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ABSTRACT

A h is to lo g ic a l  study on the gonads and the 

p i t u i t a r y  o f  the African lungfish  Protopterus 

ae th iop icu s  was undertaken, aimed at determining 

the pattern  o f  gonadal changes and changes in  the 

s ta te  o f  the pars d i s t a l i s  that could be co rre la ted  

w ith gonadal va r ia t io n .

T e s t i s ; The germ c e l l  generations in the t e s t i s  

o f  P. aeth iop icus i . e .  spermatogonia, primary and 

secondary spermatocytes, spermatids and spermatozoa, 

are d escr ib ed  h istom orpholog ica lly . C h a ra c te r is t ic s  

o f  th e  f i v e  m aturationa l's tages ( I-V ) are a lso  

d esc r ib ed . In summary, the i n t e r s t i t i a l  c e l l s  consis­

ted o f  some amorphous c e l l s  and f ib ro b la s ts  and exh i­

b ited  no observab le  or evident v a r ia t io n  in morphology 

or d is t r ib u t io n  (amount) with the d i f f e r e n t  

m aturational s tages . A c lea r  c y s t ic  arrangement o f  

the l a t e  secondary spermatocytes only, was ev iden t in 

the p o s t—spawhing t e s t i s  o f  Stage V. U l t r a s t r u c tu ra l ly , 

the S e r t o l i  c e l l s  appeared to  be m odified  f ib r o b la s t s  

and revea led  the presence o f  c is t e r n a l ,  rough endo­

plasmic reticu lum , numerous la rg e  mitochondria with 

w e ll-d eve lop ed  tubular c r is ta e ,  G o lg i complexes and a 

few l i p i d  d rop le ts  w ith in  th e ir  cytoplasm. The in te r ­

s t i t i a l  c e l l s  however, appeared t o  be u n d i f fe r e n t ia ted  

or undeveloped f ib r o b la s t s  and t h e i r  cytoplasm lacked 

developed or recogn izab le  o rg a n e l le s  such as those
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presen t in the S e r t o l i  c e l l s .  The poss ib le  s t e ro id o ­

gen ic  and n u t r i t i v e  functions o f  the S e r t o l i  c e l l  and 

the s te ro id ogen ic  capac ity  o f  th e  i n t e r s t i t i a l  c e l l s  

are d iscussed in the l i g h t  o f  previous and recen t  

research  on the p is c in e  and amphibian groups.

Ovary: Oocyte m aturational stages from the p re -  

protop lasm ic s tages , through th e  protoplasm ic stages 

and to  the va r iou s  v i t e l l o g e n i c  stages, are described . 

Cytoplasmic and nuclear c h a r a c t e r is t ic s  or fe a tu re s  

inc lud ing  t n e i r  dimensions are a lso  noted. Furthermore, 

the pattern  o f  yo lk  granule accumulation during the 

v i t e l l o g e n i c  stages and the changes in the surrounding 

f o l l i c l e  c e l l s  w ith  these m aturational s tages , are 

included in  the d e f in i t i o n  o f  th e  d i f f e r e n t  v i t e l l o ­

g en ic  oocy te  stages. The probab le p h y s io lo g ic a l  

s ig n i f ic a n c e  o f o rg a n e l le s  such as n u c le o l i ,  yolk 

nucleus and "lampbrush" chromosomes, i s  d iscussed.

In the u lt r a s t ru c tu ra l  study, th e  formation o f  the 

zona p e l lu c id a ,  i t s  c h a r a c t e r is t ic s  and those o f  the 

f o l l i c u l a r  la ye r  w ith  d i f f e r e n t  stages o f  oocy te  

m aturation, are fu r th er  d escr ib ed . The f o l l i c l e  c e l l s  

o f  v i t e l l o g e n i c  oocytes  re v ea led  c is t e r n a l ,  rough 

endoplasmic reticu lum , seve ra l m itochondria with 

developed tubular c r is ta e ,  areas o f  G o lg i v e s i c l e s ,  

and other la rg e  v e s i c l e s ,  some o f  which contained 

on ly  coarse , e lec tron -dense  granules while  o thers 

contained a non-granular m a te r ia l  together w ith  the 

coarse granules. The poss ib le  s te ro idogen ic  function
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o f  the f o l l i c l e  c e l l s  is  d iscussed . The th eca l c e l l s  

or f ib r o b la s t s  a re  u n d i f fe r e n t ia te d  as compared with 

the f o l l i c l e  c e l l s ,  and conta in  undeveloped m ito ­

chondria and small G o lg i complexes w ith in  t h e i r  c y to ­

plasm. Endoplasmic reticu lum , e i th e r  o f  a granu lar or 

agranular v a r i e t y ,  i s  lack ing.

P i t u i t a r y : In the pars d i s t a l i s  o f  a l l  the lung- 

f i s h  ranging from 18 .5cm to  66.5cm in body length , 

the type  2 basoph ils  ( as d escr ib ed  by Kerr and van 

Oordt, 1966) are absent. Only basoph ils  type 1 and 3 

occur in  the pars d i s t a l i s ,  o f  which the former c e l l  

type ex h ib ited  obvious v a r ia t io n  in d is t r ib u t io n ,  

g ran u la t ion , ex ten t and s ta in in g  in te n s ity  o f  th e ir  

chromophilic substance, w ith  th e  d i f f e r e n t  stages o f  

gonadal maturation. From prev iou s  research by other 

workers, the type 3 basophils in  the South American 

lu n g fish  Lep idos iren  paradoxa and in the amphibians, 

which are p h y lo g e n e t ic a l ly  r e la te d  to  the lu n g fish es , 

were demonstrated by immunohistochemistry t o  be the 

ACTH-producing c e l l s ,  while  the types 1 and 2 baso­

p h i ls  in  the anurans were demonstrated to  be the TSH- 

and FSH-producing c e l l s  r e s p e c t iv e ly .  The p o s s ib i l i t y  

whether the type 1 basophils a re  gonadotropin or 

thyroptop in-producing c e l l s  in  P. a e th io p icu s , is  

d iscussed.
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1. INTRODUCTION

The Devonian era i . e .  340-400 m i l l io n  years 

ago, was a per iod  o f  evo lu t ion a ry  advancement, during 

which time a l l  th e  f ish es  that l i v e d  in  co n t in en ta l 

fre sh  waters, r i v e r s ,  streams and lakes , es ta b lish ed  

themselves as the dominant aqu atic  animals throughout 

the world (C o lb e rt ,  1969) . The "Age o f F ishes  " as 

the Devonian is  regarded, was a time o f  c l im a t ic  

e x trem it ie s ,  where ra iny  seasons a lte rn a ted  w ith  times 

o f severe  drought (Romer, 1954) and marked th e  era 

when f is h e s  began evo lv in g  towards a t e r r e s t r i a l  l i f e ,  

in response to  the problems o f  su rv iva l imposed by 

constan tly  f lu c tu a t in g  or re c ed in g  water l e v e l s  o f 

th e i r  fre sh  water h ab ita ts .

The f i r s t  t e r r e s t r i a l  v e r te b ra te s  i . e .  the 

ancestors o f  modern-day amphibians which so appeared 

at the end o f  the Devonian p e r iod , are d e r iv ed  from 

the subclass S a rcop te ryg ia , represented  today by the 

lu ng fishes  (Order Dipnoi) and th e  coelacanths (Order 

C r o s s o p t e r y g i i ) , th e  only su rv iv in g  member o f  the 

l a t t e r  Order being the coe lacanth  Latim eria  (Romer, 

1954; C o lb e r t ,  1969; Thenius and T e r o fa l ,  1974).

During the Devonian pe r iod , lu n g fish es  and 

coelacanths occurred throughout the world . Today, 

lung fishes  are found only in South America, A fr ic a
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and A u s tra l ia ,  in parts o f  the prim eval land-mass 

known as the "Gondwanaland". The only coe lacanth  

spec ies  is  found in  deep waters around the Comoros 

Is lands near Malagasy (C o lbert , 1969; Thenius and 

T e r o fa l ,  1974). From f o s s i l  ev idence , i t  appears that 

the present-day lu n g fish es  and coelacanths have 

evo lved  l i t t l e  beyond those p reva len t during the 

Devonian e ra .  They were a lso  both ve ry  s im ila r  and 

regarded as having a common o r ig in  (Barrington , 1968) 

s ince they showed convergence in  many anatomical or 

m orphologica l characters  as they were traced  back 

through th is  per iod  (Romer, 1954; Barrington, 1968).

The per iods  o f  drought during the Devonian 

o f te n  crea ted  la rg e  s tre tches  o f  dry land and l e f t  

sm all, stagnant and fo u l dried-up  pools  o f w ater . This 

led  to  the major problems o f  a i r  breathing and locomo­

t io n  on dry land t o  p laces o f adequate w ater . The 

Sarcopterygians were said t o  a lready  have had an advan­

tage  or a head -s tart  over the other groups o f  f is h es  

regard ing the problem o f  a ir -b rea th in g  in th a t  they 

a lready  possessed h igh ly  vascu lar lungs (Thenius and 

T e r o fa l ,  1974). Of th is  group, the lu n g fish es  solved 

the problem o f locomotion and su rv iva l on com plete ly  

dry land (as i t  i s  s t i l l  today p ract ised  by the South 

American and A fr ica n  lu n g fish es ) by burrowing in to  the 

ground and e s t iv a t in g  w ith in  a "cocoon" formed with 

d eb r is  and mud and l in ed  w ith mucus to  prevent them
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from dehydrating. A t in y  hole a t  the top  o f  the cocoon 

served as the breath ing passage between the d ry  en v i­

ronment and the animal (C o lb ert ,  1969; Thenius and 

T e r o fa l ,  1974). With the onset o f  s u f f i c i e n t  r a i n f a l l  

and subsequent f lo o d in g  o f  the burrow, the cocoon 

breaks down, thereby re le a s in g  the lu ng fish  (Thenius 

and T e r o fa l ,  1974). On the o th er  hand, the A u s tra l ian  

lu n g fish  i s  ab le to  "walk" a long the bottom o f  shallow  

r i v e r s  or poo ls  by using i t s  s tou t paired  p e c to ra l  and 

p e lv ic  f in s  l ik e  legs  (C o lbert , 1969). Yet in  sp ite  o f  

such trends d ire c ted  towards a t e r r e s t r i a l  e x is ten c e ,  

the lu n g fish es  are not on the d i r e c t  l in e  o f  evo lu t ion  

lead ing from f is h e s  to  the f i r s t  tetrapods or  land 

ve r teb ra te s  s ince they possess too  many s p e c ia l i z a t io n s  

in order f o r  them to  occupy an in term ed iate evo lu ­

t io n a ry  p o s it io n  between the f i s h e s  and the amphibians. 

