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INTRODUCTION 

Amphibians have paired gonads. Male and female gonads develop 

from sexually undifferentiated embryonic primordia located in the 

peritoneal cavity in close association with the presumptive 

kidneys. The presumptive gonads appear as bilateral thickenings 

of the coelomic epithelium at the ventro-lateral aspect of 

mesonephric tissue. Finally genital ridges are formed as bulge 

from the dorsal wall of the coelomic cavity (Diagram 6). The 

caudal part of the genital ridge eventually gives rise to the gonads 

and cephalic area from the fat bodies (Franchi et. a!., 1962) 

(Diagram 6). 

In amphibia genital ridge develops in a caudal direction in both 

sexes. Two distinct areas become clearly distinguishable as 

peripheral cortex and inner medullary zones. At first, the cortical 

and medullary zones are similar in appearance in both sexes. The 

latter differentiation follows different patterns. The proliferation of 

the cortex with a concomitant regression of the medulla marks the 

transition into a presumptive ovary in a female embryo, while the 

reverse occurs in the male. This is the time when the genital ridges 

are developing. 
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primordial germ cells, which originate from extra-gonadal source, 

migrate into the ridges by passive movements induced by 

differential growth of the embryonic tissues. In anurans the germ 

cells are derived from presumptive endoderm (Franchi et.al., 1962) 

(Diagram-!). 

In anurans the testes may differentiate and mature well before 

metamorphic climax as in Pleuroderna cinerea , shortly before 

metamorphic climax as in Ceratophrys ornata and Rana 

catesbeiana or long after metamorphosis as in Bufo arenarurn 

(Lofts,l974). 

In the present investigation an attempt has been made to visualize 

the structural changes vis-a-vis ultra-structural changes that occur 

during different stages of metamorphosis. 
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MECHANISM OF GONADAL 

DIFFERENTIATION 

[ 1) Early differentiation 

Larval amphibians have a relatively primitive type of kidney 

(pronephros) that functions primarily in the excretion of water and 

ammonia , whereas in terrestrial adults the kidney functions to 

conserve water and excrete urea. Concomitant with the 

morphological metamorphosis of the kidney is the development 

and differentiation of the gonads (diagram 6). 

The larval kidney or the pronephric kidney regresses and disappear 

by the completion of metamorphosis. Genital ridges are formed by 

sexually undifferentiated primordia in the peritoneal cavity in close 

association with the with the nephrostomes. Parts of these ridges 

give rise to the gonads, while the anterior parts form the fat bodies 

(Frachi eta/., 1962). The genital ridges develop in a posterior 

direction, and two distinct zones appear - a peripheral cortex 

derived from peritoneal epithelium and an inner medulla. 
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Concomitant with the development ofthe genital ridges, 

primordial germ cells, which originate from extra-gonadal sources, 

migrate into the ridges by passive movements induced by 

differential growth of the embryonic tissues. In the anurans the 

germ cells are derived from presumptive endoderm (Franchi 

et al. , 1962) 

Differentiation of the gonads follows different patterns in males 

and females. Proliferation ofthe cortical cells and at the same time 

with the regression of the medulla forms hollow ovaries by folding 

ofthe germinal ridge ;the internal lining ofthe ovaries is thus 

medullary in origin. 

In males, the medulla develops into testes, while the cortex 

regresses. In the undifferentiated gonads, mesenchymal cells 

separate the medullary tissues from the cortex; these cells 

eventually give rise to the outer sheath or tunic of the testes. ln 

Bufonidae family, cortical rudiments ofthe germinal ridge form 

Bidder's organ in male. 
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During development, two pairs of ducts are derived from primitive 

kidney and develop in both sexes to become the presumptive adult 

genital ducts. These are Miillerian ducts and Wolffian ducts. Each 

pair of these ducts extend from the primordial gonads to the cloaca. 

In larvae, both sets are present and during metamorphosis the 

Miillerian ducts tend to degenerate in males whereas, in female 

they become the functional oviducts. Usually the Miillerian ducts 

tend to regress to small rudiments in male anurans (Diagram 6). 

82 



[2] Hi-potential nature of the differentiating gonads 

Several studies have suggested that some amphibian species 

display environmental sex determination. A lot of review works 

has been done in this aspect (Dodd,1960; Gallien,1974; Dournon 

and Houillon,l984 Dournon et a/.,1990). 

In frogs, Rana (Witschi,1929; Piquet,l930; Yoskikura,l959; Hsu 

et a/.,1971) and one species of Bufo (Piquet,1930) studies showed 

that the temperature of the rearing water can alter the sex ratio of 

larvae; But when these species reared at temperature experienced 

naturally by the species a 50:50 sex ratio was obtained 

(Witschi,1929; Wright and Wright,1949; Herreid and kinney,1966; 

Scale, 1982; Waldman, 1982). 

Therefore, at early larval stage the larvae always have a hi

potential nature of the developing gonadal tissue which may 

develop either into testes or ovary. 1;he gonads originates from an 

out-pocket of cells on the ventral surface of kidney. There are 

initially no histologically observable differences between males 

and females. The undifferentiated gonad is a solid structure with an 

intact cortex and medulla In females, later on; the cortex develops 

and grows into ovarian tissue, whereas the medulla regresses 

leaving a hole which later develops into ovarian vesicle and is 

observable upon histological analysis (Plate 13). The ceUs in the 

cortex become large follicles and oocytes can be observed during 

fairly early stage of differentiation. 
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I PLATE13 I 
Legends 

Electron micrograph of '0' limb stage gonia! anlagen 

A,B,C and D: Peripheral or cortical cells showing gonia! cells along with 
conspicuous nucleus made of compact electron dense materials. 
Cytoplasm shows prominent go lgi apparatus, lipid droplets and 
mitochondria which aU clearly indicates the nature of the oocytes. 

E,F,G and H: Medullary cells and cell organelles. Secondary gonia! cells 
with prominent nucleus and nucleo lus. Smooth walled endoplasmic 
reticulum showing golgi vescicles and lysosomal vescicles. Highly 
enlarged E.R. shows granules alongside the reticulate vesicles. 

N- Nucleus NU- Nucleolus ER- Endoplasmic reticulum 
M- Mitochondria LD- Lipid droplets. 





