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INTRODUCTION

Although literature dealing with various changes that 

occur in the cyto some during the developmental history of an 

egg is extensive and detailed, little consideration has been 

given to this part of the cell as compared to the nucleus. 

Interest in chromatin material and its history was naturally 

stimulated, in part, by the discovery that in it resides the 

chief hereditary material, and, in part, by the fact that it 

affords an organization easily accessible to microscopical 

study. Recent biochemical and cytological evidence indicates 

that the nucleus, besides controlling heredity, plays an Im

portant role as a source, direct or indirect, of some cyto

plasmic inclusions which have the capacity to perpetuate 

themselves in the cytoplasm and materially influence the 

growth processes of the oocyte. Cytoplasmic structures which 

have been extensively studied include : Golgi apparatus, mito

chondria, centrosome, "yolk nucleus," and other organoids and 

inclusions. The part that any of these may play during oogen

esis, when the oocyte progresses from a comparatively low 

metabolic state to a higher level of physiological activity, 

has not yet been fully determined.

There are several divergent views as to the role played 

by the cytoplasmic structures in developing eggs. Most in

vestigators (Gatenby, Ludford, Gresson, Harvey, Brambell, 

Bowen) believe that the growing oocyte possesses a lipoidal 
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structure identical with Golgi 1 s H Apparat o re tied are interne.11 

On the other hand, some French cytologists (Parat, Hosslet, 

Voinov)homologize the Golgi apparatus in the oocyte with the 

chondriome or the acidic vacuome. They recognize only two 

living cytoplasmic inclusions in animal cells: the chondriome 

and the acidic vacuome. They further suggest that the struc

ture identified as the Golgi apparatus in fixed cells is 

either a modified system of neutral-red vacuoles (vacuome) 

or specially modified mitochondria called "Lepidosomes" or 

’’Chrondriome actif,11 the former representing the aqueous 

phase and the latter the lipoidal phase of a vacuolar system, 

Another school of thought takes an extreme view and 

totally denies the existence of a specific Golgi substance 

(Walker and Allen, 1927; Tennent, Gardiner and Smith, 1931). 

According to these workers the Golgi bodies are not independ

ent cell components but are mere artifacts resulting from the 

action of fixatives on the cephalin and lecithin portions of 

the cells. In the light of more recent knowledge about these 

structures, little attention is given to this view at present 

but it does caution us against hasty conclusions in dealing 

with them. Such scepticism has been helpful in stimulating 

the development of new techniques for more convincing demon

stration of the actual existence of a Golgi apparatus.

The structure of the Golgi apparatus has been variously 

interpreted. Some regard it as made up of dictyosomal bodies 

of crescent-shaped appearance (Harvey, 1925); others speak of 

it as a vesicular structure (Nath, 1929); still others consider 
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it a formless fluid rather than an individualized organelle. 

The main difficulties in deciding upon its morphology have 

been the different techniques employed by the various workers 

and the fact that it is not easily visible in the living cell. 

Apparently the kind and extent of fixation affect markedly 

the visible form of the Golgi apparatus.

The present work has been extended to include the prob

lem of yolk formation. Some workers ascribe formation of 

yolk to one or more cytoplasmic inclusions in the oocyte 

(Gatenby and Woodger, 1920; Ludford, 1921; Brambell, 1924). 

Others think that yolk-synthesis takes place in the ground 

cytoplasm without the intervention of these inclusions 

(Hibbard, 1928; Harvey, 1929). I have reached the conclu

sion with regard to the Golgi apparatus that it is respon

sible for the formation of fatty yolk by direct transforma

tion.

Another structure which apparently plays an important 

part in the growth of the oocyte is the "true nucleolus" or 

plasmosome. However, its active role in the oocyte is not 

properly understood at the present time. Some workers have 

regarded it as a mere ergastic body representing a store

house of the waste products in the nucleus (Hacker, 1895; 

Meyer, 1917)• Others have described plasmosomal derivatives 

as passing into the cytoplasm either as discrete bodies or 

in solution to take part in the formation of proteid yolk. 

In my work I have demonstrated that plasmosomes migrate from 

the nucleus to the cytoplasm during growth of the oocyte.



In the light of our modern concept of hetero chromât i n- 

nucleolar-rlbonucleic acid relationship developed by 

Caspersson and Schultz (19^0), Braehet (19^0), Painter and 

Taylor (19^2), and Painter (19^5)> it is suggested that these 

extruded bodies provide the cytological mechanism by which 

the ribonucleic acid is supplied to the egg cytoplasm.

Some investigators have described the emission of gran

ular material of a true chromatin nature from the nucleus to 

the cytoplasm (Schaxel, 1911). This view has been held by 

others to be erroneous (Gatenby and Woodger, 1920). They 

have doubted the contention that the emitted granules are 

of a chromatlnlc nature or that they are even derived from 

the nucleus. However, Dendy (1915) showed in the eggs of 

Grantia compressa that solid clumps of chromatin are ex

truded from the nucleus during oogenesis. Also Gatenby 

(1920) described similar emission of chromatin material in 

the oocyte of Apanteles glomeratus to form secondary nuclei. 

I have demonstrated the presence of chromatin material in 

the ooplasm from two sources in the form of "false nucleoli" or 

karyosomes from the egg nucleus, and as entire nuclei from the 

follicular epithelium. However, the function of this extruded 

chromatin material in the metabolism of the egg has not been 

determined.

The egg follicle thus far has not received sufficient 

attention in the literature. Little is known about its ori

gin, development and function. In the present study, the 

formation of the follicle has been traced from the earliest



stages when the oogonium is seemingly devoid of any special

ized enveloping membrane.

It is believed that the phenomena connected with the 

growth of oocytes are somewhat similar in all vertebrates. 

In the present investigation, which bears on the extensive 

changes that take place in the oocyte during its growth, 

snakes were selected for study, partly because they could 

be obtained readily and because cytologically they are per

haps the least explored of the vertebrates. The primary 

object of this study is to emphasize the combined roles of 

the nuclear and cytoplasmic bodies of the oocyte and the 

follicular epithelium in the growth of the ophidian egg.

Although, this investigation provides a cytological 

basis for our understanding of certain aspects of biosyn

thesis, it is conceded that for a study of the entire prob

lem of cellular function we must depend on further develop

ment of cytochemical methods such as have recently been em

ployed by Caspersson and Schultz (19^0), Mirsky (19^3), and 

others.
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HISTORICAL RESUME

A general survey of literature on reptiles reveals that 

there is a paucity of cytological information on reptilian 

oogenesis, particularly on snakes. Certain aspects of chelo- 

nlan and lacertilian oogenesis have been studied in some de

tail but no work dealing with the entire oogenetic phase in 

snakes has been attempted. Studies to date are incidental 

to other problems and of a preliminary nature. Very few ob

servations have been made on the anatomical features of the 

ophidian ovary. Still less attention has been given to its 

histological structure and seasonal variations during its 

developmental stages. Besides the work of Cieslak (Unpub

lished, 1938), I have not found a single paper dealing with 

this phase of the female reproductive organs in snakes. 

Volsô*e  (19UM has written an excellent paper on the struc

ture and seasonal variations of the male reproductive organs 

in Vipera berus (L.). Similar studies on the female repro

ductive organs should yield important results and will serve 

as an introduction to some of the problems in early embry

ology.

Among the older works dealing especially with the eggs 

of reptiles mention may be made of that of Rathke on vipers 

(1839) and, later, on turtles (iS^S); Lereboullet on lizards 

(1848); Leydig on fishes and reptiles (1853); and Agassiz on 

turtles (1857). These workers primarily studied the egg from 

the point of view of yolk, germinal vesicle and egg membranes.
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In one of the earliest papers on the subject, Waldeyer 

(1870) showed that the follicular epithelium in Lacerta 

avilis contained two kinds of cells: some small, resembling 

ordinary follicular cells, and others larger. He described 

pseudopodia-like processes of the larger cells which pene

trate into the yolk through the zona radiata thus serving as 

channels for the passage of the nutritive material from the 

follicular cells into the ooplasm. He also described the 

formation of follicular epithelium from a single layer of 

cells and noticed a thinning in the zona radiata in older 

follicles.

Somewhat later, Elmer (1872) found that, during its 

long period of growth, the ovarian egg has five kinds of 

membranes: (1) the internal epithelium, "Binnenepithel," 

lying directly next to the yolk ; (2) the vitelline membrane, 

"Dotterhaut, " situated on the outside of the latter; (3) the 

zona pellucida formed of tiny rods; (4) a kind of chorion; 

and finally, (5) the follicular epithelium. In the follic

ular epithelium he distinguished three kinds of cells and 

expressed the opinion that the striated appearance of the 

zona pellucida is due to the prolongations from the cells 

of the follicular epithelium. Elmer’s views regarding the 

internal epithelium were refuted by Ludwig (1874) and Braun 

(1877)• Braun (1877), however, considered the follicular 

cells of lizards as unicellular glands. He also traced the 

earlier embryological history of the oocyte from the primor

dial germ cell stage.
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Munson (190^) made a detailed study of vitellogenesis 

and believed that albuminous yolk developed in the sub

cortical and medullary regions. He also recognized the im

portance of the yolk nucleus in vitellogenesis and expressed 

the opinion that formation of the yolk nucleus was due partly 

to cytoplasmic and partly to nuclear activity.

Trinci (1905) described three kinds of cells in the mem

brane granulosa of Lacerta muralis and An guis fragilis. He 

assigned secretory and nutritive functions to these cells and 

showed that they send out prolongations into the ooplasm 

through the zona radiata. He further believed that follic

ular cells were derived from indifferent cells.

Loyez (1905, 1906) also found three kinds of cells in 

the egg follicle of certain lizards, snakes, testidunates and 

crocodiles. The larger cells are rich in nutritive material 

which passes steadily into the egg, where yolk formation 

starts in the peripheral and medullary regions. She also 

showed that the so-called yolk nucleus contained the centro

some in its interior.

Dustin (1910) worked on the derivation of the gonocyte 

in Chrysemys picta marginata. His conclusions were in gen

eral agreement with his earlier work on amphibians (1907) 

and he demonstrated that in Chrysemys picta marginata three 

groups of germ cells succeed each other during the develop

mental history. Jordan (1917) traced in great detail the 

history of the germ cells in the loggerhead turtle, Caretta 

caretta.
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In 1918, Thing discussed the morphological and functional 

significance of the zona pellucida in the testidunate eggs. 

She concluded that the zona pellucida is derived from the 

follicular epithelium and is composed of inter-cellular sub

stance and terminal bars.

Buillard (1924), working on Emys lutaria, showed that 

during the growth phase of the oocyte mitochondria become 

scattered in patches and form fat bodies. He completely ig

nored the existence of Golgi bodies and the part they play 

in the process of yolk formation. He is, perhaps, the only 

worker in the field who believes that mitochondria form fat 

bodies.
Guthrie and Robertson (1925) described the yolk bodies 

in lizard eggs based on developing ova of 3ce loporu s undula

tus and discussed the transformation of "unsaturated" into 

"saturated" yolk particles and their characteristic arrange

ment in the sub-pheripheral zone. They showed that increased 

formation of mitochondria is followed by deposition of "neut

ral" fat and "unsaturated" yolk; and finally, by transforma

tion of "unsaturated" yolk and direct elaboration within the 

cytoplasmic emulsion, the "saturated" yolk is formed. They 

interpreted cytoplasmic inclusions of the developing oocyte 

as intermediate stages and end products in the metabolism of 

food storage.
In 1925, Bhattacharya gave a detailed account of oogene

sis in the Indian turtle, Testudo graeca, and the lizard, Uro

mastix hardwicki. He traced the Golgi bodies and mitochondria 
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from their earliest stages to their final role in vitello

genesis . He concluded that proteld yolk is formed by the 

mitochondria. He also observed the phenomenon of nucleo

lar extrusions but thought that the extruded nucleoli do 

not play any significant part in vitellogenesis. He dis

cussed the migration of the follicular Golgi bodies into 

the oocyte through the "channel-like processes.11

Dutta and Asana (1928), working on the eggs of the 

lizard, Calotes versicolor, believed that follicular Golgi 

bodies pass down into the ooplasm through the zona radlata 

and reinforce the Golgi elements of the egg proper, and that 

fatty yolk arises from the Golgi bodies and proteld yolk 

from the mitochondria.

Bhattacharya and Lal (1930) working on the Indian tor

toise , Kachuga smithil, came to the conclusion that the 

fatty yolk is produced by transformation of the Golgi bodies 

and that the proteld yolk is formed through the intervention 

of mitochondria. Their investigation gave further evidence 

in support of Bhattacharya’s discovery (192Ç) on the infil

tration of follicular Golgi bodies into the oocyte.

Lal (1933) worked on four Indian snakes, Zamenis muco- 

sus L., Gongylophis conicus Schneld., Trooldonotus stolatus 

L., and Tropidonotus piscator Schneld., and confirmed the 

work of Bhattacharya and Lal (1930)• He did not observe the 

emission of nucleolar material from the nucleus into the egg 
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cytoplasm. His work was based primarily on the study of 

fixed material.