These sp e c ia l iz e d  fea tu res ,  u n lik e  those o f  o ther bony 

f is h e s ,  include a reduction  o f  th e i r  bony sk e le to n ;  

numerous bony p la te s  o f  the sk u l l  that have no homolo­

g ie s  w ith the sku ll bones in bony f i s h ;  and a 

s p e c ia l iz e d  d e n t i t io n  o f too th  p la tes  (C o lb ert ,  1969).

I t  was the coelacanths o f  the suborder 

R h ip id is t ia ,  that were on the d i r e c t  l in e  o f  evo lu ­

t io n  to  the f i r s t  t e r r e s t r i a l  v e r te b ra te s  and which 

exh ib ited  trends that would be expected in th e  f i r s t  

lan d -d w e lle rs . In  summary, these  had no reduction  o f 

t h e i r  endoskeletons as there  was in the lu n g f ish es ;
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the bony elements o f  the v e r t e b r a l  column were w e ll  

developed and suggested a strong  supportive fu c t ion  

( f o r  locom otion, e tc )  ; the s k u l l  and jaws were 

com p lete ly  bony w ith w e l l  d e f in ed  bony p a tte rn s , 

comparable to  those in other bony f is h e s  as w e l l  as in 

the e a r ly  an ces tra l  amphibians; th e ir  te e th  were sharp 

and po in ted , with the enamel be ing h igh ly  in fo ld e d  to  

form a complex lab y r in th in e  p a t te rn  - such a structure 

a lso  having occurred in the t e e th  o f the e a r l y  amphi­

b ians. Furthermore, R h ip id is t ia  possessed w e l l -  

developed in te rn a l  n o s t r i l s  (nares) and as in  the 

higher land ve r teb ra te s ,  the nasa l passages led  

d i r e c t l y  from the ex te rn a l nares in to  the mouth or 

pharynx. Most important in  the s k e le ta l  system was the 

s tru c tu ra l beginning o f a t e t r a p o d - l ik e  limb in each 

o f the pa ired  p e lv ic  and p e c to ra l  f in s  (C o lb e r t ,  1969; 

Kuhn and Thenius, 1974).

Whereas other members o f  the R h ip id is t ia  

su cc e s s fu l ly  co lon ized  the t e r r e s t r i a l  environment 

from th e ir  fresh  water h a b ita ts ,  Latim eria  e v en tu a lly  

m igrated in to  deeper marine w aters , thereby eluding 

both the t e r r e s t r i a l  environment and the imposed 

problems o f  locomotion and a i r  breath ing.

Thus the opinion that th e  f i r s t  te trapods  have 

a monophyletic o r i g in ,  i s  s t ron g ly  supported and 

g en e ra l ly  accepted. In summary, th is  concludes that
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the Dipnoi and the R h ip id is t ia  o r ig in a ted  from a common 

r h ip id i s t ia n  stock in  the Lower Devonian, which soon 

d ive rged  independently in to  two streams, one g iv in g  

r i s e  to  the lungfishes and the other g iv in g  r i s e  to the 

va r iou s  amphibian groups (Fox quoted by Barrington,

1968). A second op in ion  concerning the h is to r y  o f the 

R h ip id is t ia ,  considers that t h i s  Order d i f f e r e n t ia t e d  

in to  two main l in e s  even b e fo re  the Devonian era, one 

l in e ,  the Osteo lepiform es g iv in g  r i s e  to  the anuran 

amphibians ( frogs  and toads ), w h ile  the o th er , the 

P o ro lep ifo rm es , gave r i s e  to  th e  urodeles (newts and 

salamanders). This view o f  a d ip h y le t ic  o r ig in  o f the 

f i r s t  te trapods, however, has not been g e n e ra l ly  

accepted (Jarv ik  quoted by Barrington, 1968).

Despite the fa c t  that the lu ng fishes  a re  not the 

d i r e c t  p rogen ito rs  o f  the f i r s t  amphibians, they  are  

n ever th e le ss  very c lo se  to  t h e i r  ancestry . Th e ir  

s u rv iv a l  up to  modern times p rov ides  us w ith  a glimpse 

o f the important v e r teb ra tes  th a t  formed the  l in k  

between f is h e s  and the f i r s t  land v e r te b ra te s  -  that 

i s  t o  say that the lungfishes a re  the c o l l a t e r a l  

uncles o f the amphibians (Romer, 1954; C o lb e r t ,  1969). 

Th e ir  m orphologica l and p h y s io lo g ic a l  adaptations to  

rep roduction  might indeed p rov ide  us w ith  important 

c lu es  in  the evo lu tion  o f  the tetrapodan rep rodu ct ive  

p a tte rn  and function  and how these  l in k  or compare 

w ith  those o f  the cyclostomes,elasmobranchs and
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act in op teryg ian s .

In th is  study, we aim to  e s ta b l is h  the pa ttern  

o f gonadal changes in  Protop terus ae th iop icu s  that 

have probably not been s i g n i f i c a n t l y  changed since 

the end o f  the Devonian per iod  and which can be r e l a ­

ted to  adaptations evolved a t  overcoming the problems 

imposed by an unstable environment. I t  i s  a ls o  o f  1 

in t e r e s t  to  see how the rep rod u c t ive  pa tte rn  o f

Pj_aeth iop icus  compares w ith  th a t  o f  the cyclostom es,

elasmobranchs, ac t in op teryg ian s  and l a s t l y  w ith  the 

amphibians with, which the lu n g fish es  share a c lo se  

phylogenetic  r e la t io n s h ip .  The cyclostomes rep resen t 

the e a r l i e s t  aquatic v e r teb ra te s  (as f o s s i l  records 

in d ica te )  ; the elasmobranchs a re  g en e ra l ly  considered 

to  be the p r im it iv e  f ish es  which appeared during the 

Devonian period  and continued t h e i r  e vo lu t ion a ry  

expansion u n t i l  the  Permian per iod  o f 160-200 m i l l io n  

years ago; the ac t in op teryg ian s  or bony f is h e s  a lso  

appeared during the Devonian and su ccess fu l ly  domina­

ted the waters o f  the earth  up u n t i l  recen t times and 

best represented today by the t e le o s t s  (C o lb ert ,  1969). 

L ike  the lu ng fishes  and the amphibians, the cyclostomes, 

elasmobranchs and bony f is h e s  have a l l  had a long 

per iod  o f independent e vo lu t ion  (Barrington, 1968).
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2. LITERATURE REVIEW

There have been seve ra l e x c e l le n t  rev iew s  on 

the p is c in e  and amphibian gonads as to  the nature o f  

the gonadal t is s u e ,  garnetogenetic and s te ro id ogen ic  

t is s u e  (Mathews and M arshall, 1956; Dodd, 1960; Barr, 

1968; L o f t s ,  1968; Hoar, 1969; F ran ch i, 1962;

Rowlands and Weir, 1977; Guraya, 1978; Jones, 1978; 

Tokarz, 1978; C a lla rd , C a lla rd , Lance, B o la f f i  and 

Rosset, 1978; G r ie r ,  1981) and on the p is c in e  and 

amphibian p i t u i t a r y  in terms o f  anatomy and physio­

logy  (Dodd, 1960; van Oordt, 19 68; B a ll and Baker, 

1969; Fontaine and O livereau , 1975; L ich t ,  1979;

Pe te r  and Crim, 1979; B a l l ,  1981). This re v iew  w i l l  

concentrate on br ing ing  in to  focu s  c e r ta in  work in so 

fa r  as i t  sheds re le va n t  l i g h t  on our in v e s t ig a t io n  

o f the lu ng fish  gonads and p i tu i t a r y .

2 .1 . T e s t is

For c l a r i t y  and understanding , th is  rev iew  

d esc r ib es  th e  structu re  o f  the t e s t i s  o f  th e  p is c in e  

and amphibian groups, c h a r a c t e r is t ic s  o f  the sperma- 

to g en e t ic  c y c le  and the experiments or techniques 

aimed a t id e n t i f y in g  the s te ro id ogen ic  components o f  

the t e s t ic u la r  t is s u e  and those with a n u t r i t i v e  or 

germ ce l l -su p p o r t in g  function .
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2 .1 .1 . Cyclostomes

Both the lampreys (Order Petromyzoniformes) 

and the hagfishes (Order Myxin iform es) possess a 

s in g le ,  unpaired and ductless  t e s t i s  (Dodd, 1960; 

Walvig, 1963; C a lla rd  et a l ,  1978). The mature 

t e s t i s  o f  these cyclostomes c o n s is t  o f  s e ve ra l la rge  

cys ts  or f o l l i c l e s  contain ing germ c e l l s  and the 

cys ts  are grouped in to  lobu les  by vascu lar connective  

t is su e .  Germinal epithelium l in e s  the lob u le s  (Dodd, 

1960; W alvig , 1963; Tsuneki and Gorbman, 1977a).