[3] Origin of the somatic gonadal tissues: 

There are differences in opinions regarding the origin of the cells 

that form the gonadal ridge, which later on develops into an 

undifferentiated gonadal mass in amphibia. 

In anurans, the development of the gonadal ridges and the tissue of 

the cortex and medulla has been observed by different 

investigators. In Rana sylvatica, Rana arora and Hyla regilla 

(Wits chi, 1927,1931) it was observed and reported that the cortex, 

which is the primordium of the ovary is derived from coelomic 

epithelium and that the medulla , which is the primordium of the 

testes, originated from the mesonephric blastema, without the 

contribution from the coelomic epithelium. 

Several later studies and reviews have similar finding 

(Witschi,l967; Mittwoch,1973;Deuchar,1975).But according to 

Vannini (1941,1942), the medulla was derived from the interrenal 

blastema and not from the mesonephric blastema in Rana agilis. 

Studies in Bufo bufo and Bufo viridis (Vannini and Busetto,1945) 

inBombinapachypus ((Vannini, 1947) produced similar findings 

as in Rana agilis. Later studies in Rana esculenta (Sabbadin, 1951; 

Vannini and Sabbadin,1954) and Rana dalmatina (Sabbadin,1951) 

suggested that the internal blastema contributed cells to the cortex, 

which is derived primarily from the cells of the coelomic 

epitheilium and to the medulla of the developing gonads. In this 
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early stages of the gonadal development, the cortex and the 

medulla are reportedly not distinct (hi-potential state) and 

migration from interrenal blastema to the cortex do not cease after 

the separation of the two layers (Vannini and Sabbadin,1954). 

Recent investigations on the origin of the gonadal ridge of 

Xenopus laevis and Rana pipiens suggested that the mesonephric 

blastema may not contribute to the gonadal medulla instead they 

originate from the coelomic epithelium of the gonadal medulla , 

giving the medulla and cortex a common origin (Merchant-Larios 

and Villalpando, 1978; 1981 ). Studies on Bomb ina orienta/is 

suggested that there was no medulla initially , and the germ cell

filled cortex was invaded by the medullary tissues which again 

originated from cells of the mesonephric blastema (Lopez,1989). 

In Rachophorus arboreas investigation suggested that the entire 

gonad was formed by the cells segregating within the primordial 

gonad (Tanirnura and Iwasawa,l987,1989). Further studies also 

suggested that cells migrate from the cortex into the medulla 

during testicular development (Vannini And Sabbadin,1954; 

Amanurna,1963). 
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[4] Role of honnones in gonadal differentiation: 

Obviously there were some hormones which play a vital role in the 

process of gonadal differentiation in all vertebrates as well as 

invertebrates. 

In amphibians gonadal or specially anuran testicular differentiation 

is also influenced by the hormones. 

The pituitary appears to be less involved in the very early stages of 

sexual differentiation and the mammalian gonadotropin fails to 

influence the development of larval gonads. The effect of 

exogenously administered hormones are only well observed if they 

are given after metamorphosis, but before the completion of the 

differentiation process- just to avoid the unwanted interaction 

between the injected hormones with the naturally secreted thyroid 

hormone which are responsible for the metamorphic changes. 

It has been observed that the follicle stimulating hormone (FSH) is 

mainly responsible for the differentiation of the indeterminate (hi

potential ) gonad into a testes, but different effects are produced in 

different species depending on the time of treatment in relation to 

the time of gonadal development. In male Ceratophrys ornata 

gonads differentiates shortly before metamorphosis, the treatment 

with FSH immediately after metamorphosis hardly stimulates 

spermatogenic activity (Pisano and Burgos,l971). But in 

Pleurodema cinerea differentiation of gonads occur long before 

metamorphosis. Here FSH treatment also produce complete 

spermatogenesis (Pisano and Burgos,1962). Blffo arenarum is a 



species where the gonads differentiate long after the completion of 

metamorphosis and as in Ceratophrys, FSH administration 

immediately after metamorphosis provokes no spermatogenic 

stimulation (Pizarro and Burgos, 1963). In both species FSH 

produces an increase in the testicular size, but when the apparently 

stimulated gonad is examined histologically, it displays a sponge 

like network of fluid filled ampullae and the spermatogonia appear 

unchanged (Pisano and Burgos,1971). 

External fuctors such as temperature and internal influences such 

as endogenously produced androgenic and estrogenic steroids, can 

influence the genetically induced direction of development in the 

primordial gonads (Gallien, 1955). Estrogen induces a sex-reversal 

phenomenon in genetic males in a number of species, where either 

an ovotestis or a complete and often permanent femaleness occurs. 

Androgen-induced sex reversal in females is, however, less 

frequent, with the exception ofRanids, who are also susceptible to 

progesterone. 
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[5] Annual testicular cycle : 

Testes exhibit distinct seasonal variations in amphibia. The 

common frog provides an example of a species which displays 

annual testicular cycle. In this frog enhancement of spermatogenic 

activity takes place after the spring breeding periods, so that by 

summer months the seminiferous tubules are packed with a large 

number of germinal cysts in different stages of development. By 

the autumn, the propagation of new cysts decline while the 

existing cysts produce bundles of spermatozoa. During winter 

individual testis becomes endowed with spermatozoa destined to 

be extruded during the forthcoming breeding season or spring (Van 

Oordt , 1956). Similar annual testicular cycle has also been 

recorded in other species of frog, for example Rana arvalis and 

Rana dalmatina (Cei, 1944). Annual testicular cycle of some 

Indian anuran species are shown in Table- 7. 