Rahn (193$) studied the post-ovulatory changes in the 

Graafian follicles of seven species of viviparous and two 

species of oviparous snakes, the horned-toad lizard, and 

the snapping turtle, revealing the formation of luteal tis

sue in these reptiles. Cleslak (Unpublished, 193^X describ

ing the seasonal changes in the reproductive organs of the 

common garter snake, Thamnophis radix,does not mention the 

presence of a corpus luteum in this snake. However, at about 

the same time, Dutta (Unpublished, 193&) showed the presence 

of a corpus luteum and gave a detailed account of the hls- 

tology of the ovary and testes at different stages of the 

sexual cycle in the following reptiles : Crocodilus palus- 

tris, Gavialis gangetieus, Emyda granosa, Trionyx gangstloue. 

Hemidactylus fluviviridis, Uromastix hardwickl, Varanus 

benghalensis, Ptyas mucosus, and Naia tripudlns. He also de

scribed the common cytoplasmic inclusions in the eggs of 

these reptiles. Similar studies pertaining to the placenta

tion and corpora lutea in certain European and Australian 

snakes and lizards were undertaken by Weekes (193^» 1935).

Among the later contributions to the cytological and 

histological study of the ophidian ovary, mention may be 

made of the work of Mathur (Unpublished, 19^0) on Eryx 

johnil, a species very closely allied to Eryx conieus. He 

has described the Golgi bodies as arranged on the rims of 

fatty vacuoles of the eggs in Eryx 1ohnll. One of his students,
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Nanti. (1^44), has worked on the snake Zamenis diadema and 

made a study of the Golgi elements, but he failed to find 

the earlier stages of these inclusions.

Risley anti Barnett (1941) studied the asymmetrical fea

tures of the urogenital system in both the sexes of garter 

snakes by fallowing the origin and migration of orimordial 

germ cells. They found that the largest number of primor

dial germ cells occur on the right side in snakes and the 

primary asymmetry is established early during the stages of 

migration and formation of the genital ridge. They also con

cluded that the migration of the primordial cells in Tham- 

nophis spp., occurs mainly through blood vessels, as is the 

case in Sphenodon (Tribe and Brambell, 1932).

Recently, Srivastava (194?) has worked on five Indian 

lizards, Hemidactylus gleodovil, Lygosoma punctatum, Palates 

versicolor, Varanus grlseus, and Uromastix hardwickl. He ob

served the transmission of the Golgi bodies from the follic

ular epithelium to the ooplasm in three different ways. 

They were seen passing in the form of large isolated bodies ; 

as groups of granules through bridges; and some through def

inite canalicular passages. The mitochondria, in a similar 

fashion, were seen to infiltrate through narrow and definite 

bridges.



MATERIALS AND TECHNIQUES

Four ophidian types were selected for this study, 

namely: three Indian snakes, Natrix piscator piscator 

(Schneider), Lycodon aullcus aullcus (Linnaeus), and Eryx 

conieus (Schneider)and one American snake, Thamnophis 
p 

ordlnatus ordinatus (Linnaeus).'

Living specimens of Eryx conieus were procured from 

Gwalior, Central India, and its near vicinity. The speci

mens of Natrix piscator plscator and Lycodon aullcus aulicus 

are abundant in and around the Districts of Agra and Cawnpore, 

the United Provinces, India, and were collected from these 

localities. The specimens of Thamnophis ordinatus ordlnatus 

were collected near Ann Arbor, Michigan, and the Douglas Lake 

Region, Cheboygan County, Michigan. in general, snakes are 

hardy and can be kept alive in the laboratory for long peri

ods but such material was not used. In all cases, the ani

mals were killed soon after capture. The specimens were 

collected throughout the year except in winter, when the 

snakes are in hibernation and are difficult to obtain.

The animals were killed by decapitation as soon as they 

were brought into the laboratory, thus avoiding any changes

1Smith, Malcolm A. The Fauna of British India, Ceylon and 
Burma. Reptilla and Amphibia. III. Serpentes. London: 
Taylor and Francis, 19^3.

2 Kl aube r, L. M. Some misapplications of the Linnaean names 
applied to American snakes. Copeia, 1:1—14, 1948. 
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as a result of captivity. Specimens of different age groups 

were selected for study of the structural condition of the 

ovary in different stages of growth. The ovaries were re

moved from immature, ripe, and post-parturn females and were 

quickly transferred to the appropriate fluid for fixation. 

In general, the fixatives were used in accordance with 

Gatenby's Vade-Mecum with slight modifications suggested by 

Dutta (MS, 1938). It was found necessary in this investiga

tion, however, to reduce the proportion of neutral formalin 

to avoid shrinkage of the oocytes, which was especially no

ticeable in the larger ones.

Bouln’s picro-formol was employed for material to be 

used for studying the general microanatomical and histological 

structure of the ovary and the nucleus, as well as, for fol

lowing the nucleolar history. It yielded very satisfactory 

results. Staining was done in Mann’s methyl blue eosin, 

methylene blue eosin (5% aqueous eosin, and 0.1^ aqueous 

solution of methylene blue), Ehrlich’s hematoxlin, and Dela

field’s alum hematoxylin. Heidenhain’s iron hematoxylin was 

also used but did not give very satisfactory results.

For the demonstration of the Golgi bodies, small pieces 

of ovary were fixed according to Da Fano’s cobalt nitrate 

silver method, Cajal’s uranium nitrate silver method, Aoyama’s 

cadmium chloride silver method, and Das’ technique of combina

tion of Da Fano's and Cajal's methods. In all the above men

tioned fixatives the material wps fixed for 24 hours. Later 

it was given a few quick washes in distilled water and transferred 



to 1.5% solution of silver nitrate for 4g hours. Again it 

was quickly washed in distilled water before being trans

ferred to the Cajal’s reducer for 24 hours. This was fol

lowed by dehydration and embedding. Staining was not con

sidered necessary but the sections were toned with 0.2% gold 

chloride solution and later fixed with 5% hypo solution.

The other and more successful technique employed for 

the study of the Golgi bodies was Ludford1s modification of 

Mann-Kopech’s method. The material was fixed for 15 hours 

in Mann’s fluid : 

saturated solution of corrosive sublimate
in 0.75% salt solution..................................................... 1 volume;

aqueous solution of 1% osmlc acid.............................1 volume.

The material was later washed in distilled water for 

half an hour and left in 2% osmlc acid in a stoppered dark 

glass bottle for three days. It was given subsequent washes 

in distilled water to promote satisfactory impregnation. 

Generally, the ovarian tissue was kept in distilled water 

for 15 hours, after which it was dehydrated and embedded. 

The post osmication period was controlled and could not be 

extended beyond 5-^ days, as the material tended to become 

brittle and thereafter difficult to manipulate. Staining 

was avoided in this case too. However, some sections were 

bleached with 1% solution of potassium permanganate and 4% 

solution of oxalic acid (Henneguy’s method) to take away the 

excess osmlc acid. The slides were mounted in neutral balsam 

or clarite, and were left to dry in a drying oven.



Different mitochondrial techniques such as Regaud’s 

method, Flemming’s method without acetic acid, and Zenker’s 

method were employed in order to distinguish mitochondria 

from the Golgi bodies and other cytoplasmic inclusions. How

ever, this material was not studied extensively considering 

the fact that there is general agreement among cytologists 

with regard to the morphology and physiological role of mito

chondria in the growing oocyte. Mitochondria can now be 

collected by centrifugation and subjected to direct chemical 

analysis (Bensley and Hoerr, 193^; Claude and Fullam, 19^5).

In supravital staining the fresh ova were examined in 

strong artificial light, (1) stained with neutral red for 

the demonstration of vacuome, (2) treated with osmic acid 

for the demonstration of the Golgi bodies, or (3) stained 

with Janus green B for the mitochondria. Janus green B and 

neutral red solutions were always freshly prepared.

An attempt was also made to show Golgi bodies side by 

side with the vacuome. The ovarian pieces were first stained 

in neutral red solution, and soon after the appearance of the 

vacuome 2% osmic acid was introduced under the cover slip. 

The Golgi bodies took up a black-brown color, while the 

vacuome remained red (Bhattacharya and Das’ method, 1929)» 

The solutions were kept in an electric bath at a temperature 

of 38 degrees centigrade for a period of 24 hours for ripen

ing. They were subsequently allowed to cool down for the 

same length of time. These solutions were diluted before 

before use in the ratio of 12 drops of each solution to 25 cc. 

of Ringer’s salt solution.
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The freezing microtechnique was employed for the detec

tion of fat. The material was fixed in Aoyama's fluid for 

24 hours and after silver!zation and reduction it was frozen 

with compressed carbon dioxide. The sections were cut 20-30 F 

thick and were stained in Sudan IV after keeping them for 

5-10 minutes in 5°^ alcohol. The sections were again placed 

in 50# alcohol after staining. Later, they were downgraded 

to distilled water. Finally, they were stained with hemalum 

and mounted in glycerine. The fat globules appeared deep 

orange and the albuminous yolk violet after this technique.

The ovarian pieces were centrifuged for different 

periods in an electric centrifuge at a speed of 3,250 revolu

tions per minute to get distinct stratifications of the vari

ous cytoplasmic inclusions and the resultant structures. It 

found that centrifugation for a period of 3 hours was suffi

cient to give satisfactory stratifications. After centrifu

gation the material was immediately fixed according to Lud- 

ford's modification of the Mann-Kopsch method and Flemming's 

technique without acetic acid. The rest of the procedure 

was the same as described earlier.

The material was sectioned with a rocker or rotary 

microtome into 4-6 F thick sections. Photomicrographs were 

taken on 4 x 5 Kodak M plates. The exposed plates were de

veloped in Eastman D-19 developer and were fixed in hypo 

solution. Printing was done on AZO F-2, F-3, and F-4 photo

graphic paper.
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NATURAL HISTORY OBSERVATIONS

All the snakes employed in this investigation are non- 

poisonous. One of the four snakes investigated, Eryx coni- 

ous, belongs to the family Boldae. The remaining three, 

Natrix piscator piscator. Lycodon aullous aulicus and Tharn- 

nophis ordinatus ordinatus, are members of the Lycodontlne- 

Natrlcine sub-family complex of the family Colubridae. These 

snakes were selected to include representatives of different 

habits and different habitats.

The genus Eryx includes seven species of which only 

two are represented in India. Eryx conicus is somewhat re

stricted in numbers and in its distributional range in com

parison to Eryx Johnli johnli. The former bears general re

semblance to the pythons in habits and appearance. It pos

sesses a conical, short tail, hence the specific name. It 

is a fairly common snake and reaches a length of 20-24 Inches. 

It can be readily distinguished by means of its peculiar 

coloration, which is brownish-grey with yellowish-brown 

blotches on the dorsal side forming a design of an irregular 

chain. In young and freshly captured specimens coloration 

is brilliant but in captivity it becomes dull. The projected 

snout and the inferior mouth are, perhaps, adaptations to its 

burrowing habit in sandy soil, which it always prefers. It 

lives in shallow holes and the specimens can be collected by 

digging in the garden and other similar places. It is rather 
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a sluggish snake and for this reason makes an excellent pet 

and is a favorite item of display in a snake-charmer's basket.

Eryx conieus occurs on the plains of India northeastward 

to Bihar and Orrisa and westward to Sind and Baluchistan. It 

extends into the Nalnital District of the Himalayas but is 

rarer in South India. It is especially abundant at places 

where rainfall is heavy and luxuriant forest growths occur. 

It feeds on small mammals such as mice and squirrels and on 

frogs. It kills its prey by constriction before swallowing.

Lycodon aulicus aul1 eu s occurs throughout India. It is 

common near houses. It lives in the crevices of loose brick

work of the many dilapidated buildings In the old and histor

ical town of Agra, U.P., where the collection was made. It 

is strictly nocturnal, very active and fierce.

Matrix piscator piscator, like all other Eurasian Natrl- 

cine snakes, differs from the American Natrlcine snakes in 

only a few details. It reaches approximately a length of 

36-^0 Inches and is riparian in habitat. It is commonly 

found distributed throughout India in the vicinity of water 

such as streams, tanks, ponds and paddy fields. It is a very 

vicious snake, fiercely active, capable of making a Jumping 

movement on the ground and is a good swimmer. It feeds on 

frogs and fishes. It does not constrict its prey like Eryx 

conieus, which has a rather small gape, but swallows it at 

once. The best time for collecting this snake is when the 

monsoon is about to break, as it is less active during the 

hot months.
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Thamnophls ord!natus ordlnatus Is one of the most com

mon and best known snakes in northeastern North America. It 

prefers to live in low unimproved ground and is commonly 

found near human habitation. It reaches a length of 24-23 

inches or more.

The secondary sexual characters in snakes are not pro

nounced and for this reason some difficulty was experienced 

in sexing them in the beginning, especially sexually imma

ture specimens. Later, a successful sexing method was de

veloped. This involved the artificial eversion of the hemi

penes in the males and demonstration of their absence in the 

females.

Not only do these snakes differ in their habits and 

habitats, but they also differ in their breeding habits. 

Eryx conieus and Thamnophls ordinatus ordinatus are ovovivi

parous and the remaining two are oviparous. Unfortunately 

there is no standard usage of these terms and various workers 

have used the terms ovlparlty, ovoviviparity and viviparity 

with different shades of meaning. Rahn (1939), for example, 

applies the term viviparous to certain species of the genera 

Thamnophls and Storerla. Under the prevailing confusion 

with regard to the usage of these terms, it has seemed best 

to use non-technical terms such as egg-layers for oviparous 

and live—bearing for viviparous forms, in which sense these 

terms have been used in this investigation.