When germ c e l l s  w ith in  the c y s ts  are transformed 

in to  spermatozoa, the cys ts  break down and d ischarge 

spermatozoa d i r e c t l y  in to  the body c a v i t y  (Dodd,

1960; W a lv ig , 1963; Callard e t  a l ,  1978) which then 

reaches the ex te rn a l environment through the duct o f  

the u r in o -g e n ita l  p a p i l la  v ia  two pores in th e  

u rinary  sinus (Dodd, 19 60 ; W a lv ig , 1963).

Seasonal c y c l i c a l  changes have been described  

in the t e s t i s  o f  the hagfish  Epta tre tus bu rger i 

which has an annual rep roductive  c y c le  w ith spawning 

occurring in  October. Spermatogenesis in  adu lt  males 

is  continuous throughout the year with the c y c l i c a l  

changes being s im ila r  to  those in t e le o s t s  and 

amphibians. Spermatogenesis i s  asynchronous and 

t e s te s  contain  a l l  developmental stages from spermato 

gonia to  spermatids p r io r  to  spawning (Patzner, 1977)
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H agfishes spawn rep ea ted ly  throughout t h e i r  r e p ro ­

d u c t iv e  l i f e  (W alv ig , 1963; Tsuneki and Gorbman, 

1977a).

The i n t e r s t i t i a l  c e l l s  o f  both E p ta tre tu s  

s to u t i  and the lamprey Lampetra f l u v i a t i l i s  possess 

u l t r a s t ru c tu ra l  c h a r a c t e r is t ic s  in d ic a t iv e  o f  

s te ro id ogen es is  i . e .  w e l l  developed agranular or 

smooth v e s ic u la r  endoplasmic re t icu lu m , m itochondria 

with tubular c r i s t a e ,  and l i p i d  inc lus ions  (Tsuneki 

and Gorbman, 1977a; Barnes and H ard isty , 1972). With 

d i f f e r e n t  stages o f  t e s t ic u la r  maturation, th e  

i n t e r s t i t i a l  Leyd ig  c e l l s  o f  L. f l u v i a t i l i s  re v ea led  

c y t o lo g ic a l  and h istochem ical v a r ia t io n .  Thus in  an 

immature t e s t i s ,  th e  i n t e r s t i t i a l  t is su e  c o n s is ts  o f  

is o la te d  connec tive  t is su e  c e l l s ,  the cytoplasm  o f 

which conta ins small o sm ioph ilic  and sudanoph ilic  

granu les . During th e  la te r  s tages  of m aturation , 

these i n t e r s t i t i a l  c e l l s  were observed t o  have accumu 

la ted  la rg e  areas o f  l i p i d  and c h o le s t e r o l - p o s i t i v e  

d ro p le ts ,  w ith  t h e i r  cytoplasm showing e x te n s iv e  

v a c u o l iz a t io n  and an increase in  the number o f  c e l l s  

and form ation  of compact groups. Changes in th e  

in te r s t i t iu m  were a lso  p a r a l le le d  by h istochem ica l 

and c y t o lo g ic a l  changes in  the m odified  f ib r o b la s t s  

o f the lobu le  w a ll  ( lobu le  boundary c e l l s )  i . e .  

during the f i n a l  s tages o f  t e s t ic u la r  m aturation, 

th ere  was an increase in cytoplasm ic volume and a
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change in nuclear shape from a sp ind le-shape f i b r o ­

b la s t  type to  a sw ollen  v e s ic u la r  form w ith  a la rge  

nucleo lus. The cytoplasm o f  the lobu le  boundary 

c e l l s  a lso  h is toch em ica lly  demonstrated the d eve lop ­

ment o f  ex tens ive  l i p i d  and c h o le s t e r o l - p o s i t i v e  

in c lus ions  (H ard is ty , Rothwell and S te e le ,  1967). 

These f in d in g s  suggested that th e  lobu le  boundary 

c e l l s  may a lso  be invo lved  in th e  s te ro id  sec re to ry  

a c t i v i t y  o f the t e s t i s .  Later u l t r a s t ru c tu ra l  studies 

did indeed show th e  c h a r a c t e r is t ic s  o f s te ro id ogen ic  

a c t i v i t y  in these c e l l s  immediately preced ing 

sperm iation (Barnes and H ard is ty , 1972).

3p-Hydroxysteroid dehydrogenase (3p-HSD) 

a c t i v i t y ,  an enzyme invo lved  in  the syn thes is  o f  

s te r o id s ,  was a lso  demonstrated in  the i n t e r s t i t i a l  

c e l l s  o f  L. f l u v i a t i l i s , the in t e n s i ty  o f  which 

reached a maximum ju s t  p r io r  t o  the development o f  

the secondary sexual c h a ra c te r is t ic s  and c o r r e la te d  

w ith the abundance o f  l ip id s  in  the in te r s t i t iu m .

The l e v e l  o f  tes to s te ron e  in gonadal e x t ra c ts  were 

rep orted  to  be the h ighest (24pg/kg o f t e s t i c u la r  

t is s u e )  with the appearance o f the secondary sexual 

characters  and ju s t  p r io r  to  the l iq u e fa c t io n  o f the 

t e s t i s  and i t s  r e le a s e  o f androgen from the in t e r ­

s t i t i a l  Leydig c e l l s  (Barnes and Hardisty, 1972). 

However the i n t e r s t i t i a l  c e l l s  o f  E. s to u t i  a re

suggested to  have a low androgen secretory  a c t i v i t y



as r e f l e c t e d  by reported  low plasma le v e l s  o f  t e s t o s ­

te ron e , due to  the fa c t  that E. s to u t i  possesses a 

low number o f  i n t e r s t i t i a l  c e l l s  and com para tive ly  

le s s e r  developed s te ro id ogen ic  o rg a n e l le s  w ith in  them 

as compared w ith th e  Leydig c e l l s  o f  h igher v e r t e ­

b ra tes  (Tsuneki and Gorbman,1977a).

Unlike the r i v e r  lamprey L. f l u v i a t i l i s , in 

which t e s t i c u la r  ex tra c ts  rev ea led  the presence o f 

te s to s te ro n e  (Barnes and H ard is ty , 1972), t h i s  

androgen could not be detected in  t e s t i c u la r  t is su e  

of th e  sea lamprey Petromyzon marinus a f t e r  incuba­

t io n  w ith  e i th e r  c h o le s te ro l  or progesterone. In 

v i t r o  incubation o f  the t e s t i s  o f  the hag fish  Myxine 

g lu t in osa  w ith  progesterone, led  to  the b iosyn th es is  

o f t e s to s te ro n e  and the convers ion  o f t h is  androgen 

to  androstenedione and a number o f  m etabo lites  

s im ila r  in nature t o  1lp -hydroxytestosterone (Kime, 

1980).

S e r t o l i  c e l l s  o f  M. g lu t in o s a <(W a lv ig , 1963) 

and E. s to u t i  (Tsuneki and Gorbman, 1977a) were 

reported  as forming a "mantle" surrounding germ 

c e l l s .  Although these  S e r t o l i  c e l l s  contained 

o rg a n e l le s  such as mitochondria -  some w ith  tubular 

c r i s t a e ,  rough and smooth endoplasmic re t icu lu m , 

g lycogen  p a r t i c l e s ,  l i p id  d rop le ts  and lysosomes, 

they were not w e l l  developed and the c e l l s  were
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th e r e fo r e  not im plicated  w ith a s te ro id ogen ic  

fu n c t ion  (Tsuneki and Gorbman, 1977a).

Spermatogenesis in L. f l u v i a t i l i s  is  synchro­

nous throughout th e  t e s t ic u la r  c y s ts  i . e .  a t  any one 

maturation stage , a l l  the germ c e l l s  in  the t e s t i s  

are a t  the same s ta ge  o f development (Larsen, 1973 

quoted by P a tzn e r , 1977). Since a l l  lampreys d ie  

a f t e r  spawning, a second phase o f  spermatogenesis 

never occurs and the  t e s t i s  produces on ly  a s in g le  

genera tion  o f  spermatozoa (L o f ts ,  1968).

2 .1 .2 . Elasmobranchs

T es tes  o f elasmobranchs a re  pa ired  and each 

is  enclosed by a th ick  capsule o f  connective  t is su e  

- th e  tunica a lbuginea, the inner ex tensions o f 

which d iv id e  the t e s t i s  in to  lob es . H is t o lo g i c a l l y ,  

the elasmobranch t e s t i s  possesses a zonate s tructu re  

which appears to  be  unique among the v e r te b ra te s  

(Dodd, 1960; Hoar, 1969). Within each lobe a re  

con cen tr ic  zones o f  ampullae (c y s ts  or spermatogenetic 

u n i t s ) , each ampulla w ith in  a zone having a c en tra l 

lumen, S e r t o l i  c e l l s  and germ c e l l s ,  the  l a t t e r  a l l  

being a t  the same stage o f  development o f  maturation 

(Dodd, 1960; Hoar, 1969; C a lla rd  e t  a l ,  1978). 

Ampullae are p r o l i f e r a t e d  from nests o f  c e l l s  o f  the 

"ge rm -lin e "  or "tubu logen ic zone" which runs along
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g radu a lly  move d o r s a l ly  as they mature so th a t  by 

the time they  reach the d o rsa l surface o f  the t e s t i s ,  

the r ip e  spermatozoa w ith in  the ampullae are  ready 

fo r  d ischarge  in to  the vasa e f f e r e n t ia  ( e f f e r e n t  

ducts) which a lso  emerge from th e  dorsa l su r face  

(Dodd, 1960 ; Hoar, 1969).

I n t e r s t i t i a l  c e l l s  are d e r iv ed  from connec tive  

t is su e  (Dodd, 1960) and occur in  a l l  groups o f  e la s -  

mobranchs i . e .  sharks, rays and skates (Hoar, 1969). 

