The animalcules could, by this way, be made to stick to the

1 Hydrogquinone ‘. . . .. 1gram,
Distilled water . . .- .. Rbae.
Formaldehyde (neutralized) 40 per cent . .. Jlace.
Sodium sulphite (anhydrous) .. .- “.. 015 gram,
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cover-glass very firmly. No Mayer’s egg-albumen was used for making
the smear.

11. Jodine vapour—A few crystals of iodine were put in a test tube.
The Ciliates were spread on a glide in a drop of water. The test tube,
with iodine crystals, was heated and the brownish green vapour that came
out was allowed to pass over the Ciliates on the slide for a few minutes.
A drop of water was added and the slide was warmed a little to remove
the excess of iodine.

12, Klein's dry silver method. —The gmear on the cover-slip was dried
and then put in 2 per cent silver nitrate golution, in the dark, for 15-30
minutes, It was rinsed in distilled water and exposed to diffuse sunlight,
from time to time, watching under the mieroscope till the ciliary lines
were clearly visible. The ecover-slip was then dipped in a very weak
solution of hyposulphite of soda {one or two cr.ysta]s in 100 c.c. of distilled
water) for a very short period (one or two dips). The smear was finally
dried in air and mounted in Canada balsam.

Staine wged :—

The following stains were nsed :—

1. Boraz cormine—Half an hour was sufficient for the stain to
penetrate. Differentiation was done in acid alcohol.

2, Delafield’s hacmatoxylin and Ehelich’s haematoxylin—These ‘were
vsed to stain the individual Ciliates in smears and in mass. Sections were
also stained with these staing. Differentiation was carried out with
1 per cent hydrochloric acid in 70 per cent aleohol. The material was then
counterstained with Fosin or Chromotrop 2 R.

3. Heidenhain’s iron haematoxylin.—The material fixed in Schaudinn’s,
Bouin’s, F.W A, Zenker’s or Camoy’s, was stained with iron haematoxylin,
After mordanting with 4 per cent aqueous solution of iron alum for 6 hours,
and, washing in distilled water, the specimens in smears or in sections were
-placed overnight in 0-5 per cent solution of hacmatoxylin in distilled water.
Differentiation was done with 1 per cent iron alum. Rapid method of
gtaining was also tried in the case of sections. Counterstaining was done
with water soluble Eosin or in saturated solution of Chromotrop 2 R in
absgolute alechol.

4. Dobell’s tron haematein.—After fixation in Bouin's or Schaudinn’s
the material was taken to 70 per cent alcohol and then transferred to
1 per cent solution of iron alum in 70 per cent alcohol for ten minutes
{the solution was made by dissolving 1 gram of iron alum in 23 c.c. of warm
distilled water and adding 77 c.c. of 90 per cent aleohel). After mordanting,
the material was rinsed in 70 per cent alcohol. Preparations were sub-
sequently stained in 1 per cent solution of haematein in 70 per cent alcohol
for 2-5 minutes. After rinsing the material in 70 per cent aleohol, dif-
ferentiation was carried out in the original iron alum solution.

5. Hoemalum and picro-carmine—~—Haemalum selution was diluted
with distilled water and the specimens, after fixation in Schaudinn’s were
kept in it for about five minutes and then taken to picro-carmine solution
for 10-15 minutes.
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6. Mallory’s triple stain.—The smears, as well as sections, were
stained, after fixation in Bouin's or Schaudinn’s fluid in 0-5 per cent aqueous
solution of acid Fuchsin in distilled water for 5-10 minutes and then
transferred to the second solution for 4-6 minutes. Differentiation was
carried out in tap-water. ’

7. DBresslaw's method of staining with Opal blue.-—To a drop of water
containing a large number of organisms a drop of colloidal aniline blue stain
(soluble in absolute alcchol) was mixed. The film was dried rapidly by
swinging in the air and then mounted in Canada balsam,

8. Giemsn’s stain.—The specimens were stained for one hour in stock
solution. Red and Blue stains were controlled by 0-02 per cent NaOH
and®0-1 per cent acetic acid solution respectively.

In order to study the morphology in details, the infected portions of
the intestine were fixed in Bouin’s fluid and F.W.A. and then 3 u to b ¢ thick
sections were cut. .

Photomicrographs wore taken with a special Spencer’s vertical camera,
the source of illumination being an incandescent lamyp specially meant for
this purpose.

3. (a) OBSERVATIONS ON LiviNa CILIATES

Infected fish, though rare, gave an abundant supply of Ciliates for
making various observations. Observations on the living organisms
_were made in a 0-75 per cent sodium chloride solution in distilled water,
under a cover-slip, usvally in a small cavity slide. The shape of the organism
remains like that of & broad cigar with the anterior end more tapering than
the posterior.

In the freshly cut fish, the Ciliates could be seen with the naked eye
as white specks even through the intestinal wall.

The organisms move about very actively among the glimy contents
of the gut. The active movement, coupled with the thickness of the body,
renders it difficult to observe the Ciliates in their living condition.

When the movements of the Ciliates were slowed with the help of a
solution of Ispaghul seeds, the movement of the cilia could be seen very
clearly. In free movement the Ciliate used to move forward along the
longitudinal axis of the body, as other Ciliates, with body eilia moving in
the clockwise direction. The Ciliates never used to turn by the side, but
they used to change their position dorsoventrally. When the movements
were very brigk, they even used to move in a revolving manner round their
own longitudinal axis, When the movements slowed down a, bit, they
exhibited a longitudinal groove along the surface, called the dorsal surface
of the Ciliates. The pellicle, at the anterior end, is thick and resembles a
ghield which is characteristic of these Ciliates. The opening of the mouth
1s situated towards the posterior end.

At the apterior end, from where the groove starts, there is seen a type
of circling ciliary movement and many minute particles can be seen moving
in the clockwise direction in this place. This type of circular movement
of the liquid was also seen at the end of the groove where the mouth is
located. '
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In their active movements, they avoid solid particles, which come in
their way, by squeezing the extremely pliable body. They can also easily
aqueeze through narrow spaces by changing the form of the body, becoming
more or less slongated, and afterwards assuming the same normal shape.
The progress is further facilitated by the rigid, pointed shield-like anterior
end, which pushes the debris out of the way.

The niovements of the undulating membrane in the groove are very
peculiar. At intervals, the undulating membrane moves in a wavy manner
antero-posteriorly.

{#) OBSERVATIONS ON CILIATES IN WHOLE MOUNTS AND SECTIONS

The whole body is clothed with uniform, short and very fine cilia which
are arranged in longitudinal rows. The ciliary lines are very close to each
other (Plate 1, fig. 2, CL.; Plate 2, fig. 6, Cl.; Plate 3, fig. 13, Be., fig. 17, CL.,;
Plate 5, fig. 25, CL).

The peristomnial groove starts from the anterior end, i.e., from the
centre of the anterior shield-like portion, In N. rayii the groove in the
beginning turns a little to the left side of the body, but later on it turns to
the right and ends in the middle of the posterior région; while in N. kumarit,
it koeps itself to the left hand side of the body and dips to the right (Plate 2,
fig. 6, Pgdv.; Plate 3, fig. 15, Pgdv.; Plate 4, fig. 21, Pgdw.) and turns upwards
on the ventral surface, ending almost in the centre of the posterior region
{Plate 2, fig. 6, Pgus.; Plate 3, fig. 15, Pgvs.; Plate 4, fig. 21, Pgvs.). The
anterior one-fourth region in N. rayii and one-sixth in N. kumardi is a little bit
dilated than the remaining portion, which is uniform throughoeut its length
(Plate 1, fig, 2, Pg.; Plate 2, fig. 6, Pg.; Plate 4, fig. 19, Pg.; Plate 6, figs. 33,
34). The peristomial groove is about 3-4u deep, on the surface of the
Ciliates, and disappears in 3-4 p thick serial sections {Plate 3, fig. 17 (com-
plete peristomial groove); Plate 4, fig. 18, Pg.d). The undulating membrane
(Plate 2, fig. 8, Um.; Plate 3, figs. 14, 17, Um.; Plate 5, figs. 23, 25, Um.;
Plate 6, figs. 35, 36) is seen arising from & closely set row of basal granules
(Plate 2, fig. 8, bgum.; Plate 3, fig. 14, bgum.). On the outside, just besides
these closely set row of bagal granules, there is a row of peristomial fibres
(Plate 3, figs. 13, 14, Pf). On the opposite side of the undulating membrane,
along the right border of the groove, there is a row of lamellae directed
towards the anterior end (Plate 2, fig. 8, L.; Plate 3, figs. 13, 14, 17, L;
Plate b, figs. 23, 24, 25, L). The outer ends of the lamellae are joined with
one anocther by means of small septa (Plate 3, figs. 13, 14, 8). These
larncilae are thicker than the body cilia and the cilia present on the left
side of the groove. The undulating membrane occupies about half the
breadth of the groove. In front of the undulating membrane there is a
row of small papillae forming a ridge (Plate 2, fig. 8, R.; Plate 3, figs. 13,
14, 17, R.; Plate 5, fig. 23, R.). Each papilla is like an inverted U, the
function of which is almost the same as that of an undulating membrane.
The arms of the papilla, which form inverted U-shaped structure, arise
from the basal granules (Plate 2, fig. 10, bgr.; Plate 3, fig. 14, bgr.). The
undulating membrane and the ridge stop short in front of the mouth.
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The lamella on the right margin and cilia on the left continue. On the left
outer side of the groove, thereis a row of very long and fine cilia (longer than
the body cilia) (Plate 2, fig. 8, olc.; Plate 3, figs. 13, 14, 17, ok.; Plate 5,
fig. 23, ole.) arising from the basal granules situated close to the inwardly
directed fine cilia. On the inner left hand side of the groove, there is a
row of very fine cilia touching the papillae of the ridge (Plate 2, fig. 8, ifc.;
Plate 3, figs. 13, 14, 17, ifc.; Plate 8, fig. 23, ifc.). The basal granules of
these cilia are rod-shaped (Plate 2, fig. 10, rsbg.; Plate 3, fig. 14, rsbg.) and
80 closely arranged that they form the pseudolamellae. Amongst the
longer outer cilia are attached a few crescent-shaped trichocysts provided
with an opening (Plate 4, fig. 22, ofr.), towards the anterior end of the
ciliates,

At the posterior end of the groove is the mouth which is protected by
a guard cirrus (Plate b, fig. 24, Cr.). The mouth, then, opens into the
body (Plate 5, fig. 26, Mo.) through the cytostomal groove (Plate 5,
fig. 24, Cg.). '

The anterior portion of the groove has got o ‘comma’-shaped cirrus
(Plate 4, figs. 19, 20, Cr.).

The macronucleus (Plate 1, fig. 2, Mn.; Plate 2, fig. 6, Mn, See
Tables 1, 2, 3, 4) is seen in the living ciliate as a clear granular ares usually
near the middle of the body, but sometimes it may be placed anteriorly or
posteriorly. The outline of the macronucleus is nearly always variable
due to the food-vacuoles and lipoid inclusions pressing against it. In
fixed and stained specimens, it is seen to be surrounded by a delicate thin
membrane, which, in sections, becomes very obvious. Within this thin
nuclear membrane, the granular nuclear material (Plate 5, fig. 28, Gm.) is
closely packed. The macronuclear material is typically contracted away
from the membrane in fixed individuals. The chromatin appears to be
distributed in the form of numerous small granules. The size of the macro-
nucleus ranged between 49-5p—82-8p in length and 19-8p—41-44 in breadth
as determined by measuring 12 living specimens, the average being 65-Tu
by 29:79u; and 26-4u-82-5u in length and 13-24-33-Op in breadth ag deter-
mined by measuring 54 fixed specimens, the average was 53-07u by 21-61u -
in N. rayii. In N. kumarii, the size of the macronucleus ranged between
46-2p~759u in length, and 19-8y-33-0x m breadth as determined by
measuring 10 living specimens, averdging 60-06u by 27-20u; and 36-3u—
82-5p in length and 9-9u-28-0p in breadth as determined by measuring
42 fixed specimens, the average was 50-0x by 21-19u. The long axis of
the macronucleus in relation to the long axis of the organism may be
transverse, oblique or parallel.

The spherical micronucleus, which is very small, lies close to the
macronucleus, frequently in a depression on the surface of the Ilatter
(Plate 1, fig. 2, Mn.; Plate 2, figs. 6, 11, mn.). It is heavily stained with
Heidenhain’s iron haematoxylin, following fixation in some strong fixative.
In such preparations the chromatin mass is contracted away from the
micronuclear membrane.
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Micronucleus, as usual, takes a very active part in division. When it
just starts to divide, the internal granular material contracts, and gets
eollected in the middle and then becomes lengthened (Plate 5, figs. 28,
29, 30). On division two micronuclei are formed which remain connected
with each other by a very minute spindle (Plate 5, fig. 31, Sp.).

The following Tables I-IV will give an analysis of measurements, ete.,
of & number of individuals,

There is one contractile vacuole present in the posterior region of the
body (Plate 1, fig. 2, Cv.; Plate 2, fig. 6, Cv.; Plate 4, fig. 21, Cv.; Plate 6,
figs. 33, 34). The contractile vacuole situated in the posterior part of the
bedy opens to the exterior by a small canal (Plate 1, figs. 4, 5). Sometimes
there is one lateral contractile vacuole also. The portion of the body is a
little bit pushed outside due to its opening. The size of the contractile
vacuole is very small. In living individuals, the contractile vacuole is
empticd at intervals of 5-10 mainutes. After systole, several small vacuoles
appear at the same spot which guickly coalesce to form 2 new contractile
vacuole.

The contractile vacuole hag got small auxiliary vacuoles (Plate 1,
fig. 3, aw.), which open into the central bigger contractile vacucle (Plate 1,
fig. 8, 0a.). These auxiliary vacuoles, after pouring their contents into the
main contractile vacuole, reappear again at the same place after sometime
(Plate 1, fig. 3, av).

The body is clothed with longitudinal rows of short, fine and closely
set: 1miform cilia. The cilin are seen to arise from the inner thinner layer
and penetrate through the pellicle, which, in whole mounts, looks to be
very thick, but in sections, basal granules are clearly visible, situated guite
close to one another (Plate 2, fig. 8, By.; Plate 3, fig. 16, Byg.; Plate 4, figs. 18,
20, Bg.; Plate 6, fig. 37). The cilia vary from 1.6u—4-9u in length, averaging
4-3u in N. rayii, and 3-3p—6-6p in length, averaging 4-76u in N. kumarti,
The cilia on the peristomial groove are quite different from the body eilia.

The trichocysts are arranged along the left hand border of the groove
in between the longer eilia. Some of the trichocysts are scattered through-
out the body (Plate 2, fig, 9, T'r.; Plate 3, figs. 18, 22, T'r.; Plate 5, fig. 27,
Tr.), but most of them are found clustered near the anterior end (Plate 4,
fig. 22). They are crescent shaped or appear as bent or curved needles
with one end drawn out into a filament (Plate 2, fig. 7). In the section of
the Ciliates, they are seen in different shapes and positions; some are straight
while others are ecurved. The organism is provided with a power to use
these trichocysts, whenever needed and so some of them are thrown out at
one time into the surrounding medium. In the sections of the intestine,
they were found to be scattered, in the disintegrated intestinal epithelium,

Myonemes are of two types:—(z) Longitudinal, () Circular.

Longitudinal myonemes, are placed slightly on one side of the anterior
portion of the groove and run downwards in the cytoplasm. Their direction
is more or less oblique (Plate 2, fig. 8, Lm.; Plate 4, figs. 19, 20, 22, Lm.).
Anteriorly, at their origin, they occupy a larger space, but gradually they
go on decreaging. Ray (1932) described in Balantidium sushilii three or
four fibres on the left hand side of the peristome. - Chakravarty (1935)
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TasLr 1.
Measureraents and some other Observations on the Living Specimens of Nathellz raytd,

: 2 § 2 = Situation
Sizo of the | Position Shape | o & |o -E-E % of the
Size in macro- of the of the = I 8 ® & | maeronucleus
Microns, | pucleus in mecro- mMasra- %) g £52 gl tothelong
microns. nuclaus. nucleus. | & WEEH| axisof the
'3 E 3 R body.
Q

250-8 > 138-6 | 660 26-4 | Anterior Kidney- 33 231-0 [ Parallel.

shaped
244-2 1386 | 49-5x19-8 | Central do. 4-9 194-7 | Longitudinal.
277-2%151-8 | 66-0x33-0 | Central do. 33 247-6 do.
2310 165-0 | 82-5x 330 | Anterior do. 4-9 221-0 | Obligue.
280-5x184-8 | 82:6x41-4 | Posterior Mango- 4-9 264-0 do.

Shaped
250-8 % 128-4 | 72-6 X 33-0 | Central Oval 33 214-5 | Parallel.
287-1 % 141-9 | 52:8%33-0 | Anterior U-shaped | 4-9 | Not do.

taken .
330-0 % 181-4 |82-8x36-3 | Anterior—a | Almost 4-9 do Oblique,
little above flask-
the centre shaped
Taprr II.

Measurements snd some other Observations on the Fized Specimens of Nathella rayid.

o E @ a; s
= o Situation
. Bize of the | Position h g f_a 8 g of the
Bize in mMAaero- of the Shape of the °'§ © 5 £ o |macronucleus
microns. | nucleusin | maero. | macronuelsns. | S EE g.¢/! to the long
microng. | nucleus. wd (o £ &1 axis of the
= :;E Kin hody.
[+
244-2%178-2 | 52-8x19-8 | Anterior | Hook-shaped 33 217-8 | Transverse,
217-8 > 145-2 | 39-6 x19-8 | Central More or less 19 188-1 do.
kidney-
shaped
204-6 X 148-5 | 47-8x18-1 | Anteriot | Elongately 3-8 | 1617 { Oblique.
oval
231-0x 1386 | 59-4 x19-8 | Anterior | Saucer-shaped| 3-3 198-0 | Parallel.
260-7» 151-8 | 66-0¢26-4 do. Kidney. 16 231-0 { Transverse.
shaped
3136 189-7 | 62:7x19:8 | Central Flat 1-6 270-6 | Parallel.
301:9 1601 | 594 x 23:1 | Anterior | Flat 16, 2739 Obligue.
141-8x88-1 | 38-3x13-2 do. Oval 33 105:6 | Transverse.
23761188 | 429 38-3 | Central Roundish 4-9 201-3 do.
303-6 x 151-8 | 561 x33-0 | Posterior | Egg-shaped 33| 264:0 | Parallel.
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Tasrr III.

Measurements and some other Observations on the Living Specimens of Nathella kumarii.

e} i
o H . .
. el Situation of
Size of the Position of Shape of the b 5 the macro-
Size in micerons. TRHETO-. the rmacro- 1 < E | nucleus to the
nucleus in nucleus macronucleus. B Jong axis of
microns. ) o g &
] the })Ody.
=S
Q
240-9 1320 | 759 28-7 | Central Kidney-shaped 66 | Parallel.
14521056 | 49:-5%)19-8 | Central Flat 4.9 do.
188-1 1188 | 46-2x19-8 } Posterior Trregular 41 do.
264-1 x 80-1 66:0:x33-0 do. Kidney-shaped 4:9 | Oblique.
2G1-3 x 990 445 33-0 | Contral Gval 3-3 | Parallel.
Tapre IV.

Measurements and some other Observations on the Fixed Specimens of Nathella kumarii.

m in. -
= = . .
. S Situation of
. erz:ag i:_he Position of Shape of the 5.8 the maero-
Size in microns. .| the macro- peo = & | nucleus to the
nueleus in macronucleus. £ .
microns nucleus, aQ,E long nxis of
' o2 the body.
=
<
184.8 x 1156 | 67-6¢23-1 | Anterior Kidney-shaped 1-6 | Oblique.
214:5x106:6 | 41-8x19-8 | Central Irregular 1-6 | Parallel.
237-6 x 924 66-0 % 26-4 | Central Embryo-ghaped 33 do.
161-7x125-4 | 82-6x16H do. U-ghaped 3-3 | Oblique.
165-0 x102-3 36:3x18-2 { Anterior Flat 2-4 | Transverse
273-8 1650 | 82-7 x 231 | Posterior Slipper-shaped 3-8 | Parallel.
211-2% 1287 59-4 x13-2 | Anterior Flat 1-6 | Oblique
277-2x 156841 066-1x280 do. Oval 3-3 | Transverse.
161.7 x 89-1 446X 90 do. Flat 3-3°| Obligne.
151:8x990 | 379x165| do.” Hgg-shaped 16 do.
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saw them in B. depressum, {Ghosh) as three or four fibres, arising from the
left side of the peristome, but in this ciliate there are numerous fibres
running downwards. Posteriorly also there is a bundle of fibres near the
groove directed upwards and running in the cytoplasm in the same manner
as the anteriorly situated fibres (Plate 4, fig. 21, Im). In N. kumari: there
are a few additional myonemes provided to keep the groove in its position
{Plate 3, figs. 12, 15, Alm.; Plate 4, fig. 21, dim.).

Circular myonemes are present throughout the entire inner layer of
the body (Plate 2, fig. 8, Cm.; Plate 3, fig. 16, Om.; Plate 4, figs. 20, 22, Om.;
Plate 6, fig. 37). These myonemes are connected with the body cilia and
are regponsible for the flexibility of the body. They also help in the active
movement of the cilia. These circular myonemes according to the nomen-
clature of Ten Kate, may be called Morphonemes, for they maintain the
body form.

In sections of the infected intestine, the Ciliates could be seen scattered
throughout the lumen (Plate 6, fig. 32), but it cannot be said definitely
whether they are parasitic or non-parasitic to the host. Presence of
trichocysts proves them to be enfirely non-paragitic, but mortality amongst
the infected fishes only, as mentioned earlier, suggeats that they may ezert
some adverse influence on their host. Further studies are, however,
needed to settle this question,

Besides the micronucleus another irregular mass of protoplasm is
geen to lie near the macronucleus (Plate 6, figs. 33, 34) which takes a faint
nuclear stain. The exact nature of this mass of protoplasm has not been
determined yet.
®  No cysts or conjugants could be encountered through the course of
the study. o,

4. SystEmaTic PosmTiow

From their superficial appearance the Ciliates resemble Nicollellz and
Collinella Chatton and Perard and Buxfonells Jameson. For instance, the
peristomial groove in N. rayii resembles that of Nicollella, while in N.
Jeumarii, it resembles that of Collinella, but on closer examination. of their
morphology one finds ample grounds for creating a new family for receiving
the Ciliates described in this article. For example the presence of mem-
branellae in both N. rayii and N. Lumarti separates them both from
Nicollella o Collinella. Again in Nicollella and Collinella, the mouth is
gituated at the anterior end while in these new Ciliates, it is at the posterior
end. The presence of a thick pellicle at the anterior margin and the
construction of the groove makes it differ from Buatonells. The species of
Nicollellz, Collinella and Busztonello have all been described from mammalian
hosts, while the Ciliates described here tre from the fish. The morpho-
logical features of this new Ciliste algo differ in many respects from hitherto
known families of Ciliates described under the order Holotricha and sub-
order Hymenostomata,.
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Order: HOLOTRICHA
Sub-order: HYMENOSTOMATA
Family: Nathellidae. Fam. N,

The Ciliates, which are quite new, have recently been discovered from
the intestine of fish-—Mystus cavasius.

The Ciliates belonging to thiz family are Holotrichous Ciliates with
body uniformly covered with short and fine cilia arranged in longitudinal
rows, The peristomial groove which is always kept on the dorsal surface,
while in movement, runs from the anterior region, whers the pellicle is
thick and shield-like, to the posterior region where either it ends on the
dorsal surface, or turns towards the ventral surface. The mouth, which
is provided with a cirrus, is situated at the end of the groove. The groove
has got an undulating membrane on the right border with a row of lamellae
on the outside, and cilia on the inner left border, with rod-shaped bagal
granules, arranged very closely, so as to form the pseudolamellae. The
other cilia are to the outside, and these are longer than the body cilia. The
ridge which lies between the inner fine cilia and the undulating membrane
ig provided with papillae. The anterior portion of the groove is slightly
dilated. The undulatitg membrane and the ridge continue from the
anterior to the posterior region, but stop short in front of the mouth, The
macronucleus varies in size and shape. The position of the macronucleus
in the body is variable. The micronucleus is spherical and is placed in a
depression on the surface of the macronucleus. One or two contractile
vacuoles may be seen lying at the posterior end of the body. Trichocysts
are present, amongst the longer cilia, on the left border of the groove and
are also scattered in the body. They are crescent-shaped with one end
drawn out into a filament. Longitudinal and circular myonemes are
present.

Genus Nathella. N. gen,

Characters of the family. The genus embraces two new species, viz.,
N. rayii, n.sp., and N. kumarii n. sp.

Dragnosis
Nathella rayii nap.

Thig is Holotrichous ciliate with broadly elliptical body. Body cilia
are uniform, fine and arranged along longitudinal rows. Ciliary lines are
very closely set. Body cilia vary from 1.64—4-9u in length. The groove
starts from the anterior region and ends posteriorly on the dorsal surface
bearing the mouth with a cirrus, Undulating membrane is present through-
out the right margin of the peristomial groove. On the anterior region
sbout ong-fourth of the peristomial groove is slightly dilated. The undulating
membrane stops short a little above the posterior portion of the groove
where it just closes encircling the mouth, while the lamcllae on the outside
continue to the end of the groove on the right border. Length of the
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peristomial groove varies-from 197.-0u-264-O0p according to the variation
in the size of the body. Contractile vacuole usually. on the posterior end
opens to the outside by a canal and is provided with auxiliary vacuoles.
Macronucleus is granular and varies greatly in shape. The spherical
micronucieus js situated in a depression on the surface of the macronucleus.
Nuclear dimensions range between 49-5u—82-8p in length and 19-8p—41-4p
in breadth. The average being 65-70p by 29-79u. The position of the
macronucleus in the body is variable. The long axis of the macronucleus
is oblique, transverse or parallel to the long axis of the body. Longitudinal
myonemes are present at the anterior and posterior regions of the body.
Cireular myonemes {(morphonemes) are present throughout the inner region
of the body.