Interistitial cells of the testis also exhibits morphological and 

cytochemical changes along with annual testicular cycle of 

amphibians. In Rana temporaria seasonal variation in the nuclear 

size of the interstitial Ieydig cells is distinctly visible and exhibits a 

sharp drop in number after spermiation in March-April period 

indicating a sudden ceasation of androgen secretion during that 

particular period of the cycle. 
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Table 7 

Annual testicular cycles of some Indian anurans 

Species Spermatogenetic activity GSI ratio Locality of study/ state Reference 
Max. Min 

R. cyanophlyctis Continuous 1.7 Dharad,Kanataka Saidapur & Nadkarni, 1975a 
Potentially continuous 3.0 Jaipur ,Rajasthan Bohra & Niazi. 1984 

R. hexadacty/a Continuous 2.3 Pondicherry Basu, l962 
R. tigerina Potentially continuous 

.., ___ 
Calcutta, W. Bengal Basu & Monda!, 1961 

-do- 9.0 Dharwad,Karnataka Saidapur & Nadkarni, 1975 
-do- 10.5 Karwar, Karnataka Kurian & Saidapur, 1983 

B. melanostictus Continuous ---- Calcutta, W.Bengal Bandopadhyay, 1991 
-do- 1.5 Mysore,Karnataka 
-do- 1.8 Dharwad 

Uglobulosum Discontinuous 
... ___ 

Calcutta, W. Bengal Ray et.al., 1981 
Philatus anandaliDiscontinuous --- Darjeeling, W.Bengal Ray & Sarkar,2001 
B. assamensis Continuous ._ ___ Guwahati;Dhubri,Assam Roy & Ray,200 1 
B.marinus Potentially continuous ... ___ Ludhiana,Punjab Saxena & Lal, 1981 
Rachophorus maculatus Discontinuous 

.,. ___ 
Calcutta,Darjeeling Midya et.al., 1984 
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Interstitial cell cycle also coincides with the thumb pad 

development of this species (Lofts et. al., 1972). Testicular cycle is 

also correlated with seasonal variation of cholesterol content 

levels. It possibly may happened that seasonally altering pattern 

of intratubular lipid and cholesterol accumulation and depletion are 

indicative of some endocrinological function (Lofts et.al., 1972). 

In Rana during the winter months preceeding the spawning or 

resting period sperm bundles in supporting cells line the open cysts 

which at this stage constitute the wall of the seminiferous tubules. 

At the periphery, primary spermatogonia surrounded by cyst cells 

are occasionally seen in preparation for the next reproductive 

period which begin in coming summer (Witschi,1924). 

Ultrastructural studies with electron microscope revealed that 

towards the end of the resting period the supporting cells are . . 

counected by multiple desmosomes. The nuclei are large, lobed 

and contain a distinct nucleolus as well as glycogen accumulation 

is also evident. The cytoplasm is somewhat vacuolated and shows 

large masses of glycogen granules. The mitochondrial cristae are 

usually tubular (Brokelmann, 1964). 
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In the spawning period the cells appear even more rich in 

inclusions. Vacuoles accumulate mainly around the head of the 

spermatfds and often show tubular evaginations. After spermiation 

the supportirig cells contain many phagosomes filled with 

membranes and vacuoles. Glycogen disappears from the cells 

in the spermiation state. It is released with the spermatozoa (Van 

Dongen, Ballieux and Geursen,l960). 
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[6) Factors affecting testicnlar cycle: 

The seasonal development and activity of the male gonads are 

under the direct control of adenohypophysis and accordingly 

regulated by the central nervous system via hypothalamic 

neurosecretions transported to the pituitary gland in the portal 

vessels. The extensive works on experimental endocrinology and 

amphibian testicular cycle have been reviewed by several authors 

including Van Oordt (1960) and Lofts (1974). 

There is a correlation between the secretion of the pituitary 

gonadotropin and seasonal changes in the germinal epithelium and 

in the secondary annual characteristics in the male anurans and 

male urodels. Ablation of the entire pituitary or only the pars 

distalis results in the atrophy of the reproductive organs of these 

species. Androgenic hormone production rate by the interstitial 

tissue cells in the testes declines during the reproductive season. , 

Experimental data have suggested a gonadal feed-back regulation 

of gonadotropin production by the pars distalis (Van Oordt,1961; 

Rastogi and Chieffi,1970; Vijaykurnar et a/.,1971). 
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[ 5) Adult amphibian testicular structure : 

The primary sex organs in male amphibians are the paired testes. 

These structures are located permanently in the body cavity. The 

anuran testes are represented by two ovoid bodies surrounded by 

an elastic fibrous coat. They are attached to the dorsal body wall 

by a short membrane, the mesorchium through which vasa 

efferentia run posteriorly to reach Wolffian ducts and cloaca. 

The testes increase in size during the breeding season, and in some 

anuran species they become pigmented. In anurans the testes 

usually are spheroid or ovoid or elongated structures that are 

ventral to the anterior half of the kidneys. But in some species, the 

testes are much larger and longer and thus extend to about 

posterior end of the kidneys (Diagram -7). 

In larval Bufonids, the anterior end of each developing gonads has 

a growth of ovarian tissue. This is retained in male adult Bufonids 

as the Bidder's organ, which usually represented by a peripheral or 

lateral band or an anterior cap on the testes. 

Fat bodies associated with the gonads are characteristic of all 

amphibians. In anurans the fat bodies are in the form of many 

finger like projections aggregated at the anterior end of the gonads. 

These bodies are usually larger and more pointed in males than in 

females. Fat bodies are a source of nutrients of the gonads 

(Noble,l931) (Diagram-7). 
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DIAGRAM: 7 

THE URINOGENET AL SYSTEM OF MALE Bufo hima/ayanas 



Histologically anuran testes display a specialized cystic 

arrangement. The primary spermatogonia, largest of the various 

germ cell generations, lie adjacent to the basement membrane 

together with their companion follicular cells and are usually 

eosinophilic in nature. The secondary spermatogonia are smaller 

than the stem cells and with spherical nuclei. Spermatocytes and 

spermatids are found towards the lumen and are characterized by 

vesicular and compact nuclei respectively ( Plate 15, Figure E, F). 
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AIMS AND OBJECTIVES 

Gonadal differentiation here concerned with testicular 

differentiation and the text has discussed about testicular 

development. In the present study attempts have been made to 

understand the gonadal differentiation in the early stages (i.e. 

larval stages) of Bufo himalayanas and also the testicular 

differentiation in male toad (both in larval as well as in adult 

stages). 

In anurans the testes may differentiate and become mature well 

before the completion of metamorphosis in some species 

(Lofts,l974). Therefore in my present study verification of the 

'Progenesis' event or phenomenon Guvenile spermatogenesis) has 

been studied. 