3J3-HSD a c t i v i t y  has been demonstrated in  the in t e r ­

s t i t i a l  c e l l s  o f Torpedo marmorata and Scy lio rh inus 

s t e l l a r i a  (C a lla rd  e t  a l ,  1978) and in the S e r t o l i  

c e l l s  o f  Scy lio rh inus canicu la and Squalus acanth ias 

(Hoar, 1969), thereby suggesting a s t e ro id -s e c r e t in g  

ca p a c ity  o f these c e l l  types.

The androgens te s to s te ro n e ,  androstenedione 

and other s te ro id  hormones, have been i d e n t i f i e d  in 

the plasma o f  male S. canicula (Simpson, Wright and 

Hunt, 1969) and in  the t e s t ic u la r  ex tra c ts  o f  

S. s t e l l a r i a . Testosterone and other m etabo lites  

have a lso  been de tec ted  in  t e s t ic u la r  t is s u e  o f  the 

skates Raja rad ia ta  and R. o c e l la t a  (C a lla rd  e t  a l , 

1978).
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2 .1 .3 . T e leos ts

The A c t inop teryg ian s  a re  the la r g e s t  c la s s  o f  

v e r te b ra te s  and mostly represented  today by th e  

t e l e o s t s  o f which there  are some 20,000 sp ec ie s .

They e x h ib i t  a g rea t  d iv e r s i t y  o f  t h e i r  rep rod u c t ive  

apparatus and seve ra l s p e c ia l i z a t io n s  which a re  

unique t o  themselves and do not occur e lsew here 

among other v e r te b ra te s  (Dodd, 1960). In s p i t e  o f 

th is  d i v e r s i t y ,  a genera lized  d e s c r ip t io n  o f  the 

gross morphology o f  the t e s t i s  can be made: t e s t e s  

o f t e l e o s t s  are pa ired  and in many sp ec ies , th e  vas 

d e fe rens  are  fused p o s te r io r ly  t o  form a s in g le  

sperm duct. Within the t e s t i s  a re  convoluted tubules 

which a re  l im ite d  by strands o f  connective  t is s u e .

The lumina o f  the tubules e v en tu a l ly  d ra in  in to  the 

lumen o f  the vas deferens which runs down th e  dorso- 

median length  of th e  t e s t i s  (Sundararaj, 1960; 

Henderson, 1962; Ra i, 1965; Ruby and McMillan, 1970;

1972). The surface  o f the t e s t i s  may b e  lob u la ted , 

as in  the p ike Esox lucius (L o f t s  and M arsha ll,

1957), Heteropneustes f o s s i l i s  (Sundararaj, 1960) 

and Barbus to r  (Ra i, 1965) .

Very r e c e n t ly ,  G rier (1981) has re -d e f in ed  

the s tructu re  o f  the t e le o s t  t e s t i s  and d is t in gu ish ed  

two types accord ing  to  the d is t r ib u t io n  of th e  sperma­

togon ia . In the "u n res tr ic ted  spermatogon:yi^ta^|stia
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typ e , which most t e le o s t s  possess e .g .  E. lu c iu s ,

E. n i g e r , Cichlasoma n ig ro fa sc ia tu m , Mugil cephalus 

and Onchorynchus k isu tch , spermatogonia occur a l l  

along the length  o f  the tubules. However, in  the 

second t e s t i s  type i . e .  the " r e s t r ic t e d  spermatogonia1" 

type, spermatogonia are l im ite d  to  the d i s t a l  terminus 

of the tubule immediately beneath the tun ica  a lbuginea, 

where they  a re  associa ted  w ith th e  S e r t o l i  c e l l s .  The 

Fundulus spec ies  possess th is  typ e  o f t e s t i s .

T e le o s ts  possess c y s t ic  spermatogenesis i . e .  

germ c e l l s  occur in  cysts w ith in  the tubules and in 

any one c y s t ,  they are a l l  at th e  same developmental 

stage and mature synchronously. Since many t e l e o s t s  

are seasonal spawners, the t e s t i s  undergoes s e ve ra l  

d i f f e r e n t  and d is t in c t  stages o f  maturation. Th is  

rep rodu ct ive  c y c le  was d iv ided  g e n e ra l ly  in to  the 

fo l lo w in g  stages by Grier (1981): ( I )  p r o l i f e r a t i o n

of spermatogonia, ( I I )  e a r ly  recrudescence -  sperma­

togon ia  and spermatocytes p resen t, ( I I I )  mid­

recrudescence - a l l  stages o f sperm development 

p resen t, (IV ) l a t e  recrudescence -  tubules f i l l e d  

w ith spermatozoa and number o f deve lop ing  spermatozoa 

cy s ts  is  d e c l in in g ,  (V) m aturity  -  tubules f i l l e d  

w ith  spermatozoa and almost no spermatogenesis i s  

occu rr in g , (V I) post-spawning s tage . Stage I I I  is  

considered t o  be the developmental peak o f th e  

spermatogenetic c y c le  and ch aracter ized  by th e
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presence o f numerous cys ts  at a l l  m aturational 

s tages i . e .  from spermatogonia t o  r ip e  spermatozoa 

(L o f ts  and M arsha ll, 1956; Henderson, 1962; L o f t s ,  

P ick fo rd  and A tz , 1966; Chan and P h i l l ip s ,  1967,

Ruby and McMillan, 1970; de V lam ing , 1972; G res ik , 

Quirk and Hamilton, 1973).

G rier (1981) has .a lso  sought to c l a r i f y  the 

controversy  regard ing  the c e l lu l a r  o rga n iza t io n  of 

the t e s t i s ,  in  p a r t ic u la r  the i n t e r s t i t i a l  L eyd ig  

c e l l s  and the so c a l l e d  lobu le  boundary c e l l s .  The 

l a t t e r  were f i r s t  described  by Marshall and L o f t s  

(1956) in  the t e s t i s  o f  E. lu c ius  which was a t  that 

time thought to  la ck  the t y p ic a l  i n t e r s t i t i a l  c e l l s .  

The lob u le  boundary c e l l s  which a re  m odified  f i b r o ­

b la s ts  surrounding the tubules ( lo b u le s ) ,  were 

regarded as being homologous w ith  the i n t e r s t i t i a l  

Leydig c e l l s .  Such lobu le boundary c e l l s  were a lso 

la t e r  reported  in the t e s t i s  o f  the brook t r o u t  

Sa lve linus f o n t in a l i s  (Henderson, 1962) and in  the 

A t la n t ic  salmon Salmo sa lar (O 'Ha lloran  and I d l e r ,  

1970), these t e l e o s t s  a lso  seeming to lack i n t e r s t i ­

t i a l  c e l l s .  Other t e l e o s t  spec ies  were said t o  

possess both the lob u le  boundary and the i n t e r s t i t i a l  

c e l l s  i . e .  B. to r  (Rai, 1965), Belone belone 

(Upadhyay and Guraya, 1971) and C. n igro fasc iatum  

(N ich o lls  and Graham, 1972), w h ile  some were 

observed as possessing on ly  the t y p ic a l  i n t e r s t i t i a l
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c e l l s  i . e .  Fundulus h e te ro c l i tu s  (L o fts  e t a l ,  1966), 

Eucalia  inconstans (Ruby and McMillan, 1970), 

G i l l ic h th y s  m ir a b i l i s  (de Vlaming, 1972) and Oryzias 

la t ip e s  (Gresik e t  a l ,  1973). However, u l t r a s t ru c tu -  

r a l  studies o f  the t e s t i s  o f  C. n ig ro fasc ia tum  

(N ich o lls  and Graham, 1972) and la t e r  o f  E. lu c iu s , 

revea led  that the lobu le  boundary c e l l s  were in  fa c t  

in tratubu lar and homologous not w ith Leyd ig  c e l l s  

but w ith  S e r t o l i  c e l l s ,  these c e l l s  in E. lu c iu s  

exh ib it in g  id e n t i f y in g  c r i t e r i a  such as phagocytosis 

o f r e s id u a l  spermatid bodies and the occa s ion a l 

enveloping o f  sperm by th e ir  cytoplasm (G r ier  and 

L inton, 1977). The lobu le  boundary c e l l s  (S e r t o l i  

c e l l s )  o f  C. n igro fasc iatum  a ls o  revea led  s im i la r  

u lt r a s t ru c tu ra l  c h a r a c t e r is t ic s  (N ich o lls  and 

Graham, 1972). According to  G r ie r  (1981), th e  in t e r ­

s t i t i a l  Leydig c e l l s  t y p ic a l l y  occur in  a l l  t e l e o s t s  

and previous rep o r ts  or observa t ions  th a t  such c e l l s  

are absent in  c e r ta in  spec ies ( as reported  by 

Henderson, 1962 and O 'Halloran and Id l e r ,  1970), are 

in co r re c t .  Furthermore, the lob u le  boundary c e l l s  

where described (e .g .  Henderson, 1962; Rai, 1965; 

O 'Halloran and I d l e r ,  1970; Upadhyay and Guraya,

1971) are in  fa c t  in tra tubu lar S e r t o l i  c e l l s .

Techniques or methods employed t o  determine 

p o ss ib le  s te ro id o g en ic  fu nction  in c e r ta in  t e s t ic u la r  

c e l l  types have v a r ie d .  Thus on the basis o f
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m orphological changes a lone, th e  i n t e r s t i t i a l  c e l l s  

o f  B. t o r , G. m ira b i l is  and E. inconstans were 

suggested t o  be homologous w ith  the s tero id -p rodu c ing  

i n t e r s t i t i a l  Leyd ig c e l l s  o f  h igher v e r te b ra te s ,  

those o f  the former t e l e o s t  undergoing cytoplasm ic 

v a cu o l iz a t io n  during sperm iation (Rai, 1965) , w h ile  

c y c l i c a l  m orphologica l changes in  c e l l  and nuclear 

dimensions o f  the i n t e r s t i t i a l  c e l l s  occurred in the 

la t t e r  two f i s h  (de Vlaming, 1972; Ruby and McMillan, 

1970) .