Dimensions: Size very variable. 198-0u—330-0p < 125-4p-181-4p,
averaging 252-68u ¢ 151-07 .

Habitat: Intestine of fish Mystus cavasius.

Locality: Ludhiana. '

Nathella kumarit n.sp.

This is also a Holotrichous Ciliate vsually with an elongated body but
shows variety of shape and form. Body cilia are short, fine and uniform,
arranged along the closely set longitudinal rows. Cilia vary from 3-3-6-6p
inlength. The groove starts from the anterior region and passes over the
entire dorsal surface, dips to the ventral surface and curves upwards
making the shape of U. At the end of the peristomial groove is the mouth
with cirrus. TUndulating membrane is present throughout the length of the
groove. About one-sixth of the anterior portion of the groove is slightly
dilated. The groove is longer 4han the length of the body. Contractile
vacuole usually on the posterior end opens to the outside by a canal and is
provided with' suxiliary vacucles. Macronucleus is granular and very
variable in shape, On its surface lies the spherical micronuclens, more
or less, sunk in a depression on the surface. Nuclear dimensions range
between 46-2u~759u in length, 19-8p-330p in breadth, the average
being 60-06x by 27-28u. The long axis of the macronucleus is oblique,
trangverse or parallel to the long axis of the body. The macronucleus is
,anterior, central or posterior in position in the body. Longitudinal
myonemes are present at the anterior and posterior region of the body
near the start and at the end of the groove. Thers are myonemes also

- between the two arms of the groove, ébliquely situated, which help to keep
the two arms of the U-shaped curvature in their position and also help to
keep them at a certain distance. The posterior region of the groove hedrs
a very minute friangular keel or guard to keep the groove in position
(Plate 3, figs. 12, 15, K). Circular myonemes (morphonemes) are present
lining the inner surface of the body throughout. )

Dimensions: Size  very  variable. 145-2u~287-0ux 89-0p-148-5u
averaging 218-79u by 126-06,.

Habitat: Intestine of fish Mystus cavasius.

Locality: Ludhiana. - '
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- 6. SUMMARY

The morphology of the two new Ciliates from the infestine of a carni-
vorous fish—Mystus cavesius—{mostly from Budha Nala and often from
Jassian Pond, Ludhiana) are described. The morphological characters
are identical with the Ciliates belonging o the sub-order Hymenostomata,
but a new family Nathellitdae and a new Genus Nathella, with two new
species Nathella rayii n.sp. and Nathelle kumarti n.sp., have been described
in detail. '

The peristomial groove starts from the anterior end, and finishes just at
the posterior end in N. rayii, while in N. kumarit it continues throughout the
posterior surface, dips to the right, and turns upwards on the ventral region.
The end of the groove bears the mouth in both. The groove bears the un-
dulating membrane on the right side with lamellae on the outside. The
morphology of the groove is the same in both the species. The only differ-
ence is that about one-fourth of the anterior portion of the groove in N.
rayii and one-sixth of the anterior portion of the groove in N. kumarii, is
dilated, because the groove in the latter is longer, though the length of the
dilated portion of the groove is nearly the same in both. The beody cilia
is shorter in N. rayit than those in N. kumarii. The macronucleus in
N. rayii is longer thdn that of N. kumarii. In shape, latter’s macronucleus
is more complicated than the former’s. The macronucleus in N. rayif is
larger than that in N. kumarii. Both have got contractile vacuoles at
their posterior ends. These are provided with auxiliary vacuoles. Both
have got longitudinal and circular myonemes, but N. kumariz has got
another bundle of myonemes, obliquely placed, on the dorsal and ventral
surface of the arms of the groove. The groove is also provided with a keel
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or guard at the posterior end, where the groove just dips to the ventral
surface. This keel or guard keeps the groove in position and is present only
in N. kumarii.
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7. ExpraNaTioN oF FIGURES

N.B.—TFigures were drawn with the aid of camera Inecida with the magnification given
below.

Prare 1

Fio. 1. Mystus cavasius—the host fish, highly infected with Ciliates. x3/4.

F1G. 2. Nathelle rayii, from a smeer fixed in Bouin’s fluid and stained in Heidenhain’s
iron haematoxylin, x480.

Fie. 3. Contractile vacuole of N. reyii in the entire specimen with no opening to the
outside. % 1000.

T1o. 4. Contractile vacuole of Nathella kumarii in the entire specimen provided with
an opening. X 1000, . :

F1e. 5. Contractile vacuole of N. kumarii in section. %1000,
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Prate 2

T1G. 6. N. kumarii, from-a smear fized in Schaudinn’s fluid and stained in Heiden-
hain's iron hsematoxylin, x 450,

Fie. 7. Creseent-shaped trichocysts,of N. royii and N, kumarii,  x1200.

Figs. 8, 9, 10, Transverse sections (4 microns) of N. rayii showing the structure of
the peristorial groove. X 600.

Frag. 11. Transverse tection {4 microns) of N. kumarii after fixation with F.W.A. for
24 hours before the effect of the turpentine oil. > 500,

Pratre 3

Fig. 12. Transverse section (3 microns) of the posterior portion of the peristominl
groove of N. kumarti, showing the keel or the guard, x1000,

Fiae. 13, Posterior end of the peristomial groove of N. rayii.  x 2400,

F16. 14. A portion of the peristomial groove of N. raygit. X 4800.

T1e. 15. Posterior portion of the peristomial groove of the entire specimen of N.
kumarii, showing the keel or the guard. x 1900,

Fre. 16. Transverse soction {3 microns) of N. kumarii showing the arrengement of the
circular myonemes, X500,

F1g. 17, First serial longitudinel esction (3 microns) of N. rayii passing on the surface
of the peristornial groove. »1000.

Prare 4

Fia. 18. Second serial longitudinal section (3 mierons) of N. rayii passing on the
surface of the peristomial groove. 1000,

Fig. 19.  Anterior end of N. kumaré, showing the peristomial groove dilated anteriorly,
with a cirrus situsted at its origin. X 600.

F1o. 20. Longitudipal section (3 microns) through the anterior region of N. rayii.
% 1000,

Fia. 21. Posterior portion of the peristomial groove in N. kumarii. = 480.

Fra. 22.  Transverse section (3 microns) of N. rayii through the enterior region showing
the opening for thoe trichocysts. X 1009.

PraTE &

Fias. 23, 24. First two serial transverse sections (3 microns} through the right hand
side of the peristomial groove of N. rayii. x1000.

Figs. 25, 26, 27. First three serial transverss sections (4 microns) of N. rayit from the
posterior portion of the peristomial groove. X 1000,

F1a, 28. Macro- and micro-nuclei in section (4 microns} of N. rayit showing the granu-
lar eytoplasm uniformiy distributed. x 1000.

Fies. 29, 30. Macre- and miero-nuclei in section {4 mierons) of N. kumarii showing
the granular cytoplasm collected at both ends before the division. x 1000,

Fi1a. 31. Macro- and micro-nuclei in section {4 microns) of N. rayit with the miero-
nucleus after the division attached with each other with a spindle. x 1000.

Prarte 8
{Photomicrographs)

Fra. 32, Transverse section {4 microns) through the intestine 56, showing the Ciligtes
seattered in the lumen of the grt.

Fra. 33. Nathella rayéi. The Ciliato shows on the anterior region a thick shield-like
pellicle with the peristomial groove starting from its.centre: the groove
reaching up to the posterior region, bearing the undulating membrane
and ending on the dorsal surfece bearing the mouth. Contractile vacuple
posteriorty placed at the tip. Macronucleus almost in the middle of the body
and parallel to the long axis of the body. Shapeless mass of protoplasm near
the macronucleus. X180,

Fic. 344 Nathella kumarit. Peristomial groove dipping towards the ventral side.
Macronucleus kidney-shaped and anteriorly placed and longitudinal to the long
axis of the hody. Shepeless mass of protoplasm near the macronucleus. x 190,
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Fi16. 35. A portion of N, rayii in whole mount showing the details of the peristomial
groove. X700,

Fre. 36, Tongitudinal section (3 microns) through the posterior end of the perigtomial
groove in N. rayif showing the mouth, undulating membrane with lenger cilia
on the left margin of the groove. Trichocysts scattered in tho body. x700.

Fig. 37. Transverse seotion (3 microns) through N. kumardi showing the basal gran-
ules, body cilia, arrangement of the circular myonemes and the macronucleus.

» 400,

ABBREVIATIONS

A.—Anal fin.
Alm —Additionel longitudinal myonemes.
av.—Collapsed auxiliary vacuole.
aw.—~Filled auxiliary vacuole.
B.—Thin layer of skin on the dorsal surface of the body of the host fish.
-Br —Brownish globules or lipoids,
Be.—Body cilia,
By.—DBasal granules,
bgr.—Basal granules of the ridge.
bgum.-—Basal granules of the undulating membrane.
¢—Caudal fin.
Jg.—Cytostomal groove,
Cl.—Ciliary lines,
COm.—Circular myonemes,
Cr.—Qirrus.
('v.—Contractile vacuole.
D —Porsal fin,
G.~~Granular material.
¢fc.—Inner fine cilia."
K.—Keel or guard,
L.~Lamellne,
Im.—Longitudinal myonemes on the posterior end.
Lm.~—TLongitudinal myonemes.
M .—ventral cirrus,
Mn.~Macronucleus.
mn.—Micronucleus,
Mo —Mouth.
N.—Nasal cirri.
0 ~—Qral cirri.
oa.~~Qpening of the auxiliary vacuole.
oc.—Opening of the contractile vacuole.
ole.—Outer longer cilia.
otr—Qpening for the trickocysta.
P.—Pelvic fin.
Pf—Peristomial fibres,
Pg.—Peristomial groove.
Pg.d.—Peristomial groove d[sa.ppearmg
Pgdy.—Peristomial groove dipping towards the ventral surface,
Pyus.~Periatomial groove on the ventral surface.
R.—Ridge.
rsbg.—Rod-shaped basal granules,
& —Septa.
Sp.—8pindle.
Pr —~Trichocyats. .
Um.—Undulating membrane. ;
¥.—Ventral fin.
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THIOPEGAN DERIVATIVES. PART II.

By M. 8. DraTT and K. S. Narawve (Department of Chemistry, Panjab
University College, Hoshiarpur, East Ponjab, India).

Since Pyrrolidino-Tetrahydro Quinazoline {I) has been named Pegan
by Spith,! the authors2 have suggested the name Thiopegan for the
structure (IT). Since compounds of the Isomeric structures (III) and (IV)
are closely rolated to (II) it is considered desirable to finalize the system
of nomenclature in the three compounds. The original nomenclatures
Thiopegan could be extended to (TIT) and (IV) by showing the positions in
the Quinazoline ring to which the Thiazolidino ring is fused in each of the
three isomers. (II), (IIT) and (IV)'would, therefore, be named as 10: 11
Thiopegan ; 4 : 11 Thiopegan and 9 : 10 Thiopegan, respectively.

/\/ CHz\ N_ CH, o\ ?HEEN——T;CHB
|| | 7 “ | |

CH, WOH,  %CH,
\/\ NH/ Nomy” NN\ Y
Y ()
S’_'_'_'El(}Hz
[t
CH *OH, CH
/\u X Y
100H2 7 6 \&/mCHl
13 2'
CH,—CH;
(II1) (IV)

The ring systems (V), (VI) and (VII) with 8 in position 2 could then be
named as 2 Is0-10: 11 Thiopegan ; 2 Iso-4: 11 Thiopegan and 2 Iso-9: 10
Thiopegan, respectively. The ring systems (VILI), (IX) and (X) with 8§ in
position 3 could be named as 3 Iso-10 : 11 Thiopegan; 3 Iso-4 : 11
Thiopegan and 3 Iso-9 : 10 Thiopegan, respectively.

g
H 3CH
lu/a\l/(i EEN——g(lez I/\"A N
| " L
ls W0H 2§ , 100OH
VRS A A VASY: i
W (V1)
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6 ‘ |
L . l . 1w CH
VAN PR3
8 2]
H, S
(VII)
. (l:'le_"ECHz
|
cH CH\__ /8
| A ZEN 3S J ] /‘ }.‘]N'/
I 1°GH\ 2(|3H2 7\? , 10 CH,
8 9
{VIII) (IX)
CH
“/5\%/ NN
e yJ:H
AV '\1?112
Sa'_“"—_chg
(X)

The ring systems (XI}—(XIX) could be named with reference to one
of the Thiopegans or Tao-Thiopegans as shown.

S“'—“ECHg

CH,——2CH, 1 Thiazolidino 4: 11 Thiopegan.

S 2 Thiazolidino 4 : 11 Thiopegan.
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CH,

CH
NS

4 Iso-Thiazolidino 4: 11 Thiopegan.

2 Thiszolidino 9: 10 Thiopegan.

¢ Thiazolidino 2 Iso4 : 11 Thiopegan.

3 Tso.Thiazolidino 2 Iso-¢ : 11 Thiopegan.
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CH; 8 Iso-Thiazolidino 9 : 10 Thiopegan,

\10H2
!3 .
CH, 28 3 Iso-Thiazolidine 2 Igo-9 : 10 Thiopegan.
XvIm - '

CHg——CHg
0
ove

| ) 10 CH
\ ,CHE

S—CH2 3 T50-Thiazolidino 3 Iso-4 : 11 Thiopegan.
(XIX)

Apart from the intrinsic interest in the chemistry of these ring sys-
tems, their physiological activity is likely to be of some value due to
the combined presence of Thiazolidine and Quinazoline rings. The high
antimalarial activity shown by 10: 11 Thiopegen-9, 4-one. (XX) against
P. Gallinaceum in chicks and prevention of the growth of Mycrobacterium
Tuberculogis in a dilution of 1: 1,000 by 2-carbethoxy-3 methyl 10 11
Thiopega-2 : 9 diene-4-one (XXI) have justified the above expectation.

6/5\ / (iO}N-———s(l)Hg },\ — (E.GH,,
/\/})\ N 10 ‘l‘\é /ZCH2 \/"\ 19 é\ 2C,.CO0CH;

(XX) (XXT)
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The present communication records the preparation of some Thio-
pegadiene derivatives (Table I) by the condensation of 2-carbethoxy-4-
methyl phenyl thiourea (XXTI) with appropriate a-chloro or a«-bromo
ketones. The products have been tentatively given the general structure
(XXIII), but these could also be given the general structure (XXIV).
Confirmation of the exact structures by independant synthesis is in
progress. .

COOC,H; CO .
CHE“, / -NHz CHsA [ ; / * 1\11? —'_E‘IJR
. ! : P
7 10('_1\1 /C.R
N W N VAS
{(XX1II) (XXITII)
CO\
CHg: ° ‘/ ! 11"N
N IOC
VAS AR
s
R.C—=C.R
(XXIV)

R and R are various substituents,

Besides the compounds enlisted below, 2-carbethoxy-4-methyl phenyl
thiourea has also been condensed with chloroacetone, a-bromo ethyl aceto-

acetate and «-chloro-ethyl methyl ketone. The analytical results of the
products are awaited
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TaeLE I

Condensation of 2-cn_.rbethoxy-4:mutjthyl Solvent of MP. Analytical Results
No. phenyl thmurir; ;;;It.el; the particular Name of the product eryatallization o, Formula Found | Requited
{%) (%)
\
1. | w-Bromo Acetophenone .. 3-phenyl-G.mmethyl 10: 11 Thiopega-2: 9- | Benzeno 2064 CyH,,ONpS | M: 951 | W: 960
diene-4-ona.
2. w-Bromo P-methyl Acetophenone 3-(P-Tolyl)-8-methyl 10 : 11 Thiopega- | Ethyl Acetate [ 264 CeH ,ON:S | N: 9-21 | N: v13
. 2: B.diene-4-one.
3. w-Bromo P-methoxy Acetophenone .. | 3-(P.-methoxy phenyl)-6.methyl 10 : 11 | 50% dilute 244 C1gH1,0.,N:8 | N: 866 | N; 869
Thiopega-2: 9.diene-4-one. ethyl alcohol
4. w@-Bromo P-chloro Acetophenone . .. | 3-(P-chloro phenyl)-6-methyl 10 : 11 | Ethyl alechol 3268 | C),H, ON,SCI|C: 62-54| C: 62-48
. Thiopega-2: 9-disne-4.cne. H: 3-36 | H: 3-37
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SPERMATOGENESIS OF ACHET A DOMESTICUS LINN.
(GRYLLUS DOMESTICUS) WITH OBSERVATIONS UNDER
THE PBASE CONTRAST MICROSCOPE

By Visawa NaTH and BACHITTAR SINGH BREMBER, Department of
Zoology, Panjab University College, Hoshiarpur

INTRODUOTION

Cytologists have long found insecta to be a very fertile field for
investigation. Although much work has been done on the cytoplasmic
inclusions in the germ cells of Lepidoptera (Gatenby, 1917; Bowen, 1922),
Hemiptera {(Bowen, 1922-23; Chickering, 1927), Coleoptera (Bowen, 1924;
Nath, Bawz, Bhardwaj and Gupta, 1951; Mickey, 1935) and Aptera
(Charlton, 1921; Bowen, 1924 ; Gatenby and Mukerji, 1929; and Nath and
Bhatia, 1953), the Orthoptera have received very little attention.

Bowen has done some work on the Orthoptera to which he has made
oceasional veferences in his papers on Lepidoptera (1922) and Hemiptera
{1922-23). Recently Chang-Chun Wu (1940) has worked out the spermato-
genesis of an Orthopteran form, Diestrammena sp. with special reference
to Golgi bodies and mitochondrie. Barlier Payne (1916-17) published his
paper on Gryllotalpa borealis and G. vulgaris and Baumgartner (1902) on
‘Spermatid Transformations in Gryllus, ete.” )

One of us (B.8.B.) started investigations on the spermatogenesis of
Achela domesticus Linn. {Gryllus domesticus) in 1952. The material was
found to be exceptionally favourable for cytological studies. Ail prepara-
tiong have been checked by the senior author, who hag also prepared the
manuscript for the press. All the figures have been drawn by the junior
author. )

Studies under the phase contrast microscope were made jointly by us;
and they have been remarkably profitable.

MATERIAL AND TECHNIQUE

Specimens of Achete domesticus Linn. (Gryllus domesticus) were
collected from kitchens and storchouses. 'The male can be distinguished
from the female by the absence of an ovipositor.

Specimens were dissected by cutbing across the posterior end of the
abdomen by a pair of scissors, and the contents were squeezed out in 8
watch glass containing normal saline solution. Small pieces of the testis
uo} exceeding two mm. in thickness were then transferred to the fixatives.

The material was mostly fized in Flemming-without-acetic acid for
warying periods, and then washed in running tap water or distilled water =
for the same pericd. It was then dehydrated and embedded in paraffin
wax. Sections were cut five microns thick and were stained in 0-69% iron
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~ haematoxylin after usual mordanting in 49, iron alum. Differentiation
wag done in 29 iron alum, Some material was also fized in Champy’s
Fluid. Bouin’s fluid was used for control. Smears for the study of the
mature gperms were also prepared. A portion of the testis was pressed
between the two slides, which were then placed in F.W.A. diluted with an
equal quantity of distilled water for one or two hours. After washing for
the same period slides were stained in 0'59%, iron haematoxylin. Best
regults were obtained from the material fixed for 36 hours in F.W A. and
for 12 hours in Champy’s fluid.
Observations on the fresh material were also made under the phase
contrast microscope.

OBSERVATIONS
Spermatogonium

The earliest spermatogonium (Fig. 62, Pl. IV) of Acheta domesticus
Linn. (Gryllns domesticus) appears as a more or Jess rounded cell in the
living condition under the phase contrast microscope. It contains a
coinpgl-ratively big nucleus, which reveals fine chromatin granules conneocted
by fibres forming a network. One or two nucleoli may also be present in
the nucleus. The nucleus of the spermatogonium is o big in some cases
that the cytoplasm can be scarcely made out. A few very dark granules
are present in the cytoplasm, juxta-nuclear in position.

In sectioned and stained material the spermatogonium shows the
same form and structure as in the living condition (Fig. 1, PL I), except
that the juxta-nuclear mass shows two types of granules, viz., a mass of
very faintly-staining, greyish granules, in which are embedded a few bigger
and darkly-staining spherical bodies. The former are the mitochondria
and the latter the Golpi elements.

During the spermatogonial metaphase (Fig. 2, Pl I) chromosomes
arrange themselves at the equator of the spindle. A cenfriole is present
a8 a fine granule at each pole of the spindle. The fine, faintly-staining
mitochondria cannot be seen at this stage, as they are uniformiy distributed
in the eell, but a few Golgi granules can be easily detected in the cells as
they are bigger in size and stain more deeply with iron haematoxylin.

In polar views of the metaphase plate (Fig. 3, P I) 21 chromosomes
can be easily counted; one of these is U-shaped and is the sex chromesome.

Primary spermatocyte

The earliest primary spermatocyte (Fig. 4, Pl I) shows an oval
nucleus, which does not reveal any structure, save for the presence of one
or two nucleoli. The mitochondria form one or two deeply-staining,
cloudy masses close to the nuclens. Each mass is so dense and compact
that it is very difficult to make out the individual granules. In some cases
they appear to be composed of threads, which are most probably formed
by the alignment of granules. In some cases Golgi spheres are also met
with, with only the chromophobic area present, while in others the usual
characteristic duplex structure of the Golgi sphere can be easily made out,
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At a later stage (Fig. 5, PL. I) the mitochondria appear as fine granules,
which have started spreading around the nucleus. The nucleus is again
oval here, and does not show any structure except one or two nucleoli.
Golgi bodies are present in the form of erescents, and spheres which show
only the chromophobic medulla.

At a still later stage (Fig. 6, PL I) the mitochondria become vesicular.
They now appear as small vesicles, which are ovoid or spherical. Each
vesicle consists of a droplet of some substance, which has no affinity for
the stain. This material is enclosed in a delicate envelope of a substance,
which takes the haematoxylin stain rather sharply. After some time
these vesicles begin to lengthen out and form hollow tnbes closed at both
the ends. These may be straight or a bit curved (Fig. 7, Pl. I). These
tubes further elongate, and their cavities become obliterated. Thus thick
mitochondrial threads are formed, which cover the nuclens on all sides.
Gradually they are converted into fine threads (Fig. 8, PL I).

The primary spermatocytes have been studied in the living condition
under tho phase contrast (Fig. 63, Pl IV). As thus studied, the primary
spermatocyte is a rounded cell having a spherical nucleus with one or two
nucleoli. Mitochondria are present in the form of numerous delicate
threads, which form s circum-nuclear ring. Geolgi bodies are conspicuous
in the cytoplasm in the form of dark granules. _

Fig. 64, PL. IV, has been drawn from a living cell as seen under the
phase confrast. The metaphase I chromosomes, the mitochondrial threads
forming a mantle round the spindle, a centriole at each pole of the spindle
and lastly the Golgi bodies in the form of dark granules can be
eagily observed. An important point may be noted that the fibres in the
spindle area are conspicuous by their absence at this stage. This is fully
confirmed by the study of fixed and stained cells (Fig. 9, P1. I).

In the late telophase stage (Fig. 11, Pl. T) of the first maturation divi-
sion the QGolgi bodies and the mitochondria have been distributed to the
two daughter cells. The spindle fibres and mid-body granules are now
conspicuous.

Secondary spermatocyte

It may be recalled that the mitochondria, which are granular in the
spermatogonia first become vesicular and then thread.like in the primary
spermatooytes during the growth period. But in the earliest secondary
spermatocyte the mitochondria once more assume the vesicular form
(Pig. 12, PL. I). Soon after, however, the vesicles are converted into
threads (Fig. 13, PI. 1), which can be observed very cleariy in the living ceil
also studied under the phase contrast (Fig. 65, P1. IV).

Metaphase I1 stages are very rare in our preparations, although one
polar view of such a stage has been figured by us (Fig. 15, Pl. I). Telo-
phase I1 stages, however, are very common in both the fixed preparations
as well ag in the living cells as studied under the phase contrast (Figs. 14
and 16, PL. I; and Fig. 67, P1. IV). In Fig. 16, Pl I, and in Fig. 67, PL IV,
the spindle fibres seem to be disappearing; at any rate, they cannot be made
out a8 such from the thick mitochondrial filaments. But since the mid- .
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body granules are present at this stage (Fig. 67, Pl. IV} it can be safely
agstumed that the spindle fibres are masked by the mitochondrial threads.

Spermatid and Spermateleosis

The earliest spermatid {Fig. 17, Pl. I) shows a small nucleus, which
reveals a comparatively lightly-stained portion, filled with chromatin
granules and a small very darkly-staining portion. These portions of the
nucleus, i.e. darkly- and lightly-staining, are separated by a narrow clear
space. Prominent thread-like mitochondria taking a very dark stain are
present. Golgi bodies arc present in the form of granules. At a later
stage the darkly.staining portion of the nucleus becomes constricted off
from the lightly-staining portion (Fig. 18, Pl. I). At a still later stage
(Fig. 19, PL I) the deeply-staining portion of the nucleus is completely ocut
off from the lightly-staining portion and starts degenerating. Ultimately
it disappears altogether.