A collection of Eryx conieus made on February 10, 1944, 

two miles north of Gwalior City, Gwalior State, India, was 
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shipped to me at Cawnpore, U.P., India, where the specimens 

were observed in captivity. On August 5, 1944- an adult fe

male, 536 mm. total length, 122 mm. tail length, gave birth 

to a litter of ten, which measured 14^, 14Ç, 14g, 149, 149, 

153, 153, 153, 154, 156 mm. Again, on August 12, 1944 an

other female, 512 mm. total, 101 mm. tall, gave birth to g 

young: 144, 145, 145, 146, 14g, 150, 151, 151 mm. The act 

of birth was not observed.

On April 7, 194? one female specimen of Thamnophls ordi- 

natus ordinatus with a total length of 850 mm. was captured 

near Ann Arbor, Michigan. It was killed and preserved on 

August 2, 1947. It contained nine developing embryos in the 

right oviduct and four in the left oviduct. The embryos were 

in early stages of development.

Lycodon aulleus aulicus lays usually 6—8 eggs in a 

clutch averaging in greatest length 26 mm. Natrlx piscator 

piscator is more prolific and produces 30-40 eggs In a 

clutch; the eggs average 22 mm. in maximum length.



OBSERVATIONS

General Structure of the Ovary

The following description of the ovary In the snakes 

investigated is applicable to all four species unless other

wise stated. The ovary is a beaded, thread-like structure, 

in adaptation to the serpentine body form. The right ovary 

is situated slightly anterior to the left ovary, as is also 

the case with the right testis and the right kidney. This 

fundamental asymmetry has been studied in the embryos of 

several species of Thamnophis by Risley and Barnett (19^1), 

who have concluded that the asymmetry was established during 

the migration of the primordial germ cells and thus takes 

its origin at the time of formation of the genital ridges. 

No satisfactory explanation other than accommodation to body 

form has been advanced for this asymmetry. I have found that 

generally the right ovary is more actively functional and 

produces more ova than the left. One female of Thamnophis 

ordinatus ordinatus examined had nine developing embryos in 

the right oviduct and four in the left. However, in this 

particular case there is no evidence to suggest that all the 

embryos in the right oviduct were necessarily derived from 

the right ovary. The heightened activity of the right ovary 

in snakes is a unique feature. In birds, which have evolved 

from reptiles, the condition is reversed; only the left ovary 

and the left oviduct develop whereas those on the right side 

atrophy.
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Along the beaded ovaries run the slightly colled ovi

ducts. The oviducts on both sides open independently into 

the cloaca, posteriorly. Running parallel to the ovaries 

and oviducts there is also a major blood vessel, which 

branches to form a capillary network around them. The net

work of capillaries indicates that there is an abundant ex

change of metabolic materials. Such a high degree of vascu

larization cannot be without significance. Histological sec

tions of the ovary show blood vessels adjacent to the folli

cles (Fig. 8). Through these blood vessels large quantities 

of raw materials are supplied which must be essential for the 

growth of the oô’cyte. The extensive blood supply continues 

even after ovulation in connection with the development of 

the corpus luteum. In Thamnophis ordinatus ordinatus the 

embryos during their development in the oviduct receive a 

rich vascular supply. The oviduct at this stage becomes 

very thin and membranous.

The ovary is supported and suspended in the general 

body cavity by a mesovarium, which consists of connective 

tissue covered by an extremely thin and delicate epithelium. 

Ova are found in different stages of development embedded in 

the ovarian stroma. Their location bears no relation to 

their size or state of development. Among the larger oocytes 

are found other oocytes of varying sizes. This suggests that 

the younger oocytes can undergo their development unhampered 

by the presence of the more advanced ones. It appears, there

fore, that there are several generations of ova undergoing 

development simultaneously.
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The shape of the ova in Eryx conicus, Matrix, piscator 

piscator and Thamnophls ordinatus ordinatus continues to be 

more or less spherical even in later stages, but in Lycodon 

aulicus aul leus an ovoid form is assumed in comparatively 

early stages. In young and immature females the ova are 

more uniform in size than in mature adults.

The ovary is covered by an adipose material in the form 

of fat bodies. The amount of fat seemingly remains the same 

even after hibernation, which suggests that it is not used 

for nutritional purposes during this period. A more probable 

explanation of its function, as indicated by Vol soe (19W, 

is that it helps in maintaining the body heat of snakes dur

ing hibernation.

Histologically the ovary is a hollow structure enclos

ing a cavity which is referred to as the ovocoele (MLymph- 

raume" of Hoffman, 1390) in this paper. In general, the 

ovary has a very limited amount of stroma. The germinal 

epithelium, which covers the outer surface of the ovary, is 

more prominent in immature and young specimens. It has two 

kinds of cells, namely, the oogonia, which are large and 

rounded cells with prominent nuclei, and the epithelial 

cells, which are smaller and slightly elliptical, with less 

prominent nuclei (Fig. 1). The chromosomes of the more ad

vanced oogonia are conspicuous but counts were not made. 

The origin and formation of these two kinds of cells in the 

germinal epithelium was not determined, since the early em

bryology was not studied. The fact that most of the larger 
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ova are found in the middle part of the ovary suggests that 

the mid-portion of the germinal ridge is relatively more ac

tive or at least more effective in forming new ova than are 

the two ends.

In general, the structural condition of the ovary de

pends on the season of the year and the stage of maturity 

of the individual. When the eggs are laid, or the young are 

born, the germinal epithelium is very thin. Immediately 

after this stage, an increase in thickness due to repeated 

mitoses takes place. This multiplication period is followed 

by growth of the primary oô'cytes. Before the animals hiber

nate, the eggs have seemingly reached their full size. This 

crop of ova is apparently ready for ovulation in the spring, 

and copulation takes place soon after emergence from hiber

nation. A feature of the growth period is the fact that some 

oô'cytes enlarge, while others fall to grow. This may be ex

plained as a result of physiological competition for available 

nutritional materials. A good illustration of differential 

growth of the oocytes during this period is seen in figure 6. 

After the initiation of the growth period, the mitotic activ

ity of the germinal epithelium gradually decreases. Since 

several size generations of ova are present it appears that 

it takes more than one year for each generation to develop.

Although the general history of the chromosomes during 

oogenesis was not worked out in detail, some of the charac

teristic stages were observed such as the resting stage, the 

leptotene, the synaptene, the pachytene, and the early and



late diolotene stages. Throughout these stages of the first 

maturation division, the coiled spireme is a very prominent 

structure (Fig. 2). The occurrence of atypical oocytes show

ing a polynuclear condition was observed. In figure 3 a bi

nucleate oocyte is shown.

During growth of the oocyte, epithelial cells consti

tuting a follicle come to surround it. As the oocytes en

large, they protrude into the hollow cavity of the ovary, 

the ovocoele, where they undergo further growth. The oocytes 

in the ovocoele are supported by a mesentery through which 

they are supplied by blood vessels. The ovocoele is filled 

with a fluid, which serves two possible purposes, namely, to 

act as a shock-absorbing cushion for the ova lying in the 

ovocoele, and to provide nutrition for growing oocyte supple

mentary to that absorbed through blood vessels.

Egg Membranes

The follicle in the advanced oocytes of all the snakes 

investigated is a well differentiated structure. It consists 

of a zona radlata, a three layered follicular epithelium, and 

an outer theca layer. The structure of a fully developed egg 

follicle is shown in figure 7. The zona radlata is not dif

ferentiated into striated and homogeneous portions, as de

scribed for some reptilian eggs. It consists of a fairly 

broad, non-cellular layer with distinct radial striations. 

Next to the zona radlata is the limiting or vitelline mem

brane of the oocyte which, however, becomes inconspicuous
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and finally disappears or merges wlth the zona radiata in 

later stages of growth. A thin portion of the peripheral 

cytoplasm of the odcyte becomes highly vacuolized and forms 

a distinct layer. This vacuolar layer may be interpreted as 

corresponding to the cortical layer of fibrillae described 

by G-atenby (1922b) in the eggs of Ornithorhynchus paradoxus, 

and the fibrillar layer described by Bhattacharya (1925) in 

the eggs of Testudo graeca.

Lycodon aulicus aulicus provides the best material for 

the study of the egg membranes and the entire development of 

the follicle has been traced in this snake. The earliest 

oocytes are without any visible enveloping membranes aside 

from the cell membrane (Fig. 1 and Fig. 2). During growth 

of the oocyte, the presumptive follicle cells which are 

scattered irregularly among the oocytes in the germinal 

epithelium become very active and migrate around the oocytes. 

This activity is illustrated on the left margin of figures 2 

and 3. The disposition of the presumptive follicle cells and 

their relationship to the developing oocy te is also shown. 

In figure 2 only a few follicle cells are seen arranged 

around an enlarged oocyte. Figure 4 shows the complete 

arrangement of these cells around an enlarged oocyte. How

ever, at this stage the follicle cells are not arranged into 

a definite layer. The process of migration and multiplica

tion continues and finally the follicle cells become organ

ized into a primary follicle. The primary follicle soon 

changes from a single—layered condition to a double-layered
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one (Fig. Ç). Thereafter, the cells of the follicle multiply 

and differentiate into the several layers described previously 

and shown in figure 7» An intermediate stage is shown in 

figure 6. Here the follicle cells are multiplying but they 

have not yet differentiated into any of the characteristic 

cell types of the mature follicular epithelium.

The follicular epithelium is perhaps the most signifi

cant part of the follicle in view of the fact that it acts 

as a depot of nutritive materials constantly elaborated by 

the follicular cells and passed into the oocyte. These nutri

ents must play a vital part in the growth of the oocyte. The 

usual appearance of the Golgi apparatus and nucleoli in cells 

of the follicular epithelium indicates that these cells are

in an active metabolic condition.

The follicular epithelium has three layers of cells. 

The cells of the middle layer are conspicuously large and 

somewhat spindle-shaped. They are perhaps secretory in func

tion and are Involved in the elaboration of vast quantities 

of nutritive materials, which will eventually be passed into 

the growing oocyte. The small rounded cells of the inner 

and outer layers become very active after ovulation. They 

multiply rapidly and fill the space left by the oô'cyte. In 

this way a corpus luteum is formed. The theca layer supplies 

supporting connective tissue fibers and capillaries. This

structure bears a striking resemblance to the corpora 

of mammals (Fig. 9). Conflicting views are held with 

lutea

regard
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to Ite function. Further research is needed to determine 

its structural and functional homology to the corpus luteum 

of mammals.

The zona radlata, as has been suggested by Gatenby 

(1922b)and others, has a two-fold function. Firstly it acts 

as a convenient medium for the passage of follicular Golgi 

bodies and other cytoplasmic materials into the ooplasm and 

secondly it unites with the vacuolar layer to form a protec

tive covering, thereby assuming the initial function of the 

vitelline membrane of the oocyte which gradually disappears. 

The fact that mature oocytes offer greater resistance to 

puncture and diffusion of stains lends support to the view 

that the zona radlata assumes a secondary protective func

tion in later stages.

In summary, it may be stated that different parts of 

the follicle play distinct but integrated roles in the growth 

of the oocytes. The oocyte has inadequate intrinsic resources 

and must depend on outside sources for a supply of nutrients 

for its growth. Overwhelming evidence shows that this need 

of the growing oocyte is met by the follicle. The zona radl— 

ata has a dual function as already described. The follicular 

epithelium contributes Golgi bodies and other inclusions to 

the developing oocyte. Once the nutritional demands have 

been met in such a remarkable manner the follicle changes 

into a corpus luteum which perhaps assists in the retention 

of intra-uterine eggs or embryos.
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Nucleolus and Nucleolar Extrusion

Two kinds of nucleoli, namely, the " true nucleoli1’ or plas- 

mosomes and 11 false nucleoli" or karyosomes, have been studied in 

this investigation. The terminology given by Smith et al (l?4o) 

was found satisfactory and has been followed in differentiating 

these two kinds of nucleolar bodies. As is pointed out later, 

these bodies have been found to be structurally different in 

this study. A separate account as to their nature and function 

is included below.

The oogonia and early oocytes in the germinal epithelium 

possess a prominent nucleus. The nucleus is relatively large 

and occupies a major portion of the cell, cytoolasm being re

stricted to a thin peripheral rim. As already observed, the 

chromatin material during the early stages of maturation divi

sion is in the form of a prominent spireme. There is no Indica

tion of the presence of a nucleolar body at this stage. Later, 

the nucleus appears filled with a loose reticulum of achromatic 

strands in the meshes of which are suspended chromatin material 

and a single plasmosome (Fig. 6). Staining with methlylene blue 

and eosin shows it to be basophilic. Tnls structure is regarded 

as being homologous to the plasmosome of Smith et al (19^0), even 

though these authors define the plasmosome as being acidophilic. 

The olasmosome in the early stages of its formation appears homo

geneous and does not show any signs of vacuolization. It may also 

be noted that in the early stages it is invariably the plasmosome 

which is seen, the karyosome does not appear until later.