H istochem ical evidence suggesting  s t e r o id o ­

genesis ( i . e .  a p o s i t i v e  sudanophil r ea c t io n  in d ica ­

t in g  the presence o f  l ip id s  or c h o le s te r o l  -  these 

being the precursor m ater ia ls  f o r  the syn thes is  o f 

s te ro id  hormones), was demonstrated in the i n t e r s t i ­

t i a l  c e l l s  o f  Monopterus albus (Chan and P h i l l i p s ,

1967) and in  the S e r t o l i  c e l l s  o f  E. luc ius (L o f ts  

and Marshall, 1956; G r ie r ,  1981), S. sa la r  (O 'H a llo -  

ran and I d le r ,  1970) and B. belone (Upadhyay and 

Guraya, 1971). The a c t i v i t y  o f  th e  enzyme 3p-HSD was 

a lso  demonstrated in  the S e r t o l i  c e l l s  o f  S. sa la r  

(O 'Halloran and I d l e r ,  197 0) and in the i n t e r s t i t i a l  

c e l l s  o f  E. lu c iu s  (G r ier , 1981). Although the  

t e s t i s  of B. belone a lso  possesses i n t e r s t i t i a l  

c e l l s ,  in the op in ion  of the authors (Upadhyay and 

Guraya, 1971), these  c e l l s  revea led  no morphological 

or histochem ical evidence o f a s te ro id ogen ic



19

fu n c t ion . However, Gresik e t  a l  (1973) s tressed  

cau tion  in in te rp re t in g  n ega t iv e  r e s u lt s  when 

employing h is tochem ica l methods f o r  id e n t i f y in g  

s te ro id ogen ic  t is s u e ,  a f t e r  such t e s t s  proved nega­

t i v e  in  the i n t e r s t i t i a l  c e l l s  o f  0. la t ip e s  but 

u lt ra s t ru c tu ra l  observa tions  revea led  tha t th ese  

c e l l s  d id  indeed possess o rg a n e l le s  tha t suggested a 

s te ro id ogen ic  fu nction . 3J3-HSD a c t i v i t y  was la t e r  

demonstrated in th e  i n t e r s t i t i a l  c e l l s  o f  0 . la t ip e s  

l G r ie r , 1981).

The 11-oxygenated d e r iv a t iv e s  or m etabo lites  

o f te s to s te ro n e  i . e .  11 -k e to tes tos te ron e  and l i p -  

hydroxytes tosterone , are es tab lish ed  as being the 

c h a r a c t e r is t ic  androgens o f  the t e s te s  o f  most 

t e l e o s t s  (Callard e t  a l ,  1978; Kime, 1980). However, 

te s to s te ro n e  too was id e n t i f i e d  in  the plasma o f 

Serranus c a b r i l l a  and P leuronectes p la te s s a , the 

l e v e l  o f  which increased as spawning neared. 11-keto­

te s to s te ro n e  has been demonstrated as being the 

predominant androgen in the p e r ip h e ra l plasma o f  the 

sockeye salmon Onchorynchus nerka , S. sa la r  and 

Pseudopleuronectes americanus, w ith  11p-hydroxytes- 

to s te ron e  occurring  in low concen tra tions . In  

S. c a b r i l l a  and Page llu s  acarne however, l ip -h yd roxy -  

te s to s te ro n e  appeared to  be the major c i r c u la t in g  

androgen. 11 -keto tes tos te rone  has been fu r th er  

demonstrated to be ten  times more potent than
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te s to s te ro n e  in promoting the male secondary sexual 

characters  in  the female 0. l a t i p e s . The concentra ­

t io n  o f  th is  androgen was found to  increase in  the 

plasma o f  S. sa lar with approaching sexual m atu rity  

and in  the plasma o f  P. americanus ju s t  p r io r  to  

spawning. In  Salmo g a ir d n e r i , th e  l e v e l  o f  11-keto- 

te s to s te ro n e  a lso  rose  d ra m a t ica l ly  w ith  the onset 

of t e s t i c u la r  maturation (C a lla rd  e t  a l ,  1978).

Besides the formation o f  l ip -h y d ro x y te s to s -  

terone and 11 -ketotestosterone synthesized by the 

t e l e o s t  t e s t i s ,  in  some spec ies  a conjugate o f  

te s to s te ro n e  -  te s to s te ro n e  g lu co ron id e , is  a ls o  

formed. Th is  g lucoron idation  o f  te s to s te ro n e  i s  

a ttr ib u ted  t o  the l i v e r  and is  considered  to  f a c i l i ­

t a t e  d e a c t iv a t io n  and excre t ion  o f  th is  androgen.

Thus w ith  th e  t e s t i s  o f  S. g a ird n e r i  incubated with 

te s to s te ro n e ,  i t  was found that the form ation  o f the 

11-oxygenated androgens by the t e s t i s  occurs between 

the incubation  temperature range o f  6* -  21* C.

However, above 21* C incubation, th ere  was a 

diminished output o f  the 11-oxygenated d e r iv a t iv e s  o f  

te s to s te ro n e .  11 -keto tes tosterone was converted  to  

te s to s te ro n e  g lucoron ide by h igher com petit ion  fo r  

te s to s te ro n e  by th e  g lucoronyl tra n s fe ra se  enzyme o f  

the l i v e r .  6“ - 21* C r e f l e c t s  th e  breeding temperature 

o f S. ga ird n er i  and the form ation  o f  te s to s te ro n e

g lucoron ide beyond 21* C i s  said to  r e f l e c t  th e
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removal o f t e s to s te ro n e  a t  h igher temperatures which 

are unfavourable f o r  rep rod u c t iv e  development and 

l im i t  the s e c r e t io n  o f f r e e  11-oxygenated androgens 

to  th e  environm enta lly  p re fe r red  temperature range 

fo r  reproduction  (Kime, 1980).

2 .1 .4 . Amphibians

There are some 2000 sp ec ie s  which belong 

mainly to  th e  subclasses o f  u rode les  (newts and 

salamanders) and anurans ( fro g s  and toad s ).

i ) .  Urodeles

The t e s te s  o f  urodeles a r e  pa ired  and in  some 

mature spec ies  e .g .  T r itu rus c r is ta tu s  (L o f t s ,  1968), 

T r itu ro id es  hongkongenesis (Tso and L o f t s ,  1977a) and 

T r itu ru s v i r id e s c e n s , con s is t  o f  s eve ra l lobes jo ined  

together by th r e a d - l ik e  segments. In other spec ies  

e .g .  D iem yctylus, th ere  i s  a s in g le  lob e  (C a lla rd  e t  

a l ,  1978). The lo b e (s )  e v en tu a lly  communicate (s) w ith 

the vasa e f f e r e n t ia  and th e r e a f t e r  w ith the Wolfian 

ducts (Dodd, 1960). Each lobe c o n s is ts  o f  s e ve ra l 

tubules ( lobu les ) w ith in  which a re  cys ts  o f germ 

c e l l s  which mature in a g rad ien t  or zonation . This 

grad ien t o f  cys t  maturation occurs in a cephalo­

caudal wave and the  h is t o lo g i c a l  appearance o f  the 

t e s t i s  v a r ie s  seasona lly  or w ith  the stage o f
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maturation. The le a s t  advanced c y s ts  o f  germ c e l l s  

occur a n te r io r ly  in  each lobe o r  in  the s in g le  lobe, 

w h ile  the most advanced or mature cys ts  occur 

cau da lly , such tha t in  a f u l l y  mature t e s t i s ,  the 

la rg e  caudal sec t ion  is  occupied by cy s ts  o f  mature 

spermatozoa held toge ther  by S e r t o l i  c e l l s  and 

lob u le  boundary c e l l s ,  the l a t t e r  in u rode les  

regarded as being homologous w ith  i n t e r s t i t i a l  Leyd ig 

c e l l s .  The sm aller cepha lic  s e c t io n  or immature zone 

con s is ts  o f  cysts  o f  spermatogonia (Callard  e t  a l ,  

1978). P r io r  to  sperm iation, th e  lobu le  boundary 

c e l l s  hypertrophy and together w ith  the re s id u a l 

S e r t o l i  c e l l s ,  condense to  form a mass o f  t is s u e  

c a l le d  the y e l low  zone, g landu lar t is su e  or i n t e r s t i ­

t i a l  g land. This glandular y e l lo w  zone has been 

demonstrated to  possess 3p-HSD a c t i v i t y  in a v a r ie t y  

o f u rode le  spec ies and fu rth er  revea led  u lt r a s t ru c -  

tu r a l  c h a r a c t e r is t ic s  o f s t e r o id -s e c r e t in g  c e l l s  

(C a lla rd  e t  a l , 1978). Thus 3p-HSD a c t i v i t y  occurs 

in both the Leydig and the S e r t o l i  c e l l s  o f  

Ambystoma mexicanum. During regen era t ion  o f  the 

tubules a f t e r  spawning the S e r t o l i  c e l l s  e x h ib i t  a 

strong 3J3-HSD a c t i v i t y ,  th is  a c t i v i t y  d im inish ing 

w ith  the onset o f spermatogonia1 m eiosis and the 

g rea te r  part  o f spermatogenesis. In the Leyd ig  c e l l s ,  

3p-HSD on ly  occurs during the f i n a l  steps o f  spermio- 

genes is  i . e .  during spermiation and the a c t iv e  

se c re t ion  o f  androgens by the g landular t is s u e  which
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is  r e la te d  t o  s t im u la tion  o f  th e  secondary sexual 

ch aracters . This delayed c o r r e la t io n  between the 

Leyd ig  and S e r t o l i  c e l l s  had been said to  suggest 

that the s t im u la t ion  o f  enzyme a c t i v i t y  in th e  

S e r t o l i  c e l l s  may depend to  a c e r ta in  ex ten t on a 

s te ro id  fa c t o r  synthesized by th e  Leyd ig  c e l l s  

(Lazard, 1979).