After a part of the nucleus has been constricted off, an important
change comes over the spermatid nucleus. It now starts staining very
feebly and homogeneously (Fig. 20, PL I).

After this stage the mitochondria come close together to form the
mitochondrial nebenkern, which is characteristic of insect spermatogenesis.
The mitochondria pass through various stages of condensation, until the
final differentiation of the nebenkern into an outer chromophobic and an
inner chromophilic area i§ established.

In the living condition under the phase contrast, the mitochondria in
the earlier stages of condensation form a cloudy mass very close to the
nucleus (¥ig. 68, P1. IV). The nmecleus s spherical and shows a nucleolos
and chromatin granules. Golgi granules are present close to the mito-
chondrial nebenkern. '

In the sectioned and stained preparations, the mitochondrial
nebenkern shows a vacuolated structure in its earlier stages (Fig. 21, P1. IT).
Contrary to our observations on the living cells, most of the Golgi bodies
appear in the form of crescents, although a few Golgt granules may also
be present.

The nebenkern now starts rounding up {Fig. 22, Pl II) till it becomes
completely spherical. At the same time it begins to stain homogenecusly
(Fig. 28, P). I1). In between the nucleus and the mitochondrial nebenkern
a few Golgi crescents can be observed close together. It is most probable
that they will fuse together to form the acroblast, but the actual fusion
has not been observed by us.

At 2 later stage, when the acroblast is filly formed, the mitochondrial
nebenkern starts differentiating and passes through a series of internal
changes. Firstly it bccomes spherical and shows vacuoles (Figs. 24 and
26a, Pl IT), which are separated by chromophilic plates. At the points
where these plates meet, prominent chromophilic thickenings are present
in the form of granules. The nebenkerh at this stage represents a beautiful
artistic pattern. .

At a further stage in the condensation of the nebenkern, its cortical

. portion becomes uniformly thick all round and begins to stain darkly with
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iron haematoxylin. The medulla of the nebenkern reveals a vacuolated
appearance, the vacuoles being separated by chromophilic plates, which
also veach the outer chromophilic cortex (Fig. 265, PL II). Prominent
granules are present on these plates towards the centre. Generally there
is a large granule in the centre of the nebenkern, surrounded by other
granules forming a single layer around it.

In the next stage (Fig. 26¢, Pl. II) the differentiation of the nebenkern
into an outer chromophobic and an inner chromophilic zone has started.
The cortex becomes thicker than before. Its one half has become chromo-
phobic, while the other half is still chromophilic. Chromophilic plates
separating the vacuoles meet as usual the chromophilic part of the cortex,
but have heen withdriwn from the chromophobic half. . Gradually the
chromophilic porfion of the cortex also becomes chromophobic, and thus a
typical insect nebenkern with an outer chromophobie and an inuer chromo-
philic area is formed (Figs. 26¢ and 25, Pl. II}. Vacuoles disappear
completely from the medullary region. A distinction between the
chromophilic and chromophobie portions of the nebenkern could not be
observed in the living spermatids (Fig. 69, P1. IV). '

By this time & fully formed acroblast has been formed between the
nuclens and the nebenkern (Figs. 24 and 25, Pl II; Fig. 69, P1. IV) pre-
sumably by the fusion of the Golgi bodies observed in an carlier stage
(Fig. 23, PL II). Sometimes the acrosomal granule appears in the interior
of the acrosomal vesicle (acroblast) almost simultaneously with the first
appearance of the acroblast (Fig. 70, Pl IV). This figure is from a living
cell studied under the phase contrast, and it will be noticed that here the
acrablast appears in the form of a vesicle and not a crescent. There seems
to be hardly any doubt that the crescents are optical sections of spheres.
A few Golgi bodies (&) do not co-operate in the formation of the acroblast,
and they are ultimately sloughed off down the tail.

After the acroblast has been fully formed, an axial filament can be
seen arising from the centriole, which is attached to the nucleus (Fig. 25,
Pl II). The axial filament sconer or later comes to lie over the mito-
chondrial nebenkern and lengthens towards the posterior end (Fig. 27,
PL II). The spermaiid also elongates along its future long axis.

Living spermatids with clongating nebenkerns were frequently
observed under the phase contrast microscope. In such a cell the centriole
is promivent (Fig. 71, Pl. IV), and in some cases the axial filament can
also be seen projecting beyond the free end of the mitochondrial nebenkern
i¥ig. 72, P11V},

After the mitochondrial nebenkern gets atbtached to the centriole, it
starts elongating along the future long axis of the sperm. It shows the
usual chromophobie and chromophilic areas (Fig. 28, PL II). Sooner or
later the chromophobic area is divided into two halves (Fig. 28a, P1. II).
But sometimes the mitochondrial nebenkern begins to elongate before the
final distinction into an outer chromophobic and an inner chromophilie
ares is fully established (Fig. 29, PI. II).

Shortly after the nebenkern has started elongating a new substence
malies its appearance in the outer chromophobic area (Fig. 30, ¥1 11}, Tt
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appears in the form of very fine granules, which are so disposed that they
look like cross lines. This new substance is identical with the ‘central
substance’ of Bowen (1922) or the ‘sheath substance’ of Nath (1925).
" The chromophilic area of the nebenkern is now pushed to the posterior end.
Golgi remnants (@) are seen going hack. The nebenkern goes on elongat-
ing; its central substance becomes more and more prominent; and its
chromophilic ares is progressively reduced (Fig. 32, PL II} till it ultimately
disappears (Fig. 32, PL II}. 'With the final disappearance of the chromo-
philic area the nebenkern divides completely into two right and left halves,
which enclosc the axial filament between them (Figs. 32 and 33, Pl. IT).
The two halves of the mitoshondrial nebenkern now spin out into
threads. A series of bleb-like swellings appear along each half of the
nebenkern, and the intermediate portions become correspondingly thinned
out (Fig. 35, PL II). A few large swellings first formed (Fig. 34, PL II) are
sub-divided as the sheaths spin out; and as the sheaths spin out the indivi-
dual swellings become smaller but much more numercus. Bleb-like
swellings sooner or later disappear completely (Fig. 37, PL 1I; and Fig. 38,
Pl 171). _ :
During all these stages, i.e. up to the formation of the mitochondrial
sheath of the sperm tail, the centriole always remains at the posterior
aspect of the nueleus. But after the sheath is formed, it starts moving
towards the anterior end of the nucleus. While it moves anteriorly the
centriole takes along with it some portion of the mitochondrial nehenkern
in the form of blebs (Fig. 36, PL. IT; and Figs. 40, 41, 44 and 46, P1. I1I).

Reverting to the subject of acrosome-formation, a prominent granule, -
the acrosomal granile, is secreted by the acroblast and lies attached to its
anterior end (Figs. 40 and 41, PL III). This granule is deposited on the
nuclear membrane at its posterior aspect. After the acrosomal granule is
deposited on the nucleus (Fig. 42, Pl III) the acroblast starts moving
backwards, and is finally sloughed off along with other Golgi bodies
{Figs. 45 and 46, P1. 111). Simultaneously, the acrosomal granule itself starts
moving forward along the periphery of the nucleus, and deposita itself at
its anterior aspect. At the same time the centriole, which formerly bad
" acquired an anterior position, moves backward and reassumes its posterior
position. These shiftings of the centriole and the acrosomal granule seem
to be partly due to the rotation of the nucleus (Fig. 43, PlL. III).

The acrosomal granule grows in size {Fig. 43, PL III), and is then
differentiated into the acrosomal triangle. This consists of a deeply-
staining shelf on which the base of the triangle rests, and a deeply-staining
small granule perched at the apex of the triangle (Fige. 47, 49 and 52,
Pl IIT}. In Figs. 46 and 48, Pl. III, the shelf of the acrosomal triangle, as
seen from above, has been represented, Gradually the sheif of the acro-
somal triangle breaks up into fine granules, which Jater disappear from
view, along with the apical granule of the triangle (Figs. 53-58, PL. III).

The fime at which the acrosomal granule is differentiated into the
acrosomal triangle varies considerably., This differentiation may take
place when the acrosomal granule is at the posterior end of the nucleus,
Le., just after its deposition (Fig. 47, Pl. III}; or on its way to the anterior
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end (Figs. 44 and 50, Pl. IIT); or again when the acrosomal granule has
reached the anterior end (Fig. 45, Pl. IIT). Generally this differentiation
takes place before the acrosomal granule has reached the anterior aspect
of the nucleus.

After the acrosome is formed, the cytoplasm surrounding the nueleus
and the axial filament gets attenuated rather suddenly (Figs. 48, 49 and
- 50, PL. IIT). The centriole, which was hitherto only & small granule, in-
creases in size and becomes conical in form (Fig. 49, P1. ITI}. The nucleus
shows a small chromatin granule in its interior. At this stage the nucleus
gtains feebly, but soon after it starts staining deeply (Figs. 51 and 52,
Pl 111).

The nucleus, which was hitherto spherical, now starts elongating.
Its posterior region elongates first, and the nucleus thus becomes pear-
shaped (Figs. 5365, Pl III). The anterior end of the nucleus now also
gtarts elongating and the centriole can no longer be distinguished from the
nucleus (Fig. 56, PL III). The nucleus further elongates and becomes
rod-like with the acrosome at one end and the axial filament at the other
(Fig. 57, PL. ITI). At a later stage the central portion of the nucleus does
not stain ag darkly as the peripheral, so that a clear medullary space
appears in sections (Fig. 58, PL I1I).

As the nucleus, further elongates a deeply-staining spherical body
appears at its anterior end, and a similar body appears at a short distance
in front of its posterior end. Both these bodies stain deeply with haema-
toxylin. They are continuous with the chromatin of the nucieus, which is
in the form of a spirally arranged coil. This chromatin coil stains deeply
at the base of the nucleus, but its staining capacity decreases as we pro-
ceed from the base to the apex (Fig. §9, Pl. IIT).

In & fully ripe sperm the anterior deeply-staining body completely
disappears from view, but the posterior one persists. The nucleus is thin
and shows chromatin in the form of a spiral thread. This chromatin
thread runs for a short distance behind the posterior spherical body. The
acrosome in the ripe sperm is small, but the axial filament is very long
{Fig. 60, P1. I1I).

Fig. 74, P1. IV, ropresents a living sperm, which has not yet become
fully ripe, as studied under the phase contrast microscope. The chromatin
spiral has not yet been fully formed; nor hag the anterior nuclear body yet
disappeared. It was possible to see many sperms moving under the phase
contrast miecrogcope. Movements of the sperm are rhythmical. A wave
atarts at the anterior end of the sperm and passes backwards. This wave
is responsible for the forward movement of the sperm.

Discussion

Ferhaps the most important conclusion arrived at in this communica-
tion is that the Golgi body is either granular in form or, when it grows, it
assumes & vesicular appearance with a chromophilic cortex and a chromo-
phobic medulla. Studies of the fresh material under the phase contrast
miscroscope always revealed this spherical form of the Golgi body. The
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conclugion, therefore, is inevitable that the crescents met with in sectioned
material are the optical sections of the Golgi vesicles. .

During the last twenty years or so, Nath has been laying stress on the
vesicular nature of the Golgi element (vide Nath, 1944). These views
have been confirmed by Baker (1949), who employed the -technigne of
phase contragt microsecopy, describing the Golgi element as consisting
*of separate bodies, spheroid in shape’.

Another point, which is worthy of special notice, is that the acrosomal
granule, which is the fore-runner of the acrosome, is deposited in the
chromophobic interior of the Golgi vesicle or the acroblast (Fig. 70, P1. IV).

It may also be noted that there is a well-marked process of chondrio-
kinesis inasmuch as each mitochondrial filament is cut across during both
the meiotic divisions.

With regard to the spermatid nucleus, it is of special interest to note
that it cuts off a small portion, which degenerates in the spermatid cyto-
plasm (Figs. 17-19, PL I). A somewhat similar phenomenon has been
described by Bowen (1922, 1022.23, 1924) in the Lepidoptera, Hemiptera
and Coleoptera respectively. This phenomenon is obviously related to
the condensation of the nuclear contents during spermateleosis.

Lastly mention may be made of two apherical, deeply-staining bodies,
one at the anterior end and the other & short distance in front of
the posterior end of the nucleus of the maturing sperm (Fig. 59, PL III;
and Fig. 74, PL. IV). Soon the anterior body disappears completely, but
the posterior one becomes a permanent feature of the ripe sperm (Fig. 60,
PL. IT).

SUMMARY

1. The spermatogenesis of Acketa domesticus Linn. (Gryllus domesticus)
has been worked out in this paper.

2, In the spermatogenium Golgi bodies and mitochondria are present
in the form of granules. In the primary spermatocyte the mitochondria
~ firat appear in the form of one or two cloudy masses. They then become
grg:nula-r and later vesicular, and finally they are converted into threads,
which surround the spindle area during the fitst maturation division.

3. The secondary spermatocyte is like the primary except for its
small size. The mitochondria are first in the form of vesicles and later
they become thread-like.

4. In the spermatid the mitochondria fuse to form a mitochondrial
nebenkern with an outer chromophobic and an inner chromophilic avea.
The nebenkern elongates, and with the complete disappearance of the
chromophilic area, it divides into two halves with the axial filament pass-
ing between them. The ‘central substance’ appears in the chromophobic
area.

5. Observations made under the phase contrast microscope have
convinced us that the real form of the Golgi body is either granular or
vesicular. The acroblast also has been seen in the living cell ag a large
vesicle, with the acrosomal granule developing within its interior.
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6. The nuecleus of the ripe sperm is spiral in structure; and a nuclear
body at the posterior end of the nucleus is a permanent feature of the
ripe sperm.

EXPLANATION OF LETTERING IN THE PLATES

A~—Acrosoms; 4. —Acroblast; 4.f—Axial filament; A.g.——Acrosoﬂml granule;
. —Centriole; Ch.—Chromosome; (,s.—Central sabstance; &.—Golgi body; M.—
Mitochondria; A .n.—Mitochondrial nebenkern; M.b.—Mid-body; N.-—Nucleus,
Ny —Nuecleolus; S.f—=8pindle fibres.

ExrravaTron or FIGURES

AH the figures of the first three plates have been drawn with camera lucida at the
table Jevel with 10 cyepiece and oil immersion objective, giving approximately o
magnifiention of 1,700 times, and they are all from fixed preparations. Figures 57,
59 and 60 are {rom smears. Figures of Plate IV are from the living material studied
under the phase contrast mieroscope.

PraTE I
Fig. 1. Spermatogonium showing granular Golgi bodies and mitochondria.
» 2. Spermatogonial metaphase,
.» 3. Polar view of the spcrmatogonial motaphass,
,» 4. Very early primary spermatocyte.
. 0. Early primary spermatocyte showing granular mitochondria,
,» 6. Primary spermatocyte showing vesicular mitochondria.
,» 1. Primary spermatocyte showing vesicular mitochondria elongating,
» - 8. Primary spermatocyte showing thread-like mitochondria.
» % Metaphase I.
. 10. Polar view of metaphase T,
+» 11. Telophase I.
»» 12, Early secondary spermatocyte showing vesicular mitochondria.

,» 13. Becondary spermatocyte showing thread-liko mitochondria.

,, 14, Rarly telophage IT.

15. Polar view of Metaphase IT.

18. Late telophase IT.

s 17, Early spermatid.

.»» 18, Bpermatid showing darkly-staining porticn of the nucleus being separated
from the lightly-staining portion.

» 19, Darkly-staining portion completely out off and degenersting.

,» 20. Full grown spermatid.

Prate 11

Fia. 21. 8permatid showing the formation of the mitochondrial nebenkern.

22 Spermatid at o later stage.

. 23, Spermatid showing Golgi crescents between the nucleus and the mitochon-

drial nebenkern.

24, Spermatid showing s fully formed acroblast.

» 26, Spermatid showing fully formed mitochondrial nebenkern, acroblast and
axial filarnent.

5 26. Tour stagoes in the formation of the mitochondrial nebenkern.

»» 27. Spermatid showing axial filament pagsing over the mitochondrial nebenkern.

,» 28 Spermatid with elongating nebankern

»  28a. Cross-section of the nebenkern showing division of the chromophobic area
into wa halves,
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Fra. 29, Spermatid showing the elongation of the mitochondrial nebenkern before
its final differentiation is fully established.
v 20a. Cross-gection of the mitochondrial nebenkern at above stage. .
» 30, Spermatid showing the appearance of the central substance,
» 31, Further elongation of the mitochondrial nebenkern,
Figs. 32-33. Spermatids showing complete disappearauce of the chromophilic area
of the mitochondrial nebenkern.
F1e. 34. Spinning ont of the two halves of the mitochondrial nehenkern.
» 33. TElongated spermatid showing bleb-like swellings along the axial filament.
»» 38, Spermatid showing the forward movement of the centriole,
o 37 Spermatid showirig complete disappearance of blebs.

Prats III

Fres, 38-30. Complete disappearance of blebs.
» 40-41. Acrosomal granule sttached to the acreblast and the nuclews,
Fre. 42. Acroblast going back after the deposition of the acrosomel granule on the
nucleus.
»» 43, Acrosomal granule going forward and eentriole moving backward.
~ 44, Differentiation of the acrosomal grannle into the acrosomal triangle with a
shelf at its bage,
» 45, Acrosomal grannle at the anterior aspect of the nucleus.
» 46, Spermatid showing the shelf of the acrosomal triangls, as seen from above.
» #41. Differentiation of the acrosomal granule into a triangle just after its
doposition. ’
»» 48, Spermatid after the complete disappearance of eytoplasm.
» 49. Spermatid showing acrosomél triangle. Contriole is Jarge and conical.
»» 0. Spermatid showing a.emsqnﬁal triangle half way between the anterior and
posterior onds of the nucleus.
F1es. 51.52. Nucleus of the spermatid teking stain.
Fia. 53. Elongation of the nucleus and breaking up of the shelf of the acrosomal
triangle into granules.
Fias, 54-55. Disappearance of the granules and fur’oher elongation of the nuclous.
Fra. 56. Acrosome fully formed: centriole is not distinguishable from the nucleus.
» 87, Nucleus has become rod-shaped.
» 58, Sperm nucleus showing & clear medulla and a peripheral staining portion in
o soection.
s 59, Early sperm showing chromatin in the form of & spiral. Two deeply-
’ staining spherical bodies' are present, one at the anterior end of
the nucleus and the other a short distance in front of its posterior end,
» 60, A fully ripe sperm, Anterior spherical body has disappeared.
o B1. A portion of the teil of the spermatid showing Golgi remnantes moving down
the tail.

Prate IV

Fin, 62. Spermatogonium.
» 83, Prixoary spermatosyie shoming thrend-dike mﬁmﬂhmd.vm.
» ©4. Moetaphase I. .
s» 85, Secondary spermatocyte.
»» B6. - Early Telopheae IT,
» 67. Late telophase IT.
» 08. Spermatid showing the formation of nebenkermn.
» 69. Spermatid showing fully formed-mitochondrial nebenkern and acroblast,
»» 70. Spermatid showing acrosomal granule within the aeroblast, *
»+ 71, Bpermatid showing the elongation of the nebenkern.
» 12, Axial filament present 8t the end of the elongating mitochondrial nebenkern



Fra, 73. Secondary spermatocyte showing two spermstid nuclei. "Cytoplasmic

cleavage is delayed. -

» T4, Sperm just befors maturity. Two spherical bodies in the nucleus are clearly

[

1n.

11.

12,

13.

14.

15,

visible.
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THE GUINEA-PIG SPERM

By G. P.'SzarMa, G. C. CHAUDEURY and V. S. SATTEE, Department
of Zoology, Panjab University College, Hoshiarpur

INTRODUOTION

In spite of the fact that mammulian spermatogenesis has been the
subject, of considerable research for more than half a century, there still
remain many controversial points. In most of the available literature
numergus bizarre descriptions of the morphology and functions of certain
cytoplasmic inclusions, especially of the Golgi apparatus, have been given.

The idiosome of the spermatocytes and spermatids aroused a great
interegt in many workers like Meves (1899) who was indeed much ahead of
his times in describing clear granules, each enclosed in a vesicle, embedded in
the idiosome. The workers following him, however, ignored this classical
work and tried to attribute various shapes to the Golgi elements which
are asgociated with the idiosome. By employing techniques which are
far from being satisfactory thero has been a good deal of confusion about
the form and function of the various cytoplasmic inclusions.

The introduction of a new category of structures, like the ‘Post-nuclear
granules’ of (Gatenby and Wigoder (1929) has also stimulated research in
the line of tracing the specific action of silver salts on certain cytoplasmie
inclusions.

In view of the conflicting 4nd varied descriptions of spermatogenesis
in the same animal (Cavia) it was felt necessary to reinvestigate the various
points in the light of modern work and to arrive at some definite
conclusions.

This work was, therefore, started in Qctober, 1942, by one of us (G. C. C.)
in the laboratories of the Government College, Lahore (now in Pakistan),
to investigate the exact nature of the post-nuclear body and the formation
of the acrosome. The results of these investigations were published in the
form of an abstract in the Proceedings of the 31st Indian Science Congress
held a4 Delly in 1944, Before, however, the detailed paper could be
published partition of the country took place and all of us had to flee to
this side of the border. Some vears later, after we had established oyr-
selvey at Hoshiarpur, one of us (V. 8, 8.) prepared some more slides
of the testicular material of the Guinea-pig obtained from the Medical
Colleye, Amritsar, and these were thoroughly studied by him and the senijor
authar (G. P. 8.) independently as well as jointly. The present paper is an
acecount of the studies made both at Lahore and at Hoshiarpur.

PREVIOUS WORK

As such a lot of work has already been done on the spermatogenesis
of mammals, it will not be possible for ns to give here a complete account
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of each and cvery paper available on the subject. An attempt wili, how-
ever, be made t0 review as much of the literature as is relevant for this
work. -
Meves (1899}, in his classical paper on the spermatogenesis of the
guinea-pig has given a detailed review of the previous work on this subject.
He describes a number of small grannles (Kornchen) which are irregularly
seattered in the idiosome (Idiozome) of the spermatocytes and the sper-
matids. This idicsome with granules lies adjacent to the nucleus. Each
of these granules becomes enclosed in a vesicle (Blaschen) in the spermatid.
Meves differz from Moore (1906) in that these vesicles do not necessarily
arise before the appearance of granules in the idiosome. In the later
spermatids the granules in the idiosome fuse together and ultimately give
rise to a single bead which gets differentiated into two regions: the inner
intensely black and the outer pale yellow in colour. This single differenti-
ated bead grows to form the acrosome (Spitzenknopf) of the ripe sperm.
When the outer and inner zones of the acrosome appear, the idiosome
moves away and ultimately goes behind the nucleus. It then disappears
or is sloughed off with the residual cytoplasm.

Meves has also given an extensive account of a complicated system
of the central apparatus. He states that the centrosome, to begin with,
is a dumb-bell-shaped body, situated in the idicsome of the primary
spermatocytes. This body then comes out of the idiosome and consists
of two distinct centrosomes in the spermatids. The proximal centrosome
remains more Or less connected with the nucleus, whereas the distal one
moves towards the periphery of the cell. The ring-like centrosome, which
is the product ol the distal centrosome, moves down the axial Hlament
and ultimately fuses with the base of the middle-piece of the ripe sperm.
As a matter of fact the central apparatus is more complicated in the late
spermatid than it is in the ripe spermatozoon.

A spindle-shaped vacucle has also been shown lying on the axial
filament of the late spermatids. It moves downwards and ultimately
disappears without performing any function. A ‘Schwanzmanchette’,
which arises ag 2 basket of threads in the region of the centrosomes, has
also been described. This becomes a membranous tube which ultimately
disappears apparently without serving any purpose.

Meves also mentions the chromatoid accessory body (Chromatoiden
nebenkérper) which stains light red with Ehrlich’s triple stain. This
body lies in the cytoplasm on the side of the nuclens and near the idiosome.
Meves differs from Moore (1906) who believes it to be a derivative of the
extruded nuclear chromatin. Von Ebner's granules appeating in the
cytoplasm of the later stages of spermateleosis are described as of fatty
and osmiophilic nature.