Testicular morphology of adult himalayan toad and their larval 

stages have been equated with the process of metamorphosis 

(different stages oflarval forms) as well as changes from sub-adult 

to sexually mature adult have been investigated under electron 

microscope to work out the pattern of gonadal differentiation in 

this species. 
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In this investigation I also will try to observe the developmental 

changes in developing testes of Bufo himalayanas both by external 

and internal morphology specially through scanning and 

transmission electron microscopy. 

The present study mainly aimed to focuss on the gonadal 

histological and structural peculiarities and pattern of 

differentiation at the ultra-structural level to compare the findings 

with the existing other anurans as well as other ultrastructural 

observations made by various authors in the subject of amphibian 

gonadal differentiations (Swingle,l921; Rastogi et a/.,1983; 

Jorgenson,l986 Hayes,1998). The observations that would be 

made will be a commentary on the 'hi-potential nature' of gonadal 

aulagen as follow up cascade mechanism(s) of testis or ovarian 

development 
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MATERIAL AND METHODOLOGY 

For our purpose to observe different stages oflarvae of Bufo 

himalayanas, I classified the larVae according to their 

morphological characteristics which change from time to time 

during the developmental period. Here I marked four distinct larval 

stages which can easily be identified by external morphology as 

follows:-

(i) '0' Limb stage; where the larvae are without any distinct 

limbs, only hind limb bud persists. 

(ii) '2' limb stage: where the larvae are with only hind limbs. 

(iii) '4'limb stage: where the larvae posses both pairs of limbs 

(hind and fore). 

(iv) Sub-adult stage: Stages of larvae just after the culmination of 

metamorphosis. 

(Plate 14, Figure a,b,c,d) 

(1) IDSTOLOGICAL PREPARATIONS 

Immediately after the collection of testes the blood vessels are 

removed from the sample. Small pieces of gonadal or testicular 

tissue were the fixed in Bonin's solution (aqueous) for 24 hours. 

Routine histological procedures described by Baker (1966) were 

followed. Then tissues were finally embedded in paraffin. Sections 

were cut by microtome at 5 micron and stained with Periodic acid

Schiff and hematoxylin (Ray, 1978) and hematoxylin-eosin. 
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I PLATE14 I 
Legends 

(a) '0' Limb stage larva showing no limb 

(b) ' 2' Limb stage larva showing only hind limb 

(c) ' 4' Limb stage larva showing both hind and fore limb 

(d) Sub-adult stage showing miniature adult form wjth fully regressed tail 

(e) Dissected body of a '2 ' limb stage larva showing gonia] mass and 
kidney 

(f) '0' limb stage larva showing position ofkidney and gonia! anlagen 

(g) Sub-adult stage of a larva dissected out to show slightly elongated 
gonia] mass 
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(2) LIGHT MICROSCOPIC STIJDY 

This study Wa& made from histological section which were cut by 

microtome with acid-Schiff and hematoxylin (Ray, 1978) and 

widely used hematoxylin-eosin technique. Then the sections are 

observed under light microscope (Leitz) at low and high power 

and photographed with colour film to identifY different histological 

structures. 

Another method of light microscopy was used from semi-thin 

stained histological sections obtained during the preparation of 

ultra-thin sections for transmission electron micrography. These 

semi-thin sections were stained with Toluidin Blue and were 

observed under light microscope and photographed . 
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STUDY ON TESTICULAR IllS TO LOGY OF LARVAL 

STAGES AND ADULT SPECIMENS BY ELECTRON 

l'v!ICROSCOPY 

a) Scanning electron· microscopic stndy: 

After dissection the testis lobes were collected from different larval 

stages as well as adults. Lobes were collected in normal saline 

(0.67% Sodium chloride w/v) solution and teased longitudinally. 

These were then stirred in saline solution. The resulting translucent 

solution was then centrifused , supernant discarded and the thick 

precipitate fixed in 2.5% glutaraldehyde with 0.1 M Sodium 

cacodylate buffer (pH-7.4) for 4 hours. After fixation the materials 

were transferred to 2% Osmium tetraoxide (Os04) solution in 

same buffer for 90 minutes. The material thereafter was dehydrated 

through graded alcohol, treated with a mixture of absolute alcohol 

and amylacetate (1: 1) for 20 minutes, and then kept in absolute 

amylacetate overnight. The preparation was placed on metallic slab 

and coated with gold and observed through scanning electron 

microscope (Hitachi S 530) at the Burdwan University 

Instrumentation Center. 
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b) Transmission electron microscopic study 

The gonadal mass dissected in amphibian saline (pH 7.2 ) and 

washed in 0.1 M cacodylic buffer (pH 7 .2) (Plate-14, Figure e, f & 

g ). Then they were reduced into fragments (1-3 mm in size) and 

fixed overnight in 4% paraformaldehyde and 2.5% gluteraldehyde 

solution solution mixture in 0.1 M cacodylate buffer at 4° C ( 

Karnovsky,l965). After that, the materials were post-fixed in 1% 

osmium tetraoxide in the same buffer for 2 hours in dark Then 

contrusted in block using 5% uranyl in aqueous solution for I hour 

, dehydrated in acetone and embedded in araldite. Sections are 

post-contransted in saturated solution in uranyl acetate in 50% 

alcohol and lead acetate(Reynolds,l963). These prepared materials 

then examined under Philips Ml 0, transmission electron 

microscope at Regional Sophsticated Instrument Center, AIIMS, 

New Delhi. 
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OBSERVATIONS 

LIGHT MICROSCOPIC OBSERVATIONS 

In '0' limb stage 

The gonadal anlagen exhibit two types of cells: 

(a) Eosinophilic cells with oval and conspicuous nucleus along 

with distinct hyperpycnotic chromatin dot(s) at the center, 

and 

(b) Pale, irregular cells with conspicuous nuclei, which are less 

basophilic in nature. The cytoplasm exhibits vacuolation 

and granules. 

The eosinophilic cells are found towards the periphery of the 

developing gonad while the pale type of cells are found in the 

medullary region (Plate 15, Figure A, B). 