In advanced oocytes all traces of the chromatin material 

are lost to view (Fig. 10) and the plasmosome becomes a prom

inent structure inside the nucleus. The nucleus leaves its 

initial central position, becomes reduced in size and comes



to lie near the surface of the oocyte. Commensurate with 

the growth of the oocyte, the plasmosome grows to a consider

able size and soon begins to bud off several smaller bodies. 

The budding process of the plasmosome is shown in figure 11. 

It can be seen still better in figure 12, where several such 

bodies are being formed. These daughter plasmosomal bodies 

are generally of the same size, but exceptions to this may 

be found. The daughter plasmosomal bodies come to lie near 

the nuclear membrane and are eventually extruded into the 

cytoplasm. It may be mentioned that extrusion of plasmosomal 

bodies does not last throughout oogenesis. Also there is a 

considerable variation in the form and size of the plasmo

some even in adjacent oocytes.

The extrusion of the*plasmosomes  is convincingly shown 

in figure 13 and 14. A linear series of about a dozen ex

truded plasmosomes may be seen in figure 13» These extruded 

plaemosomes become scattered irregularly in the cytoplasm. 

Figure 14 indicates the manner in which the plasmosomes pass 

out into the oô'plasm. Here one plasmosomal body lies half 

inside and half outside of the nucleus. In addition, this 

figure shows three plasmosomal bodies in the ooplasm and one 

in the nucleus. The staining nature of the extruded plasmo

some s and the plasmosome inside the nucleus is the same. It 

appears that the plasmosomal bodies gain exit through breaks 

in the nuclear membrane. The recovery of the membrane from 

the break is apparently rapid and complete.
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Figure 15 shows the eccentric position of the nucleus 

in an advanced oocyte. In this figure one plasmosomal body 

is shown in the process of migration toward the peripheral 

region of the oocyte. It lies midway between the egg nucleus 

and the follicular epithelium. A few plasmosomal bodies 

which have not yet migrated into the ooplasm are shown in

side the nucleus. Attention is called to the vacuoles sur

rounding the plasmosomal bodies inside the nucleus. These 

spaces are common especially in the nucleus of Eryx conieus. 

It appears that some of these bodies pass out into the cyto

plasm immediately after their formation, and that in other 

cases they are retained in the nucleus for sometime during 

which vacuoles develop around them.

The plasmosomes are negative to the Feulgen reaction 

and have, therefore, no chromatin constituents. They are 

basophilic as a rule, but in several instances they were 

also acidophilic. This variation in the staining capacity 

of the plasmosomes has been reported by earlier workers and 

has been individually interpreted by them. A full discus

sion on the staining reactions of the plasmosomes will follow 

later. Variations in staining capacity of these bodies is a 

feature which should not be overlooked.

In figure 12 the much enlarged plasmosome is shown to 

be differentially stained. The central part is deeply 

stained, while the outer part is lighter. This difference 

may be interpreted as due to a variation in the concentra

tions of materials present in it rather than to its dual



nature. Figure 12 is interesting from another point of view 

as well. 11 shows in a clear manner the formation of daugh

ter plasmosomal bodies from the principal plasmosome and in

dicates that these daughter plasmosomal bodies are not formed 

from any other source, such as through the agency of plasmo

somal organizers which might be present in the chromatin of the 

nucleus. There is no increase in size of the plasmosomal 

bodies after they reach the cytoplasm, neither do they multi

ply. They completely dissolve in the ooplasm without being 

directly transformed into any kind of yolk material. It is 

suggested that extrusion of the plasmosomal bodies provides 

the cytological mechanism for the exchange of certain activ

ating chemical substances from the nucleus to the cytoplasm. 

Presumably, these activating chemical substances are essen

tial for the elaboration of yolk material.

The above account concerns the plasmosome and its deri

vatives. The account which follows pertains to the karyosome, 

the second kind of nucleolar body found in the oocyte. Fig

ure 16 brings out clearly the different nature of these two 

types of nucleoli. In this figure several small plasmosomes 

and a large karyosome are shown scattered in the cytoplasm. 

The karyosome lies between the egg nucleus and the follicular 

epithelium. Figure 19 shows the same karysome under a higher 

magnification. It appears like a miniature nucleus and pos

sesses chromatin material. It is not homogeneous like the 

plasmosome. It seems logical to conclude that this Karyo

some has been extruded into the cytoplasm from the egg nucleus.



Figure 17 shows karyosomes inside the egg nucleus lying in 

spaces similar to those found in the case of plasmosomes. 

A karyosome is shown in figure 18 pushing the nuclear mem

brane in the process of being extruded, however, the extru

sion of karyosomes is less frequent.

No suggestion can be offered at present as to the func

tional significance of the extruded karyosomes. The karyo

some is regarded by some workers to be a storehouse of basi- 

chromatin. The follicular epithelium also contributes chro

matin material to the ooplasm during oogenesis as described 

below.

Emission of Follicular Nuclei

The emission of chromatin material into the cytoplasm 

from the egg nucleus in the form of karyosomes has already 

been described under the heading Nucleolus and Nucleolar 

Extrusions. In one of the snakes investigated, namely, 

Lycodon aulleus aulleus follicular nuclei and, at least in 

some cases, the entire eplthel1al cells were observed to 

migrate into the obplasm from the follicular epithelium. 

So far as I can ascertain, this has not been observed be

fore . Although there are several references in the litera

ture to the presence of chromatin material in the ooplasm 

during oogenesis the source of this extruded chromatin has 

been invariably traced to the egg nucleus. Figure 20 shows 

two follicular nuclei lying in the ooplasm. These extruded 

nuclei resemble in a striking manner the nuclei inside of 

the follicular epithelium and their close proximity to the 



follicular epithelium indicates clearly that they are derived 

from the follicular epithelium.

The extruded nuclei tend to enlarge inside the ooplasm. 

For Instance in figure 20 one of the extruded nuclei is much 

larger than the rest. Eventually these extruded nuclei are 

dissolved and their contents are diffused in the cytoplasm, 

leaving no trace of their presence.

The exact significance of this extruded chromatin 

material is difficult to determine at present. The dem

onstration that the nuclei of some cells do migrate to 

take part in the nutritive or vegetative functions of a 

growing cell such as the oocyte appears to be of impor

tance .

Golgi Apparatus of the Oocyte

The considerable difficulty experienced in identi

fying the Golgi apparatus is recognized in this investi

gation. It is necessary to differentiate Golgi material 

from two other cytoplasmic constituents, namely, mito

chondria and fatty yolk. In the osmic preparations the 

Golgi bodies could be differentiated from fatty yolk 

bodies by differences in size, time Interval required 

for impregnation, solubility in fat solvents, and stain

ing capacity with Sudan IV. The possibility that some of 



these granules may be mitochondrial in nature was pre

cluded by bleaching these preparations and staining them 

with acid fuchsin. These bodies did not take the stain 

and It is, therefore, logical to conclude that they were 

not mitochondria. The silver preparations were also helnful 

in differentiating these structures because, as a rule, 

the mitochondria and fatty yolk bodies are not fixed in 

these preparations and only the Golgi bodies are shown.

Some of the oocytes in the germinal epithelium show 

a distinct outline, while others are so crowded that their 

outline is not clearly visible. An oocyte with a distinct 

outline can be seen at the upper portion of figure 22. 

At this stage the nucleus is the most prominent cellular 

component. The cytonlasm appears as a thin rim surround

ing the nucleus. The nucleus contains a prominent plasmo- 

some which stains yellowish in osmic preparations.

In early oocytes the Golgi apparatus occurs as a compact 

mass of minute osmlophilic or argentophilic granules situated 

in juxtanuclear position. In the earliest stages the Golgi 

apparatus consists of only a few granules but it becomes more 

dense commensurate with the growth of the oocyte. Figure 21



shows the dense Juxtanuclear mass of the Golgi bodies in an 

early oocyte. It is apparent that this part of the ooplasm 

is different from the rest and is distinguished as the "yolk 

nucleus area.11 Seemingly the "yolk nucleus area" Is the 

center of cytoplasmic activity.

In figure 22 there is a noticeable increase in the bulk 

of Golgi bodies and the Juxtanuclear mass has assumed an ec

centric position. In still later stages of growth of the 

oocyte, the Golgi bodies appear as a perinuclear ring. In 

figure 23 several oocytes are shown having the circumnuclear 

concentration of the Golgi bodies. The entire cytoplasmic 

rim is filled with them. The perinuclear stage persists for 

some time.

Figure 24 shows an advanced oocyte. Although the Golgi 

bodies have at this stage increased both in size and in num

ber and are about to be dispersed in the cytoplasm, their 

original Juxtanuclear position is still retained. Figure 25 

shows a still later stage in the dispersal of the Golgi ele

ments . Here they are scattered in the cytoplasm. The rela

tively less dense central area suggests that the Golgi mate

rial from this area has already migrated toward the periphery. 

During the dispersal stage, the Golgi bodies show an appreci

able increase in size and number. Throughout the cytoplasm 

are scattered disconnected fragments or isolated granules of 

of Golgi sutstance. The Golgi bodies thus undergo definite 

topographical changes in an orderly sequence. It is postu

lated that these changes are brought about by changes in



their polarity. At the present state of our knowledge about 

this cytoplasmic structure, however, it would be a matter of 

speculation to suggest what physico-chemical factors govern 

these changes in the polarity of the Golgi apparatus.

In the next stage the Golgi bodies are seen arranged in 

a definite row in the peripheral region. Their orderly ar

rangement, shown in figure 26, is very striking. It persists 

for a long time and is therefore the easiest to encounter in 

sections. The peripheral concentration of the Golgi bodies 

gradually increases (Fig. 27). At about the same time a 

second source of the Golgi material is added from the follic

ular epithelium. Thus a thick peripheral concentration of 

the Golgi bodies is formed (Fig. ^2). The exact manner in 

which the oocyte received the follicular Golgi bodies is de

scribed under the heading Follicular Golgi Bodies below. 

Later, a redispersal of the Golgi bodies into the interior 

of the cytoplasm occurs. As indicated before, these progres

sive changes in the position of the Golgi bodies throughout 

oogenesis must be due to some kind of physiological reversal 

in their polarity with respect to other components of the 

cell. After the redispersal stage the Golgi granules aggre

gate into larger bodies and are directly transformed into 

the fatty yolk. Details of the formation of fatty yolk are 

given under the heading Vitellogenesis. Contrary to the find

ings of Bhandari and Nath (1930) in the eggs of Dysdercus 

cingulatus, no indication of any fatty yolk was found in 

early oocytes. It is concluded, therefore, that the formation 

of fatty yolk starts late during the growth of the oocyte.



There was a remarkable similarity in distributional and 

structural details of the Golgi bodies studied in both fixed 

and fresh preparations. The Golgi bodies throughout oogene

sis showed a homogeneous granular or spherical structure. 

At no time were they observed to have a duplex structure 

with a chromophillc rim and chromophobic core, as described 

by some workers. In some of the silver preparations, however, 

a few Golgi bodies were seen as crescent-shape dictyosomes. 

Such morphological variations from the usual granular type 

were extremely rare and are interpreted to be caused by heavy 

silverization. At any rate silver techniques are not regarded 

ideal for the study of the structure of Golgi bodies, because 

silver impregnation tends to distort their form. It is con

cluded that such dictyosomes are probably an artifact.

Follicular Golgi Bodies

As described previously, the follicular epithelium has 

two distinct types of cells, namely, small, rounded cells 

and large spindle-shaped cells. All these cells possess a 

large nucleus which contains a prominent plasmosome. Each 

cell also contains Golgi bodies demonstrable both by silver 

and osmio impregnations. The appearance of the follicular 

epithelial cells indicated that they are in an active meta

bolic condition.

The Golgi bodies of the follicular epithelial cells are

very well developed. They are seen in a juxtanuclear position 
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in the early stages and may be in separate groups. Figure 

2& shows a cell having three clusters of Golgi material in 

position. A clrcumnuclear concentration of the Golgi bodies 

was not often seen. The Golgi bodies soon leave the Juxta- 

nuclear position and are dispersed throughout the follicular 

epithelial cells, following increase in size and number. 

This stage is seen in figure 29. The large numbers of Golgi 

bodies present in these cells are considered as an indica

tion of high metabolic activity. Later, they accumulate 

near the zona radiata as shown in figures 29 and 3°.

The most interesting feature in the growth of the fol

licular Golgi bodies is the fact that they infiltrate into 

the ooplasm through the zona radiata. Thus a definite quota 

of Golgi material is supplied to the growing oocyte by the 

follicle. This process of infiltration is very clearly dem

onstrated in figure 30- The entire zona radiata is filled 

with Golgi bodies which are in the process of being transfer

red to the oô’cyte. In the same figure may be seen some Golgi 

bodies crossing over from the follicular epithelium to the 

peripheral region of the oocyte. The zona radiata seemingly 

does not offer any resistance to the passage of the Golgi 

bodies and infiltration occurs regularly through it.

The infiltration occurs through the migration of iso

lated bodies. In none of the snakes investigated were there 

observed any definite channels or bridges for the Infiltra

tion of the Golgi bodies. Such definite channels and bridges 

have been described by some workers in other reptilian eggs.
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The Golgi bodies from the follicular epithelial cells may 

either infiltrate immediately upon reaching the zona radiata 

or may accumulate there before they are passed into the 

ooplasm. The infiltrated follicular Golgi bodies come to 

lie in the peripheral region of the oocyte where they inter

mingle freely with the Golgi bodies of the oocyte. The zona 

radiata becomes entirely free of the Golgi elements when the 

process of infiltration is completed. Also the follicular 

cells show a marked reduction in the amount of the Golgi 

material. This condition is shown in figure JL.