In the mature spermatozoon, the tail is shown to be inserted on one
side of the head and it has a protoplasmic bead on it. The posterior half
of the nucleus in the vige sperm ig brighter than the anterior half,

Papanicolacu and Stockard (1918) have also traced the development
of the idiosome in the germ cells of the male guinea-pig. Aceording to
them the idiosome in the primary spermatocytes is differentiated into two
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regions: an outer blue-staining ‘idiocctosome’ and an inner purple-staining

‘idicendosome’. During the preparation for the first meiotic division the

‘idiocctosome’ disappears and during the division itself the ‘idioendosome’

becomes scattered throughout the eytoplasm in the form of small granules

which are named as ‘idiogranvlomes’. In the secondary spermatocyte

appears a ncw ‘idioectosome’ containing the ‘idiogranulomes’ which,

however, during the second meiotic division, are again scattered through-

out the cytoplasm. In the reformed ‘idivectosome’ of the spermatid there

is seen a clear vacuole, ‘idiogranulotheca’ surrounding each ‘idio-

granulome’. By rapid fusion the ‘idiogranulomes’ form a single large

red-staining ‘idiosphaerosome’ enclosed in a large vacucle, the ‘idio-
sphaerotheca’ which in turn is formed by the fusion of the ‘idiogranulothe--
cae’. The ‘idicectosome’ which now begins to move away is renamed as:
the ‘idiophthartosome’. In the meantime the ‘idiosphacrosome’ secretes:
a crescentic blue-staining ‘idiocalyptosome’ and is itself known from now
onwards as the ‘idiocryptosome’. In the ripe sperm the ‘idiophtharto-
some’ disappears along with the cytoplasm. The ‘idiocryptosome’ and
the ‘idiocalyptosome’ together form a double cap, ‘spermiocalyptra’ for
the sperin head. The ‘idiosphaerotheca’ persists through all the later
stages and develops info & membranous cover for the cap and the head of
the sperm and it is then known as the ‘spermiocalyptrotheca’,

Gatenby and Woodger (1921) traced the origin of the Golgi apparatus
on the middle-piece of the ripe sperm of Cavia and the development of the
acrosome. Their description is mainly based on the preparations made
by formalin-gilver nitrate techniques of Cajal and Da TFano and long
osmication process of Mann-Kopsch.,

According to them the Golgi apparatus consists of an inner core of
archoplasm and a cortical region of curved plates and rods called the
dictyosomes. The appearance of the apparatus is, however, said to be
sometimes reticular and sometimes homogeneous. Spherical mitochondria
are scattered in the cytoplasm of the spermatocytes and the spermatids.
A chromatoid body, similar to the one described by Meves (1899), has also
been shown by them in the spermatocytes, spermatids and the division
sbages.

During the growth stages of the spermatocyte numerous tiny spheres
known as the proacrosomic granules are differentiated within the archo-
plasm and Gatenby and Woodger believe that the Golgi elements. or
dictyosomes are associated with this differentiation. As already claimed
by Papanicolaou and Stockard (1918} they also think, although they have:
not been able to establish it themselves, that the proacrosomic granules
do not disintegrate during the division stages but retain their individuality:
and become scattered throughout the cytoplasm, These are subsequently
distributed to the daughter cclls and eventually come to lie within the-
re-formed archoplasm of the spermatid. Each proacrosomic granule, at.
this stage, is said to have a liquid-filled sphere around it and thus comes to.
lle in an archoplasmic vacuole. These proacrosomic granules lying in
their respective archoplasmic vacuoles now come together and fuse gradual--
Iy to form a fewer and larger granules. Finally, by this process of fusion,,
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is formed one large granule the proacrosome which is surrounded by o single
archoplasmic vacuole. An inner darkly-staining area and a paler cortical
zone are soon differentiated in this proacrosome. The Golgi apparatus
complex now moves up and becomes applied to the anterior end of the
spermatid nucleus. The proacrosome itself moves through the archo-
plasm, comes into close contact with the nuclear membrane and iz now
known as the acrosome. The archoplasmic vacuole still surrounds it
except on one side where it is in contact with the nueleus and thus separates
it from the archoplasm and the Golgi elements. The acrosome grows rapidly
while the Golgi elements with the archoplasmic remains are drifting away
from it, and develops by itself to atéain its final form. The Golgi appara-
tus and the mitochondria now lie posterior to the nucleus and when the
spermatid is elongating the former buds off a small part which ultimately
takes np its position in the protoplasmic bead lying on the middle-piece of
the mature sperm. Most of the mitochondria are grouped around the
axial filament in the middle-piece. The remaining mitochondria, the
main part of the Golgi apparatus and almost the entire cytoplasm are
sloughed off the maturing sperm.

Ludford and Gatenby (1921) have shown that the ‘Golgi apparatus in
Mus and Cavia is a mere cortical layver plastered upon the surface of the
centrosphere (archoplasm), separate dictyusomes or rods of any kind being
apparently absent’. It has also been shown that the process of dictyo-
kinesis is generally haphazard, at least in Mus and Cavig and is merely an
unprecise sorting out of the Golgi elements between the two daughter
cells.

During the dictyokinesis of Mus, Ludford and Gatenby have des-
cribed the Golgi elements breaking away from the archeplasm and
becoming scattered in the cytoplasm, while the archoplasm itself undergoes
the process of fission. When the chromosomes are sorted out to the two
daughter cells, the dictyosomes assemble together again to become
attached to the archoplasm. The cause of dispersal of the Golgi elements
is said to be the division of the centrosome.

During the early phases in the dovelopment of the spermatocyte of
Cavig, on the other hand, the archoplasm to which the dictyosomes are
attached, is shown to have remarkable frothing. Small bubbles appear
on the periphery of the archoplasm and these disappear at the end of the
diakinetic stage of the chromosomes. The dictyosomes arc seen as distinet
semilunar rods attached peripherally to the archoplasm, after the frothing
disappears. The rest of the process of dictvokinesis is the same ag in Mus.

" Along with the Golgi elements the chromatoid body is also gaid to

divide in equal parts during the process of dictyokinesis and each spermatid

‘iz shown to have a single chromatoid body, directly derived from that of
the spermatogonium.

Rau and Brambell (1925), working on the living male germ cells of
Cavia (also of rat and mouse) by Lewis method and with Janus green-stain.
ing, have confirmed the account of Gatenby and Woodger (1921). They
have demonstrated the Golgi rods and dictyosomes but have failed to
show the proacrosomic granules inside the archoplasm.
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In 1929 Gatenby published a paper on the Golgi apparatus and
vacuolar system of Cavia, Helix and Abrazas by intra-vital methods. This
writer has shown that in the male germ cells there are a number of neutral
red-staining vacuoles lying near, but not attached to, the Golgi dictyo-
somes. In some cases the vacuoles are in the archoplasmic area, at the
periphery of which the Golgi dictyosomes lie, while in others they are
extra-archoplasmic. These vacuoles are distinct from the Golgi dictyo-
somes, not only in the resting cells but also during the meiotic divisions
when they are sorted out roughly into two equal parts. According to
Gatenby these vacuoles are not consistently argentophilic, whereas the
dictyosomes, from which these vacuoles are derived, are. Gatenby also
gives an account of the work of Hirschler, Monne and Voinov on the male
germ cells of lizard and grasshopper. These authors, as quoted by
Gatenby, have also shown a vacuolar system, lying near, but distinct from
the Golgi dictyosomes.

In the same year Gatenby and Wigoder (1929) recogmzed 8 new-
category of structures, the ‘post-nuclear bodies’ in the spermatogenesis of
Cavie cobaye and other animals. It may be remarked that Gatenby (1918)-
had already made a mention of such bodies in the male germ cells of certain
molluscs. In the ripe sperm of Cavia cobaya, Gatenby and Wigoder show
an argentophilic band in the posterior region of the nucleus and they men-
tion that ‘no method except Da Fano picks out these bands in such an
extraordinary manner’,

They have tried to trace back the history of this argentophilic band
to the spermatocyte where the post-nuclear granules are shown to form the
cortex of s vacuole in the vicinity of the Golgi apparatus but later on the
vacuole disappears. In the spermatid these granules are grouped behind
the nuclens and are described as ‘elongate, hollow structures, which seem
to expand till they touch and finally unite to form the solid covering behind
the nucleus’. ‘This expands further till it forms the cup-like structure,
depicted in the spermatozoon’. They have, however, failed to give any
test which can distinguish these granules from the other cytoplasmic
inclusions like the Golgi bodies, mitochondria or the centrozomes.

Technigque

It is a well-known fact that the morphology of a cell depends mainly
on the technique employed. The different forms under which the Golgi
apparatus of the same material has been described can be attributed to the
different methods used. A good deal of time was, therefore, spent in
trying almost all the techniques recommended by modern cytologists.

Chloroform was used as a light anacsthetic. The testes were quickly
removed from the body of the animal and cut into small picces with a
razor blade in normal saline. These pieces were placed in different
fixatives as quickly as possible.

The fixatives tried were those of Bounin, Champy, Da Fano, Flemming,
Flemming-without-acetic, Kolatchev, Regaud and Zenker. The chilled
Da Fano method recommended by Gatenby and Wigoder (1929) was also
tried by cooling down the capsules containing fixative from 3° to 6°C.
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Smears of the testicular material were also made in Flemming, Flemming-
without-acetic, Bouin’s and Da Fano’s fixatives.

The mordant used was 49, or- 5%, iron-alum and the stain 0-59%
hematoxylin. F.W.A. and Champy fixed sections were treated according
to Kull's modification and stained with acid fuchsin. Da Fano’s smears
were at times toned in Manns’ methyl blue eogin. Unstained F.W.A. and
Champy sections were also mounted.

Feulgen’s reaction was tried on sections and smears fixed in Flemming,
Flemming-without-acetic, Champy and Zenker’s fluids. For this reaction
Flemming’s fluid was found to be the best.

Breinl’s preparations for the differentiation of the nucleus from the
acrosome were also made. Both the Feulgen and Breinl preparations were
found useful for determining the exact nature of the post-nuclear body.

As a result of our experiments with different techniques it was found
that Flemming-without-acetic and Champy preserve all the cell inclusions
perfectly.

Fresh material, teased out in a drop of 0-9% normal saline, on
sterilized slides, was observed under oil immersion lens for short periods,
both in reduced light and with full aperture,

Slightly osmicated material was also studied either in normal saline
or in 2%, osmic acid solution.

The manuscript of this paper was almost ready for the press when one
of us (G. P. 8.) had an opportunity to study the male germ cells of
the guinea-pig under the phase contrast microscope. In general, this
study also confirmed the results obtained from the fixed material.

OBSERVATIONS

Spermatogonia: The spermatogonia in the guinea-pig are fairly large
cells, usually found necar the periphery of the follicles (Plate I, Fig. 1).
In each of them there is a vesicular nucleus which contains inside it not
only fine chromatin granules but also big chromatin masses. Distributed
all over the cytoplasm are fine granules which appear pale yellow with
iron-hmmatoxylin stain. These are the mitochondria, The Golgi
elements coxist in the form of a juxta-nuclear mass of darkly.staining
granules which are definitely bigger in size than the mitochondria. In
the fully grown spermatogonia the Golgi clements also become spread
throughout the eytoplasm (Plate I, Fig. 2).

During the spermatogonial metaphase (Plate I, Fig. 3) the chromo-
somes arrange themselves ai the equator of the spindle whieh is a fibrillar
structure. At each pole of the spindle there is a sharply-staining granule,
the centrosome, but it is completely devoid of the astral rays. The cyto-
plasm reveals fine granules which are the mitochondria. It has not,
however, been possible to demonstrate the Golgi elements with certainty
during the spermatogonial divisiens. ‘

Primary spermalocyies: The primary spermatocytes are definitely
larger cells than the spermatogonia, their nuclei also being larger (Plate I,
Fig. 4). In this particular cell the chromosomes have already been
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differentiated in the nuclear area. The mitochondria, which are scattered
throughout the cytoplasm, are small and granular. The Golgi clements,
at this stage, have a distinct tendency to come together fto form bigger
granules. Some of these big Golgi granules have already collected together
to be in the localized condition which is so prominent in the secondary
spermatocytes and the spermatids.

The primary spermatocytes in metaphase are quite common (Plate I,
Fig. 5). The spindle area stands out from the general eytoplasm by being
less darkly stained than the latter and is presumably of a different con-
sistency. The spindle fibres are also clearly visible. At each pole of the
gpindle is a small but distinet centrosome. The Chromosomes appear af
the equator of the spindle as a deeply-staining mass in which the individual
elements cannot be clearly made out. The finely granular mitochondria
remain scattered throughout the cytoplasm. Two Golgi granules (one
big and the other small) are also seen separating in the cytoplasm.

In the telophase I (Plate I, Fig. 6) the chromosomes are grouped at
the two poles of the spindle. The centrosomes are hardly distinguishable
in these stages. The mitochondria still remain spread throughout the
eytoplagsm bub some of the Golgi elements can now be clearly seen within
the gpindle area also. As the cell divides both the mitochondria and the
Golgi elements are almost evenly distributed to the two daughter cells.

Secondary spermatocytes: Each resulting secondary spermatocyte is
again smaller than the primary (Plate I, Fig. 7). While the mitochondria
in it remain distributed throughout the cytoplasm, most of the Golgi ele-
ments have collected together to be in the typical localized condition. At
this stage one can sce a number of small osmiophilic Golgi granules
embedded in a spherical or ovate osmiophobic area which appears to be
nothing but a denser portion of the cytoplasm, This is the idiosome.
The rest of the Golgi granules still remain scattered in the cytoplasm and
some of these have been referred to as the chromatoid bodies by the
previous workers.

During the second meiotic division the chromatin of the nucleus gives
rige, a8 usval, to the regular chromosomes, The centrosomes become
active once again and they take up their position at the two poles of the
spindle which reveals faintly staining spindle fibres (Plate I, Fig. 8). Like
the mitochondria, the Golgi elements also get digpersed in the cytoplasm
at this stage. Some of the Golgi elements can even be seen lying on the
spindle fibres between the two groups of chromosomes (Plate I, Figs. 8 and
9). After the process of nuclear reconstruction the cell divides and we
thus get two daughter cells—the spermatids. During this division also
the mitochondria and the Golgi elements are sorted out, more or less evenly,
to the two spermatids thus formed.

It is important to note that some of the secondary spermatocytes do
not divide for & long time even after the nuclei of the two daughter sper-
nmatids have been completely formed in them. One such example is
illustrated in Figure 10, Plate I.

Spermatid: The earliest spermatid is a comparatively small cell with a
compact nucleus (Plate I, Fig, 11}). Most of the Golgi elements in it have
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once again come to lie in the special chromophobic and denser area in the.
cytoplasm known as the idiosome, The rest of the Golgi elements, just
like the mitochondria, remain scattered throughout the cytoplasm.

Spermateleosis: The process of spermateleosis is heralded by a distinet
tendency of the Golgi elements to come together. This results in the
formation of & fewer and bigger Golgi granules not only in the idicsome

_but also in the cytoplasm (Plate I, Figs. 11 and 12). The fusuion of the
Golgi granules in the idiosome, however, continues till enly a single big
Golgi granule is produced (Plate I, Figs. 13 to 17). This is situated almost
in the centre of the idiosome (Plate I, Fig. 17). Soon after its formation
it becomes surrounded by a clear vacuole which gradually increases in size
as the idiosome moves towards one side (Plate I, Figs. 18 to 21). The
single Golgi granule now moves through the vacuole and comes in intimate
contact with the nuclear membrane (Plate I, Fig. 22). This Golgi granule
may, at this stage, be termed as the acrosome, To begin with, it is a small
structure (Plate I, Fig. 22), but it increases in size gradually (Plate I, Figs.
23 and 24). The nucleus which had been almost perfectly spherical ill
this stage now grows under the vacuole in the form of a conical projection
with the acrosome situated at its tip (Plate II, Fig. 25). The acrosome in
a)l these stages has been a big darkly-staining granule but from now on-
wards it becomes differentiated into two regions—an inner darkly-staining
and an outer lightly-staining (Plate II, Figs. 26 to 31).

Simultaneously when the single Golgi granule, which ultimately gives
rise to the acrosome, iz being formed in the idiosome another equally big
Golgi granule appears to pass out of the idiosome into the cytoplasm (Plate
I, Figs. 18 and 21). This scems to be the homologue of the accessory body
described in a number of mammals by Gresson and Zlotnik (1945). From
this it appears to us that all the Golgi elements in the idicsome are not
used up in the formation of the acrosome. This is further proved by the
presence of the Golgi granules in a small portion of the idiosome which is
separated from the main mass of the idiosome ag depicted in Figure 19,
Plate I. Tt is also quite likely that the small portion of the idiosome with
Golgi elements in it may be the equivalent of that portion of the Golgi
apparatus complex which, according to Gatenby and Woodger (1921), gives
rise to the Golgi apparatus on the middie-piece of the ripe sperm. On
the other hand, the portion of the idiosome without Golgi granules may be
the subspherical body which, according to Gresson and Zlotnik (1945),
separates at this stage from the Golgi apparatus complex of the Rabbit,
In any case, after the acrosome has been formed, the remains of the idio-
some with or without the Golgi elements drift backwards from the anterior
end of the nucleus and in this study they have all been labelled as the
Golgi remnants (Plate I, Figs. 19 to 24 and Plate II, Figs. 25 to 33).

At this stage one can also see an axial fillament growing out from a
small granule lying in the cytoplasm. This granule is the proximal centro-
some (Plate II, Figs. 31 to 33 and 35 to 37). Soon afterwards the distal
centrosome also makes jts appearance just near the proximal and it is in
the form of a ring which encircles the axial filament (Plate II, Fig. 38)
It appears that, when the spermatid begins to elongate, the originally
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single centrosome of the early spermatid divides into two—one forming
the granular proximal centrosome and the other ring.like distal centrosome.
The latter now begins to travel down the axial filament (Plate II, Fig. 39
and Plate III, Fig. 40) till ultimately it takes up its position at the posterior
end of the sperm middle-piece, In the meanwhile a somewhat darkly-
staining area of the cytoplasm is differentiated immediately behind the
elongating nucleus. This is the ‘manchette’ which forms the lateral
boundaries of the middle.piece while the two centrosomes form its anterior
and posterior boundaries (Plate IT, Fig. 37 and Plate ITI, Figs. 40 to 42).
The mitochondrial granules which are included in this area now become
darkly-staining (Platc III, Fig. 41}, It seems that by a process of fusion
they form bigger and prominent mitochondrial granules which ultimately
arrange themselves around the axijal filament to form the middle-piece of
the sperm (Plate IIT, Figs. 43 to 45 and 47 to 49). The rest of the mito-
chondria along with the Golgi remnants and also those Golgi granules
which did not assemble in the idipsome in the earlier stages remain lying in
the residual cytoplasm (Plate III, Figs. 43 to 45). All these apparently
useless inclusions will now either degenerate or will be sloughed off with
the residual cytoplasm during the final maturation of the sperm. Some
of the Golgi elements at this stage are, according to a number of previous
workers, converted into fat but we are not in a position to say anything
definitely about it as no special tests were performed for detecting fat in
our preparations.

During all these changes the acrosome which had earlier taken its
position at the anterior end of the elongating nucleus can be clearly seen
spreading itself gradually like a cap along the sides of the nucleus till
ultimately it covers roughly more than half of the sperm nucleus (Plate II,
Figs. 34 to 39 and Plate I1I, Figs. 40 to 42). :

Spermatozoon: The sperm of the guinea-pig (Plate III, Figs. 46 to
50) reveals almost the same structure as that of the typical mammalian
gperm. It has a broad head and a long tail with a small but distinct neck
in between them,

The head consists of a nucleus and an acrosome. The acrosome which
covers roughly more than half of the sperm nucleus appears to be in the
form of a broad cap-like structure in surface views (Plate III, Figs. 48 to
50) but in side views it seems to be produced into a conical projection
(Plate 1II, Figs, 46 and 47). It is often differentiated into two regions
which were also noted earlier during spermateleosis. The outer of these
is lightly-staining and the inner deeply-staining. The nucleus is more or
less an oval body with a flattened posterior border. Its anterior half which
is covered over by the acrosomal cap appears to be darker than the
posterior uncovered portion (Plate ITI, Figs. 48 and 49),

The tail is attached to the posterior end of the nucleus. The neck
which comes in between the head and the tail is bounded on both sides by
two fine threads (Plate III, Figs. 47 to 49). On the middle-piece is very
often seen a small portion of the cytoplasm containing the Golgi elements
(Plate III, Fig. 48). This is the protoplasmic bead which seems to travel
down the middle-piece till it is finally lost during the passage of the sperms
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through the sperm ducts. Distinct mitochondria ean also be clearly seen
forming the middle-piece of the sperm (Plate ITI, Figs. 43 to 45 and 47
to 49). :

The so-called post-nuclear body shown at the posterior end of the
nucleus of tho ripe sperm of Cavie cobaya by Gatenby and Wigoder (1929)
was never geen in any of the numerpus preparations made by us. In
Feulgen’s and Breinl’s preparations it has been clearly seen that the post-
nuclear body of Gatenby and Wigoder (1929) is in rcality the dense
posterior region of the nucleus itself and is not a separate body as urged
by them (Plate II, Fig. 50). In some of our Da Fano’s smears, however,
silver is deposited on the posterior part of the nucleus of the ripe sperm
and this may correspond to the so-called post-nuclear body of Gatenby
and Wigoder (1929).

' During the study of the Iiving material it was observed that the sperms

move by means of the lashing movement of the tail and they maintain
their motility for a considerably long time. They often move in groups
of three or four with their heads one above the other. These sperm aggre-
gates give the impression as if they constitute the conjugate sperms.
Sperms in side views reveal that the heads are convex on one side and
concave on the other.

DrsoussioN

Golgi elements: It will be recalled that in the earliest spermatogonia
of the guinea-pig the Golgi elements exist in the form of a juxta-nuclear
mags of darkly-staining granules which are definitely bigger in size than
the mitochondria. In the fully grown spermatogonia, however, the Golgi
elements, like the mitochondria, become spread throughout the cytoplasm.
In the primary spermatocytes the Golgi elements reveal a distinct tendency
to come together to form bigger granules. Some of these big Golgi granules
now collect together to be in the localized condition which is so prominent
in the secondary spermatocytes and the spermatids.

In its localized form the Golgi apparatus has very often been des-
cribed as a network. In fact it was the general opinion of Golgi, his pupils
and many other workers that the Golgi apparatus in the cell was character-
ized by its reticulate form. That the reticulate or network-like appearance
of the Golgi apparatus is produced as a result of certain fixatives is
admitted even by Gatenby and Woadger (1921}, according to whom, the
Golgi apparatus in Carie with formalin-silver nitrate techniques ‘either
appears as a reticulum, or the whole cortex of the apparatus reduces the
silver, and then appears as homogeneous: with Mann-Kopsch technigues
the individual dietyosomes are often very clearly marked’. In regard to
the Glolgi nets it will be refreshing to quote what Nath said in 1944. ‘For
many years since the discovery of the ‘apparato reticolare interno’ by the
gilver method, nobody seems to have questioned the validity of Golgi
networks. The various modifications of the original silver method
cmployed by Golgi were followed by the long csmication methods, which
are, at best, only slightly less unsatisfactory. There is no doubt that the
Golgl material has a marked affinity for silver and osmium, and further
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it has been made abundantly clear that the Golgi elements are often held
in chaing or are closely aggregated in a juxta-nuclear position. When
gilver nitrate or osmium tetroxide is reduced to metallic silver or osmium
respectively, the reduced particles sesm fo come down like a shower and
are deposited not only on the surface of and in the interior of the Golgi
elements, but also in the narrow spaces between them. The result is a
network! . . .’ ‘

Nath (1944) continues-—‘It is pertinent to ask: Have ever Golgi nets
been demonstrated by methods not involving reduction of silver nitrate
or of osmic acid for long pericds? To the best of my knowledge they
bave never heen, On the contrary, various wiscellaneous methods
(e.g., Champy or Flemming-without-acetic and iron-hematoxylin} have in-
* variably demonstrated discrete Golgi elements in a large variety of cells,
I have never observed any nets in the course of my studies on male and
female germ cells of various apimals, even in silver and osmium prepara-
tions; and I have always doubted the validity of the reticulate structure
of the Golgi apparatus.’ .

Similarly Bourne (1951) says that ° . . . grains of reduced silver
geemn to be composed fundamentally of a network structure. The granules
of silver in a photographic emulsion even under the high power of the
ordinary microscope appear 0 be homogeneous, but when they are
examined with an electron mijeroscope, magnifying them by 25,000 dia-
meters, they may be seen to be networks, made up of threads, some of
which are only five atoms thick (Plate IT, Fig. 2). The type of network
can be varied according to the developer used. Hydrogquinone produces
coarse threads, whereas metol produces fine threads. With some other
developers the network becomes & sort of fluffy mass. The form of the
Golgi network also varies according to the time of development and the
type of developer used.’

It is now generally believed that the localized Golgi apparatus consists
of diserete Golgi elements which are associated with a slightly deep-staining
body known by the name of ‘idiosome’ or ‘archoplasm’. The Golgi
material of the spermatocytes and the spermatids of Cawia, according to
Gatenby and Woodger (1921) is in the form of curved plates and rods
called the dictyosomes which surround the archoplasm. These obser-
vations have also been confirmed by Rau and Brambell (1925) who carried
out investigations on the living spermatocytes and early spermatids of the
guinea-pig by the Lewis method and with Janus green.staining. On the
other hand, we have clearly shown that the Golgi elements in the male
germ cells of the guinea-pig are in the form of small osmiophilic granules,
most of which become embedded in the idiosome of the secondary sper-
matocytes and the early spermatids. Even under the phase contrast
microscope, while we could easily see these Golgt granules embedded in
the idiosome, we could not make out any such cortex of banana-shaped
bodies or the dictyosomes round the idiosome ag has been described by
thé above-mentioned authors. Our preparations made with Flemming-
without-acetic and stained with 0-6% iron hematoxylin show clearly that
the large dictyosomes figured by Gatenby and Woodger (1921} at the
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periphery of the idiosome are artifacts produeced by Cajal and Mann-
Kopsch techniques employed by these anthors. As already pointed out,
in the silver-nitrate or long osmication techniques, on account of tlie
deposition of the reduced particles of silver or osmium not only on the
Golgi granules but also in the narrow spaces between them, the Golgi
granules situated at the periphery of the idiosome may join together- to
form rods, erescents and dictyosomes. Indeed Meves (1898) in his classical
work on this material has actually figured granules and not rods in the
idiosome.