In '2' limb stage 

The developing gonad exhibits the similar characteristics except 

the preponderence of a specific type of cells i.e. the gonads which 

have instructed to be the future testes exhibits higher frequency of 

medullary cells but a very few cortical cells. The reverse is true in 

case of anlagen destined to be an ovary (Plate 15, Figure C & D). 
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I PLATE15 I 
Legends 

Light micrographs of the sections through the gonia! tissue of different 
developmental stages of larva 

A. Eosinophilic cortical cells with dense granular inclusions and the 
pale medullary cells with conspicuous nucleus of '0' limb stage larva 

B. Enlarged view of the above fie ld showing the same type of cells of 
'0' limb stage larva 

C. Lipid droplets, primary and secondary gonial cells in the '2' limb 
stage larva 

D. Lipid droplets with secondary oogonial cells in the future ovary of a 
'2' limb stage larva 

E. Spermatogonial cysts in seminiferous tubule showing different stages 
of spermatogenesis in a ' 4' limb stage larva 

F. A single tubule enlarged showing cyst wall spermatogonial cells and 
sperrnatids and hollow cyst lumen in a '4' limb stage larva 

PC- Pale cells EC- Eosiniphilic cells . GC- Granular inclusions SGC
Seconadary gonia! cells GC- Gonia! cells LD- Lipid droplets SO
Secondary oogonia ST- Spermatids TC- Testicular cysts SO
Secondary spermatogonia CW- Cyst wall CL- Cyst lumen 
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In '4' limb stage 

In this stage the regression of cortical or medullary cells continue as 

per their directed fute. In case of a developing testis the medullary 

cells become conspicuous, more basophilic and the nuclei of the 

cells become compact and densely basophilic while in case of a 

developing ovary the cortical cells proliferate and vaccuolations 

become distinct in each cell (Plate 15, Figure E & F). 

In Sub-Adult stage 

The developing testis exhibits the initiation of spermatogenesis 

showing distinct characterization of gonia cells which are found near 

the basement membrane of the seminiferous tubule. However no 

cystic arrangement could be recognized. (SEM and TEM 

observations of this stages have been descnbed separately). 

(Plate 16, Figure A & B). 

In adult testis 

The sections of the entire testis exhibits cystic arrangement, i.e. the 

cells present in a cyst are in the same stage of development and 

accordingly varions cysts are recognizable (Plate 16, Figure C & D). 

The primary spermatogonia are the largest germ cells located 

adjacent to the basement membrane with oval to irregular nuclei and 

eosinophilic cytoplasm. No morphological variations could be 

recognized (Plate 16, Figure E & F). 
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I PLATE\6 J 
Legends 

Light micrographs of the sections through the gonia! mass of sub-adult 
and testis of mature adult Bufo himalayanas 

A. A testicular cyst (part) showing different stages of spermatogenesis 
with a wide lumen at its center 

B. Enlarged view of a testicular cyst which clearly shows primary and 
secondary spermatogonia with binucleated dividing stages and 
primary-secondary spermatocytes 

C. Testcular cyst of a mature male showing different stages of 
spermatogenesis including spermatids and spermatozoa 

D. A cyst with wide lumen. At periphery there are bundles of 
spermatozoa attached to the Sertoli cells and free in the lumen 

E. Compact cyst of different spermatogenic stages in the periphery and 
amture spermatozoa at the center 

F. Spermatozoa and other stages with Leidig cells and Sertoli cells along 
with blood vessels 

PSG- Primary spermatogonia SSG- Secondary spermatogonia PSC
Primary spermatocytes SSC- Secondary spermatocytes SO
Spermatogonia SPT- Spermatids SZ- Spermatozoa SC- Sertoli cells 
CL- Cyst lumen LC- Leidig cells BV- Blood vessel 
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The secondary spermatogonia are smaller than primary 

spermatogonia and both cytoplasm and nuclei are basophilic. 

Primary spermatocytes are found irregularly disposed and with 

various features of meiotic activities. The secondary spermatocytes 

are smaller than primary spermatocytes with nucleus showing 

condensed chromaatin material and are strongly basophilic (Plate 

16, Figure C). 

The developing spermatids are of various shapes and sizes and 

have been recognised as oval, spherical, elliptical or elongated 

depending on the various stages of development (Plate 16, Figure 

E). 

The maturing sperm cells are found as bundles and the heads of the 

maturing sperm cells are found embedded in Sertoli cells. Such 

nest cells are found attached to to wall of the seminiferous tubules 

(Plate 16, Figure C & D). 

The various cell nests are usual characteristics of adult testis 

obtained from the specimens of the breeding seasons. However, at 

non-breeding seasons, sperm nests are found more frequently than 

other nest forms suggesting a ceasation of spermatogeneic activity. 

The various cell nests present in the testis round the year have been 

summarized in the Table-8. 
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TABLE-S 

Examples of animals in which degeneration is found regularly during 
metamorphosis 

Phylum & Class Stages of degeneration Reference 

Platyhelminthes 
Cestoda Cytes I Child (1907) 
Turbellaria Tids Czemosvitov (1931) 
Turbellaria Meiosis Lentali (1970) 
Turbellaria Gonia ( & cytes?) Schleip ( 1907) 
Trematoda Gonia John (1953) 
Trematoda Gonia Guilfard (1955) 

Aschelminthes 
Nematoda Meiosis Schleip (1912) 
Nematoda Meiosis Tretajakoff (1905) 
Nematoda Gonia! mitosis Faure-Frerniet (1913) 

Protozoa Tids Grellet (1957) 

Mollusca 
Prosobranchia Tids Tuzet (1930) 
Prosobranchia Tids/other stages Ankel (1924) 
Prosobranchia Tids Aubry (1954) 
Pro so branchia Tids Qua ttrini (1958) 
Prosobranchia Meiosis Bulnheim (1962) 
Bivalvia Many stages Strogonova (1963) 
Cephalopoda Gonia,cytes, tids Thesing (1904) 

Annelida 
Oligochaeta All stages Voigt (1885) 
Oligochaeta Tids Chatton & Tuzet (1941) 
Oligochaeta All stages Tuzet (1945) 

Arthropoda 
Chilopoda Gonia Tonniges (1902) 
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TABLE- 8 ( contd.) 