It was found in this investigation that Aoyama's cadmium 

chloride silver method and Ludford1s modification of Kann- 

Kopsch method yielded better results than any other tech

niques for demonstrating the phenomenon of infiltration.

The convincing demonstration of this phenomenon in the ophid

ian egg indicates that the follicle plays an important physi

ological role in the growth of the oocyte.

Vitellogenesis

It is a matter of common knowledge that telolecithal 

eggs at the time of ovulation are endowed with large quanti

ties of reserve food material in the form of carbohydrates, 

fats, and proteins. The eggs of the snakes investigated in 

this study are no exception and are full of yolk bodies which 

are consumed during development of the embryo. Some sub

stances are present in dissolved state and are,therefore, 

not visible under the microscope.
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In all the four snakes investigated, two distinct types 

of yolk bodies were observed, the fatty yolk bodies and the 

proteld yolk bodies. Occasionally both kinds of yolk bodies 

could be seen in the material fixed by Ludford's technique. 

In such preparations the fatty yolk bodies appear black and 

the proteld bodies grayish. On staining these preparations 

with acid fuchsin or iron hematoxylin the proteld yolk bodies 

are stained pinkish or bluish, while fatty yolk bodies remain 

unstained. In silver preparations fatty yolk bodies are not 

observed at all and the only indication of their presence is 

afforded by empty spaces called the fatty vacuoles.

The origin of fatty yolk bodies has been traced. It 

has been shown in a conclusive manner that fatty yolk bodies 

arise directly from the Golgi elements. Immediately preced

ing the formation of fatty yolk in the odcyte, a marked hyper

trophy of the Golgi bodies occurs. Later, fusion of these 

hypertrophied Golgi elements takes place resulting in the 

formation of fatty yolk. In figure 33 some of the smaller 

Golgi bodies can be seen undergoing hypertrophy. On the 

right margin of the same figure are seen two transformed 

fatty yolk bodies. Several intermediate stages in this 

transformation process can be clearly made out in this prep

aration. In figure 34, which is a portion of an oocyte of 

Eryx conicus, similar stages in the transformation of Golgi 

bodies to fatty yolk are shown. By a close examination of 

this preparation one can identify small Golgi granules, ag

gregated Golgi granules, and the transformed large fatty



yolk bodies. Some of the fatty yolk bodies which are in a 

transitional stage even show a granular appearance. However, 

this granular appearance is soon lost and they become homo

geneous. The close association of the Golgi bodies and the 

fatty yolk bodies affords a clue to the origin of the latter 

by direct transformation, a supposition which is further sub

stantiated by the study of the intermediate stages.

As already mentioned, there are no traces of fatty yolk 

formation in early oocytes. It is concluded, therefore, that 

fatty yolk formation starts relatively late during growth of 

the oocyte. Ordinarily, vitellogenesis starts when maximal 

development of the Golgi bodies in the oocyte has occurred 

and a definite quota of the follicular Golgi elements has 

been supplied. In rare cases, however, yolk formation may 

be initiated before the establishment of the peripheral con

centration of the Golgi elements in the oocyte. It seems 

that formation of fatty yolk must be dependent on some phys

iological requirements of the growing oocyte and it does not 

invariably occur in a definite sequence.

The formation of fatty yolk may be seen in any region 

of the oocyte, although the usual places are the peripheral 

region and "yolk nucleus area." In Thamnophls ordinatus 

ordinatus fatty yolk formation takes place in the peripheral 

region of the oocyte (Fig. 35). Notice the inner dense con

centration of the Golgi bodies and the outer layer of fatty 

yolk bodies. In Lycodon aulleus aulicus fatty yolk forma

tion occurs in the "yolk nucleus area" as shown in figure 37.



44 -

However, sometimes the fatty yolk formation starts at one 

end of the oocyte as shown in the oocyte of Matrix plscator 

plscator (Fig. }6).

The fatty yolk bodies dissolve on treatment with fat 

solvents such as pure turpentine. They leave empty spaces 

on dissolution, spoken of as fatty vacuoles. Sometimes the 

poorly fixed fatty yolk bodies are dissolved readily in 

xylol. It is likely that the degree of dissolution of the 

fatty yolk bodies is dependent on the amount of free fat 

present and also on the state of saturation of the fats in

volved. If the amount of free fat present is large the en

tire fatty yolk bodies dissolve in turpentine in a short 

time; likewise they have been seen to disappear in xylol dur

ing the preparation of the slides. However, some fatty yolk 

bodies offer great resistance to the dissolving action of the 

fat solvents. The failure of turpentine to dissolve some 

fatty yolk bodies is interpreted by postulating that these 

bodies have not been completely transformed into true fat.

The fatty yolk bodies were stained deep orange with 

Sudan IV, both in fresh and formalin-fixed material. How

ever the study of this material did not provide any clue to 

the origin of fatty yolk bodies. The main reason for this 

failure may be the fact that the fatty yolk bodies absorb 

Sudan IV only when they are completely of fatty nature. 

According to this idea those which were in the transitional 

stage and contain material other than true fat would, there

fore , not absorb the fat-specific Sudan IV.



The origin of proteid yolk was not traced. However, in 

following the fate of the extruded plasmosomes, the conclu

sion was reached that the proteid yolk is not formed by 

direct transformation of these extruded bodies. In the 

first place, the extruded plasmosomes are numerically insig

nificant as compared to the number of proteid yolk bodies 

found in an advanced oocyte ; nor is there any evidence of 

active multiplication of these extruded plasmosomes in the 

cytoplasm. Secondly, the extruded plasmosomes did not show 

any increase in size to reach the dimensions of the proteid 

yolk bodies. On the contrary, they were seen to dissolve in 

the cytoplasm thereby diffusing their materials throughout 

the oocyte. Following dissolution they are no longer visible 

under the highest resolving power of the microscope. In 

snakes, therefore, proteid yolk is not formed by the method 

of direct transformation of extruded plasmosomes, as described 

by some workers in the case of certain vertebrate and Inverte

brate eggs. It is altogether probable, however, that the ex

truded plasmosomes play an indirect part in building the pro

teid yolk of the oocyte.

Some workers have shown in a variety of vertebrate and 

Invertebrate eggs that the proteid yolk is formed by the 

direct transformation of the mitochondria in a manner some

what similar to the formation of fatty yolk by the direct 

conversion of Golgi elements. Presumably, this is true in 

the case of snakes. However, to bring about this transforma

tion some activating chemical substances are undoubtedly



needed. It is possible that the extruded plasmosomes pro

vide the mechanism for the supply of these essential mate

rials to the ooplasm from the nucleus. A complete treatment 

of the possible role of the extruded plasmosomes in the 

elaboration of proteid yolk is given in the Discussion.

Centrifugation

The study of centrifuged eggs is of very great value in 

establishing the true relationship and separate identity of 

the various cytoplasmic inclusions. Through the use of 

strong centrifugal force the visible cytoplasmic materials 

can be stratified according to their specific gravity into 

separate and distinct layers. Beams (19^3), summing up the 

importance of centrifugation towards our understanding of 

the true nature of the Golgi apparatus, writes: "These ex

periments lend evidence to the view: (1) that the Golgi ap

paratus represents a definite material within the cell, (2) 

that in certain cells, at least, it has a lower specific 

gravity than the cytoplasm in which it is embedded and (3) 

that after being displaced no evidence marking its former 

position in the cell is observed.11 

in this investigation, satisfactory results were ob

tained by fixing the centrifuged material according to 

Ludford's modification of the Mann-Kopsch method or Flemming1 

technique without acetic acid as described under the heading 

of Materials and Techniques. Three distinct zones were 

stratified. The lower zone contained the mitochondria and 



nucleus. The middle zone, occupying the greatest portion of 

the oocyte, contained proteld yolk bodies. The upper portion, 

in which are segregated the lightest elements, contained the 

Golgi bodies and fatty yolk bodies. The fact that the Golgi 

bodies and fatty yolk are stratified in the same layer lends 

to the view that formation of fatty yolk takes place by di

rect transformation of the Golgi bodies. Some oocytes showed 

the Golgi bodies and mitochondria in the middle zones, per

haps as a result of incomplete stratification.

Supravital Staining

In modern cytology considerable emphasis is given to 

vital staining, since it has become evident that cellular 

structures rarely lend themselves to faithful preservation 

by fixing fluids. Fresh material was used in this investiga

tion to provide confirmation of the results obtained by the 

study of fixed material described under the heading of Mate

rials and Techniques. There was complete correspondence in 

the structural details revealed by the two methods. The 

rapid smear techniques provide a faithful representation of 

cytoplasmic components and are considerably less time con

suming.

(1) Neutral red. Oocytes were kept in a solution of 

neutral red for varying lengths of time; a period of 20-30 

minutes was considered sufficient for best results. Advanced 

oocytes were punctured by a needle to facilitate penetration 

of the neutral red solution. In general, oocytes containing
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much yolk were avoided, as the deutoplasmic inclusions pre

vented the study of living cytoplasmic structures. Similarly, 

very small oocytes were avoided, as their cytoplasmic Inclu

sions were so minute that they could not be easily identified. 

In young oocytes a number of réfringent granules, which did 

not take the neutral red stain, were seen scattered Irregu

larly in the cytoplasm. These refringent granules were iden

tified as Golgi bodies. In addition to these granules, red 

vacuoles were observed which were also irregularly scattered 

in the cytoplasm. These red vacuoles were identified as the 

so-called vacuome. In the early oocytes the vacuome was seen 

in close association with the Golgi granules, although it 

stood out quite distinctly from the latter. In advanced 

oocytes the vacuome groups are scattered throughout the cyto

plasm in increasing numbers. At this stage their original 

association with the Golgi granules is lost. The yolk 

bodies likewise in advanced oocytes were distinct from the 

red vacuoles and seemed to bear no relationship to them.

Observations on the Golgi bodies in the material treated 

with neutral red were made by introducing 2^ osmic acid under 

the coverslip. This treatment rendered the contrast between 

Golgi bodies and vacuome very distinct. The osmic acid 

showed the Golgi bodies as highly refractile black-brown 

granules. The vacuome was not affected by introduction of 

osmic acid and could still be seen in the form of brilliant 

pink vacuoles. It is concluded that these two cytoplasmic 

structures are distinct from each other and are separate en

tities .



(2) Osmic acid. Attempt was made to study Golgi bodies 

during their entire cycle of activity by using 2% osmic acid 

for varying periods of time. In such studies the Golgi bod

ies were never seen to have a duplex structure. They were 

invariably in the form of homogeneous granular or spherical 

bodies. In advanced oocytes certain larger bodies, which be

came blackened with osmic acid, were identified as fatty yolk. 

Other larger bodies which did not blacken with osmic acid but 

appeared whitish in these preparations were identified as 

proteld yolk bodies. A clear distinction can thus be made 

between these two types of yolk bodies. In an advanced 

oocyte, Golgi bodies and the two types of yolk bodies can be 

distinctly identified. There is an evident decrease in the 

number of Golgi bodies corresponding to the greater elabora

tion of fatty yolk. This suggests strongly that Golgi ele

ments are directly transformed into fatty yolk.

(3) Janus green B. Janus green B was used to demon

strate mitochondria. Details of procedure were the same as 

followed in the case of neutral red staining. The mitochon

dria were stained greenish—blue by this technique and ap

peared granular. Yolk bodies remained unstained by Janus 

green B, clearly distinct from the mitochondria.
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DISCUSSION

Egg Membranes

The membranes surrounding the eggs of vertebrates have 

engaged the attention of several workers (Rathke, 1839; 

Leydig, 1853; Waldeyer, 1870; Elmer, 18/2; Loyez, 1905, 1906; 

Thing, 1918; Gatenby, 1922b; Champy and Gley, 1923; Pincus and 

Enzmann, 1937; Guthrie and Jeffers, 1938). It Is customary 

to sneak of egg membranes as primary, secondary and tertiary, 

according to their origin. Those which are produced by the 

egg itself are called primary membranes, such as the limit

ing membrane or vitelline membrane. Secondary membranes are 

those which are formed by the surrounding cells of the ova

rian stroma or the follicle. Tertiary membranes are those 

which are formed by the oviduct, such as shell membranes and 

the shell. This discussion, however, pertains mainly to the 

secondary membranes.

The egg follicle in snakes is well differentiated and 

represents an intermediate condition in the evolutionary 

sequence of this structure in the vertebrate series. In the 

eggs of fishes, the follicle is generally represented by a 

few cells. These cells are small and inconspicuous and can 

be identified principally by the presence of nuclei around 

the oô’cyte. In the eggs of mammals, the follicle finds its 

maximum development in the form of a Graafian follicle. The 

intermediate condition found among snakes is of considerable 
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evolutionary significance. In this study the entire sequence 

in the formation of the follicle has been traced (Figures 2, 

3, and 5). The follicle of a mature oocyte consists of a 

zona radiata, a stratified follicular epithelium and theca 

foil!cull (Fig. 7). The zona radiata is not divided into a 

homogeneous and a striated portion as described by Srivastava 

(19^7) in Hemidactylus gleodovli. He himself did not find 

this differentiation in other lizards.