The granular Golgi elements have also been described in dog by Bell
{1929} who at no stage was able to see them in the shape of crescents or
dictyosomes. He has clearly mentioned that ‘these granules are un-
doubtedly the homologue of the Golgi apparatus described for the -
guinea-pig by Gatenby and Woodger (1921) but at no time do they assume
a crescentic shape like those of Cavia’. Even Gatenby and Beams (1835},
working with the human material, admit that a cortex of osmiophile or
argentophile material is found only in those preparations which are made
by the Golgi apparatus metheds. They further state that ‘sometimes the
osmiophile material is smooth, sometimes crenated, sometimes raised into
beads and sometimes even batonette-like in arrangement’. Gresson
(1942) ‘concludes that the Golgi material of the developing male germ
cells of the mouse is in the form of rods and granules. The Golgi
elements are, however, small and closely packed together around the
archoplasm, making observation of their shape extremely difficult’. Some
similar observations have also been made by Gresson and Zlotnik (1945
and 1948). In our opinion, however, the dictyosomes, batonettes and
rods, etc., are all artifacts produced by the action of certain fixatives. The
real form of the Golgi apparatus is just granular, In fact the proacrosomic
granules which, according to Gatenby and Woodger {1921), are differen-
tiated within the archoplasm during the later growth stages of the
spermatocyte are really the Golgi elements.

Idiasome: It has been shown carlier that most of the Golgi granules in
the secondary spermatocytes and the early spermatids of the guinea-pig
becorze embedded in a slightly deep-staining, rounded or oval body lying
near the nucleus. This body has been referred to as idiosome by Papani-
colaou and Stockard (1018), idiozome by Meves (1899), sphiire by Niessing
(1886), accessory corpuscle by Brown (1885), archiplasm by Benda (1896-7)
and archoplasm by Moore {1906) and Gatenby and Woodger (1921).

Formerly it was thought that the idiosome was a structure distinct
from the classical Golgi material {osmiophilic) though the two are usually
closely associated with each other. But it is now generally believed that
this body forms a definite part (osmiophobic) of the classical Golgi
apparatus (osmiophilic), the Iatter forming the wall and the former filling
up the interior.

Gatenby and Woodger (1921), Gatenby and Beams (1935}, Gresson
(1942) and Gresson and Zlotnik (1945) have all described the idiosome and
its cortex as respectively the chromophobic and chromophilic parts of the
Golgi apparatus. As, however, we have already shown that the curved
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plates and rods which, according to these authors, form the chromophilic
cortex of the idiosome are artifacts produced by the techniques employed
by them, it appears to us that the granules embedded in the idiosome
represent the chromophilic or osmiophilic part and the idiosome itself
represents the chromophobic or osmiophobic part of the Golgi apparatus.

A reference may also be made here to the” Pre-substance Golgi system’
theory of Hirsch (1939) according to whom the Golgi bodies of the cell are
not always duplex in structure. He states that there is some ‘pre-
substance’ of the Golgl apparatus, probably of mitochondrial origin, which
does not show differentiation into osmiophilic and osmiophobic substances
and is able to build up nets. Each piece of the ‘pre-substance’ gradually
develops the double structure by the absorption and concentration in its
interior of water and water soluble substances and it is then referred to as a
‘Golgi system’.

It is significant to note that the presence of a juxta-nuclear mass of
Golgi granules in association with the mitochondria in the spermatogonia
of the guines-pig lends support to Hirsch’s theory.

Dictyokinesis: There is no unanimity about the details of the division
of the Golgi elements during the meiotic stages. The process of division
which is usuaily known as dictyokinesis is generally haphazard. It does
not require any sort of fission of the individual elements as is seen during
karyokinesis but is merely an unprecise sorting out of the Golgi elements
. among the daughter cells.

Duesberg (1920) mentions that the Golgi material in the opossum
does not break up into gramules until the anaphase, when 1t forms one or
more clumps situated between the chromosomes. Similarly Gresson
(1942) states that in the mouse ‘the Golgi material remains in a single
clump and is separated passively into two smaller groups with the division
of the cell’. On the other hand, the whole of the localized Golgi apparatus
of Mus and Cavia, according to Ludford and Gatenby (1921), divides into
two parts which pass with the centrioles to opposite poles of the spindle
and break up into separate Golgi bodies or dictyosomes. These scatter
through the cell during the metaphase and again aggregate into a localized
mags in the daughter cells. -

Papanicolaou and Stockard (1918) claim that the idiogranulomes,
which are really the Golgi elements, retain their individuality during the
cell division and ultimately become sorted out to the two daughter cells.
Meves (1899), Niessing (1886} and Moore (1906) have all failed to follow
these granules during the division stages but they believe that these
granules soon-become visible after the idiosome is reformed in the daughter
cells. Gatenby and Woodger (1921) also follow the account of Papani-
colaou and Stockard (1918), though they have not observed it themselves.
They have given a diagrammatic figure illustrating the phenomenon of
mitosis according to their own view. Around each mitotic aster they
have shown groups of approximately half of the Golgi elements or dictyo-

somes which break away from the archoplasm by its disintegration in the
earlier stages,
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According to Gatenby and Beams (1935) the dictyokinesis during the
spermatogenesis of man ‘was of a somewhat unexpected- type’ because
the idiozome or archoplasm during the early prophases broke up and the
osmiophile cortex separated into a cloud of granules and not into curved
rods or batonettes. This certainly supports our claim that the form of
the Golgi apparatus is essentially granular and that the batonettes and
curved plates, etc., are mere artifacts.

During ‘the meiotic divisions of the guinea-pig we have clearly shown
that the Golgi granules become dispersed and lie not only in the vicinity of
the spindle but also in the spindle area itself. It is presumed that the
idiosome breaks up in the early stages of division and the individual Golgi
elements in it then become spread all over to be sorted out almost equally
to the two daughter cells where they again become localized in the reformed
idiosome. The Golgi material during these stages was never observed in
the form of clumps as described by Gresson (1942). It is believed that
such clumps may be due to faulty technique. The remarkable frothing
described in the idiosome of the spermatocytes of Cavia by Ludford and
(latenby {1921) was also not observed.

Acrosome: As has been said above most of the Golgi granules, after
the two meiotic divisions, again become embedded in the idiosome of the
early spermatid, At this stage the Golgi granules reveal a distinct
tendency to come together and this results in the formation of a fewer and
bigger Golgi granules. The process of fusion of the Golgi granules in the
idiosome, however, continues till only & single big Golgi granule is formed.
This is situated almost in the centre of the idiosome. Soon after its forma-
tion it becomes surrounded by a clear vacuole which gradually increases
in size as the idiosome moves towards one side. The single Golgi granule
now moves through the vacuole and comes in intimate contact with the
nuclear membrane. Henceforth this Golgi granule is termed as the acro-
gome which is & small structure, to begin with, but incretises in size gradu-
ally. It then becomes differentiated into two regions—an inner darkly-
staining and an outer lightly-staining. As the spermatid begins to elongate
the two regions of the acrosome become spread over the anterior end of
the nucleus like a cap which, in the ripe sperm, can be seen covering more
than half of the elongated nueleus, ~

As early as 18899 Meves also recognized a number of granules
{Kornchen) embedded in the idiosomic body. He showed that the clear
vesicles round the granules develop later and not before the appearance of
the granules as described by Moore {1906). Duesberg (1908) like Moore
(1906) shows the vacuoles arising earlier than the appearance of the
granules in the idiosome. On the other hand, we could not make out any
such vacuole round each Golgi granule at this stage.

Duesberg (1908} traces the origin of the acrosome of rat to the granules
which develop in the vacuoles. Papanicolaou and Stockard (1918) also
derive the acrosome by the fusion of the granules in vacuoles (their idio-
grapulomes in idiogranulothecae) which are present in the idiosome (their
idicectosome). Gatenby and Woodger (1921) describe the formation of
the acrosome by the fusion of the proacrosomic granules which, according
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to them, are differentiated in the archoplasm during the later growth stages
of the spermatocyte.

It, therefore, becomes an admitted fact that the acrosome owes its
origin to the Golgi apparatus. There is, however, difference of opinion as
to whether the Golgi apparatus secretes the acrogsome or itself gets trans-
formed into it. Gatenby (with Woodger, 1921 and with Beams, 1935)
believes that the acrosome is formed by the fusion of the proacrosomic
granules which, in their turn, are differentiated in the archoplasm perhaps
under the influence of the surrounding dictyosomes. Gresson (1942),
though he could not demonstrate the proacrosomic granules, also seems to
believe in the secretory hypothesis as he states that ‘there is little doubt
that the acrosome is formed under the influence of the Golgi material. It
is probable that it arises from proacrosomic granules which run together
in a similar manner to those of the guinea-pig’.

Gresson and Zlotnik (1945) further show that the Golgi material is not
only associated with the formation of the proacrosome but ‘is also con-
cerned with the secretion of & substance inside the archoplasmic vacuole,
which at & later stage takes part in the formation of the acrosome’.

On the other hand, the observations of Bell (1929) on the spermatid
of dog coupled with our own findings in the guinea-pig definitely suggest
that the proacrosomic granules of Gatenby and Woodger (1921) are the
Golgi elements themselves and not the secretory products of the Golgi
dictyosomes which have been shown by us to be artifacts (vide supra).
Indzed the figures of Meves {1899} for the spermateleosis of the puinea-pig
clearly show that the acrosome is directly formed by the fusion of the
Golgi granules which cannot be the secretions at all as there are no dictyo-.
somes shown in his figures. Qur observations on the guinea-pig are
strongly supported by the recent work of Nath and Bhatia (1953) on
Lepisma sperm, according to whom, the acrosome is formed by the direet
fusion of the Golgi vesicles and is not a secretory product thereof, as des-
eribed by Bowen (1924). Similarly Sharma and Malik {1953) have also
shown clearly that in the lice, Pediculus capitis and Pediculus corporis
there iz a single Golgi granule, to begin with, which during the late stages
of spermateleosiz is directly transformed into the acrosome. For the
direct origin of the acrosome reference may also be made to Nath (1932 and
1942) and Sharma (1944 and 1950}.

Accessory or Chromatoid body: Gatenby and Beams (1935) were the
first to describe an accessory body in the human spermatocyte. They
have neither recorded its behaviour during meiosis nor its presence in the
spermatid. They, however, felt that many of these accessory bodies were
gimply parts of the spermatogonial Golgi elements which failed completely
to assemble together, Gresson (1942) also recognized a Qolgi granule in
the neck region of very late spermatids and ripe spermatozoa. He states
that ‘not only was this substance traced from its origin, from the Golgi
material which had moved away from the growing acrosome, but its
appearance and reactions in champy-kull, Aoyama, and Kolatchev sections
leave little doubt that it is composed of Golgi substance’. Gresson and
Zlotnik (1945) believe that the accessory body has been seen in the male
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germ cells of & number of mammals and has been described as a chromatoid
body. According to them the accessory bodies originate from the localized
Golgi material of the spermatocytes and the spermatids. These do not
divide during the meiotic divisions but each spermatid receives at least
one. Finally an accessory body ig included in the neck region of the ripe
sperm. It will be remembered that we also described the passing out of &
big Golgi granule from the idiosome when most of the Golgi granules in it
had fused to form the fore-runner of the acrosome and we compared it to
the accessory body described by (resson and Zlotnik (1945 and 1948).
We further feel that some of those Golgi granules also which do not come
together to be in the localized condition and remain dispersed throughout
the cytoplasm of the spermatocytes and the spermatids may have been
labelled as chromatoid bodies by the earlier workers. That the chroma.
toid body, described by Bowen (1924}, Gatenby and Mukerji {1929) and
Mukerji (1929), is only that part of the Golgi apparatus which does not
merge into the acrosome has also been recently proved in this laboratory by
Nath and Bhatia (1953). See also Nath (1932, 1937 and 1942),
Middle-piece protoplasmic bead: Retzius (1909) figures a small bead
of protoplasm on the middle-piece of the spermatozoa of several mammals
including Cevie. His figures show that the bead is not always present in
the same position in different animals and that in some it is absent alto-
gether. Gatenby and Woodger (1921) show it immediately behind the
nucleus. According to them a small part of the Golgi material with archo-
plasm becomes separated from the main mass ixf the elongating spermatid
and it ultimately takes up its position in the protoplasmic bead of the
middle-piece, As pointed out by Rau and Brambell (1925) we also believe
that the bud from the Golgi remnant is given off at an earlier stage than
that described by Gatenby and Woodger (1921) and that it bdcomes
separated from the Golgi remnant before it moves away from the vacnole
surrounding the big Golgi granule which is destined to form the acrosome
(Plate I, Fig. 19). It is, however, very difficult to say that the Golgi gran-
ules noted in the protoplasmic head are derived from the same bud, as urged
by Gatenby and Woodger (1921) and later confirmed by Gresson (1942).
In our opinion, the protoplasmic bead is merely a cytoplasmic structure,
When the residual cytoplasm is being slonghed off a small part of it remaing
sticking to the middie-piece of the ripe sperm. As the residual cytoplasm
eontains not only fhe Golgi remnants but also those Golgi granules which
did not assemble together in the earlier stages, it is quite likely that some
of those Golgi granules algo become included in the protoplasmic bead:
along with the small part of the residual oytoplasm forming it. Gresson
and Zlotnik (1945) have shown that the Golgi material after the formation
of the acrosome moves to the posterior part of the spermatid. There it
breaks up into two parts one of which gives rise to the argentophil granules
contained in the protoplasmic bead, They further show that the proto-
plasmie bead moves down the middle.piece when the sperms are in the
epididymis and is finally eliminated. Some similar observations have also
been made in this country by Mukherjee and Bhattacharya {1949), accord-
ing to whom, the maximum number of spermatozoa with protoplasmic
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bead in the neck region were found in the caput epididymis of all the species
of farm animals studied by them. The cauda epididymis contained the
maximum number of spermatozoa with protoplasmic bead on the middle-
piece while in the. ampulle the percentages of spermatozoa with
protoplasmic beads were minimum and hardly exceeded 2%. They also
believe that the spermatozoa with protoplasmic beads are still immature.

Post-nuclear body: Gatenby and Wigoder (1929) were the first to
describe the post-nuclear granules in the male germ cells of Cawia.
According to them, these granules, to hegin with, can be seen in the neigh-
bourhood of the Golgl apparatus of the spermatocytes forming the cortex
of a vacuole which, however, disappears later on. In the spermatid these
granules are situated behind the nuclens and have been described as
‘elongate, hollow structures, which seem to expand till they touch and
finally unite to form the solid covering behind the nucleus’. ‘This expands
further till it forms the cup-like structure depicted in the spermatozoon.’
In the ripe sperm they show an argentophile band (the post-nuclear cup)
on the posterior part of the nucleus, stressing that ‘no method except
" Da Fano picks out these bands in such an extraordinary manner’.

Gatenby and Beams (1935), though they have not been able to follow
the development of these granules through the different stages of spermato-
genesis, claim that the human testicular material also contains the post-
nuclear bodics. They have depicted these structures omly in their
diagrammatic figures and none of their diagrams drawn from actual
preparations shows these structures except their Fig. 26 in which they
have given just an indication of the post-nuclear cap. They admit that
‘both the arigin and the subsequent history of these sharply impregnated
gtructures are somewhat difficult to make out . . .’ They further state
—'The earliest stage we can trace the rudiment back is shown in Fig. 9,
Pl. 2, where in many cases a very sharp membrane (PNC) is found af
the back of the nucleus. Between the stages in Figs. 9 and 10, PL 2, we
have studied many examples of this growing membrane, but in other ceils
it is not demonstrable (Fig. 28, Pl. 4)>. Even in the absence of the re-
quisite stages Gatenby feels convinced that the final form of these bodies
‘is brought about by & creeping up and growth of such material, probably
of lipoidal nature’. Gatenby and Beams (1935), however, confess that
they are not certain ‘whether it is ever a separate rudiment in the cyto-
plasm of the spermatid, or merely a thickening on the nuclear membrane’.
This is attributed by them to the fact that they did not have any Da Fano
gilver nitrate preparation and that ‘it iz in this material that the post-
nuclear bodies of Cavia are clearest’.

Zlotnik (1943) described a nuclear ring surrounding the nucleus of the
late spermatid and the sperm of the dog and the cat. He believed that
the post-nuclear cap was formed by its widening posteriorly. Gresson and
Zlotnik (1945), after a thorough examination by one of them (I.7.) of the
sperms of the animals in which the post-nuclear cap is clearly visible,
conclude “that the widening of the nuclear-ring never reaches the extreme
posterior end of the sperm.head; a narrow light space being present
between the wide band which comes down from the nuclear-ring and the
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black posterior edge of the head. This argentophil posterior edge of the
head is traced back to a time when the nuclear-ring is more conspictuous
than at any other stage, and a black granular ring, often interrupted, forms
the posterior end of the nucleus of the late spermatid. This new structure
is called the posterior ring, and it is suggested that it may be formed from
argentophil granules scattered around the posterior region of the nucleus
at an earlier stage. The origin of these granules is not clear; it is probable
that they may be identical with Gatenby’s and Woodger’s post-nuclear
body, on the other hand some of the granules at least may originate from
the Golgi material. The granules make their first appearance in the dog
and cat spermatids very soon after the Golgi material moves away from the
posterior part of the already elongate nucleus, while in the rabbit they are
seen at a much earlier stage, at the time when the archoplasmic vacuole
begins to lift up the Golgi material. The suggestion is made that not all
of these granules form the posterior ring, but only those which are attached
to the muclear membrane’,

Regarding the silver methods (by the application of which the so-called
post-nuclear body is said to be clearly demonstrated) it may be mentioned
that one should not depend merely on these for deciding the nature of any
particular structure. The draw back in these and long osmication methods
is that they blacken mitochondria, nuclear membrane and several other
structures in the cell which are not related to the Golgi apparatus at all.
It, therefore, appears that the granules of silver and ocsmium can settle
down on many kinds of surfaces. Friend (1936), while working on the
sperms of the British Muridae, discovered an asymmetrical deeply-staining
area in the posterior region of each sperm nucleus he examined, and it
gave the characteristic Feulgen’s reaction. He named it as the ‘dense
posterior region® and remarked that in position it agreed with Gatenby’s
‘post-nuclear body’. By employing Feulgen’s reaction on smears of the
testicular material of the guinea-pig it has been confirmed by us that the
so-called post-nuclear body is in reality the dense posterior region of the
nuclcus itself and not a separate body (Plate III, Fig. 50). Neither in
Da Fano’s (chilled) nor in any other preparation were the post-nuclear
granules observed at any stage of spermatogenesis of the guinea-pig. In
some of our Da Fano’s smears, however, silver was deposited on the
posterior part of the nucleus of the ripe sperm. This is identical with the
post-nuclear cup of Gatenby and Wigeder (1929) and it clearly explains
how these authors, depending mainly on the capricious silver nitrate tech-
nique, have been led to establish a new category of structures, In view of
the characteristic Feulgen’s reaction we ate inclined to the view that the
post-nuclear body is nothing but a part of the nucleus, probably containing
most of the dense chromatin material.

Recently Nath and Bhatia (1953) have also confirmed that the
¢ post-nuclear body’ of Gatenby and Mukerji (1929) and Mukerji {1929) in
Lepisma is in reality the acrosome as shown earlier by Bowen (1924).

Cenirosomes : The centrosomes embedded in the idiosome, as described
by some of the earlier workers, were never observed in the present study.
They were clearly seen at the time of divisions in the form of small granules
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situated ono at each pole of the spindle. In some of the spermatocytes
and early spermatids a small darkly-staining granule surrounded by a clear
area was also seen and this was most probably the centrosome. As the
spermatid beging to elongate an axial filament can be seen growing out
from a darkly-staining granule situated at the posterior end of the nucleus.
This is the proximal centrosome. The distal centrosome, which soon
appears near it, is in the form of & ring encircling the axial filament. It
appears that the originally single centrosome of the early spermatid divides
into two but we have never observed this division. Gatenby and Beams
(1935) believe that the axial filament of the human sperm grows out jointly
from the two bodies which are formed as a result of the division of the
single centrosome. While the proximal granular centrosome remains in
the vicinity of the posterior pole of the nucleus, the distal ring-like centro-
some travels down the axisl filament and ultimately takes up its position
at the distal end of the middle-piece.

Wodsedalek (1913) has described that the ring centriole in the
spermatid of the pig sometimes divides but usually becomes spherical and
is finally lost with the residual eytoplasm. We have not, however, seen
the distal or proximal centrosome dividing or being lost and thus our
observations are in complete accord with those of Gatenby and Beams
{1935) and Gresson and Zlotnik (1945 and 1048).

Mitochondria: According to Gatenby and Woodger (1921) the mito-
chondria in the spermatogonia of the gninea-pig swrround the archoplasm,
to begin with, but become dispersed throughout the cytoplasm later on.
Gatenby and Beams {1935) also elaim that in man these are situated mostly
near the Golgi apparatus. Gresson (1942), however, states that in the
mouse there are very many mitochondria near the nucleus, the periphery
of the ecell being almost clear. According to Gresson and Zlotnik (1945)
the mitochondria in the pig and the sheep are dispersed throughout the
cytoplasm, in the dog they form a horse-shoe and in the other animals
studied by them they are in pienty in the neighbourhood of the nucleus.
Gresson and Zlotnik (1948) state that the mitochondria in the spermato-
gonie of bull surround the nucleus and are most numerous near the Golgi
material. In the primary spermatocytes the mitochondria, according to
most of the previous workers, are found near the Golgi material, to begin
with, but become spread throughout the cytoplasm gradually. In contrast
to these observations we have noticed in our present investigations that
the mitochondria remain dispersed throughont the cytoplasm not only in
the spermatogonia but also in the spermatocytes and the spermatids.
Turing the mitotic as well as meiotic divisions these are distributed almost
equally to the two daughter cells. In the late spermatids the mitochond-
rial granules which are included in the area enclosed by the manchette
become darkly-staining. It appears that by a process of fusion they form
much bigger and prominent mitochondrial granules which ultimately
arrange themselves around the axial filament to form the middle-piece of
the ripe sperm. The rest of the mitochondria which remain lying in the
residual cytoplasm either degenerate or are sloughed off with the residual
eytoplasm during the final maturation of the sperm.
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Manchelte : In the guinea-pig the manchette was first seen in the late
spermatid as a somewhat darkly-staining area of the cytoplasm immedi-
ately behind the elongating nucleus, As stated above the mitochondria
also in this area become darkly-staining and these, by a process of fusion,
form much bigger mitochondrial granules which are so conspicuous in the
middle-piece of the ripe sperm. During the late stages of spermateleosis
the manchette forms the lateral boundaries of the middle-picce while its
anterior and posterior boundaries are formed by the proximal and distal.
centrosomes respectively. These observations are strongly supported by
the works of Lenhossck (1898), Mollé (1910) and Gresson and Zlotnik (1945
and 1948). Some other previous workers like Leplat (1910), Duesberg
(1911), Branca (1924) and Gatenby and Beams (1935), are, however, of the
opinion that the manchette appears and disappears in the late spermatids
without any apparent function,

SuMMARY

1. In this paper the spermatogenesis of the guinea-pig has been
worked out with special reference to the form of the Golgi elements, the
formation of the acrosome and the nature of the so-called post-nuclear
body.

2. The mitochondria are in.the form of fine lightly-staining granules,
scattered throughout the cytoplasm, from the early spermatogonia to the
late spermatids. During the final stages of sperm formation, those mito-
chondrial granules which are included in the ‘manchette’ become darkly
staining. It seems probable that by a process of fusion they form bigger
and prominent mitochondrial granules which ultimately arrange them-
selves around the axial filament to form the middle-piece of the ripe sperm.
The rest of the mitochondria are sloughed off along with the residual
eytoplasm,

3. The Golgi elements in the early spermatogonia exist in the form
of a juxta-nuclear mass of darkly-staining granules which are definitely
bigger than the mitochondria. In the fully grown spermatogonia,
however, these become spread throughout the cytoplasm. In the primary
spermatocytes they begin to show a distinct tendency to come together to
form bigger granules. Some of these big Golgi granules now collect to-
gether to be in the localized condition which is so prominent in the
secondary spermatocytes and the spermatids. During the division stages,
however, all the Golgi elements, like the mitochondria, become dispersed
throughout the cytoplasm, Both the mitochondria and the Golgi elements
are thus sorted out, more or less evenly, to the danghter cells.

4. As the process of spermateleosis beging the idiosome becomes
closely applied to the nucleus. Most of the Golgi granules in it now begin
to coalesce gradually till ultimately a single big Golgi granule is produced.
This is situated almost in the centre of the idiosome. Soon after ity forma-
tion it becomes surrounded by & clear vacuole which gradually increases
in gize as the idiosome moves towards one side. The single Golgi granule
now moves through the vacuole and comes in intimate contact with the
nuclear membrane to form the acrosome which is a small structure, to
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begin with, but increases in size gradually and also becomes differentiated
into two regions——an inner darkly-staining and an outer lightly-staining,

5. As the acrozome grows in size the remains of the idiosome with
or without the Golgi elements drift back to the posterior side of the nucleus
to be slonghed off with the residual cytoplasm.

6. From the staining reactions and the behaviour, the so-called
chromatoid body appears to be merely a part of the unassembled Golgi
elements. Similarly the accessory bodies also seem to us to be those Golgj
elements which are not consumed in the formation of the acrosome.

7. Neither in Da Fano’s (chilled) nor in any other preparation, were
the post-nuclear granules observed in any stage of spermatogenesis, In
some of our Dn Fano’s smears, however, deposit of silver was noticed on
the posterior part of the nucleus of the ripe sperm. In position, this
“posterior part of the nucleus is identical with the post-nuclear body of
Gatenby and Wigoder (1929). This is, in reality, the densc posterior
region of the nucleus jtself and not a separate body. It has also been
ecnfirmed by employing Feulgen’s reaction on smears and sections and the
results obtained are in harmony with those of Friend (1936) on the sperms
of the British Muridae.