Examples of animals in which degeneration is found regularly during 
metamorphosis 

Phylum & Class 

Insecta 
Coleoptera 
Coleoptera 
Coleoptera 

Lepidoptera 
Diptera 
Diptera 

Vertebrata 
Fishes 
Amphibia 
Amphibia 
Reptilia 
Manunalia 
Manunalia 
Mammalia 
Manunalia 

Manunalia 

Manunalia 

Manunalia 

Stages of degeneration 

Early cytes I · 
Cytes 
Gonia 

All stages 
Early cytes, tids 
Tids 

Gonia 
Cytes 
Many stages 
Gonia! mitosis, meiosis 
Gonia, cytes,tids, Meiosis 
Gonia, cytes 
Gonia 
Meiosis 

Gonia, other stages 

Meiosis 

Tids 

Reference 

Henderson (1907) 
Demandt (1912) 
Bonhag & Wick (1953) 

Ammann (1954) 
Boinen (1914) 
Bairati ( 1967) 

Billard (1969) 
Flemming (1887) 
Charnpy (1913) 
Dalcq (1921) 
Roosen-Rung (1955) 
Ortavant (1958) 
Clermont (1962) 
Swierstra & Foote 
(1963) 
Hochereau-de Reviers 
(1970) 
Skakkebach et. 
a1.(1973) 
Holstein (1975) 



ELECTRON MICROSCOPIC OBSERVATIONS 

A. Scanning electron microscopic observations: 

1. On larval gonads: 

The larvae of the male Bufo himayanas from hatching to emergence 

of sub-dults can be categorized into 39 stages (Gosner, 1960). 

However, the gonadal mass can only be recognised visually on and 

from satge 21 as '0' limb stage. 

At this '0' limb stage, the gonadal undifferentiated mass of tissue 

or anlagen is visualized as an oblong mass at the antero-median part 

of the developing kidneys. Under electron microscope the anlagen 

mass exhibits primordial germ cells of spherical shape. The gonads 

' originates from an outpocket of cells of the ventral surface of the 

kidney. There are no observable differences between males and the 

females at this stage and no sexual dimorphism has been observed 

(V annini, 1941,1942,194 7; Deuchar.1975). The undifferentiated 

anlagen mass is kept within solid oblong gonads with clear cortex 

and medulla portion (Plate 17, Figure a). 

At '2'-limb stage, the gonadal mass assumes a globular shape and is 

lodged at the anterior end of the kidney. The developing gonad is 

now also morphologically indistinguishable as testis or ovary. 
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l PLATE17 J 
Legends 

Scanning electron micrographs of gonadal mass and gonia! anlagen of 
different stages of development and stages of spermatogenesis 

Fig. a. Gonia! anlagen of '0 ' limb larval stage 

Fig. b. Gonadal mass of '2 ' limb larval stage 

Fig. c. Gonadal cell inside the gonadal mass of '2' limb stage 

Fig.d. A gonadal mass of ' 4' limb stage oflarva 

Fig. e. EnJarged view inside the gonadal mass of ' 4' limb stage larva 
showing round gonia! cells 

Fig. f. Developing testicular mass in a sub-adult 

GA- Gonia! anlagen GM- Gonadal mass GC- Gonia! cell 
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However, under scanning electron microscope, the developing 

undifferentiated mass or anlagen was exhibiting the appearance of 

the gonia! cells as spherical irregular cells of about 7-10 millimiron 

in diameter. The surfuce morphology of gonia! cells is characterized 

by rough and irregular surfuce texture with numerous depressions 

and ridges at regular intervals (Plate 17, Figure b & c). 

At '4'-limb stage, gonia! cells exhibit some characteristics as found 

in '2'- limb stage. Under scanning electron microscope, gonia! cells 

show irregular surfuce morphology and oval and spherical shape of 

about 5-8 millimicron in diameter. Here at this stage, gonia! cells 

along with primary and secondary spermatocytes are seen. And from 

this stage differentiation of sexes are clearly distinguishable. It may 

occurred just after the '2'- limb stage develops further (Plate 17, 

Figured & e). 
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At sub-adult stage, metamorphosis has been culminated altogether 

and here more advancement of spermatocytes occurred. Here at this 

stage, scanning electron microscope shows surface morphology of 

the testis, which is similar to that of the adult. Gonia! cells show 

association of primary and secondary spermatocytes along with 

spermatids. But no further advancement of the spermatogenic cycle 

is observed; instead this juvenile spermatogenesis usnally ends with 

degeneration of spermatogenic nests as observed by Iwasawa and 

Kobayashi (1984) (Plate 17, Figure f). 

2. On adult testes 

Under scanning eletron microscope the surfuce morphology of the 

entire testis appears honeycomb in structure. Each unit of the 

honeycomb is oval or irregular in shape. The anteriorrnost part is 

somewhat narrow and shows scar suggesting the site of Bidder's 

organ attachment, which has been removed prior to SEM preparation 

(Plate 18). 

The middle part exhibits distinct honeycomb units of similar shapes 

and sizes. The posteriorrnost part is oval, broad and made up of 

honeycomb units of various shapes and sizes. 

Each honeycomb unit may be comparable with the cyst harbouring 

different cellular elements as observed under light microscope (Plate 

16, Figure C). 
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The inner morphology of the whole testis has been revealed from 

whole testis preparation opened medially by incision. The cystic 

arrangements visualized from light microscopy have also been 

revealed under SEM. The anterior part exhibits various forms of 

germ cells association ranging from spermatogonia to 

spermatozoa (Plate 19, Figure A B CD). 

In the middle part more advanced stages viz. Spermatocytes, 

spermatids and spermatozoa could be revealed. The posterior part 

exhibits sperm nests with distinct association of Sertoli cells 

(Plate 19, Figure a & b). 