The origin of the zona radiata has been the subject of 

considerable controversy. Some workers have considered it 

follicular in origin, while others have thought it to be a 

product of the oocyte. Thing (1918) showed that in turtles 

the zona pelluclda consists of a homogeneous layer and a 

system of canals. Similar canalicular prolongations of the 

follicular epithelial cells in the zona radiata have been 

previously described in other reptiles by Waldeyer (1370) 

and Loyez (1905, 1906). Gatenby (1922b) described the fol

lowing membranes in the advanced oocyte of Ornithorhynchus 

paradoxus : a theca externa, a theca interna, a double

layered follicular epithelium, a zona radiata, a cortical 

layer of fibrillae, and a limiting membrane of the oocyte. 

His work, however, did not provide any conclusive evidence 

regarding the origin of the zona radiata. In the snakes, 

the zona radiata is formed only after the follicular epi

thelium has assumed a multi-layered condition. This conclu

sion is in agreement with the findings of Gatenby (1922b), 

Brambell (1923), Guthrie and Jeffers (1938) and Kingsbury



(1939)• It seems logical to conclude in the light of their 

work and the evidence provided in this study that the zona 

radiata is the product of the oocyte.

The egg follicle in snakes takes part significantly in 

the growth of the oocyte. Although the idea that it provides 

nutritive materials to the egg through the zona radiata was 

first expressed by Waldeyer (1870) and later by Loyez (1905, 

1906), sufficient experimental evidence was not forthcoming 

to substantiate it until Brambell ( 1926) in Gallus bankiva. 

demonstrated the infiltration of follicular Golgi elements 

into the ooplasm. Later, the infiltration of follicular 

Golgi bodies and mitochondria was observed by Dutta and 

Asana (1928) in Calotes versicolor; Bhattacharya, Das and 

Dutta (1929) in certain fishes, amphibians, reptiles, and 

birds; Lal (1931, 1933) ln snakes; Clement (1933) in squir

rels; and Srivastava (l9^7) in lizards. In the snakes, in

filtration of Golgi bodies occurs as isolated granules and 

not in the form of linear chains as described by Srivastava 

(1947) in the eggs of Hemidactylus gleodovil and Lygosoma 

•punctaturn. However, he found in three other lizards investi

gated that the infiltration does take place in the form of 

isolated granules. It is clear from the evidence provided 

by my study as well as by a survey of tne literature that 

infiltration of follicular Golgi bodies is an established 

phenomenon in the vertebrates.

In the present investigation extrusion of the follicu

lar nuclei into the ooplasm has been demonstrated for the



first time. There are, however, several instances in liter

ature where chromatin material has been reported in the 

ooplasm during oogenesis but its source has been invariably 

traced to the egg nucleus. I have demonstrated in the case 

of snakes that nuclei of follicular cells come out into the 

ooplasm, perhaps, to take part in the nutritional activities 

of the growing oocyte. In my opinion, it is likely that the 

extruded follicular nuclei represent trophochromâtin special

ized for a vegetative function. Extrusion of chromatin mate

rial from the egg nucleus in the form of karyosomes has also 

been demonstrated. It is admitted that in the light of our 

meager knowledge of cellular function no definite suggestion 

can be offered at present regarding the functional signifi

cance of the extruded chromatin found in the ooplasm in the 

form either of follicular nuclei or of karyosomes.

A discussion on the functional significance of the fol

licle would be Incomplete without mentioning its fate after 

ovulation. The cells of a ruptured follicle invade the fol

licular space and form a new structure, the corpus luteum. 

The presence of a corpus luteum was noted in both the ovi

parous and ovoviviparous forms as also reported by other 

workers. The corpus luteum bears a striking resemblance to 

similar structures in mammals (Fig. 9), but further research 

is needed to establish definitely its structural and func

tional homology to the mammalian corpora lutea. Weekes 

(193^) found in certain European and Australian lizards a 

similar structure. He has made a comparative study of the 



corpus luteum In these forms to determine its role during 

the variable periods of retention of eggs or embryos inside 

the oviduct.

The findings of Clausen (19^0) regarding the physiolog

ical significance of the corpora lutea on gestation in snakes 

are of importance. He has shown experimentally by means of 

ovariotomy and hypophysectomy that the mechanism of gesta

tion and parturition in snakes are controlled by similar 

factors as in some species of mammals. No attempt to deter

mine the functional role of the corpora lutea was made in 

this study, but its structural resemblance to the mammalian 

corpora lutea and the evidence offered by Clausen (19^-0) 

Indicate that it does play some part in the retention of 

intra-uterine eggs or embryos.

Plasmosome and Plasmosomal Extrusion

In this investigation I have studied two kinds of nucle

olar bodies, the plasmosomes and karyosomes. However, this 

discussion mainly concerns the plasmosome (true nucleolus) 

because a large amount of literature has appeared recently 

pertaining to this body. Among the earlier contributions 

on the origin, structure, and function of the plasmosome 

mention may be made of the work of Montgomery (1899), Meyer 

(191?), Nakahara (1917), Ludford (1922), Cardiner (1927, 1935), 

Sato (1928), Mottram (1932), Cresson (1929a, 193^), and 

Johnson (1938). In spite of all this detailed work on the 

plasmosome our knowledge regarding its structure and functional 
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significance has remained obscure. Recently it has received 

attention anew at the hands of skilled investigators, and a 

new concept of its functional relationships has come into 

existence through the investigations of Caspersson and 

Schultz (19^0), Brachet (194-Oa, 19^0b, 19^7), Schultz, 

Caspersson and Aquilonlus (19^0), Painter and Taylor (19^2) 

and Painter (19^5)

There are two possible theories regarding the origin of 

the plasmosome: (1) Intranuclear, and (2) extranuclear. All 

the available evidence is in favor of the former theory, al

though the actual mode of its origin is a matter of contro

versy. My work does not deal with the cytogenetical consid

erations but a few pertinent views have been included as dis

cussed by Schultz, Caspersson, and Aquilonlus (19^0). Accord

ing to their views the plasmosome is related to a definite 

locus in what they term the heterochromatin. These hetero

chromatin regions have the capacity in Drosophila (1) to form 

a large amount of thymonucleic acid in the chromosomes them

selves, (2) to form or effect the composition of the plasmo

some , and (5) to effect the content of ribonucleic acid in 

the egg cytoplasm. The evidence at hand seems to show that 

the plasmosome is mainly concerned with the ribonucleic acid 

metabolism in the cell (Caspersson and Schultz, 19^0).

It is well known that the plasmosome is very variable 

in its form and staining capacity. The changeable nature of 

the plasmosome has also been emphasized in a recent paper 

1These workers do not differentiate nucleoli into plasmosome 
and karyosome so that in my report "pl osmo some" is used synon
ymously with their "nucleolus."
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by Winter(19^5). Perhaps these variations are linked with 

its function, which is concerned with the secretory activi

ties of the cell. It is a significant observation that the 

plasmosomes are prominent in cells connected with secretion 

and are inconspicuous in cells undergoing cleavage. Its 

absence in spermatids lends further support to the view that 

it has mainly a synthetic role in growing cells. However, 

variations in staining reactions of the plasmosome may be 

due to (1) variable concentrations of its constituent sub

stances, (2) differences in physical nature of the substances, 

and (3) differences produced by fixing and staining methods. 

Sato (1928) has dealt in detail with this subject of staining 

capacity of the plasmosome and its physiological significance. 

It appears that at present no dependable histochemical and 

staining methods for determining the true chemical nature 

of the plasmosome are available, and more reliance should 

be placed on physical methods such as the ultra-violet spec

trophotometric method employed by Caspersson and Schultz 

(19W.

In the snakes, I have observed the budding process of 

the plasmosome resulting in the formation of several plasmo- 

somal bodies. The actual process of budding has been rarely 

described. Subramanlum and Gopala Aiyar (1935) have men

tioned that they failed to see the actual process. My ob

servations have convinced me that the daughter plasmosomal 

bodies are formed from the principal plasmosome rather than 

any postulated chromatinic source. Eventually the extrusion 
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of these daughter plasmosomes into the egg cytoplasm occurs. 

Although the emission of plasmosomal bodies has been previ

ously described by several workers, they have failed to pro

vide sufficient experimental evidence in support of their 

views with the exception of Kater (1928). I have demonstrated 

the extrusion of plasmosomes in a convincing manner and I have 

also shown that daughter plasmosomes come out into the cyto

plasm as discrete bodies and not in fluid state as suggested 

by Hilton (19)1) in Calanus finmarchicus.

What is the significance of the extruded plasmosomes? 

An answer to this question will be hypothetical in view of 

our limited knowledge of biosynthesis. The contributions of 

Caspersson, Brachet and others, however, provide a partial 

answer to the question. These workers have suggested that 

there exists a fundamental connection between the accumula

tion of nucleic acids in the cytoplasm and protein synthesis. 

In fact, Caspersson has put forth a theory to explain the 

mechanism of intracellular protein synthesis. He believes 

that the nucleus is the center of protein synthesis and that 

euchromatin is concerned with the synthesis of more complex 

and specific proteins elaborated by the genes, while hetero

chromatin is concerned with synthesis of simpler histones. 

These histones accumulate in the plasmosome and then diffuse 

into the cytoplasm. The hl stones induce a synthesis of ribo

nucleic acid, which would be the final agent of cytoplasmic 

protein synthesis. This theory is in agreement with known cy

tological and cytochemical facts, but the only missing link
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is between the nucleic acids and protein synthesis. It 

seems that the extrusion of plasmosomal bodies rich in ribo

nucleic acid provides a means for the exchange of the nucleic 

acids from the nucleus into the cytoplasm for protein syn

thesis. If this be true, the extrusion of the daughter plas- 

mosomes is a very significant process because through these 

plasmosomal bodies protein or protein precursors are dis

charged into the cytoplasm. My work provides direct evi

dence to show that there is an exchange of materials between 

nucleus and the cytoplasm, but the nature and the role of 

the extruded materials need to be determined.

Golgi Apparatus

Although several comprehensive reviews dealing with the 

controversial nature of the Golgi apparatus have appeared 

periodically (Pappenhelmer, 1916; Cowdry, 1923; Bowen, 1926, 

1927, 1928, and 1929; Nahm, 1933: Kirkman and Severinghaus, 

193g; Bourne, 19^2; Baker, 19^; Nath, 19^; Hibbard, 19^5; 

Worley, 1946) , our knowledge of this cytoplasmic component 

still remains Inadequate. What is the morphology of the 

Golgi apparatus in the growing oocyte, and what is its func

tion? The present investigation throws some light on these 

two important problems. A detailed review of the literature 

on the Golgi apparatus has not been attempted and only the 

important conclusions reached by other workers are discussed.

Investigators on the Golgi apparatus can be classified 

into three groups on the basis of the conclusions they have 
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reached: (1) those who deny the existence of a Golgi appara

tus as a structural unit and regard it as a mere chemical 

product of physiological processes (Walker and Allen, 1927; 

Tennent, Gardiner, Smith, 1931), (2) those who homologize 

it with the chondriome or vacuome (Parat and Painleve, 192^-: 

Parat, 1928;), and (3) those who think of it as a specific 

entity.

Most cytologists regard the Golgi apparatus as an inde

pendent cytoplasmic structure capable of propagation in the 

cell. Gatenby (1919) has demonstrated in the eggs of Limnaea 

stagnaiis that it is traceable into the blastomeres. If this 

be true its genetic continuity from generation to generation 

is established.

There seems to be no doubt about the existence of Golgi 

elements in oô’cytes as evidenced by their orderly behavior 

during their cycle of activity. The present study provides 

further evidence in favor of the view that the Golgi appara

tus is a separate entity independent of the neutral—red vacu

oles. Supravital staining methods have demonstrated the oc

currence of Golgi bodies and neutral—red vacuoles side by 

side, thereby establishing the separate nature of these 

cytoplasmic structures. Other workers have similarly de

scribed them as distinct entities (Nath and Nangla, 1931). 

It is concluded, therefore, that in spite of the close as

sociation of the Golgi apparatus and the vacuome in early 

oocytes, these cytoplasmic bodies are distinct from one 

another and not identical as claimed by Parat and Painleve
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(1924). The main attack on Parat1s vacuome theory has come 

from G-atenby, Bowen, Hirschler, Voinov, Ludford, Beams, Bhat

tacharya, and Nath, and at present it has very few supporters.

The main difficulty in working with the Golgi apparatus is 

the lack of reliable techniques for its demonstration. The silver 

and osmium methods are not without pitfalls and for this reason 

several other cytoplasmic bodies which have nothing in common with 

the Golgi apparatus have been mistaken for it. If the standard 

silver and osmium methods are not specific, the only other crite

rion of its identity is its structural form. In my preparations, 

the granules which were defined as Golgi bodies did not have a mor

phology which differentiated them from other cytoplasmic structures. 

It should be noted that a system of canals was observed (Fig. 26) 

which resembles more closely the conventional concept of the form 

of the Golgi apparatus. However, in my preparations these canals 

were not impregnated by either silver or osmium. Due to the lack 

of adequate differentiating techniques there is hardly any agreement 

among investigators,in general,regarding its morphological character.