8. A single protoplasmic bead, containing also a few Golgi elements,
is present on the middle-piece of the ripe sperm.  This is, however, lost
while the sperm is within the epididymis.

9. The proximal and the distal centrosomes do not divide. The
proximal remains granular but the distal becomes ring-like and travelling
down the axial filament marks the posterior boundary of the middle-piece
of the ripe sperm.

10. The manchette is a purely cytoplasmic structure in origin. Since
it marks the lateral boundaries of the middle-picce it does not seem to
disappear without any apparent function, as is urged by some of the
previous workers,
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ExPLANATION OF LETTERING IN PLATES

A—Acrosoms; - 4;—Inner Zone of Acrosome; Ag—Outer Zone of Acrosoms;
A.f-—Axial filament; C—Centrosome; €;—Proximal Centrosome; Cs—Distal Centro-
some; Ch—Chromosomes; (—~Golgi elemsnts; ¢“—Golgi remnsnts; I—Idiosome;
M--Mitochondria; Ma—Manchotte; N—Nuecleus; P.b—Protoplasmic bead;
R.c—Residual cytoplasm; F—Vacuole.

Further explanation of figures will be found in the text.

ExrravaTiox oF PrLATES

All figures except Fig. 50 havo been sslected from the sectioned testicular material
of the guinea-pig, fixed in Flemming-without-acetic and stained with 0-5%, iron-
hematoxylin and have been drawn with a camera lucida at the stage level, using
Jeitz 6% eye-piece and an oil immersion objective. They were subsequently en-
larged four times, thus giving a total magnification of approximately 2,400 times.

Figure 50 has been selected from a smear preparation, made for Feulgen’s reaction
after fixation in strong Flemming diluted with an equal quantity of water. It was
also drawn with a camera lucide, at the table level, using Beck 10 X eye-piece and an
oil immersion objective, giving a magnification of about 1,700 times,

Prare 1

F1e. 1. An early spermatogonium.
» 2, Fully grown spermatogonium, .
» 3. Spermatogonial metaphase. '

Primary gpermatocyte,

Metaphase I,

Telophass Y.

Secondary spermatocyte,

Anaphase I1.

Telophass IT.

Secondary spermatoeyte in which the nuclei of the two daughter spermatids
bave been completely formed and yet no division of the cytoplasm has
taken place.

,» 11, An early spermatid.
» 12. Bpermatid showing & fewer and bigger Golgi granules not only in the idio-
some but also in the eytoplasm.

Fias, 13 to 17. Spermatids showing the gradual fusion of the Golgi granules in the

idioseme till only a single big Gelgi granule is formed.
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F1a.18. Spermatid showing the appearance of a clear vacuole round the big Golgi
granule formed in the cenire of the idiosome. Ancther big Golgi granule
may be scen coming out of the idiosome.

Fies. 19 to 21, Spermatids showing the growth of the vacuole round the big Golgi
granule as the idiosome moves towards one side. In Fig. 19 s small
portion of the idicsome containing Golgi granules i3 seen separating
from the main mass of the idicsome. In Fig. 21 o big Golgi granule is
seen coming out of the idiesgme.

"Fia. 22, Spermatid in which the big Golgi granule has come in intimate contact with
the nuclear membrane to form the acrosome,

Fies. 23 and 24. Spermatids showing the growth of the acrosome,

Prarte 11

Fic. 26. Spermatid showing the acrosome situated at the tip of a conical projection
of the nuclens,

Fras. 26 to 30. Spermatids showing the differentiation of the acrosomse into two

. regions—an innet darkly-staining and an outer lightly-stoining,

31 to 33. Spermatids in which an axial filament can be seen growing out from a
small granule lying in the cytoplasm. This granule is the proximal
centroaome,

w84 to 37, Spermatids showing tho growth of the acrosome. In Figa. 36 to 37
an axial filament can be seen growing out from the proximal centrosome.
In Fig. 37 manchette hag alsc made its appearance just behind the
nucleus.

Fra.38. Spormatid showing the elongated nuelous with the acrosemo covering its
anterior end. The ring-like distal centrosome has olso made its appear-
snce just near the proximal, Tt is seen encircling the axial filament.

5 89, Spermatid in which the ring-like distal centrosome has travelled down the
axial filament.

1"

Prare III

F1as, 40 to 42, Elongating spermatids showing the growth of the acrosome over the
anterior cnd of the nucleus. The manchetto can also be seen at the
posterior end of the nucleus,

Fi1u.43. FKlongating spermatid in which the middle-piece of the ripe sperm has al-
ready been formsed by the mitochondria included in the region of the
manchette earlier.

Figs, 44 and 45. Nearly ripe spermatozos with the residual cytoplagm still sticking
on to the middle-piece.

F1a3. 48. Tho side view of & nearly ripe spermatezoon showing the protoplasmic bead,
containing the Golgi elements, situated on the middle-piece.

o 47. A rearly rips spermatozoon. {side view),

»» 8. The anterior end of s nearly ripe spermatozoon {surface view),
» 48. A nearly ripe spermatozoon (furface view).

» 50. Ripe sperm (surface view).
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STUDIES ON INSECT SPERMATOGENLESIS
1. Hemiprera-HETEROPTERA

TiHE SEX UHAOMOSOMES AND CYTOPLASMIC INCLUSIONS IN THE
MarLe GErRM CELLS OF LACCOTREPHES MACULAIUS TABR.
AND SpHAERODEMA RUsTIcuUM FABR.

By SurebEY Rag Bawa, University Research Scholar, Depurtment
of Zoology, Hoshiarpur, Panjab (I.)

I. IsTrRODUOTION

To the best of my knowledge (atenby {1917) was the first worker to
study the cytoplasmic inclusions in the male germ celis of Lepidoptera by
modern eytological technigue, as almost all the previous workers confined
their attention muinly to the chromosomes and mitotic figure.

Subsequently there appeared a series of publications by Bowen
(1920, 1922, 1924) on Hemipters, Lepidoptera, Orthoptera, Coleoptera
and Aptera. In his studies Bowen conceives the Golgi hody in the form
of a chromophilic crescent to which is attached a chromophobic sphere,
According to him, the acrosome is a secretory product of the Golgi material.
The accounts of Payne (1927), Doyle (1933), Pollister (1930), Mickey (1935,
Gresson (1936) and of few others are in accord with Bowen.

On the other hand, it has been suggested by Hirsch (1939) and Nath
(1944) that the Golgi bodies are essentially granular or vesicular in form.
They grow in size and very often reveul a duplex structure, having au outer
deeply-staining chromophilic cortex and an inner lightly-staining chromo-
phobic core. Nath’s earlier observations have been confirmed by Baker
(1949), (who made use of the Phase Contrast Microscope), Nuth, Bawa,
Bhardwaj and Gupta (1951), and Nath and Bhatia (19563). Moreover
the acrosome arising directly by the transformation of the Golgi bodies
hae been described by Nath (1942), Doncaster and Cannon (1920), Cannon-
{1922), Richiter (1940), Nath and Bhatia (1953), Nath and Rishi (1853}, and
Sharma and Malik (1953).

In view of the conflicting interpretations of different authors on the
structure of the Golgi bodies and the mode of acrosone formation, I under-
took the present study to survey the process of sperm formation in various
orders of insects with particular reference to the Golgi bodies and acrosome
formation. The need for such investigations was considered all the more
urgent as very little has been reported on Insect spermatogenesis sinece
Bowsn’s last paper of 1924, Moreover, we possess hardly any knowledge
of some insect groups, so far as the fate of the Glolgi material and mito.
chondria in spermatogenesis is concerned. The investigations recorded
in this paper—the first of the propoged series of studies on Insect
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gpermatogenesis—were undertaken in the male germ cells of Laccotrephes
maculatus and Sphacrodema rusticum.

My findings furnish a rather striking confirmation of many of the
observations of Bowen (1922) on Pentatomids with respeet to the acro-
some and mitochondrial nebenkern.

The nuclear changes, especially the behaviour of the sex-chromoszomes,
are also very carefully studied in both the species. Some of the ohgerva-
tions made on fixed preparations of L. maculatus have been confirmed

under the Phage Contrast Microscope.
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IIT. MaTERIAL awDp METHODS

Observations were made on the germ cells of adults of Laccotrephes
maculatus (water-scorpion) and Sphaerodema rusticum (water-bug). The
water scorpions are rather sluggish in their movements, feeding on small
insects and aquatic animals found creeping at the bottom of the ponds
during spring and summer. The water bug, Sphaerodema rusticum, how-
ever, is very active in its movements. Both the species were collected in
Jarge numbers from ‘Budha Nala® (a small stream) near Ludhiana,
Panjab (L.).

The testes were disgsected from insects in normal saline and were then
transferred to Flemming.without-acetic acid, which gave wvery good
results. Bouin’s fluid, which was used as control, gave excellent resulis
for the study of chromosomes. After the usual process of dehydration of
the testicular material, sections were eut 5~7 @ thick. They were stained
with 0-5%, iron haematoxylin and mounted in canada balsam. For the
study of mature sperm, smears of the vaga deferentia of the testes were made
in Flemming-without-acetic acid diluted with sn equal quantity of distilled
water and stained in 0-5%, iron haematoxylin.

IV. OBBERVATIONS

Since the process of sperm formation is more or less similar in the two
gpecies of Hemiptera-Heteroptera deseribed here, it has been considered
best to give a comparative account of both the species to avoid unnecessary

repetition.
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(i) Spermatogonia

In the resting spermatogonia of Laccotrephes maculatus there can be
distinguished a juxta-nuclear mass of greyish mitochondrial granules. A
few darkly-staining Goigi elements, which are slightly bigger than the
mitochondria, can also be easily made out in this mass (P1. I, Fig. 1}. But
in Sphaerodema rusticum no Colgi elements can be detected in the mito-
chondrial mass (Pl TII, Fig, 1).

The spermatogonial nucleus reveals s prominent rounded nucleolus
and fine faintly-staining chromatin granules in L. maculatus, while the
nucleolus is very often irregular in outline in 8. rusticusn (Pl. I, Fig. 1;
and Pi. II1, Fig. 1). Dividing spermatogonia were not observed in L.
macyletus. On the other hand, a large number of counts of the chromo-
somes in the spermatogonial metaphase plates were made in 8. rusticum
in which the polar views consistently reveal 28 well-defined chromosomes
(Pl. 11T, Fig. 2). These chromosomes are of various sizes, but the variation
is not great, and only two small chromosomes could be differentiated from
the rest. The sex-chromosomes cannot be distinguished as such at this
stage. During spermatogonial mitosis a spindle makes jts appearance
with a crescentic centriole at each pole (Pl III, Fig. 3) and the mitochon.
drial granules form a sort of palisade round the spindle. These granules
seem to be sorted out into two roughly equal parts to the two daughter
cells (P). TIL, Fig. 4).

(ii) Spermatocytes

In the primary spermatocytes of Laccotrephes maculaius and Sphaero-
dema rusticum the mitochondria are small and vesicular in form, while the
Golgi bodies, which appear for the first time at this stage in §. rusticum,
are like crescents, distributed amongst the mitochondria (Pl T, Fig. 2; and
Pl IIT, Fig. 5). The Golgi crescents are most probably the optical sections
of the Golgi spheres, as distinet Golgi spheres and vesicular mitochondria
have been observed in the living spermatocytes of L. maculatus under the
Phagse Contrast Microscope. At no stage Golgl crescents observed in
sectioned material were scen in the living cells of L. maculatus (P1. V, Fig. I}.

As the spermatoeytes grow, the Golgi elements as well as the mito-
chondrial granules increase in size (P1. I, Fig. 3; and PL III, Figs. 6 and 7).
Very often both these cell-components reveal a duplex structure with a
chromophilic, darkly staining cortex, enclosing & lightly staining chromo..
phobic substance. However, the Golgi elements are bigger in size than the
mitochondria and ave generally embedded in the mitochondria which form
a compact juxta-nuclear frothy mess (Pl. I, Figs. 4, 5 and 7; and Pl, III,
Figs. 9-12). The mitochondria seem to reach their maximum size prior
to the appearance of the mejotic spindle (Pl T, Figs. 8 and 9; and
PL ITI, Fig. 13}. As the nuclear wall breaks down, the mitochondria get
scattered in the cytoplasm and are distributed almost evenly to the two
secondary spermatocytes (PL. I, Figs. 10-13; and PL III, Figs. 165-18 ; and
Pl 1V, Fig. 19). The Golgi elements also are distributed more or less
evenly to the daughter cells during first meiotic division in L. maculatus, but
T could not trace the Golgi olements at this stage in S. rusticum.
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A resting stage between the two meiotic divisions does not oceur.
Bo far as the mitochondria and the Golgi elements are concerned,
the second meiotic division is a repetition of the changes observed during
the first division (P!, I, Figs. 15, 16 and 18-21; and Pl. IV, Figs. 20-22).

In PL I, Fig. 2 and Pi. III, Fig. 7 are shown primary spermatocytes
in leptotene stage. The fine chromatin threads are so numerous and are
arranged in such a way that it is impossible to count the auntosome threads.
However, the sex-chromosomes have already condensed and stain deeply
The process of gradual condensation of the sex-chromosomes can be clearly
seen in preleptotene stages in 8. rusticum (Pl. III, Figs. 5 and 6). The
sex-chromosomes can he geen often lying in closa eontact with the nuclear
wall.  After the usual process of pairing of the chromatin threads, the
chromosomes condense into diplotene threads (PI. I, Figs. 3-5; and PI. IIT,
Figs. 8 and 9). The nucleus then enters into a diffuse stage in 9. rusticum,
while no such stage occurs in L. maculetus (P1. II1, Fig. 10). During the
process of diakinesis, chromosomes further contract, and with the appearance
of & split in each chromosome, which will funetion during the second meiotic
division only, dumb-bell shaped tetrads now place themselves at the equatar
of the spindle (P11, Figs. 6-8; and PL. TII, Figs. 11-14). At each pole of the
spindle, which appears fibrillar in the fixed preparations of L. maculatus,
there is a deeply-staining conspicuous crescentic centrosome (P, 1, Fig. 10;
and PL ITI, Figs. 18 and 17). The crescent-shaped centrioles ean be very
clearly made out in fresh cells of L. maculafus examined under the Phase
Contrast Microseope (Pl. V, Fig. 3). In this figure it may he noted that the
spindle is not fibrillax; it simply appears as n hyaline fusiform area.

The chromogomal plates at metaphase Lin polar view show twenty-two
and fifteen distinet pairs of homologus chromosomes in L. maculatus and
8. rusticum vespectively (P1. 1. Fig. 9; and PL 111, Fig. 15). These 22 pairs
of chromogomes of I.. macwlatus have heen clearly seen and connted in the
fresh cells examined under the Phase Contrast (P V, Fig. 2),

The sex-chromosomes during metaphase I cannot be distinguished
from the autosomes. During late anaphase I in 8§, rusticum X and.¥
chromosomes seem o be commected temporarily by means of gramular
spindle (PL ITI, Fig. 17). In the late telophnse I the spindle usually gives
rise to & mid-body at the junction of the two daughter cells (P I, Fig, 12;
and P1. IV, Fig. 19,

Actual formation of the mid-body by the deposition of small granules
at the equator of the telophase I spindle has been studied in fresh material
of L. maculatus nnder the Phase Contrast (Pl. V, Fig. 4).

Metoris 11 immedistely follows ielophase 1T without the interven-
tion of anyv resting stage. In PL I, Figs. 14 and 15, and PL IV, Fig. 20
are shown metaphase IT plates of Laccotrephes snaculatus and Sphaerodema
rusticumn with the reduced number {haploid) of twenty.-two and fourteen
chromosomes respectively. In the side views of second meiotic spindles
can be seen X and ¥ chromosomes lying apposed to each other in 8. rusti.
cum, while 2 X chromosomes and &’ ¥ chromosome form a psendo-trivalent
almost in the central zone of the spindle in L. maculatus (P1. I, Fig. 17;
and Pl IV, Fig. 21). It will be noted that the reductional division for the
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sex-chromosomes is the second meiotic division, during which the auto-
somses divide equationally.

(iii) Spermateleosis

In both the species, Laccotrephes maculatus and Sphaerodema rusticum,
vegicular mitochondrie derived from the seeond spermatocyte, aggregate
to form a mitochondrial nebenkern in the spermatid. As revealed by
studies of fresh material under the Phase Contrast the earliest spermatid
of L. maculatus possesses a vesicular nucleus having a hyaline appearance
and showing no structure whatsoever within its interior, a mass of closely
aggregated mitochondria and a vesicular acroblast (Pl. V, Figs. 5 and 6).

The earliest stages in the process of condensation of the mitochondrial
nebenkern have not been traced as the material in both the species does
not geem to be favourable for such a critical study. It may be that the
earliest condensation stages are so short-lived that they have escaped
notice. Similar difficulty was experienced by Bowen (1922) in Pentato-
mids. The mitochondrial nebenkern, when fully condensed, shows &
chromophobic envelope through which pass o few strands from the central
chromophilic core (Pl. II, Figs. 22-24; and Pl, IV, Figs. 25-27). Within
the chromophilic core can be seen many vacuoles, which can be demon-
strated only if the nebenkern is suitably destained. The transverse strands
in the chromophobie area of the nebenkern subsequently disappear. The
mitochondrial nebenkern now reveals a clear space surrounding the
chromophilic core (Pl. II, Figs. 25-27; and PL. IV, Fig. 28). As the process
of nebenkern differentiation proceeds further, the chromophobie substance
increases, while there is corresponding decrease of the chromophilic core.
During this process of gradusl obliteration of the chromophilic core, a
number of greyish granules appear in the chromophobic area of the neben-
kern. These granules later get dispersed throughout the chromophobic
area, while no trace of the chromophilic core is left whatscever (F1. II,
Figs. 28-33; and Pl IV, Figs. 20-32). These granules seem to form the
sheath of the tail of the mature sperm and correspond to the ‘central sub-
stance’ of Bowen (1922) and ‘Sheath substance’ of Nath (1925). The axial
filament springs up from the centriole and divides the mitochondrial neben.
kern into almost two equal halves. The nebenkern elongates and gets
constricted into a number of vesicles, which finally seem to be sloughed off
(PL II, Figs. 34-37; and F1. IV, Figs. 33 and 36).

The series of changes involved in the gradual disappearance of the
chromophilic core and the appearance of the ‘central substance’ granules
in the chromophobic area of the nebenkern have been studied under Phase
Contragt in the fresh material of L. maculatus (Pl. V, Figs. 7-14).

When the spermatid is formed, the Golgi elements reappear as
crescent-shaped bodies and tend to aggregate between the nucleus and the
nebenkern. The Golgi bodies finally fuse to form a single acroblast which
soon hecomes vesicular in nature (P1. 1T, Figs. 22 and 23; and PL IV, Figs.
23-26), The acroblast further gets differentiated and comes to have a
brightly-staining acrosomal grenuvle at its periphery. This gramule from

. 185



the very beginning of its formation remains in contact with the nuclear

wall (PL. TI, Figs. 24-27; and 2L IV, Figs. 26 and 27). Puring the process.

of elongation of the spermatid, the acroblast accompanied with the acro-
somal granule fravels round the spermatid nucleus for a fairly long time.
The acrosomal granule which according to Bowen’s terminology is the
acrosome, grows in size at the expense of the acroblast. When the acro-
somal granule has considerably increased in size it gets disassociated from
the acroblast. The acrosome, later on, travels forward in front of the
rucleus, while the acroblast seems to be moving back into the tail region
and finally disappears (Pl II, Figs. 28-37; and PI. IV, Figs. 28-37).

Various changes involved in the formation of the acrosome from the
acroblast have been studied very carefully under Phase Contrast in the
fresh material of L. maculafus. The movement of the acroblast accom-
panied with the acrosomal granule round the spermatid nucleus in living
material of L. maculolus was most fascinating to watch (Pl V, Figs. 6-14).

In Pl I, Figs. 3841, and PL IV, Figs. 3941, are shown progressive
changes in the position of the acrosome. In the beginning, the acrosome
is & button-like structure closely attached to the nuclear wall; later it gets
transformed into a triangular area in front of the nucleus, and finally in the
mweature sperm, the acrosome is seen as & fine thread right at the tip of the
sperm nucleds (P1, I, Wig, 423 PL IV, Fig, 42),

The nuclear changes involved throughout the process of spermate-
leosis need some mention also. In Laccotrephes maculatus, to start with,
the chromatin is spread out slong the periphery of:the nucleus enclosing &
central area (PL II, Figs. 22 and 23). Very soon this demarcation of the
nucleus into two areas is lost and the spermatid nucleus now stains very
feebly, showing no structure whatsoever within its interior (Pl II, Figs.
24-29; and 34-37). In a very few cases in L, maculatus some faintly-stain.
ing granules can be seen along the periphery of the spermatid nucleus
(PL. I, Figs. 31-33).

In Sphaerodema rusticum the spermatid nucleus does not reveal any
differentiation into chromophilic and chromophobic areas in any stage
during spermateleosis. In few of the early stages, however, sometimes
there is seen a brightly-staining granule in the interior of the spermatid
nuclews. This may be one of the sex chromosomes, which finally loses its
identity in later stages of spermateleosis. An important point in the
maturing nucleus of the spermatid of both the species of Hemiptera under
consideration may be noted that the almost universal process of reversal
of the chromophilic cortex and the chromophobic medulls, which accom-
panies the condensation of the vesicular spermatid nucleus into a compact
homogeneously staining sperm head, is conspicuous by its absence.

In addition to the cell components mentioned above s brightly-staining
granule is very frequently observed in the spermatids of Sphaerodema
rusticum (Pl. IV, Figs, 25-27, 32, 33, 36-38). As the spermatid elongates,
this granule grows in size and is finally seen moving backwards into the
tail region. This granule corresponds to the ‘chromatoid body’ of Bowen
(1924). It is probably one of the Golgi bodies, which does not take part
in the formation of acroblast, and gets sloughed off.
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V. Discussiox

My work on Laccotrephes maculatus snd Sphaerodema rusticum
furnishes a striking confirmation of many of the observations of Bowen
(1922) on the Pentatomids, regarding the nature and the behaviour of the
Golgi elements in the process of spermatogenesis.

According to Bowen, each Golgi body is a rod composed of two
substances—a deeply-staining outer rim (chromophilic) nearly surrounding,
& more lightly-staining ‘Idiosome’ (chromophobic).

Nath (1944), on the other hand, is of the view that the Golgi bodies in
the form of rods described by Bowen are really the optical sections of
discrets Golgi spheres.

Nath’s views about the granular or vesicular nature of the Golgi body
have been fully confirmed by Baker’s studies under the Phase Con-
frast (1949).

It is important to note that at no stage in the process of spermato-
genesis, have L observed any crescents or rods in the living testicular
material of Laccofrephes maculatus, studied thoroughly under the Phage
Contragt. The Golgi bodies thus appear as beautiful spheres, each of
which shows in sections an outer brightly coloured chromophilic cortex and
an inner chromophobic medulla, .

It is now universally held that the acrosome owes its origin to the
Golgi bodies {Gatenby, 1917, Bowen, 1920, 1922, and 1924, and Nath,
1942, 1944, 1951, 1953). According to Bowen, the Golgi bodies in the
hemipteran spermatid fuse to form a single acroblast, which is sioughed.
off after it has secreted the acrosome. My observations on L. maculatus
and 8. rusticum are fully in accord with Bowen’s on Pentatomids in this
respect.,

Payne (1927) in GQelastocoris describes the acrosome arising from the-
fusion of a large number of ‘pro-idicsomal spheres’ met with in the late:
growth period of the spermatocytes. These spheres fuse to form an idio-
some. The author shows the Golgi bodies clustering round the ‘idicsome’,
but he is unable to say whether they contribute anything to idiosome:
formation or not. He is also doubtful regarding the origin of the ‘spheres’.

Chickering (1927) in Belostomatidae agrees fully with the observations
of Bowen (1922), but his account is incomplete as there is no reference to
acrosome formation at all. *

Pollister (1930) in Gerris also agrees with Bowen as regards acrosome
formation, but shows the acrosome to consist of a sheath and a core each of
which shows further differentiation. I am unable to agree with Pollister
regarding these details of the structure of the aerosome.

The mitochondris are present as a juxta.nuclear, granular mass in the
spermatogonia of Laccolrephes maculatus and Sphaerodema rusticum.
During growth of the spermatacytes, these granules increage in size, be-
come vesicular and reveal a chromophilic covering, enclosing a chromo-
phobic substance in its interior, The vesicular mitochondria seem to be
sorted out into two sub-equal hylves in the two meiotic divisions. During
spermateleosis, these vesicles coulesce to form a compact nebenkern, which
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later on gets differentiated into an outer chromophobic and an inner
chromophilic core. Gradually the chromophilic core disappears and a
‘central substance’ of {(Bowen) appears in the form of numerous granules in
the chromophobic area. These ‘central substance’ granules seem to form
the sheath of the mature sperm. A number of tail vesicles are also ob-
served along the entire length of the maturing spermatid. Bowen (1920,

1922} was the first worker to study the mitochondria in spermatogenesis
with modern cytological technique. My observations are in full accord
with those of Bowen.