However the non-breeding testes do not show any such cystic 

arrangement and empty vacuoles are more frequent throughout 

the entire testis suggesting the completion of spermiation prior to 

this phase (Plate 20, Figure a, b, c, d). 
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I PLATE19 I 
Legends 

Scanning electron micrographs of adulnesticular tissues of Btifo 
himalayanas 

A. Spermatocyte with mature spermatozoa (elongated) 

B. Gonia! cells and spermatocytes (primary and secondary) 

C. Spermatids and Sertoli cells 

D. Primary and secondary spermatogonial cells 
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I PLATE20 I 
Legends 

Scanning electron micrographs of adult testicular tissues of Bufo 
himalayanas during non-breeding season (winter) 

A. Testes cut open to show cyst formation inside 

B. Testes cut open to show cysts without any spermatogenic activity 

C. Testes cut open to show primary and secondary gonia! cells 

D. Testes cut open to show spermatogonial cells and spermatocytes only 
within the cysts 
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B. Transmission electron microscopic observations: 

(1) On larval gonads 

At '0' limb stage 

Under transmission electron microscope the peripheral cells 

exhibited conspicuous nucleus with distinct nuclear boundary, 

homogenic nucleoplasm with small and large vaccuolations, distinct 

nucleolus with heterochromatic mass. The cytoplasm exhibited 

vaccuoles of various shapes and sizes, club shaped mitochondria, 

annulate bodies, lysosomes and vesicular structures (Plate 13, Figure 

ABCD). 

The medullary cells has conspicuous nucleus with discontinuous 

nuclear membrane, granular nucleoplasm with distinct chromatic 

dots and a very conspicuous. nucleolus with central condensed 

chromatin materials. Cytoplasm exhibited stacks of granular 

endoplasmic reticulum, lysosomes with coated materials, 

mitochondria of oval to elliptical shapes, collagen fibers and some 

conspicuous annulated bodies. The vacuoles are distinct and 

surrounded by a rim of mitochondria. Cell granules are distinct and 

filled with either lipid or glycogen. The existence of some 

macrophage cells with characteristic elongated or irregular nucleus 

and irregular cell boundary are found in between the peripheral and 

medullary cells (Plate 13, Figure E, F, G, Rand:Fjgure-21, a-f). 
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At '2' limb stage 

Under TEM the peripheral cells exhibited elongated nucleus with 

patches of chromatin material, distinct nuclear lamella. Cytoplasm 

exhibited granular appearance with distinct vacuoles, mitochondria 

and very few lysosomes. Boundary of the peripheral cells exhibits 

projections or microvilli interdigited with adjacent cell. 

The medullary cells are characterized by single or bi-nucleate cells, 

cytoplasm studded with mitochondria of oval to elliptical shape and 

granules. This morphology is comparable with gonia cells found in 

sub-adult and adult stage (Plate 23, Figure A, B, C, D). 

At '4' limb stage 

Medullary cells further exhibited proliferation. Nucleus of each cell 

is distinct with conspicuous chromatic masses and nuclear bodies. 

Cytoplasm exhibited elaboration of microtubules, mitochondria, 

lysosomes and granules of various forms(Plate 24, Figure A, B, C, 

D). 

The peripheral cells exhibit further elaboration of nuclear material, 

nucleolus and elaboration of lipid filled granules in the cytoplasm 

(Plate 25, Figure A, B, C). 
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At sub-adult stage 

The gonadal tissue of sub-adult received signal for ovarian 

development exhibits characteristic features of ovarian follicles viz. 

Vesicular nucleus, cytoplasm enriched with mitochondria, lipid 

droplets and glycogen granules (Plate 26, Figure A, B, C). 

Whereas the gonadal mass which received signal for testicular 

development exhibits existence of flagellar bodies, centriole, 

spermatids of various shapes and granular cytoplasm (Plate 27, 

Figure A, B, C, D). 

(2) On adult testis 

The adult testis exhibits two compartments. 

1] The seminiferous compartment- containing cysts filled with germ 

cells, spermatogonia, spermatocytes, spermatids, spermatozoa and 

Sertoli cells. 

2] The interistitial compartment- outside the tubule containing 

elements from the connective tissue viz. Fibrocytes, collagen fibers 

and myoid bodies . 
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The seminiferous compartment 

Germ cells: The germ cells are found in the testis of Bufo 

himalayanas in four stages of development, such as: 

Stage 1: Spermatogonia- These are the largest cells of the testis 

with the spherical nucleus, granular chromatin and electron dense 

spherical prominent nucleolus. The cytoplasm contains spherical 

mitochondria, free ribosomes, agranular and granular endoplasmic 

reticulum and well developed system of annulate lamellae (Plate 28, 

Figure a). 

Stage 2 : Primary and secondary spermatocytes- Primary 

spermatocytes show spheric center nucleus, indistinct nucleolus and 

chromatic masses. The secondary spermatocytes have a 

comparatively large nucleus with irregularly distributed chromatin 

masses and cytoplasm enriched with mitochondria, ribosomes, 

agranular and granular endoplasmic reticulum. The synaptonemeal 

complex, characteristics of spermatocytes could not be visualized 

(Plate 28, Figure b). 

Stage 3: Spermatid- The spermatids are seen in different stages of 

spermiogenesis as indicated by the degree of chromatin 

condensation. Initially , they contain chromatin consisting of evenly 

distributed coarse granules. With the progress of spermatogenesis , 

the chromatin condenses into dense clots and the cell becomes 

smaller and more electron dense (Plate 28, Figure c & d.). 
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Stage 4 : Spermatozoa: Consists of head,neck and tail (the further 

details of description given in Chapter III, Plate -29, Figure d). 

Sertoli cells: The Sertoli cells are distributed in the periphery of the 

cyst or around the spermatogonia. They show an irregular shape 

nucleus with condensed chromatin and prominent nucleolus; 

cytoplasm with desmosomes, mitochondria and irregular vesicles 

(Plate 29, Figure a, b). 

The interstitial compartment 

Leydig cells: These cells are interistial in location and are small, 

compact and ovoid in shape, distributed between the semeniferous 

tubules. The size and shape of the cells show seasonal changes in 

some anuran species including Bufo himalayanas. 