As to form, the Golgi bodies have been described as granular, 

vesicular, platelet-like, crescentic, in networks or in irregular 

clumps. In some instances, even in the same species different 

forms have been reported. Harvey in the eggs of Lumbricus ter- 

restris (1925), Ciona intestinal!s (1927), and Carcinus moenas 

(1929) describes the Golgi bodies, as scaly and dictyosomal. 

Gatenby (1919) in Limnaea stagnai is has also described the Golgi 

bodies as curved dictyosomes concentrated in the Juxtanuclear 

archoplasmic area in early oocytes and as dust-like granules 

in advanced oocytes. I have found the Golgi bodies, in a few in

stances, as irregular clumps or in the form of dictyosomal bod

ies. These forms were rare in my material and were not observed



In the fresh material. It appears, therefore, that such 

bodies are formed as a result of over impregnation with 

silver.

Wheeler (1924) in Pleuronectes limanda, Gardiner (1927)in 

Limulus polyphemus, and Payne (1932) in insects described the 

Golgi bodies as small, round granules and spheres. I have 

found them in snakes to be of granular form also. Nath in 

Crossopriza lyoni (1928), in Culex (1929), and in Pheretima 

posthuma (1930) showed the Golgi bodies as of vesicular form 

with a distinct duplex structure consisting of an osmiophobic 

or argentophobic center surrounded by an osmiophilic or ar- 

gentophllic cortex. The chromophllic component (Golgi ex

ternum of Hirsch, 1939) is considered as the active part 

of the Golgi bodies and the chromophobic matter (Golgi In

ternum of Hirsch, 1939; para-Golgi of Salazar, 1942) is re

garded as their product. A similar vesicular structure of 

the Golgi bodies has been reported by Nath and Mohau (1929) 

in Periplaneta americana and Worley (1944) in Mytilus call- 

fornlanus. I have failed, however, to observe such duplex I 

structure either in fixed or fresh materials.

Bhattacharya and his co-workers have described the 

Golgi bodies of various sizes and shapes such as in the 

form of filaments, discs, crescents, spherules, chains of 

granules, and irregular grains. The polymorphic nature of 

the Golgi apparatus has also been described by Steopoe(1926) 

in Nepa cinerea. It is likely that some of these described

forms are due to over-impregnation.
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In view of such conflicting opinions about the structure 

of the Golgi body, it seems best as suggested by Bowen to 

regard it as a substance rather than an individualized 

organelle. Worley (1946) has given a comprehensive account 

of the different phases of the Golgi apparatus, namely, the 

generalized Golgi body, Golgi droplet, Golgi granule, active 

Golgi body, and pycnotic and multiplication phases of the 

Golgi bodies. He thinks that the Golgi apparatus in the 

growing oocyte is the "manifestation of a series of more or 

less spherical Golgi bodies of the living cell." Evidently 

Golgi bodies show a great variability in their total chemical 

composition which is reflected in marked differences in their 

structure. Mitochondria, on the contrary, are relatively 

more stable in form and chemical composition.

In conclusion, it may be stated that a standard form 

of the Golgi bodies can not be insisted upon. Although the 

Golgi bodies are capable of existing in other forms, the 

granular or spherical form seems to be of more general occur

rence . A priori one might expect the spherical shape for 

any body of plastic form suspended in the polyphasic col

loidal system which is protoplasm. I am of the opinion, 

therefore, that the Golgi bodies are basically granular or 

spherical, but they may show a duplex structure in some 

cases after undergoing growth. All other forms such as net

works , dictyosomes, rods and platelets are perhaps the re

sult of poor fixation.
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Fortunately, there is more agreement with regard to the 

function of the Golgi bodies than as to its structure. 

Gatenby, Ludford, Brambell, Bhattacharya and Nath have 

shown that the Golgi apparatus is concerned with the elab

oration of fatty yolk bodies during oogenesis. I have 

reached the same conclusion and have demonstrated direct 

transformation of the Golgi bodies into the fatty yolk 

bodies.

Vitellogenesis

Even though the problem of yolk formation has been 

variously interpreted, there is general agreement with re

gard to the formation of the fatty yolk. It is considered 

to be formed under the influence of the Golgi elements 

( Gatenby and Woodger, 1920; Gatenby, 1922a ; Ludford, 1921a; 

Wheeler, 1924; Brambell, 1924; Greeson, 1929b, 1931 ; Worley, 

1944) . These workers, however, do not agree about the actual 

method of its formation. Some have expressed the view that 

the Golgi dictyosomes secrete the fatty yolk, while others 

have shown that there Isa direct transformation of the 
Golgi bodies. My findings are in agreement with the latter 

view. Nath and Mehta (1929) in Luciola gorhami and Bhandari 

and Nath (1930) in Dystercus cingulatus have demonstrated 

the fatty nature of the Golgi elements even in the early 
oocytes but I have not observed their presence in early 

stages. It is concluded, therefore, that fatty yolk formation 
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is initiated late in the growth of the oô'oyte in the snakes 

which I have studied.

With regard to the formation of proteld yolk, widely 

divergent views are held among cytologists. In the litera

ture, its source has been traced to the Golgi elements 

(Harvey, 1925, 1927), mitochondria (Brambell, 1924, 1926; 

Narain, 193°; Das, 1939), nucleolus (Nath and Mehta, 1929; 

Nath and Mohan, 1929), and vacuome (Nath and Nangla, 1931). 

In view of such conflicting opinions, one is inclined to be

lieve that more than one of these cytoplasmic bodies may be 

concerned in the formation of proteld yolk. The other view, 

has been expressed by Hibbard (1928), Harvey (1929), and 

Payne (1932), namely, that the yolk is elaborated independ

ently in the cytoplasm without the intervention of any of 

these cytoplasmic bodies, which seems to be unwarranted.

Generally the workers on vitellogenesis have not traced 

the fatty and proteld yolk bodies to a common source. In 

some instances, however, both kinds of yolk have been traced 

back to the Golgi elements (Subramaniam and Gopala Aiyar, 

1936", Worley, 1944). Also Worley and Worley( 1943) have re

ported that the Golgi bodies discharge both fatty and pro- 

teid yolk during the embryonic development of the tectl- 

branch, Navanax. I have failed to find any relationship 

between the proteld yolk bodies and the Golgi elements.

Gatenby (1922a) in Saccocirrus, Nath and Mehta (1929) 

in Luciola gorhaml, Nath and Mohan (1929) in Periplaneta 

amerlcana, and Greeson (1929a, 1929b, 1931) la Tenthredinidae 
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and Perlplane ta orientally have shown the direct transforma 

tion of extruded plasmosomal bodies into proteld yolk. Al

though I have demonstrated the extrusion of plasmosomal bod 

les in this investigation, I have failed to see any direct 

conversion of these bodies into proteld yolk. It is pl au sl 

bl e, however, that these extruded plasmosomal bodies on dis 

solution in the cytoplasm provide essential activating chem 

leal substances which do help indirectly in the elaboration 

of protein bodies. Very little is known at present regard

ing the biochemical mechanism of protein synthesis and it 

is not possible to suggest the exact manner in which the 

extruded plasmosomal bodies may act as agents of protein 

synthesis. The main difficulty seems to be a lack of bio

chemical link between the nucleic acids and protein syn-

thesis.
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SUMMARY

1. This study, which pertains to three Indian snakes 

and one American snake, concerns the extensive changes that 

occur in the oocyte during oogenesi s.

2. The ophidian ovary is saccular and possesses an 

internal cavity, the ovocoele, into which project the ad

vanced oocytes. The oo'cy tes are attached to the ovarian 

stroma by means of a mesentery through which the oocytes 

are supplied with blood vessels.

3. The outer surface of the ovary is composed of a 

germinal epithelium consisting of two kinds of cells, namely, 

oogonia and epithelial cells. Early oocytes may be distin

guished by the possession of a prominent spireme within the 

nucleus during the early prophase stages.

4- . The oocytes in early stages of differentiation are 

without a follicle. Later, the presumptive follicle cells 

of the germinal epithelium arrange themselves around the 

oocyte to form a single—layered primary follicle, which soon 

becomes double layered. A fully differentiated follicle 

consists of (1) a zona radiata with distinct radial stria

tion, (2) three layers of follicle cells and (3) a theca 

folliculi. The cells of the middle layer of the follicular 

epithelium are large, spindle-shaped and, apparently, secre

tory in function. The cells of both inner and outer layers 

are small and rounded in appearance. The follicle is a
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highly developed and differentiated structure In snakes and 

plays an important part in the growth of the oô'cyte.

5. After ovulation the follicle cells invade the space 

left by the oocyte and form a new structure, the corpus 

luteum. This structure was present in both oviparous and 

ovoviviparous snakes, but its functional significance was 

not determined.

6. Two kinds of nucleoli are present in the oocyte: 

plasmosomes and karyosomes. The plasmosome in the oogonia 

and in very young oocytes occurs as a single, rounded body 

within the nucleus. It is non-chromatinic and. negative to 

the Feulgen reaction. On the other hand, the karyosome is 

chromatinic in nature.

7. Terms such as "basophilic" or "acidophilic" cannot 

suitably be applied because the plasmosome is stainable some

times with acidic dyes and at other times with basic dyes. 

This suggests that the staining nature of the plasmosomes 

is partly determined at the time of fixation depending on 

whether it has absorbed the acidic portion or the basic 

portion from the fixative mixture. If a basic stain is 

employed, the affinity of the plasmosome for it will be 

determined by the content of ribonucleic acid. These changes 

in the chromaticity of the plasmosomes may also be due to 

variations in the concentration of nucleic acids present in

side of the plasmosomes. Perhaps a variety of physical and 

chemical factors are responsible for this variation in the 

stainability of the plasmosomes.



- 6S -

g. The plasmosome grows with the growth of the oocyte 

and on reaching a certain size it begins to fragment. Sev

eral smaller bodies are formed which are generally of about 

the same size. These daughter plasmosomal bodies arrange 

themselves near the nuclear membrane.

9. Extrusion of both plasmosome and karyosome frag

ments was demonstrated. However, elimination does not con

tinue during the whole period of growth. In the light of 

recent work of Gaspersson and Schultz(19^0)» the extruded 

plasmosomes are, perhaps, a means of supplying ribose nu

cleic acid and other essential materials for protein syn

thesis in the growing oocyte. The plasmosome should not be 

regarded as an ergastic body nor should it be considered as 

an aggregation of waste materials. It is a body which under

goes specific growth changes during oogenesis and delivers 

essential materials into the ooplasm for biosynthesis. The 

functional significance of the extruded karyosomes is prob

lematical .

10. In Lycodon aullcus aulicus, which provides excel

lent material for the study of nuclear and nucleolar be

havior, the nuclei of follicular cells are seen to migrate 

into the ooplasm. Chromatin is, therefore, emitted into 

the ooplasm from two sources: from the nucleus of the oocyte 

and through the nuclei of follicular cells. It is not pos

sible at ore sent to suggest the exact role played by this 

extruded chromatin material from the two sources.
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11. Golgi bodies appear granular or spherical as seen 

in fixed and fresh preparations treated with osmic acid.

12. The Golgi apparatus occupies a juxtanuclear posi

tion in young oocytes. This area is the center of cytoplas

mic activity and is the focal point for growth and dispersal 

of the Golgi material. The Golgi apparatus grows with the 

growth of the oocyte and soon assumes a perinuclear position. 

Later, the Golgi bodies gradually disperse in the ooplasm 

and become evenly scattered and arrange themselves princi

pally in the peripheral region of the oô’cyte.

13. Infiltration of the follicular Golgi bodies into 

the ooplasm has also been observed. A thick peripheral con

centration of the Golgi elements comprising the follicular 

Golgi bodies and the Golgi bodies derived from the otfcyte 

proper is thus formed. A free intermingling of the Golgi 

bodies from the two sources occurs.

14. The Golgi granules aggregate to form fatty yolk 

by direct transformation. Fatty yolk bodies in contrast to 

the Golgi elements are soluble in fat solvents. They are 

larger than the Golgi granules and are blackened more quickly 

with osmic acid.

15. Formation of fatty yolk takes place in the peri

pheral region of the oocyte in Eryx conieus and Thamnophis 

ordinatus ordinatus. It begins at one end of the oocyte In 

Matrix piscator piscator but in Lycodon aulicus aulicus it 

takes place in the "yolk nucleus area."
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Fig. 1

Fig. 2

Explanation of Figures

A section showing the germinal epithelium 

with several oocytes and the ovarian stroma. 

(Lycodon aulicus aulicus). Bouin, Mann’s 

methyl blue eosin. x 200.

A portion of the germinal epithelium showing 

the prominent, coiled spireme present during 

the early prophase stages of the first matur

ation division. A few epithelial cells con

stituting an early stage in the formation of 

a follicle are seen around the large oocyte.

(Lycodon aulleus aulieus). Bouin, Mann’s 

methyl blue eosin. x 630.
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Explanation of Figures

Fig. 3 A portion of the germinal epithelium showing 

presumptive follicular epithelial cells and 

several oocytes in the prophase stages of the 

first maturation division. Note large blnu

cleate oocyte in the center of the section. 

(Natrix plscator plscator). Mann’s methyl 

blue eosin. x 630.