VI, Summary

1. In this paper, the behaviour of the cytoplasmic elements and the
sex-chromosomes in the male germ cells during the course of spermato-
genesis has been worked out in two species of Hemiptera-Heteroptera, viz.,
the water scorpion Laccotrephes macwlatus Fabr. and the water bug
Sphaerodema rusticum Fabr.

2. There is multiple sex-chromosome mechanism consisting of 2X
and a ¥ chromosome in L. smaculatus; while there is a single X and 2 ¥
chromosome in 8. ruslicum.

3. In both the species, the sex-chromosomes divide equétionally in
meiosis I, and reductionally in meiosis IT,

4. The mitochondria are granular in the spermatogonia and become
vesicular during the growth of the spermatocytes. They coalesce to form
a nebenkern in the spermatid in both the species.

6. The Golgi bodies are complete spheres revealing a duplex structure
in both the species.

6. The Golgi bodies and the mitochondria seem to be equally divided
in the two meiotic divisions.

7. There is a single acroblast in the spermatid formed by the fusion
of the Golgi bodies. The acrosome gets differentiated from the acroblast;
the latter finally disappears in the tail region of the spermatid.

8. The transformation of the spermatid nucleus into the mature
sperm nucleus is unusually simple—there being no reversal of the chromo-
philic and chromophobic substances of the nucleus during the process of
spermatsleosia.

9. The centrioles in L. maculatus and 8. rusticum, are crescentic.
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VITT, EXPLANATION OF LETreERING 1X PLATES

A, —Acroblast; 4’ or 4,.—Acrosome; 4.Ch.—Sex-chromosomes; A.g.—Aerosomal
granule; A4.f.—Axial filament; C.—QCentrosome; O.B.—Chromophobic aren; Ch.—
Chromosomes: C.L.—Chromophilic area; C.s.—Central substance; @.—Golgi
elaments; M. —Mitochondria; M.n.—Mitochondrial nebenkern; M.B.—Mid-body;
N ~~Nucleus; Ny-~—Nucleclus; §.f—Spindle fibrea; ¥ —Tail vesicle.

IX. Exrrawatiow of FIGURES ¥ THE PraTes

All figures of the Platea I-IV have been drawn with a camera lucida at the table
level with spercer 10« eyepiece and oil immersion objective giving approximate
magnification o7 1,700 times. All tho figures of the Plates I-IV except Figs. 8, 14 and
17, PL T, and Figs. 2, 8 and 14, PL. I have been selected from sectioned material
fixed in Flemming-without-acetic acid followed by 0-59% iron haematoxylin.

Fig. 42, P.. II, end Fig. 42, PL IV are from smear preparai:ions meade by
Flemming-without-acetic acid diluted equally with water end stained in 0-69%
iron hasmatoxylin,
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All figures of Plate V are from the fresh material of Laceotrephes maculatus studied
under the Phase Contrast Microscope.

Prate I (Laccolrephes maculatus)

Fra. 1. Resting spermatogonia.
o 2. Primary spermatocyte showing leptotene nucleus, mitochondria and Golgi
elements.
~ 4 3. Primary spermatocyte showing the sex-chromosomes condensed intoe a
deeply-staining body.

»» 4. Primary spermatocyte showing seattered Golgi bodies, mitochondria
and the nucleus revealing nuecleolus, sex-chromosomes end pachytens
threads.

Primary spermatocyte, Diplotense stage.

ot

» 6. Primary spermatocyte showing tetrnds. Two crescentic centrioles in the
cytoplasm are very clear {Bouin’s).
JF168.-7 and 8. Primary spermatocytes showing condensation of the tetrads into

dumb-bell chromosomes.

Polar view of metaphase I showing 22 chromosomes.

»» 1. Primary spermatoeyts showing two centrioles located at the apices of the
meiotie spindle. The mitochondrin are arranged on either side of the
spindle.

»» 11. Early anaphase 1.

12. Telophase I showing mid.hody granules at the equator of the dividing cell.

. 13, Polar view telophase T.

» 14. Polar view metaphase IT showing 22 chromosomes (Bouin’s).

.« 14, Polar view metaphase IT showing 22 chromosomes.

i6. Side view metaphass II showing the crescentic gentrioles at the two poles

of the spindle and soattered Golgi hodiss.
.. 17. Bide view metaphase II showing two X chromosomes going towards one
pole and a ¥ chromosome to the opposite pole (Bonin'a).
- 18. Rarly anaphase IT.
Fraa, 19-21. Telophasze 1T,

=
=
o
©

Prate 11 (Laccotrephes maculatus)

Fiea. 22 and 23. Early spermatids. The Golgi bodies aggregate in the neck between
nucleus and mitochondrial nebenkern. Deeply-staining chromatin
is seen along the periphery of the nueleus.

F1a. 24. Spermatid showing homogensously staining nucleus; vacuolar chromophilic
core of the nohenkern snd an acroblast with acrosomal granule.

Figs. 26-27. Spermatida showing dissolution of trangverse strands of the nebenkern,
The axial filament i springing from the centriole. )

Fias. 28 and 29, and 31-33. Spermatids showing gradual obliteration of the chromo-
philic core of the nebenkern and the movement of the acroblast with the
acrosomal granule round the nucleus.

Fra. 30. T.8. tail region of the spermatid showing small chromophilic core and nume-

. rous * contral substance’ granules in the chromophobic area.

Frgs. 34 and 35. Spermatids. The nobenkern elongates and gets constricted into
tail vasicles. .

Fras. 36 and 37. Spermatids showing disnesociation of the acrosome from the acro.
blast.

Fias. 38-41, Progressive stages in the elongation of the sperm nucleus.

Fra. 42, Mature sperm showing deeply-staining nueleus with an serogsomo at its tip
and a long tail posteriorly (F.W.A, smear),
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Puare 111 (Sphaerodema rusticum)

Fra, 1. A group of spermatogonia, FEach spermatogonium showing a nucleus, an

irregular nucleclus and a few mitochondrial granules in the cytoplssm.

2. DPolar view gpermatogonial metaphase showing 28 distinet chromosomes

{Bouin's).
» 8. Bide view spermatogonial metaphase.
» 4. Spermatogonial telophage. The mitochondria st® forming a polisade
round the spindle. )

Fi@s. 5 and 8. Primary spermetocytes showing mitochondrin and deeply-staining
Golgi bodies. Two distinet Bex-chromosomes in the preleptotene nuclej
can be seen also.

F1e. 7. Primary spermatocyte ehowing leptotens nucleus.

. 8. Primary spermatocyte showing pachytens nucleus (Bouin's).
o 9. Primary spsrmatocyte showing diplotene chromosomes. The CGolgi bedies
and vegicular mitochondria are juxta-nuclear.
., 10. Primary spermatocyte showing diffuse nucleus.
Figs. 11-13. Primary spermatocytes showing diskinesia.
Fia. 14, Primary spermetocyte showing 14 bivalents {Bouin's).
.. 18, Polar view metaphase I showing 15 chromosomes.
. 16, Side view metaphase 1. 'The two crescentic centrioles can bo seen at the
two polen of the spindle, ' .
», 17, Early anaphase I.
» 18. Polar view anaphase L.

"

Prare IV (Sphacrodema rusticum)

Fia. 19, Telophase I.
. 20. Polar view metaphase II,
, 21. Side view metaphase II.
,» 22. Telophasge II.
Fias, 23-25. Spermatids showing coalescence of mitochondria and the fusion of the
Golgi bodies.
Figs. 26 and 27. Spermatids showing nucleus with a decply-staining granule in its
interior; mitochondrial nebenkern, acroblast with an acrosomal granule.
Figs. 28-31. Spermatids showing progressive differentistion of the nebenkern and
the growth of the acrosomal granule,
Fios. 32~-34. Spermatids showing the elongation of the mitochondrial nebenkern.
Figa. 35-37. Late spermatids. The acrosomal granule separates from the acroblast
which moves down in the tail of the spermatid.
Fio. 38. '[ail vesicle of the spermatid showing a sloughed off Golgi body in its interior.
Fige. 39-41. Late gpermatid heads showing deeply-staining acrosome end a
uniformly steining nucleus.
Fi1e. 42. Mature sporm (F.W.A. smear).

Prate V (Luccotrephes maculatus)

Fig. 1. Primary spermatocyte showing nucleus, spherical Golgi bodies and vesicular

mitochondria.

» 2. Polar view metaphase I showing 22 chromosomes.

+ 3. Bido view metaphase I. The Golgi and the mitochondria are forming a
pslisade round hyaline spindie area. Two crescentic centrioles are elao
Been.

,» 4. Telophase I showing mitochondria and the deposition of the mid-body
granules at the equator of the dividing cell.

,. B. An early spermatid showing the compact raass of vesicular mitochondria
and an acroblast.
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6. Spermatid showing uniformly grey nucleus, acroblast and mitochondrial
nebenkern differentiated into outer vacuolar chromophobic area and
inper solid chromophilie core.

7. Spermatid showing the axial filament dividing the mitochondrial nebenkern
into two halves.

8. Spermatid showing the differentiation of the acroblast into acrosomal
granule,

9. Two spermatids enclosed in & common cell wall showing nucleus; acroblast
accompanied with an acrosomal granulo and ‘central substance’ granules
in the chromophobic sres of the mitochondrial nebenkern,

19, Spermatid showing centriole lying on the surface of the nucleus from which

springs the axial filament dividing the nebenkern into two halves,

Fias. 11-13. Progressive stages of the elongation of the spermatid.
Fi¢ 14. Very lats spermatid showing nucleun, attached to which is the acrosome.
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FISH SPERMATOGENESIS WITH PARTICULAR REFERENCE TO
THE FATE OF THE CYTOQPLASMIC INCLUSIONS

I. SPERMATOGENESIS OF ELASMOBRANCHS
(HY2OTREMATA)

By Hem Sacar Vasisur, Junior Research Scholar, Government of India,
Department of Zoology, Panjab Universily, Hoshiarpur

IXTRODUCTION

In recent years the cytoplasmic inclusions in the germ cells of & large
number of animals have heen the subject of investigation, but, strange as
it would appear, fish spermatogencsis has received very little attention.

To the best of my knowledge Heimann (1882) was the first worker,
who gave an exhaustive account of the sperm formation in Selachians.
A year later Jensen (1883}, and Swacen and Masquelin (1883) published two
independent papers on the same subject. Ballowitz (1890) published a-
paper on tail-formation in fish sperm. Cunningham {1892) worked on the
spermatogenesis of a cyclostome, Myxine glutinosa. Moore (1895) worked
mainly on the nuclear changes in different sharks and rays, e.g. Seyllium
canicula, Scyllium catulus, Pristivrus, Torpedo, Raja macrorhynchus and
Raja maculate. During the course of his studies Moore describes an ‘archo-
plesmic vesicle’ in the cytoplasm, which as will appear later, should be
interpreted as the acroblast or pro-acrosome. Likewise the phenomenon
of ‘cytoplasmic condensation’ must be interpreted as mitochondrial
aggregation. Suzuki (1899) published a note on the middle-piece and axial
filament of fish sperm. Retzius (1909) also worked on the sperm develop-
ment of fish.

Since all these workers unfortunately used fixatives containing strong
fat-solvents, they could not have becn expected to give an account of the
Golgi bodies and the mitochondria even if these cell components had been
discovered or known sufficiently at that time.

Jean Veupel {1929) demonstrated the mitochondria and_the Golgi
bodies in a teleost, Lebistes reficulatus, for the first time, by making use of
& fixative without a fat-solvent. She has shown a complete degeneration
of the Golgi bodies in spermateleosis with the result that the acrosome
is conspicuous by its absence. Ratnavathy (1941) worked out the
spermatogenesis of the shark, Chiloscyllium griseum.

In these series of papers it is intended to publish an exhaustive account
of the spermatogenesis of cartilaginous as well as bony fishes, with particular
reference to the Golgi bodies and the mitochondria. Unfortunately, this
material is very unfavourable for the study of chromosomes, which have
» marked tendency to agglutinate, '
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MATERIAL AxD TECHNIQUE

The spermatogenesis of nine Elasmobranch species has been worked
out in this paper. The names of these species appear below. They all
belong to the order Rajiformes, except Torpedo marmorata, which belongs
to the order Torpediniformes. (1) Adetomyleus maculatus, (2) Aefomyleuns
nichofis, (3) Aefobutus narinari, (4) Rhynobatus obtusus, (5) Rhynobatus
granulatus, (6) Dasyaiis zugei, (7) Dasyatis kuhlis, (8) Dasyatis sephen, and
{9) Torpedo marmoraia.

I started these investigations in 195}, In 1952 T visited different
fishing grounds in the suburbs of Bombay during the eariy hours of the
day. The fishing was done with the help of barrier nets. Generally I
used to dissect the fish on the spot, but semetimes it was felt necessary to
take the catch to the laboratory.

The male genital organs of all the rays and skates studied, except
Torpedo marmorate, are built up on the same plan as described in Scoliodon
by Thillayampalam (1928). The testes arec a pair of white elongated
structures with a pair of vasa deferentia opening to the cuter world through
the grooves in the claspers. These claspers are only present in.the male
Elasmobranchs. The testes are situated below the kidneys, extending
from the base of the liver to the rectal gland and are attached to the body
wall by a fold of peritonenm. In Torpedo marmorata the testes are small
bean-shaped structures situated at the anterior end of the kidneys.
Immediately after the testes were taken out they were put in normal saline,
cut into small pieces of not more than one millimeter in diameter, and were
transferred to capsules containing different fixatives.

Smears were also prepared for the study of sperms. For smears
Flemming-without-acetic acid was diluted with an equal quantity of dis-
tilled water.

The testicular material was mainly fixed in ﬁlemming-without-
acetic acid, Champy, Altmann, Kolatchew and Bouin. Amongst all the
fixatives tried, Flemming-without-acetic acid proved to be the hest.
This was followed by 0-59, iron haematoxylin. Best results were obtained
after fixation in F.W.A. for 24 or 48 hours. The material was washed in
running water for the same period as it was kept in the fixative. Sections
_were cut § u thick. )
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OBSERVATIONS

As the spermatogenesis of the nine Elasmobranch species described
here is more or less similar, it has been considercd best to give a compara-
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tive account, with oceasional references to the existing variations especially
in the process of spermateleosis,

Spermatogonio

The earliest spermatogonia in all the nine rays and skates studied are
small rounded cells with vesicular nuclei. The nucleus contains chromatin
granules, delicate chromatin threads and-a digtinet darkly-stained nucleo-
lus. The nucleus is large and central in position, with an attenuated layer
of cytoplasm, ‘The cytoplasm is clear and does not contain any granules
in it (PL. I, Fig. 1; PL 1L, Fig. 31; PL. III, Fig. 57; Pl IV, Figs. 83 and 109;
and PL. VII, Fig. 164). As the spermatogonium grows in size a few dust-
like granules make their appearance in the cytoplasm. These are the
mitochondrial granules (PL. I, Fig. 2; PL. II, Fig. 32; Pl. V, Fig. 129; and
Pl. VII, Fig. 177). These granular mitochondria are grey in colour. In
Rhynobatus obtusus, however, the mitochondria are vesicular (P). IV, Figs.
84 to 86). It is further observed that one or more granules, which are
comparatively larger and which stain more sharply also make their appear-
ance amongst the mitochondria (P1. I, Fig. 2; PI. III, Fig. 58; PL. IV, Figs.
85 and 110; P1. VI, Fig. 143; and Pl, VII, Figs. 165 and 177). These ate
the Golgi bodies. In E. obfusus, in a comparatively more grown-up cell,
the Golgi bodies clearly appear as vesicles and crescents (Pl. TV, Fig. 86).

Primary Spermatociyte

The primary spermatocyte is the largest cell in the vestis. 1t has a
vegicular nueleus, generally containing a nucleolus. During the growth
period the mitochondria grow in size appreciably into darkly-staining
granules (Pl. I, Figs. 3 to 7; PL II, Figs. 33 to 35; Pl. III, Figs. 59 to 61;
Pl IV, Figs. 111 to 114; PL V, Figs. 130 to 132; Pl. VI, Figs. 144 and 145;
and Pl. VII, Figs. 166, 167 and 178), except in R. obtusus, where the mifo-
chondria appear as feebly-staining vesicles (Pl IV, Figs. 87 to 90). In
this species it ig seen that the mitochondria, which were vesicular even in
the spermatogonia, continue to remain so except that they have now grown
in size. In Aetobatus narinari at a little advanced stage the mitochondria
also become vesjcular (P1. ITI, Figs, 62 and 63),

It is very diffieult to spot out the Golgi elements in the majority of
the primary spermatocytes as they are mixed up with the darkly-staining
mitochondria. This, however, is not the case in all the cells. A few of
the spermatocytes have distinet Golgi bodies. The Golgi bodies do not
lie in a particular position, but are scattered amongst the mitochondria.
The Golgi bodies are generaily very few in number as compared with the
mitochondria, and are more often than not in the form of crescents. In
Rhynobatus obtusus where the mitochondria are vesicular from the very
beginning, the Golgi elements are very clear and are sometimes seen to
occupy a juxta-nuclear position (P1. IV, Fig, 89).

A few divigion stages (meiosis T) in Aefomyleus maculatus, Aetomyleus
nickofi¢ and Dasyalis kuhlii have been observed and figured by me. The
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Golgi bodies and the mitochondria are probably sorted out, more or less
evenly, to the two secondary spermatocytes. During the division of the
cell, a well-defined spindle can be noticed. Two prominent sharply-stained
centrosomes appear, one at each pole of the spindle. During division
stages, the chromosomes always appear as a decply-stained compact mass
(PL. I, Fig. 8; P1. 11, Fig. 36; and Pl. VI, Fig. 146). During anaphase I,
the single chromosome mass splits inte two, one mass moving towards one
pole and the other to the opposite pole (PL I, Fig. 9; and PL VI, Fig. 147).
During telophase ¥, two daughter nuclei are formed and the centrosomes .
disappear from the scene (Pl I, Fig. 10; P II, Fig. 37; and Bl. VI, Fig.
148). Cytoplasmic cleavage then follows (Pl. II, Fig, 38).

Secondary Spermatocyte

The secondary spermatocytes are smaller than the primary spermato-
cytes, but bigger than the spermatogonia (PL I, Figs. 11 and 12; PL TI,
Figs. 39 and 40; PL I1I, Fig. 64; PL IV, Figs. 91, 92 and 115; PL. V, Figs.
116 and 1383; P). VI, Fig. 149; and PL VII, Figs. 168 and 179). Thereis a
definite interkinetic resting stage, when the nuclens of the secondary
spermatocyte is re-formed (Pl I, Fig. 12; PL. II, Figs. 39 and 40; P1. IIT,
Fig. 64; PL. IV, Figs. 91 and 92; PL V, Figs. 116 and 133; P1. VI, Fig. 149;
and Pl VII, Figs. 168 and 179), and in some cases all traces of chromosomes
are lost (Pl II, Fig. 40). The secondary spermatocytes have the usual
complement: of mitochondrin and Golgi bodies.

In delomyleus maculatus, Aetomyleus michofii and Dasyatis kuhlic
metaphase IT shows the chromosomes jumbled up in a single mass (Pl I,
Fig. 13; PL X1, Fig. 41, and Pl. VI, Fig. 150). This single chromatic mass
lies at the equator of the spindle, while at each pole there is a prominent
centrosome. The mitochondria are either vesicular or granular, The
Golgi bodies and the mitochondria are evenly scattered in the cell. In
Pl. T, Fig. 14 is shown a cell in anaphage II. In Pl II, Fig. 42, and
PL. VI, Fig. 151, are shown two early telophase IT stages.

Spermateleosis

Since there is no essential difference in the spermateleosis of the nine
Elasmobranch species under discussion, it has been thought best to give a
comparative secount of this process as has been done in the case of sper-
matogonia and spermatocytes. )

The earliest spermatid reveals in almost all cases, a very darkly-
staining excentric nucleus, a few Golgi bodies, juxta-nuelear mitochondria
and two centrogomes. The mitochondria are sither still granular or have
become vesicular (Pl. I, Fig. 15; P1. II, Figs. 43 to 45; Pl III, Fig. 65;
Pl IV, Figs, 93 and 94; Pl V, Figs. 121 to 123; Pl VI, Fig. 152; and
Pl. VII, Figs. 169 and 180). '

When the transformation of the spermatid begins, either a single
Golgi body advances towards the nuclens to form the acrosome us in
Aetomyleus nichofit, Dasyatis zugei, Dasyatis kuhliv and Torpedo marmorala
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(Pl II, Figs. 47 to 51; PL V, Figs. 134 to 136, Pl. VI, Figs. 153 and 154;
and Pl. VII, Fig. 181), or a few Golgi bodies come close together and ulti-
mately fuse to form the fore-runner of the acrosome (pro-acrosome) as in
Astomylens maculatus, Bhynobatus obtusus, Rhynobolus granulatus and
Dasyatis sephen (PL. I, Figs. 17, 21 and 22; PL III, Figs. 66 and 67; PL V,
Figs. 121 and 122; and Pl VII, Figs. 169 and 170). The pro-acrosome
travels forward along the side of the nucleus and ultimately fuses with its
anterior aspect. Sooner or Jater this darkly-staining pro-acrosome is
gradually . transformed into a semi-transparent pear-shaped acrosome
(PL. I, Figs. 23 to 30; Pl 1I, Figs. 52 to 56; PL. ITI, Figs. 72 to 82; PL IV,
Figs. 97 to 108; PL. V, Figs. 124 to 128 and 137 to 141; PL. VI, Figs. 155 to
163; and P1. VII, Figs. 171 to 176 and 182 to 187).

It must be noted carefully that all the Golgi bodies present in the cell
do not take part in the formation of the pro-acrosome. A few, which are
left unused, remain as the Golgi remnant and are sloughed off along with
the residual cytoplasm (PL. 11, Figs. 49 to 55; Pl. 111, Fig. 74; P1. IV, Figs.
97, 99, 101, 102 and 104; PL. V, Figs. 125, 127, 136, 137 and 140; PL VI,
Figa. 1556, 160, 161 and 162; and PI. VII, Figs. 171, 172, 174, 181, 182, 183
and 185).

While the Golgi bodies are taking part in the formation of the acrosome
the mitochondria are becoming vesicular and are coming close to one
another. These compactly arranged mitochondria lie on one side of the
nucleus and are traversed by the axial filament. It appears that during
the later stages of spermateleosis, the mitochondria lose their staining
capacity. Nevertheless, most of them form a compact sheath of the axial
filament in the region of the middle-piece, whereas a few are sloughed off
along with the residual cytoplasm, which also contains the Golgi remains.
Although mitochondria as such cannot be observed in the middle-piece of
the ripe sperm, there is no doubt that the sheath of the axial filament in
this region iz mitochondrial in nature (Pl III, Figs. 80 and 81; Pl IV,
Figs. 105 and 106; PL. V, Fig. 140; and P1. VII, Figs. 185 and 186).

Concomitant with these changes the two centrosomes of the early
spermatid move apart, and there appears an intra-ecellular filament between
them (PL. I, Fig. 19; P1. II, Fig. 46; PI. 111, Figs. 68 and 69; and Pl. VII,
Fig. 170). The two centrosomes are named according to their position
with respect to the nucleus. The anterior one, which is nearer the nuecleus,
is called the proximal centrosome, and the posterior one the distal. The
proximal centrosome goon moves more anteriorly and comes in touch with
the nucleus. It is visible only for a short time as it gets covered by the
nucleus at a later stage (PL I, Figs. 21 to 23; Pi. II, Figs. 47, 51 and 52;
Pl. II1, Figs. 72 to 77; PL IV, Figs. 98 to 108; PL. V, Figs. 125 to 127 and
135 to 141; Pl. VI, Figs. 156 and 157; and PL VII, Figs. 172, 174 to 176 and
182 to 183). The proximal centrosome does not by any means fuse with
the nucleus but remains separate as will be clear from the study of many
figures (Pl. I, Fig. 24; Pl. II, Figs. 46, 49 and 50; P II1, Figs. 78 and 80;
Pl VI, Figs. 159 and 162; and Pl. VII, Figs. 173 and 186). The granular
distal centrosome abuts agrinst the cell wall and seoms to give rise to the
extra-cellular filument, which forms the tail of the sperm. The proximal
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and the distal centrosomes are situated at the anterior and posterior ends
of the middle-piece respectively.

One finds that once the distal centrosome touches the cell wall, the
cell begins to elongate, and simultaneously the infra-celluler axial filament
also begins to lengthen out. With the elongation of the cell the nucleus
slso begins to elongate (PL. I, Figs. 23 to 27; 1. 11, Fig. 51; Pl 111, Figs.
72 to 74; Pl IV, Figs. 100 to 104; Pl VI, Figs. 156 to 159; and Pl. VII,
Figs. 173 to 175 and 183). In Aefobatus narinari, the elongating nucleus,
which is horizontal in position at first, rotates to & vertical position (1, IT1,
Figs. 72 to 75). In Rhynobatus obiusus the nucleus ig at first obliquely
placed, and it then assumes a vertical position. Sometimes & spermatid
nucleus i curved due to exigencies of space (Pl IV, Figs. 100 to 104},

As the nucleus and the acrosome ave ripening, the residual eytoplasm
eontaining the Golgi bodies and the mitochondria is pushed down the axial
filament in the form of blebs (PI. III, Fig. 80; Pl IV, Figs. 105 and 106;
PL VI, Fig. 162; and Pl VII, Fig. 186).

In Dasyatis zuges after the formation of the middle-piece there appears
a constriction at a point of location of the distal centrosome. The piece
behind the distal centrosome is the residual cytoplasm, which soon gets
separated from the area in front and starts moving backward (Pl V, Figs,
138 to 140).