In th e  newt T. hongkongenesis, the lob u le  

boundary c e l l s  a re  f i b r o b la s t - l i k e  which show no 

ev ident m orpho log ica l. changes during the process o f 

spermatogenesis. However, w ith  maturation o f  the 

spermatozoa , the lobu le  boundary c e l l s  were noted 

as having increased in  s iz e .  On d ischarge o f  the 

spermatozoa, the n u c le i  o f  the lob u le  boundary c e l l s  

became ovo id  and the cytoplasm increased in qu an tity . 

3J3-HSD a c t i v i t y  occurred in  the lobu le  boundary c e l l s  

o f  mature tubules conta in ing spermatozoa and in 

evacuated ones in which the lumina were f i l l e d  with 

S e r t o l i  c e l l s  and res id u a l bod ies . Furthermore, 

c h o le s t e r o l - p o s i t i v e  l i p id  d ro p le ts  occurred in  

S e r t o l i  c e l l s  supporting spermatids and spermatozoa 

p r io r  to  sperm iation, in the lob u le  boundary c e l l s  o f  

mature tubules and in the lumina o f evacuated ones. 

The lobu le  boundary c e l l s  o f evacuated tubules are 

however, com p lete ly  devoid o f l i p i d  d ro p le ts  (Tso 

and L o fts ,  1977a).
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U ltra s tru c tu ra l  s tu d ies  o f  the lobu le  

boundary c e l l s  o f  T. hongkongenesis revea led  charac­

t e r i s t i c s  t y p ic a l  o f  s tero id -produc ing  c e l l s .  

M orpho log ica lly  developed lob u le  boundary c e l l s  

(during spermatozoa maturation and sperm iation ) had 

an abundance o f  w e ll-d eve loped  agranular endoplasmic 

reticu lum , s e v e ra l  l i p id  d r o p le t s ,  G o lg i complexes 

and m itochondria w ith  e la b o ra te  c r is ta e .  These 

fea tu res  were sa id to  probably in d ica te  that the 

secre to ry  phase o f  the lobu le  boundary c e l l s  begins 

when spermatozoa are ready fo r  sperm iation, w ith  

s te ro id ogen ic  a c t i v i t y  o f these c e l l s  being the 

h ighest when spermiation has ju s t  occurred. Both 

these u l t r a s t ru c tu ra l  f in d in gs  and the previous 

h istochem ical f in d in gs  (Tso and L o f ts ,  1977a) suggest 

that the lobu le  boundary c e l l s  a re  the major s i t e  

o f s te ro id  production, though not n e ces sa r i ly  the 

only component invo lved  in  th is  a c t i v i t y  (Tso and 

L o f ts ,  1977b).

Testosterone has been de tec ted  in  the plasma 

of Necturus maculosus, P leu rod e les  w a l t l i i  (C a lla rd  

et a l  1978) and Taricha granulosa (Specker and 

Moore, 1980). In the t e s t i s  o f  T . c r is ta tu s , i t  was 

shown that tes to s te ron e  could be converted to  11- 

ke to tes tos te ron e  and 11-d ih yd ro tes tos te ron e , the 

la t t e r  androgen a ls o  having been detected  in  the 

plasma of T. granulosa (Specker and Moore, 1980) and
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N. maculosa (Callard  et a l ,  1978). Plasma l e v e l s  o f 

te s to s te ro n e  and d ih yd ro tes tos te ron e  were measured 

in T. granulosa during seasonal changes in th e  

t e s t i s .  I t  was found that during the i n i t i a l  stages 

of sperm atogenetic a c t i v i t y  i . e .  a f t e r  spawning and 

during the p r o l i f e r a t i o n  o f  spermatogonia, th e  

concen tra tion  o f the plasma androgens was low ( less  

than 5ng/ml) and remained so u n t i l  spermatogenesis 

was almost com plete. Spermiation co inc ided  w ith  a 

dramatic increase  in the plasma androgens (54.7+7.9 

ng/ml) which could r e f l e c t  an increased ca p a c ita t io n  

of the lob u le  boundary c e l l s  t o  synthesize androgens 

or an increased output o f  p i t u i t a r y  gonadotrop in , 

presumably lu t e in i z in g  hormone (LH) (Specker and 

Moore, 1980).

i i )  . Anurans

The t e s te s  o f anurans a re  pa ired , ovo id  and 

co n s is t  o f  a mass o f  sem iniferous tubules l in e d  with 

germinal ep ithe lium  and con ta in ing  germ and S e r t o l i  

c e l l s  (Ca llard  e t  a l ,  1978). The tubules ev en tu a lly  

dra in  in to  the vas e f fe re n s ,  th is  then lead ing  to  

the W olfian duct (u re te r ) (Mathews and M arsha ll, 1956 

Dodd, 1960).

Anurans possess c y s t ic  spermatogenesis - germ 

c e l l s  occur w ith in  membrane-bound cysts  and in any
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one cy s t ,  the germ c e l l s  a re  a l l  a t  the same stage 

o f development or maturation. U nlike the u rode le  

t e s t i s  where d i f f e r e n t  reg ions  conta in  c y s ts  a t  a 

d i f f e r e n t  maturation stage , the e n t ir e  anuran t e s t i s  

is  uniform in  the compostion o f  the germ c e l l s ,  at 

any stage o f  t e s t ic u la r  m aturation. The t y p ic a l  

higher v e r te b ra te  pattern  o f i n t e r s t i t i a l  c e l l s  

occurs, which d isp la ys  a well-marked v a r ia t io n  

h i s t o l o g i c a l l y  and h is tochero ica lly  (Callard e t  a l ,

1978). H is t o lo g ic a l  v a r ia t io n  o f  the i n t e r s t i t i a l  

c e l l s  o f  Rana temporaria and R. escu lenta w ith  

d i f f e r e n t  m aturational stages o f  the t e s t i s ,  has 

been rep o r ted . P r io r  to  breed ing or spawning, the 

nu c le i of th e  i n t e r s t i t i a l  c e l l s  were la rg e ,  rounded 

or o va l  w ith  f a i r l y  coarse clumped chromatin i . e .  

possessing a s ec re to ry  appearance. A fte r  spawning, 

nuclear s i z e  o f the i n t e r s t i t i a l  c e l l s  decreased and 

the nucle i became somewhat shrunken and s t ro n g ly  

chromophilic (L o f t s ,  Wellen and Benraad, 1972;

Mathews and M arsha ll, 1956).

The absence o f l ip id s  in  the i n t e r s t i t i a l  

c e l l s  o f R. temporaria and R. escu lenta during the 

w in ter  or non-breeding season ,p a ra lle led o r  co inc ided  

w ith  a lack o f  c h o le s te ro l  and absence o f 3J3-HSD 

a c t i v i t y  in  these c e l l s .  A c t iv e  spermatogenesis was 

accompanied by th e  appearance o f  l i p id s ,  c h o le s te ro l ,  

3p-HSD a c t i v i t y  and the u lt ra s t ru c tu ra l  fe a tu re s
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c h a r a c t e r is t ic  o f  a c t iv e  s tero id -p rodu c ing  c e l l s .  

Post-spawning changes included a dramatic in crease  in 

the c h o le s te ro l  and l i p id  conten t o f the i n t e r s t i t i a l  

c e l l s  and a decrease in 3p-HSD a c t i v i t y .  During la te r  

p o s t-n u p t ia l  changes, these l i p i d s  g radu a lly  d i s ­

appeared from the i n t e r s t i t i a l  c e l l s  and the la t t e r  

regressed  and could not be d is t in gu ish ed  from 

connective  t is su e  c e l l s .  D ep le t ion  of the l i p id s  

co rre la ted  with a resurgence o f  spermatogenesis 

(C a lla rd  e t  a l ,  1978). In R. c ya n op h ly c t is , 3j3-HSD 

a c t i v i t y  a ls o  occurred mainly in  the i n t e r s t i t i a l  

Leyd ig c e l l s  (Saidapur and Nadkarni, 1973).

S e r t o l i  c e l l s  o f  the anurans a ls o  possess the 

u lt ra s t ru c tu ra l  fea tu res  o f  s te ro id ogen ic  c e l l s  

(C a lla rd  e t  a l ,  1978) and l ik e  the i n t e r s t i t i a l  c e l l s ,  

th ere  i s  a w e l l-d e f in ed  h istochem ica l c y c le  w ith  

va ry ing  l e v e ls  o f c h o le s t e r o l - p o s i t i v e  l i p id s .

Towards the spawning season, S e r t o l i  c e l l s  become 

glandular in  appearance and l i p i d  d rop le ts  accumulate 

in t h e i r  cytoplasm (Lo fts  and Boswell, 1960; L o fts ,

1964). Furthermore, t h e i r  cytoplasm rev ea ls  both 

3J3-HSD and glucose 6-phosphate dehydrogenase (G6-PDH) 

a c t i v i t y  (van Ooodt and Brands, 1970 ; Saidapur and 

Nadkarni, 1973). The presence o f  G6-PDH in both the 

Leyd ig  and S e r t o l i  c e l l s  o f  R. cyanoph lyctis  and in 

the S e r t o l i  c e l l s  o f  R. temporaria (van Oordt and 

Brands, 1970), i s  said t o  p rov ide  ad d it ion a l but
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in d i r e c t  ev idence o f  s te ro id  syn thes is , s in ce  th is  

enzyme is  supposed to  be the p r in c ip a l  one th a t  

prov ides NADPH employed in hydroxy la t ions  during 

spermatogenesis (Saidapur and Nadkarni, 1973).

The appearance of 3p-HSD a c t i v i t y  in  the 

i n t e r s t i t i a l  c e l l s  o f  the anurans and the lo b u le  

boundary c e l l s  o f  the urodeles , c o r r e la te s  w ith  the 

appearance o f  the secondary sex ch a ra c te rs , 

suggesting that these  c e l l s  s e c r e te  the androgens. 