At breeding season, Leydig cells are spherical in shape with large 

nucleus, conspicuous nucleoli, coarse chromatin granules and are 

considered to secret androgen actively. The Leydig cells observed 

here at non-breeding season are flat, sunken with reduced nuclear 

size and compact chromatin as reported by Saidapur, 1989 (Plate 29, 

Figure c). 
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I PLATE 2 1 I 
Legends 

Electron micrographs of medullary cells of '0' limb stage 

a. Cytoplasmic inclusions of a medullary cell showing lysosomes, rough 
walled endoplasmic reticulum, mitochondria, vacuoles etc. 

b. Macrophage cells in between peripheral and medullary cells showing 
lysosomal activity 

c. Medullary cell cytoplasm with numbers of lipid droplets and 
glycogen reserves 

d. A round nucleus of a medullary cell with conspicuous nucleolus, 
granular nucleoplasm and irregular nuclear boundary 

e. An elongated nucleus of a macrophage cell with numerous lysosomal 
vesicles 

f Cytoplasm of a medullary cell with lipid droplets, lysosomes and 
conspicuous mitochondria 

LY- Lysosomes ER-Endoplasmic reticulum VA- Vacuole 
M-Mitochondria N-Nucleus NU- Nucleolus NP- Nucleoplasm 
CF-Collagen fiber LI-Lipid droplets 
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IPLATE22 I 
Legends 

Electron micrographs ~f cortical cells of '2' limb stage 

a. Cortical cell's cytoplasm with cytoplasmic granules and vacuoles 

b. Cortical cell showing distinct elongated nucleus with patches of 
chromatin materials, granular cytoplasm with distinct vacuoles 

c. Boundary of a cortical cell with projection of microvilli interdigited 
with adjacent cell. Cytoplasm with round and elongated mitochondria 

d. Cytoplasm showing distinct granular inclusions scattered within and a 
mitochondria 

VA- Vacuole M-Mitochondria N-Nucleus CNL- Cytoplasmic granules 
CM- Chromatin materials MV- Microvilli 
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I PLATE23 I 
Legends 

Electron micrographs of medullary cells of'2' limb larval stage 

A. Cytoplasm with round shaped mitochondria 

B. A single cell with conspicuous nucleus and scattered chromatin 
materials within. Cytoplasm with round and elongated mitochondria 
and collagen fibrils · 

C. A bi-nucleate cell. Nuclei with peripheral chromatin materials 

D. Cytoplasm with cytoplasmic granules and round shaped mitochondria 

M- Mitochondria CM- Chromatin material N- Nucleus 
CF- Collagen fibrils BNC- Bi-nucleate cell CYG- Cytoplasmic 
granules 
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I PLATE24 I 
Legends 

Electron micrographs of medullary cells of'4' limb larval stage 

A. A cell with distinct oval nucleus with scattered chromatin materials, 
endoplasmic reticulum, mitochondria etc. 

B. Cytoplasm of the medullary cells showing characteristic microtubules 
C. Number of medullary cells with distinct nucleus with scattered 

chromatin materials. Cytoplasm with vacuoles and mitochondria 
D. Cytoplasm shows different stages oflysososmal activity. Cytoplasm 

with cytoplasmic granules 

M- Mitochondria N- Nucleus ER- Endoplasmic reticulum 
CYG- Cytoplasmic granules MT- Micro tubules VA- Vacuoles 
LY- Lysosomes 
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I PLATE25 I 
Legends 

Electron micrographs of peripheral cells of'4' limb stage) 

A. A peripheral cell showing large and distinct nucleus with couspicuous 
nucleolus, granular nucleoplasm, nuclear membrane surrounded by a 
number of cytoplasmic mitochondria and lipid droplets 

B. Cytoplasm filled with numerous lipid droplets at the periphery and 
numerous mitochondria towards center 

C. Enlarged lipid droplets and mitochondria at the periphery of a 
peripheral cell 

N- Nucleus M-Mitochondria NU-Nucleolus LID-Lipid droplets 
NM-Nuclear membrane 
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I PLATE26 I 
Legends 

Electron micrographs of gonadal cells of sub-adult stage showing 
ovarian follicular features 

A. A cell with a vesicular nucleus without nucleolus. Nucleoplasm with 
diffused chromatin materials . Numerous mitochondria and lipid 
granules 

B. Enlarged view of the nucleus along with lipid and glycogen granules. 
Mitochondria scattered all over the cytoplasm 

C. Highly enlarged glycogen granules accumulated together 

M- Mitochondria N- Nucleus NP- Nucleoplasm LD- Lipid droplets 
GO- Glycogen granules 



• I + 
f • 

• 
·" ~ 

. ,. if. . 
• II ', ~. 

... • Ul'O"I ' 

J.t·.· :• . .. 
~.:. 

' ' , 
• ·1 

I 

... . 

• 
J • 

• 
,..1 ( 

• 

12.9 

PL\ TE-26 

.. 



I PLATE 27 I 
Legends 

Electron micrographs of gonadal cells of sub-adult stage showing 
testicular features 

A. A mature sperm head with elongated nucleus and middle piece 
B. Flagellum with typical arrangement ofmicrotubules 
C. In cross section different parts of developing spermatids 
D. Microtubular arrangement in flagella of spermatids 

N- Nucleus MP- Middle piece MT- Microtubules FL- Flagella 
ST- Spermatids 

-~ 
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I PLATE28l 

Legends 

Electron micrographs of adult testicular cells showing different stages of 
spennatogenesis 

Fig. a. Spermatogonial cells with large spherical nucleus and dense 
chromatin material filled nucleoplasm 

Fig. b. Primary spennatocytes and secondary spennatocytes with large 
spherical and elongated nucleus having irregularly distnlmted 
chromatin bodies 

Fig. c. Spennatids in different stages of spermeiogenesis with oval and 
elongated chromatin dense nucleus 

Fig. d. Late spennatid with the compact and highly electron dense 
chromatin bodies within the nucleus! 

N- Nucleus MP- Middle piece SG- Spennatogonia M-Mitochondria 
SPT- Spennatids ER- Endoplasmic reticulum 
PRS- Primary spermatocytes SDS- Secondary spermatocytes 
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IPLATE~ . 

Legends 

Electron micrographs of adult testicular cells showing mature 
spermatozoa and associated Leydig cells 

Fig. a. A Leydig cell with irregular vesicles, mitochondria and 
desmosomes 

Fig. b. A Leydig cell with desmosomal complex and other vesicular 
Structures 

Fig. c. A Leydig cell in non-breeding season 

Fig. d. A mature sperm head showing acrosome, perforatorium and 
elongated nucleus 

N- Nucleus M-Mitochondria DS- Desmosomes VS- Vesicles 
LC" Leydig cell AC- Acrosomes p':. Perforatorium 
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