The fully ripe sperm has a long cylindrical nucleus with a short acro-
some in front, a middle-piece between the two centrosomes behind the
head and an axial filament forming the tail or Aagelium.

Discussion

As has already been pointed out all the previous workers on the fish
aperm used fixatives containing fat-solvents, except Jean Vaupel (1929)
and Ratnavathy (1941). But apart from this the fish material is rather
refractory so far ag fixation is concerned. At any rate, it is not a favour-
able material for cytological studies. Reference to the difficulties of
fixation haa also been made by Jean Vaupel and Ratnavathy.

Jean Vaupel carried out her investigation on the spermatogenesis of
Lebistes reticulatus, a bony fish. Since I am publishing a paper on the
sperm of bony fish at a subsequent stage, it is not my intention to review
her work here,

Before taking np the work of Ratnavathy (1941) for discussion, it will
be profitable 1o discuss brieflty the work of earlier workers, who used ex-
clusively fixatives containing fat-solvents and carried out their investiga-
tions at a time when the Golgi bodies and the mitochondria had not even
" been discovered.

Hermann (1882), the earliest worker on the subject of Elasmobranch
sperm, nevertheless, gave a faithful account of what he saw in his prepara-
tions, Hermann describes a body, ‘nodule cephalique’, which is, later on,
applied to the surface of the ‘kernel’ (nucleus) of the ‘spermatoblast’
(spermatid). The ‘nodule cephalique’ forms, according to him, the
‘cephalic point’, which undoubtedly is the acrosome in modern terminclogy.
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The greasy granules of Hermann, which are said to unite to form the
‘nodule cephalique’, are undoubtedly the Go!gl bodies, which have been
distorted very much. *

Jensen (1883), who studied some fresh Elasmobranch material also
describes two refringent bodies in fresh spermatids slightly osmicated.
These bodies always take & very deep colouring in osmic acid. They fuse
together and form one voluminous body, which ultimately takes & position
in & depression at the anterior aspect of the nucleus. Here the voluminous
body becomes cylindrical. There is no doubt that the refringent bodies
are the Golgi elements, as the Golgi elements being lipoidal are definitely
known to blacken with osmic acid. Nath {1933) has employed this tech-
nique exhaustively and has demonstrated the Golgi elements in fresh cocytes
slightly osmicated. Likewise we have no doubt that Jensen’s voluminous
body is transformed into the acrosome of the ripe sperm.

Swaen and Masguelin (1883), while working on some Elasmobranch
gperms, describe a problematic body, which gradually comes near the
anterior aspect of the nucleus and ultimately comes in contact with if.
Here also it can safely be concluded that the problematic body of these
authors corresponds to my pro-acrosome. '

Moore (1895) describes an ‘archoplasmic vesicle’, which becomes first
Hattened and then elongates out, together with the nuclear chromatin,
forming a definite ‘ cephalic point to the spermatozoon head’. The ‘archo-
plasmic vesicle’ of Moore and his ‘cephalic point’ obviously correspond to
my pro-acrosome and acrogome respectively.

Ratnavathy (1941), working on the spermatogenesis of the shark
Chiloseyllium griseum, gives an account of acrosome formation. It will be
profitable to describe this process in her own words—'the Golgi bodies of
the gpermatid fuse together in such & manner that an almost homogeneous
mass of Golgi substance is obtained which may now be designated as the
acroblast. This structure always occupies that pole of the spermatid
which is destined to become the anterior end of the sperm and is diametri-
cally opposed to that region of the cell where the centrosome has settled
down. The acroblast very soon elaborates within its substance a single
small vesicle which, however, soon’ enlarges and becomes prominent,
When it reaches its maximum dimensions it is gradually pushed out of the
acroblast and deposited close against the nuclear wall, the acroblast still
maintaining its connection with the vesicle for a longer or shorter time.
Soon it is filled with a dense substance so that the transparent appearance
of the vesicle is lost, and when this change of appearance js effected the
acroblast which up to now has been ohserved clinging to the wall of the
vesicle like & lump, gradually separates itself and proceeds in a posterior
direction to be later expelled from the substance of the spermatid. The
vesicle together with the dense substance that it encloses comes to be
known as the acrosome. This structure presently assumes a conical
appearance and persists through the later stages of the sperm formation as
& thin short apical fillament, until in the metamorphosed spermatozoon it
presents the appearance of a spirally twisted filament’. I have myself
completed investigations on the spermatogenesis of this shark and I hope
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to send my paper to the press shortly. I agree with Ratnavathy that the
acrosome in Chiloscyllium sperm is screw-like, and arises from the Golgi
bodies. But I have never come across in my material either the ‘acrobiast’
or the ‘acrosomal vesicle’ of Ratnavathy. The process of the formation
of the acrosome from the Golgi hodies in the shark is exactly like the pro-
cess described in rays and skates in this paper. In the shark Chiloseyllinm
the earliest spermatid has & few Golgi bodies in the form of granules, which
soon come together to form a pro-acrosome, the fore-runner of the acrosome.
But there ig no indication, whatsocever, of either the ‘acroblast’ or the
‘acrozomal vesicle’.

SuMMARY

1. In this paper the spermatogenesis of nine species of Elasmobranch
fishes, i.e. Adetomylens maculatue, Aefomyleus nichofit, Aefobatus narinari,
Rhynobatus obtusus, Rhynobatus granulatus, Dasyatis zuget, Dasyatis kuhlis,
Dasyatis sephen and Torpedo marmorate, has been described.

2. The Cytoplasmic inclusions have been thoroughly studied in the
spermatogonia, spermatocyies and in the process of spermateleosis,

3. The earliest spermatid has an excentrically placed nucleus, a few
Golgi elements coming near one another, vesicular mitochondria and two
small centroscmes.

4. During spermateleosis, a pro-acrosome is formed directly from one
or more Golgi bodies. This fuses with the nucleus and is transformed into
an acrosome. ’

5. There is a prominent middle-piece in the ripe sperm, having a
mitochondrial sheath. The two centrosomes, proximal and distal, are
sitnated at thg anterior and posterior ends of the middle.piece respectively.

6. The unused Golgi bodies and the mitochondrie are sloughed off
along with the residual cytoplasm,

7. The ripe sperm has an elongated nucleus with a short acrosome in
front, a prominent middle-piece and a long flagellum.
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ABBREVIATIONS

A—Aecrosoms; A’ or A,—Pro-acrosome; A.f—Axial filament; ('—Controsome;
€ .s—Centrosomes ; §,—Proximal centrosome; Cp—Distal centrosome; € .G—Chromatin
granules; Ch—Chromosomes; G—Golgi body; M—Mitochondria; M.p—Middie.
piece; N—Nucleus: N3—Nuclealus; R.C—Residual eytoplasm; 3.f—Spindle fibres.

ExPLANATION OF FIGURES AND PLATES

All figures have been drawn with a eamera lucida at the table Jevel with Beck
10 X eye-piece and oil immersion objective giving a mognification of approximately
1,700 times. All figures {except PIL. I, Figs. 27, 28 and 30; PL IT, Figs. 65 and 56;.
Pl. TF1, Figs. 75 to 82; Pl. IV, Figa. 103, 106 and 108; PL. V, Figs. 128 and 138 to 14]1;
Pl. V1, Figs. 161 to 163; and P1. VII, Figs. 176, 183 and 185 to 187 which are drawn
from smears) have hoen drawn from sectioned material fixed in Flemming-withoyt.
acetit acid followed by 0-56% iron haematoxylin.

Prate I (Actomylens maculatus)

Fre. 1. Earliest spermatogonium.
. 2. Late spermatogonium showing the mitochondria and the Golgi apparatus,
Figs. 3,4 and 6. Primary spermatocytes.
. Band?7. Primary spermatocytes showing big granules of mitochondria.
F1z. 8. Metaphase 1.
', 9. Anaphase I.
,» 10. Telophase I,
Frca. 11 and 12. Secondary spermatocytes,
Fie. 13. Metaphase I1.
w 14, Early snaphase IT. [
Fras. 15 and 16, Harly spermatids,
Fic. 17. A late spermatid showing the vesicular mitochondria and the Golgi elements
in & group.
»» 18. Spermatid showing two centrosomes.
»» 19, Spermatid showing an axial filament,
Fiss. 20 and 21. The Golgi bodies are moving in front in a group,
Fra. 22. Pro-acrosome is formed.
F168. 23 and 24. Pro-acrosome is transformed into An acrosome.
~ 23to27. Bpsrmatids showing the nuclei and the cells elongating.
Fra. 28, Sperm from the sections. ‘
o 29, Barly sperm with the residual eytoplasm.
o+ 30, Fully formed sperm.

Prare IT (Aetomylens nichofii)

Fie. 3!. Early spermatogonium.
«» 92, Spermatogoninm ghowing the mitochondria in the eytoplasm.
Fr1os. 33 to 35. Primory spermatocytes showing mitechondria and Golgi bodies.
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F1e. 36, Mataphase I.
» 37, Telophese 1.
»» 38. Late telophase I.
F1as. 39 and 40, Secondary spermatocytes,
F1a. 41. Metaphase II.
»» 42, Telophaae II.
F108. 43 and 44. Early spermatids.
F16. 45. Nucleus of the spermatid taking more stain due to condensation. Note
the two centrosomes in addition to the Golgi bodies and mitechondrie.
Figs. 46 and 47, Late spermatids.
;. 4B to 50, The pro-acrosoms is formed.
F1g. 61. Spermatid. Note the elongating nuclens.
Fios. 52 to 55. Pro-ncrosome is transformed {nto an acrosome,
Fig. §6. Mature sperm.

Prate IIT {Aetobatus narinari)

Fig. 57. Earliest spermatogonium,
,» 08, Late spermatogonium.
Fies. 59 to 61. Primary spermatocytes.
. 62 and 63. Late primary spermatocytes showing vesicular mitochondria and
Golgi bodies.
Fia. 64. Seeondary spermatocyte.
,» 85, Tarly spermatid.
66. Spermatid showing a distinet tendency of the Golgi elemente to come
together to form a pro-acrosome.
.» 67. The pro-acrosome is attached to the nucleus.
F1as. 83 to 70. Bpermatids showing a filament betwesn two centrosomes,
Fie. 7i. Spermatid showing the intra- as well as extra-cellular filament,
Fres. 72 and 73. Acrosome iz formed. Note the nucleus in the horizontal position.
Fia. 74. The nucleus has rotated to a vertical position.
Fies. 75 and 78. The nucleus is seen wriggling out of the cytoplasm.
77 and 78. The late spermatids showing the mitochondria on both sides of the
axial filament.
» 19 to 81. Middle-pieco of the sperm is formed and the residual cytoplasm is
shown going back, ’
Fra 82. Complete aperm.

o

L1

ar

Prate TV (Rhynobatus obtusus)

Fro. 83. Early spermatogonium,

,» B4, Spermatogonium showing the appearance of faint vesicular mitochondria,
Fias. 85 and 86. Late spermatogonia showing the (olgi elements and mitochondria.
87 and 88, Primary spermatocytes.

89 and 90. Primary spermatocytes. Note the Golgi bodies in a group near
the nucleus.

,, 91 and 92. Secondary spermatocytes.

Fia. 93. Early spermatid showing a deeply-stained nucleua, the Golgi apparatus
and two centrosomes.

.  94. Spermatid showing pro-acrosome and two centrosomes,

Fi168. 95 and 96, Pro-acrosome has touched the nucleus.
.. 97 to 99. Acrogome is advancing forward and the axial filament is formed.
,, 100 to 104. Spermatids. Nuclei have started elongating.

F1c.105. Early sperm.

Fras. 108 and 107. Note the residual cytoplasm going back,

F1o.108. Fully developed sperm,
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PraTe IV (Rhynobatus granulatus)

F16.109. Early spermntogonium showing a nueleolus in the vesicular nucleus.
»» 110. Spermatogonium showing the mitochondria and the Golgi apparatus.
Tigs. 111 and 112. Primary spermatocytes.
. 113 and 114, Primary spermatocytes showing the fully grown mitochondria
and the Golgi elements.
Fig.115. Becondary spermatocyte.

Prare V (Rhynobatus granulatug)

Fre. 116. Secondary spormatocyie.

. 117, Early spermatid.
TF1as. 118 and 119, In the spermaiids the nuocleus has started showing condensation.
F16. 120. Spermatid showing a condensed nucleus and a centrosome near the nuclsus.
F1es. 121, 122 and 123. The pro-acrosome is shown on one side of the nucleus.
Fi1o.124. Spermatid showing acrosome,

» 125, Spermatid with an scrosome and an axisl filament.
¥ics. 126 and 127. Spermatid with an acrosome snd an axial filament, except that

the nucleus has rotated along with the acrosome.

Fioe. 128. Complete sperm.

Prave V (Dasyatis zuget)

Fig. 129. Spormatogonium.
» 130. Primary spermatocyte.
Fias. 131 and 132. Primary spermatocytes showing the grown.up mitochondria,
F16. 133. Secondary spermatocyte.
»» 134, Spermatid. Note the pro-acrosome,
Fies. 135 and 136, Pro-acrosome is still not transformed into an acrosome and the
axial filament is seen,

Fi1c. 137. Pro-acrosome ig transformed into an serosoms.
Fies. 138 to 140. The early sperm showing the blebs of residual cytoplasm.

Fig. 141, Fully mature sperm,.

Prate VI (Dasyatis kuhblii)

Fig. 142. Spermatogonium.
,» 143. Spermatogonium, showing the mitochondria and the Glolgi apparatus.
F1os. 144 and 145, Primary spermstocytes showing an excentric nucleus with &
nuecleolns, the mitochondria and ihe Golgi bodies.
Fia.146. Metaphase L. -
v 147. Annphase I.
» 148, Telophass L.
» 149, Becondary spermatocyte.
,» 150. Metaphase IL.
. 151. Early Telophase IT.
,» 152. Spermatid.
. 153. Spermatid. Note the centrosome and the pro-acrosome.
., 184. Pro-acrosome has come in touch with the nucleus.
155. Pro-acrogome is transformed into an acrosome, Note the two centrosomes.
,, 156, Axial filament is formed in the spermatid.
157. The nucleus is elongating.
158. Note the vesicular mitochondria arrabged on both sides of the axial fila-
ment, and the proximsl and the distal centrosoine,
,» 159, The nuelous is shown wriggling out of the cytoplasm.
Tigs. 160 and 161. The cytoplasm is shown recoding back.
Tie. 162, Spermatid. Note the residual cytoplasm.
,, 163. Sperm.
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Prare VII (Dasyatis sephen)

Fro. 164. Barly spermat:ogonium.
»» 165, Spermatogonium with a vesicular nucleus containing nucleolus and chro-

matin threada. Mitochondria and tho Golgi apparatus is also shown.
Figs. 166 and 167. Primary spermatocytes.
Fig. 168, Secondary spermatocyte.
s 189. Bpermatid showing a deeply-stained nucleus and the Golgi bodies hove
come ologe together.
,» 170, Pro-acrogome is formed. Note an intro-cellular filament between the two
centrosomes.
» 171, Pro.acrosome is transformed into an ncrosomae.
Fias, 172 to 174. Spermatids showing the cells and the nuclei elongating.
Fra, 175. The eytoplasm is recoeding back. Note the ‘Golgi body in the residual
cytoplasm.
176. Fully formed sperm.

2

Prate VII (Torpedo marmoraie)

Fig. 177. Spermatogonium,
178. Primery spermatocyte.

» 178, Secondary spormatocyte,
.» 180. RBEarly spermatid showing a darkly-stained excentric nucleus, a fow Golgi

bodies, vesicular mitochondris and two centrosomes,
.» 181. Note the pro-acrosome.
182. Pro-acrosome ia transformed into an acrosome. Note the axial filament
and the unutilized Golgi bodies.

¥1gs. 183 and 184, The nucleus and the cell has started elongating,
Fre. 185, Early sperm.

» 186. Barly sperm. Note the bleb of residual cytoplasm.

» 187, Mature sporm. It has an clongated nucleus with a short acrosome in

front, & prominent middle-piece and a long flagellum.
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OXIDATION WITH CHLORAMINE-B
VOLUMETRIC DETERMINATION OF METALS BY OxiNe MerHOD

.By Barwant Sinen, Arar Sineu and SukHDEV Ras Karur
Chemistry Department, Panjab University College, Hoshiarpur

Various metals under specified conditions of pH yield crystalline
precipitates with 8-hydroxyquinoline (oxine). These precipitates have the
general formula M(CyHgON),, where n is the valency of the metal M.
On treatment of the oxinate with dilute hydrochloric acid, the oxine is
liberated. It reacts with bromine to give 5 : 7-dibromo-8-hydroxy-quino-
line (Arthur I. Vogel, 1948; and H. Diehl and G. F. Smith, 1952).

09H70N+2 BI‘2 = CQH5ON BI‘2+2 HBr

The bromine is obtained by the addition of standard chloramine-B and
excess of potassium bromide to the acid solution.

CsH;S0,N CINa+2 KBr+4+2 HOl = CgH,S0,NH, 4+ NaCl4+2 KCl+ Br,

" EXPERIMENTAL

A known quantity of a metallic salt was dissolved in water, about
5 grams of ammonium acetate and acetic acid were added and the solution
warmed to 60° C. An excess of two per cent solution of oxine in aleohol
was added in all cases except in solutions of aluminium, magnesium and
uranyl salts where two per cent solution of oxine in 2N acetic acid was
added to precipitate the metallic oxinates,

After the addition of oxine, ammonium hydroxide was added slowly
to make the solution faintly alkaline for the complete precipitation of
magnesium oxinate.

The mixture was boiled and allowed to cool. The oxinate precipitate
was filtered through a sintered glass crucible, washed with hot water and
dissolved in warm hydrochloric acid. About one gram of potassium
bromide and a known excess of standard chloramine-B solution were added
and the solution largely diluted with 2§ hydrochloric acid. One gram of
potassium iodide was then added to the solution and the liberated iodine
was titrated against standard sodium thiosulphate, using starch as an
indicator.

" From the sodium thiosulphate used in these titrations, the amount of
bromine required to form 5 :7-dibromo-8-hydroxy-quinoline and the
amount of chloramine-B used to liberate the bromine and hence the
quantity of metal present in the metallic compound was calculated The
results are recorded in the following tables.
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Potassium Aluminium sulphate KgS04 . Aly(S04); . 24Ha0

TasLe 1

0-102N 0-100N 0-102N »
Substance | hloramine-B [NagSy05 - 5H;0| chloramine-B | Substance | Aluminium
aken. added. Tod. used. found. caleulated.
(gm.) (c.c.) (c.c.) (0.0 (gm.) (gm.)
003953 20-00 10-40 9-80 003952 | 0002236
005535 2500 10-45 13-77 005562 | 0003142 -
0-07511 30-00 11-65 18-58 007492 | 0-004190
009883 35:00 10-70 24-51 0-09883 | 0-005543
0-12650 4500 13-85 31.42 012669 | 0-007169
015823 50-00 10-90 39-31 0-15851 | 0-008970

1 e.c. of 0-102N chloramine:B = 0-004032 gm. of K380,.A15(80,)3.24H,0.
= 0-0002282 gm. of Aluminium.

Taswe 1T

Copper sulphate (CuSO, . 5BH50)

Substance chiveariog B Nazs(:cl)g(.)lﬁvﬂzo chlastmme. B Substance | Copper
added. used. used.

(gm.) {c.c.) (c.c.) (c.e) (gm.)" (gm.)
0-03122: 20-00 11-45 9-33 0-03125 0-007954
0-04370 25-00 12-80 13-07 0-04377 0-011143
0;05931 25-00 7-80 17-73 0-05938 0-015116
0-07804 30-00 725 23-24 007783 0-019813
0'09959 40-/00 10-80 29-93 0-10024 0-025517
0-12486 45-00 8-30 37-26 0-12478 0-031766

1c.c. of 0:1073N chloramine-B = 0-003349 gm. of CuSO, . 5H,0.
= 0-0008526 gm. of Copper.
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TasLe IT1

Zine sulphate (Zn80, . TH,0)

Substance chlormine.B Nagé),'%)?lgﬂzo chloramine. B e | e .
: added. used. usged.

{gm.) {c.e.) {c.c.) {e.c.) {gm.) {gm.)
002516 15-00 10-23 6-10 0-02521 0-005733
0:04313 20-00 10-97 10-46 0-04324 0-009830
0-05392 20-00 8-00 13-04 0-053%50 0-01225h
0-08111 25-00 1175 14-7% 0-08114 0'913900
0-08267 30-00 11-53 19-97 0-08254 0-018768
010783 35-00 1020 26:13 0-10701 0024657

1 c.c. of 0-115N.chloramine-B = 0:004133 gm. of ZnS0, . TH,0.
= 0-0009398 gm. of Zine.
TaBLE TV
Cadmium acetate (Cd(CH,000), . 2H0)
Sbetance chloramine-B. [NagSy0y  SH,0| chlorammine-B Substanee) Cadmiam
’ added. used. used.

(gm.) (e {e.c) {ce) {gm.} {gm.)
0-02333 20-00 18-36 5-55 0-02349 0-009907
0-03333 20-00 1535 781 0-03348 014120
006666 20-00 830 13-46 0-05698 0024027
0'07666 27:00 11-30 18-10 3076862 0-032310

1 e.¢, of 0-127N chloramine-B = 0-004332 gm, of Cd{CH,CO00), . 2H,0.
= 0-001785 gm. of Cadminm,

207



Tane V

Oobalt ehloride (COO0L, . 6H0)

Siitenc | oo [NesSi0s. 70| ohoramine B | ibsice | cobst
{gm.) (c.c.) {e.c) {c.c.} {gm.) (gm.)
302082 10-00 570 551 0-02081 0005156
0-02974 15-00 903 7-88 0-02980 0:007383
0-03569 17-00 9:60 9-44 0-03585 0-008822
0'04462 17-00 6-20 . 11:88 0-04499 0-011118
0-05057 20:00 8-40 13-39 0-05058 0-012529
0-06841 25-00 875 18-11 0-06841 0-016945

1 e.c. of 0-127N chloramine.B == 0008777 gm. of COCl; . 6H,0.
== (0009358 gm. of Cobalt.

Tasre VI
Nickel chloride (Ni(l, . 6H0)

0-115N 0:100N 116N

i | ehloramine B [No,S0y 5,0 chloramine.B | STmbee | A,
(gm.) (e.0) fee) (e.c.) gm.) ()
002080 15-00 10-23 8:10 0-02084 0-005140
0-03565 20-00 11-00 10-43 - 0-03554 0008739
0-04457 20-00 805 13-00 0-04442 0-010955
005051 " 25-00 1175 14-79 0-05055 0-012464
0-06834 30-00 11-45 20:04 0-08846 (0163888
0-08914 35-00 10-20 26-i3 | 0-08918 0022020

1 a.¢. of 0:116N chloramine = B = 0003417 gm. of NiClg . CH;0.
= 0:0008427 gm. of Nickel.
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TaBLE VIE
Uranyl nitrate (UOg(NO,)p . 6Ho0)

Substance chlgr'ﬁl:a.s Nazété)oso.lgﬂgo chloraming. B Substanco | Uramium
. added. used. used,
{gm.) {c.c.) (e.c.} (c.e.) (gm.) (gm.}
0-04185 20-00 11-82 916 0-04177 0-01981
0-05859 2000 7-80 12:84 0-05857 0-02777
0-07961 3000 1875 17-38 0-07928 0-03758
0-10462 30-00 775 22.89 0-10441 004950
0-13391 40-00 11-70 29-97 013351 0-06330
0-16730 60-00 1460 36-61 0-16699 007917

1 c.e. of 0-109N chloramine-B &= 0:004561 gm. of UO({NQy)s . 6H,0.
= 0-002163 gm. of Uranium.

TasLe VIII
Magnesium sulphate (MgS0, . TH0)

sl S o S0 of T st st

added. used. used. * '

{gm.) {c.c.) {o.c.) {c.e) (gm.) (gm.}

0-03081 20-00 11-45 9-33 0-03084 0003043
0-04313 25-00 12:80 13-07 0-04321 0-004263
0-05854 30-00 13-25 1765 . 0-06835 0-006757
007703 3500 12-66 23-30 0-07703 0-007600
(09859 40-00 10-90 29-84 0-09865 0-009733
0-12324 45-00 8:30 37-26 0-12318 0001215

1 e.c. of 0-1073N chloramine-B = 0-003306 gm. of MgS0, . TH,O.
= 0-0003262 gm. of Magnesium.

From these results it is concluded that aluminium, copper, zine, cad-
mium, cobalt, nickel, uranium and magnesivm can be determined
volumetrically by the oxine method using chloramine-B as an oxidizing
agent.

. SUMMARY

Aluminium,- copper, zine, cadmium, nickel, cobalt, uranium and mag-
nesium are precipitated as oxinates which dissolve in hydrochloric acid
liberating oxine. An excess of potassium bromide and a known volume of
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standard chloramine-B are added 6o the acid solution. The potassiom
bromide is oxidized by the chloramine-B to bromine which reacts with the
oxine to form 5 : 7 dibromo-8-hydroxy-quinoline. The excess of bromine
is determined by adding potassium iodide to the solution and titrating the
liberated iodine against standard sodium thiosulphate solution. From
the thiosulphate used in the titrations, the amount of bromine required to
form 5 :7 dibromo-8-hydroxy-quinoline and the amount of chloramine-B
used to liberate the bromine and hence the amount of metal present in the
metallic compound is caleulated.
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