3p-HSD a c t i v i t y  in  the S e r t o l i  c e l l s  can be 

co rre la ted  w ith  spermatogonial d iv i s io n ,  which may 

take p lace when the per iphera l plasma androgen t i t r e s  

are low or absent. S e r t o l i  c e l l s  poss ib ly  s e c re te  

s te ro id s  w ith in  th e  cys ts  and st im u la te  spermatogene­

s is  without a f f e c t in g  the secondary sex characters  

(C a lla rd  e t  a l ,  1978).

Despite demonstrated h istochem ica l ev idence o f  

s tero idogenes is  in  the i n t e r s t i t i a l  Leyd ig  c e l l s  o f  

the anurans ( i . e .  3JS-HSD a c t i v i t y ) ,  in not a l l  

spec ies  do va s t  q u a n t it ie s  o f agranular endoplasmic 

reticu lum  occur in  these c e l l s .  Thus in  the a c t iv e  

i n t e r s t i t i a l  c e l l s  o f  R. tem porar ia , rough endoplas­

mic reticu lum  predominated. In Bufo bu fo , th e  w e l l -  

developed endoplasmic reticu lum  that occurs in  the 

i n t e r s t i t i a l  c e l l s  p r io r  to  th e  breeding season, is  

mainly of the rough, c is te r n a l  v a r i e t y ,  w ith only
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some agranular endoplasmic ret icu lum  and d i la t e d  

v e s i c l e s  a ls o  occurring . Unsicker (1975) has suggested 

tha t the predominance o f rough endoplasmic re t icu lum  

in these  c e l l s  could be due to  the fa c t  th a t  the high 

ra te  o f  synthesis o f  the p ro te in  enzyme tha t i s  

requ ired  fo r  s te ro id  syn thes is , requ ires  rough endo­

plasmic reticu lum  and not the smooth v a r i e t y .

Pregnenolone, progesterone and te s to s te ro n e  

were a l l  converted in to  d ih yd ro tes to s te ron e  in  the 

t e s t i s  o f  R. escu len ta , R . catesbeiana and Bufo 

marinus (Kime, 1980). D ihydrotes tosterone a ls o  seems 

to  be the major m etabo lite  formed from te s to s te ro n e  

in R. tem poraria , D iscoglossus p ic tu s  and 

Nectophyrnoides o c c id e n ta l is  (C a lla rd  e t  a l ,  1978).

In R. p ip ie n s , the major m etab o lite  o f  t e s to s te ro n e  is  

a lso  d ih yd ro tes tos teron e  (Kime, 1980). During a c t iv e  

spermatogenesis in  R .ca tesbe ian a , the l e v e l  o f  

te s to s te ro n e  was lower than d ih yd ro te s to s te ron e , but 

at o ther m aturational s ta ges , te s to s te ro n e  was higher 

than d ih ydro tes tos teron e  (C a lla rd  et a l ,  1978).
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2.2 . Ovary

In th is  s e c t ion  o f the l i t e r a t u r e  r e v iew , the 

structure o f  the ovary in the p is c in e  and amphibian 

groups is  rev iew ed , includ ing c h a r a c t e r i s t i c s  o f 

the oocytes with maturation. Furthermore, th e  h is to -  

chemical and other techniques aimed at determining 

p o ss ib le  s te ro id ogen ic  a c t i v i t y  or s te ro id ogen ic  

c h a ra c te r is t ic s  in  e ith e r  the f o l l i c l e  or th e  thecal 

c e l l s  o f  th e  oocy tes , are a lso  rev iewed.

2 .2 .1 . Cyclostomes

The adult lamprey has an unpaired, e longated 

ovary which is  lobu la ted  and co n s is ts  o f  c o r t i c a l  

t is su e  only (Franchi, 1962). Stromal con n ec t iv e  

t is su e  der ived  from the p e r ito n ea l  ep ith e liu m , covers 

the ovary. A mature ovary o f L. p la n e r i  and L. f lu v ia -  

t i l i s  has a la rge  number o f  oocy tes  which a re  a l l  a t  

the same stage o f maturation i . e .  oocyte development 

is  synchronous. No a t r e t i c  oocytes  are formed 

(Rowlands and Weir, 1977; Jones, 1978). During i t s  

l i f e t im e ,  each fem ale lamprey has only one ovarian 

c y c le  and d ie s  a f t e r  spawning. Mature oocy tes  are 

discharged from the  surface o f  the ovary d i r e c t l y  

in to  the body c a v i t y  (Dodd, 1960; Jones 1978) and 

exuded through th e  gonopore s in ce  cyclostom es lack 

g e n i t a l  ducts (Rowlands and Weir, 1977; Dodd, 1960).
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Adult hag fish  a lso  possess a s in g le  r i g h t  

ovary - the l e f t  one f a i l s  to  deve lop  (Franchi, 1962; 

Tsuneki and Gorbman, 1977b). U n like  the lampreys, the 

hag fishes  a re  continuous breeders  and possess asyn­

chronous oocyte  development and do not d ie  a f t e r  

spawning. The oocytes  o f M. g lu t in osa  a re  arranged 

s e r i a l l y  on s ta lk s  (Jones, 1978) and as they mature, 

they a cqu ire  a la y e r  o f  f o l l i c l e  c e l l s ,  two la y e r s  o f  

connective  t is su e  and an outer p e r i to n e a l  ep ith e lium . 

Mature oocy tes  are  surrounded by a tough, horny 

s h e l l  secre ted  by the f o l l i c l e  c e l l s  (W a lv ig , 1963; 

Jones, 1978).

In  th e  lampreys, the f o l l i c l e  c e l l s  a re  

r e s t r ic t e d  to  the basa l or v e g e t a t i v e  p o le  o f  the 

oocytes (Tokarz, 1978). Early  s tages  o f  oocy te  

development (oogenesis ) have been described in  the 

brook lamprey L. p la n e r i  and in  the landlocked sea 

lamprey P. marinus where e a r ly  oocy te  growth is  

assoc ia ted  w ith increased cytop lasm ic basoph il ia  

(H ard isty , 1965a; 1965b). Oocytes in  the d ip lo ten e  

stage were ch aracter ized  by a la r g e ,  deep ly  baso­

p h i l i c  nucleolus and deep s ta in in g  chromosomes - 

su ggest ive  o f  the "lampbrush" chromosomal s tage  

(H ard is ty , 1965a).

Hardisty and Barnes (19 68) reported the 

presence o f  3p-HSD a c t i v i t y  in  the f o l l i c l e  c e l l s
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o f  L. f l u v i a t i l i s . This a c t i v i t y ,  suggesting s te ro id o  

g en es is ,  was noted to  be more in tense  when the 

f o l l i c l e  c e l l s  were a t th e ir  maximum s iz e  and 

development (Guraya, 1978). Theca l c e l l s  o f  L. f lu v ia  

t i l i s  revea led  no h istochem ica l ev idence o f s t e r o id o ­

genes is  (Hardisty and Barnes, 1968). On the other 

hand, the hypertrophied th eca l c e l l s  but not the 

f o l l i c l e  c e l l s  o f  the oocytes o f  L. p la n e r i  showed 

u lt ra s t ru c tu ra l  c h a r a c t e r is t ic s  o f  s te ro id ogen es is  

i . e .  elements o f agranular endoplasmic ret icu lum  and 

l i p id  d rop le ts  (Guraya, 1978). The f o l l i c l e  and 

th eca l c e l l s  of th e  hagfish  E. s to u t i  were not 

regarded as being a c t i v e l y  s te ro id o g en ic .  Both 

granular and agranular endoplasmic reticu lum  occurred 

in the f o l l i c l e  c e l l s  w h ile  th e  theca l c e l l s  

possessed d i la t e d  granular endoplasmic ret icu lum  w ith 

a homogeneous m ater ia l w ith in  th e  c is te rn s  (Tsuneki 

and Gorbman, 1977b).

The u lt ra s t ru c tu ra l  morphology o f  th e  zona 

pe l lu c id a  (chorion or egg envelope) has been 

described  in  L. f l u v i a t i l i s  (A fz e l iu s ,  Nicander and 

Sjoden, 1968) and in  L. p la n e r i  (Guraya, 1978).

2 .2 .2 . Elasmobranchs

The elasmobranch ovary i s  d i f f e r e n t ia t e d  into 

both co rtex  and medulla. Many spec ies possess only a
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l a r g e ,  developed r ig h t  ovary, but in some, the 

o v a r ie s  are pa ired  (F ranch i, 1962). Oocytes occur in 

the c o r t i c a l  reg ion  and as they grow and accumulate 

yo lk , they become surrounded by a la y e r  o f  f o l l i c l e  

c e l l s  and a tw o-layered  (Jones, 1978) or a m u lt ip le ­

layered  theca (Dodd and Dodd, 1980). The s in g le  ovary 

o f th e  basking shark Cetorhinus maximus has a some­

what unique s tru c tu re . I t  has l i t t l e  stroma and 

m il l io n s  o f oocytes  which are attached t o  lam e llae  

covered w ith  germinal ep ithe lium . The l a t t e r  p r o l i f e ­

ra tes  these oocytes  which are arranged in a s i z e  

h ierarchy. Tubules formed from the lam ellae r a d ia te  

from an a n te r io r  pocket or opening on the r i g h t  s ide 

o f the ovary (Jones, 1978). The ovary i s  invested  in 

a f ib rou s  tunica albuginea and the oocytes communicate 

w ith the abdominal c a v i t y  or o v id u c t  through the 

a n te r io r  opening (Dodd, 1960).