Fig. 4 An early oocyte showing a stage in the form

ation of the follicle. The epithelial cells 

at this stage are arranging themselves around 

the oocyte to form the primary follicle. 

(Lycodon aulicus aullcus). Bouln, Mann’s 

methyl blue eosin. x 630.
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Explanation of Figures

Fig. 5 A young oocyte showing the orderly arrange

ment of the epithelial cells to form a double 

layered primary follicle. Notice the absence 

of follicles around the two adjacent oocytes. 

(Lycodon aulleu s auli eus). Bouin, Mann’s 

methyl blue eosin. x 630.

Fig. 6 An oocyte, with a nucleus and plasmosome, 

showing further differentiation in the de

velopment of the follicle. At this stage the 

oocyte begins to protrude into the ovocoele. 

At one end of the follicle are shown three 

oocytes which failed to develop. (Thamnophis 

ordinatus ordinatus). Bouin, Mann’s methyl

blue eosin. x 1^0.
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Explanation of Figures

Fig. 7 A part of the follicle of an advanced oocyte 

showing the structure of the fully differ

entiated follicle. (Lycodon aulleus aullcus). 

Bouln, Mann's methyl blue eosin. x 280.

Fig. 8. A section showing one of the large blood 

vessels which supply nourishment to the ad

vanced oocyte. (Thamnophis ordinatus ordl- 

natus). Bouln, Mann's methyl blue eosin, 

x ?0.
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Fig. 7 A cpr" < an advanced oocyte

* - ■ L11re of the fully dlffer-

- ■ = ' ■ 11 - ' ide. ( Lycodon au 11 eus aul leus 

o u1n, Mann’s methyl blue eosin. x 280.

Fl/. *. A section showing or.- f the large blood 

vessels which supply nourishment to the ad

vanced o"o 1 - (Thamnophi s ordinatus ordl-

natuf . •, Mann ’s o- thvl blue eosin.
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Explanation of Figures

Fig. 9 A portion of the ovary in a mature female 

showing the corpus luteum formed after ovula

tion. (Thamnophls ordinatus ordinatus). 

Bouin, Iron alum hematoxylin. x 1^0.

Fig. 10 Nucleus of an advanced oocyte showing the 

position of the plasmosome near the nuclear 

membrane. (Thamnophls ordinatus ordinatus).

Bouin, Harris alum hematoxylin. x 280.
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• v m r.y In a mature female

?-uus luteum f c ; rm - d after ovula

' . Tnajnnophl e ord Ina tu ordlnatu s ) .

bouln, Iron alum h," .a ; ■ xy 11 n. x 1^0.

. I1 -’ nucleus of an advanced oocyte showing the 

position of the plasmosome rear the nuclear 

membrane . ( T ham non h Y ? - ! '. tu s ordlnatus) .

Bou in, Harris a’ ■ in. x 280.
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Explanation of Figures

Fig. 11 Nucleus of an advanced oocyte showing 

budding of the plasmosome to form daughter 

plasmosomal bodies. (Thamnophis ordinatus 

ordinatus). Bouin, Harris alum hematoxylin, 

x 280.

Fig. 12 Plasmosome in the process of budding in

side the nucleus of an advanced ocfcyte. 

Notice the several plasmosomal bodies 

formed in the process. (Thamnophis ordi

natus ordinatus). Bouin, methylene blue 

eosin. x 630.
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Explanation of Figures

Fig. 15 An advanced oocyte showing extrusion of the

plasmosomal bodies from the nucleus into the 

cytoplasm. (Matrix piscator piscator).

Bouln, Mann’s methyl blue eosin. x 140.

Fig. 14 Section showing plasmosomal bodies Inside 

the nucleus and cytoplasm of an oocyte.

One body is lying half within the nucleus 

and half within the cytoplasm. (Matrix 

piscator piscator). Bouln, Mann’s methyl 

blue eosin. x 280.
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wing extrusion of the 

■- from the nucleus into the

-h t r1x nt sea tor plscator). 

■ • a: mr11y 1 nine eosin. x 14o.

FIk. 14 Section showing pl a smu somal bodies Inside 

the nucleus and cytoplasm of an oocyte. 

One body is lying half within the nucleus 

*nd half within the cytoplasm. (Matrix 

- >cat. r ) . Boutn, Mann’s methyl



%» 

A

w Si

fit



- % -

Explanation of Figures

Fig. 15 Section of oô’cyte showing spaces inside the 

nucleus in which are located the plasmosomal 

bodies before they are extruded into the 

cytoplasm. Notice an extruded daughter plasmo- 

some. (Eryx conieus). Bouin, Mann’s methyl

blue eosin. x 140.

Fig. 16 A part of an oocyte showing (a) several 

small extruded plasmosemes and (b) a single 

larger karyosome. (Lycodon aulicus aulicus) .

Bouin, methylene blue eosin. x 1Ç0.
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Explanation of Figures

Fig. 15 Sectl'r ’ A'evte showing spaces inside the 

n i - , •. - V-, ' -h are l ocated the plasmosomal

*

: . cefure they are extruded into the

cytoplasm. Notice an extruded daughter plasmo- 

some. (Eryx coni eus). Bouin, Mann’s methyl

clue eosin . x 1 4.\

Fig. 16 A part of an oocyte showing (a) several

small extruded d1asmosomes and (b) a single 

larger Kar- some. (Lycodon aullcus aulicus) . 

Bouin, methylene blue eosin. x 150.
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Explanation of Figures

Fig. 17 A portion of the nucleus of a young oocyte 

showing the karyosome lying in a space. 

(Lycodon aulicus aulicus). Bouin, methylene 

blue eosin. x 1425.

Fig. 18 A portion of the young oocyte showing two 

karyosomes. One of them is in the process 

of coming out in the cytoplasm and is seen 

apparently pushing against the nuclear mem

brane. (Lycodon aulicus aulicus). Bouin, 

methylene blue eosin. x 900.
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Explanation of Figures

Fig. 17 A porti o f the nucleus of a young oocyte 

sr. « . - -,f karyosome lying in a space.

L^cca^L au 11 eus aul i eu s ) . Bouin, methylene 

clue eosin. x 1425.

Fig. 18 A portion of the young oocyte showing two 

karyosomes. One of them is in the process 

of coming out in the cytoplasm and is seen 

apparently pushing against the nuclear mem

brane . (Lycodon aulicus aulicus). Bouin,

methylene blue eosin. x 900.
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Explanation of Figures

Fig. 19 A portion of the cytoplasm in an advanced 

oocyte showing an extruded karyosome. Same 

karyosome as shown in figure 16. (Lycodon 

aulicus aulicus). Bouln, methylene blue 

eosin, x 1425*

Fig. 20 A portion of an advanced oocyte showing the 

migration of two follicular nuclei into the 

ooplasm. (Lycodon aulicus aulicus). Bouln, 

Mann’s methyl blue eosin. x 900.
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' 1 c r of Figures

Fl*.  : ■ A dc r< . ' - ’ :r-l asm in an advanced

oocy ir g , 3D extruded karyosome. Same

karyc nr. e sriown In figure 16 . ( Lycodon

au:j cue auj ^cus'. Scuin, methylene blue - 

eosin. x 14?: .

Fig. 20 A portion of an advanced oô'cyte showing the 

migration of two follicular nuclei into the 

-’nlasm. ( Lycodon au Ileus aul leu s ). Bouln, 

' "rn's methyl blue eosin. x 900.
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Explanation of Figures

Fig. 21 A portion of the germinal epithelium showing 

Juxtanuclear mass of the Golgi granules in an 

early oocyte. (Natrix plscator plscator). 

Ludford, bleached. x 950.

Fig. 22 A portion of the germinal epithelium showing 

juxtanuclear concentration of the Golgi 

bodies in an early oocyte. (Eryx conicus). 

Ludford, bleached. x 95°.
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. ■ • - - mA s s of the GoIrI granules in an

! ’’ ' ■ 7 » / pl sea tor pl sea tor ) .

Ludfmrd, bleached. x 950.

A portb n jf tr.e terminal epi thelium showing 

j uxtanuc hsr r. ; ncan tra tlor -j? the Golgi 
b< <d I <• a 1: -u. early oocyte . ( Eryx conicus) .

udf o i*d  , bleached. x .
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Explanation of Figures

Fig. 23 A portion of the germinal epithelium show

ing perinuclear concentration of Golgi 

bodies in the oocyte (Matrix piscator 

piscator). Ludford, bleached. x 630.

Fig. 24 Young oocyte showing the growth of the Golgi 

apparatus. The original juxtanuclear posi

tion is still apparent. (Matrix piscator

piscator). Ludford, bleached. x 150.
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Explanation of Figures

A portion of the germinal epithelium show

ing perinuclear concentration of Golgi 

bodies in the oocyte (Matrix plscator 

plBcator). Ludford, bleached. x 630.

Fig. 24 Young oocyte .  - nr the growth of the Golgi 

apparatus. Toe original Juxtanuclear posi

tion is still apparent. (Matrix plscator 

placate r). Ludford, bleached. x 15°•
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Explanation of Figures

Fig. 25 An oocyte showing the dispersal of the 

G-olgl apparatus from the "yolk nucleus 

area" toward the peripheral region of the 

oocyte. (Natrix plscator plscator).

Ludford, bleached. x 150.

Fig. 26 A part of the oocyte and its follicle show

ing the peripheral concentration of the 

G-olgi bodies after the dispersal stage. 

(Natrix plscator plscator). Cajal, toned, 

x 100.
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Explanation of Figures

Fig. 27 A part of an advanced oocyte and its fol

licle showing the peripheral arrangement 

of the Golgi bodies in the oocyte. Note 

the Golgi bodies of the follicular epithe

lium. (Lycodon aulicus aulicus). Da Fano, 

toned. x 600.

Fig. 28 A part of the follicle of an advanced 

oocyte, showing the Golgi bodies in the 

follicular epithelium. (Natrix piscator 

piscator). Aoyama, toned. x 900.
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Explanation of Figures

Fig. 29 A part of the follicle in an advanced 

oocyte, showing Golgi bodies of various 

sizes and stages. (Lycodon aulicus aull- 

cus). Aoyama, toned. x 900.

Fig. 30 A part of an advanced oocyte and its fol

licle, showing the infiltration of the 

follicular Golgi bodies through the zona 

radlata into the ooplasm. (Matrix pisca- 

tor piscator). Ludford, bleached. x 900.
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^xplanation of Figures

* 'wr: * • »- F ■ ’ j c 1 e In an advanced

<• 1 nr Golgi oodles of various

"nd stages. (Lycodon aul1 eus aull- 

A «'TH , toned. x ?00.

' .i ,Of need oocyte and Its fol-

< ! trie ! nf I - trmtion of the

'nr Golgi bodies through the zona

"data into the oônlasm, ( Matrix nisca—

°r pisea tor) . _udford, bleached. x 900.
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Explanation of Figures

Fig. 31 A part of an advanced oocyte and follicle, 

showing that infiltration of the Golgi bodies 

from the follicle into the ooplasm has been 

completed. Note the peripheral arrangement 

of the G-olgi bodies in the oocyte. (Eryx

conicus). Da Fano, toned. x 900.

Fig. 32 A part of an advanced oocyte and follicle, 

showing a heavy peripheral concentration 

of the G-olgi bodies in the ooplasm, repre

senting a stage shortly before redisnersal 

for yolk formation. (Natrix piscator pisca- 

tor). Cajal, toned. x 900.
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Explanation of Figures

A part of the oocyte showing formation 

of fatty yolk by direct transformation 

of the G-olgi bodies. (Thamnophis ordi- 

natus ordinatus). Ludford, bleached.

x 900.

A part of an oocyte showing aggregation 

of smaller G-olgi bodies into larger bodies 

which are in the process of direct trans

formation into fatty yolk. (Eryx conieus).

Ludford, bleached. x 650.
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Explanation of Figures

A ' " ' ' ' '■*  ■ ' '' showing formation

' ' '• " - v ’ I re c t transformation

' 1 ’ o. es. ( Th am nop hi s ordi-

Mtue rdlnatus). Ludford, bleached.

X 40 ).

of smal1hr Go1„1 bodies into larger bodies 

which a rr In the process of direct trans

formation into fattv voIk. (Eryx conieus). 

Ludford, ileN' . x o30.
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Explanation of Figures

Fig. 35 A part of an advanced oocyte showing an 

inner concentration of Golgi bodies and 

fatty yolk formation in the peripheral 

region of the oocyte. (Thamnophis ordina- 

tus ordinatus). Ludford bleached. x 150

Fig. 36 An advanced oocyte showing the formation 

of the fatty yolk at one end. (Matrix 

plscator plscator). Ludford, bleached, 

x 150.
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» Mon of Figure 8

' _ . - * nn mdvmnoed oocyte showing an

' ' ' ' : f G-Olgi bodies and

' in the ner1 obérai

• • » c y t e . ( Thamrio : •.1 g ord in a-

1 . Ludford b" <» \ed. x 1^0.

' ' *'  ?ed oocyte show ', t..,- formation

- - fatty yolk at ,d. (Natrlx

Rlscat?r' r:i ;rd, bleached.

Y ISO.
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Explanation of Figures

Fig. 37 An advanced oocyte showing formation of 

fatty yolk in the 11 yolk nucleus area.” 

(Lycodon aulicus aulicus). Ludford,

bleached. x 100.
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