Morphological and h is tochem ica l changes in  the 

f o l l i c l e  c e l l s  w ith  oocyte maturation, have been 

described in  the d o g f ish  Scoliodon sorrakowah. Such 

changes involved an increase in  f o l l i c l e  c e l l  s iz e  

and aggregation  o f  sudanophilic l i p id  d ro p le ts  with 

increase in oocyte growth and y o lk  accumulation 

(Guraya, 1978). An increase in the frequency o f  l i p id  

d rop le ts  and 3p-HSD a c t i v i t y  was a lso  reported  in the 

f o l l i c l e  c e l l s  o f  S. acanthias (Lance and C a lla rd ,

1969), suggesting tha t these c e l l s  may be the
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p o s s ib le  s i t e s  o f s te ro id  b iosyn th es is . U l t ra s tru c -  

tu ra l  s tud ies o f th e  ovarian f o l l i c l e  o f  S. can icu la  

revea led  that the c e l l s  o f  the theca externa were 

r ich  in  agranular or smooth endoplasmic re t icu lum , 

had l i p i d  d rop le ts  and numerous m itochondria, some 

with tubular c r i s t a e  (Dodd and Dodd, 1980), such 

fea tu res  being t y p ic a l  o f  s te ro id ogen ic  c e l l s .

H istochem ical and m orphologica l changes in  

the zona p e llu c ida  and theca o f  S. sorrakowah with 

oocyte maturation, have a ls o  been described (Guraya, 

1978). The estrogens es tra d io l-1 7 p  and es trone 

were shown t o  occur in the ovary o f  S. can icu la  , 

each in  a concen tra tion  o f  19pg/ml. Most o f these  

s te ro id s  i . e .  approxim ately  80% are located  w ith in  

the oocy tes , the remainder occurring  in the ovar ian  

stroma (Simpson, Wright and Hunt, 1963).

2 .2 .3 . T e leos ts

Many t e l e o s t s  possess pa ired  ova r ies  which 

are mostly o f  the cys tovar ian  typ e  i . e .  the ovarian  

t is s u e  is  enclosed w ith in  a muscular tunica a lbuginea 

(Jones, 1978). The ovary may be  e ith e r  compact or 

ho llow  (Dodd, 1960) and in the la t t e r  case, the 

c a v i t y  is  l in ed  by germinal ep ithelium . Numerous 

ov igerous fo ld s  made up o f  connective t is su e  lam ellae , 

t ra v e rs e  the ovar ian  t is su e  and p ro je c t  in to  th is
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c a v i t y .  Oocytes deve lop  a long th e  lam ellae which are 

a lso  lined  by germinal ep ithe lium  and p r o l i f e r a t e  

oogonia (Jones, 1978). Mature oocy tes  a re  ovu lated  

in to  the ovarian  c a v i t y  ( i f  p r e s e n t ) ,  the  lumen o f 

which is  continuous with the lumen o f the o v id u c t ,  

the la t t e r  being a p o s te r io r  con tin ua tion  o f  the 

ovarian tunica  albuginea (Dodd, 1960).

The developmental range o f  oocyte  s tages , 

including th e  nuclear and cytop lasm ic fe a tu re s  o f 

each stage, have been described  a t  the l i g h t  

microscopy l e v e l  in  the t e l e o s t s  Scomber scomber 

(Bara, 1965), Gobius g iu r is  (Raja lakshm i, 1966), 

the p ip e f is h  Syngnathus fuscus (Anderson, 1968),- the 

goby G. m ir a b i l is  (de Vlaming, 1972), Mystus tengara 

(Guraya, Kaur and Saxena, 1975) and at the u l t r a -  

s tructu ra l l e v e l  in  Blennius p h o l is  (Shackley and 

King, 1977). Oocyte fea tu res  o f  suggested p h y s io lo ­

g ic a l  importance or s ig n i f ic a n c e ,  included th e  

presence o f  s e ve ra l  p er iphera l n u c le o l i ,  e i th e r  o f a 

uniform or duplex nature in  the ea r ly  oocy tes  o f 

G. g iu r is  (Rajalakshmi, 1966), S. fuscus (Anderson,

1968), G. m ir a b i l is  (de Vlam ing, 1972) and M. tengara 

(Guraya e t  a l ,  1975), and a cytoplasm ic body r e fe r r ed  

to  as the yo lk  nucleus or B a lb ian i body and con s is ­

t in g  va r io u s ly  o f  mitochondria or p ro te in  and r ib o ­

nucle ic  a c id  (RNA) in  the e a r ly  oocytes o f S. fuscus 

(Anderson, 1968) and the trou t  S. ga irdner i (Beams

WNWERSITT OF NAIROBI 
LHRARY
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and Kesse l, 1973). Guraya e t  a l  (1975) a ls o  observed 

a y o lk  nucleus w ith  a homogeneous s tructu re  in  the 

immature oocytes o f  M. tengara .

On the  bas is  o f  h is tochem ica l ev idence  i . e .  

the presence o f 3p-HSD a c t i v i t y ,  or u l t r a s t ru c tu ra l  

ev idence, th e  th eca l c e l l s  o f  th e  oocytes  o f  

S. scomber (Bara, 1965), Sarotherodon n i lo t i c u s  

(Yaron, 1971), C. n ig ro fasc ia tu m , Haplochromis 

m u lt ico lo r  (N ic h o l ls  and Maple, 197 2) , the coho 

0. k isu tch , pink salmon 0. gorbuscha (Nagahama,

Clarke and Hoar, 1978) and the f o l l i c l e  c e l l s  o f  the 

guppy P o e c i l ia  r e t ic u la t a  (Lambert, 197 0 ),

Acanthobrama te rrae -sa n c tae  and S. n i lo t ic u s  (Yaron, 

1971), were suggested to have a fu nction  in  th e  

synthesis o f  ovarian  s te ro id s .  Other fu n c t ion s  

a ttr ib u ted  t o  the f o l l i c l e  c e l l s  are those o f  n u tr i ­

t io n ,  s p e c i f i c a l l y  yo lk  form ation  and i t s  subsequent 

transport t o  the deve lop ing  oocy tes  (Yaron, 1971, 

H irose, 1972).

U ltra s tru c tu ra l changes in  the f o l l i c l e  c e l l s  

and form ation  o f  the zona ra d ia ta ,  have been described 

in the medaka 0. la t ip e s  (H irose , 1972) and in  

B. ph o lis  (Shackley and King, 1977). The f o l l i c l e  

c e l l s  were im p lica ted  in having a function  in  the 

formation o f  the zona rad ia ta  (Shackley and King, 

1977). Furthermore, phagocytosis o f  the contents o f



37

a t r e t i c  oocytes by the f o l l i c l e  c e l l s  i s  w e l l  

documented (Rajalakshmi, 1966; Yaron, 1971; 

de Vlaming, 1972; Guraya e t  a l ,  1975).

Mature oocytes  o f the cod Gadus c a l l a r i a s  

were found t o  conta in  e s t r a d io l - l7 p  in  a concentra ­

t ion  o f  approxim ately  4.8pg/kg and estrone in  a 

concentra tion  of lpg/kg. Only t ra c e s  o f  these 

hormones occurred in  the immature oocy tes  (G o t t f r ie d ,  

Hunt and Simpson, 1962). Estrone and e s t r a d io l - l7 p  

were a ls o  reported  to  occur in th e  o va r ie s  o f  

Sarotherodon aureus,the concen tra tion  o f  the l a t t e r  

s te ro id  being 91 + 7pg/kg. As such, the th ree  major 

mammalian es trogens are said t o  occur in  the o va r ie s  

o f the t e l e o s t s  -  es trone, e s t r a d io l - l7 p  and e s t r i o l ,  

or t h e i r  oxygenated d e r iv a t iv e s  (Katz, E ckste in , Ikan 

and G o t t l i e b ,  1971).

2 .2 .4 . Amphibians

The o v a r ie s  o f  amphibians are pa ired  and 

covered by the mesovarium which forms the squamous 

germinal ep ithelium . Each ovary i s  d iv id ed  in to  

lobes or s a c - l ik e  structures which are ho llow  

(Jones, 1978). Stromal t is su e  i s  absent (Dodd, 1960). 

Oocytes l i e  in th e  c o r t i c a l  r e g io n  o f the lob es  and 

in a breeding fem ale , the oocy tes  can be d iv id ed  

in to  severa l m aturational stages i . e .  v e ry  small
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prim ord ia l germ c e l l s ,  p r e - v i t e l l o g e n ic  oocy tes , 

v i t e l l o g e n i c  oocytes and p o s t - v i t e l l o g e n ic  oocytes  

(Jones, 1978) .

Oogenesis has been descr ibed  in X. l a e v i s , 

in corpora ting  changes in the nucleus, n u c le o l i ,  the 

s in g le  la ye r  o f f o l l i c l e  c e l l s ,  zona rad ia ta  ( v i t e ­

l l i n e  envelope) and the pa tte rn  o f  yo lk  p la t e l e t  

accumulation (Dumont, 1972) . In the immature oocytes 

o f both the anurans and the u rode les , the f o l l i c l e  

c e l l s  are f ib r o b la s t - l i k e  ( f la t t e n e d  and sp in d le -  

shaped) and with oocyte  maturation, undergo morpho­

lo g ic a l  changes, e ven tu a lly  becoming cubo ida l and 

la te r  columnar. In la rge , mature oocytes , the 

f o l l i c u l a r  ep ithelium  becomes th in  and the f o l l i c l e  

c e l l s  are reduced in  s iz e  (Guraya, 1978) .

A cytoplasm ic juxtanuclear mass or aggrega tion  

of mainly m itochondria, has been reported  in  the 

prim ordia l germ c e l l s  and oogonia o f  X. l a e v is  

(Al-Mukhtar and Webb, 1971) and in the immature 

oocytes o f X. la e v is  (Dumont, 197 2) . Th is  i s  consi­

dered to  be the precursor o f  the Balb ian i body (yolk 

nucleus) which la t e r  condenses t o  g iv e  the charac­

t e r i s t i c  we11-developed yo lk  nucleus o f  p r e - v i t e l l o ­

gen ic oocytes (Al-Mukhtar and Webb, 1971).

Histochemical evidence o f  s tero idogenes is
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( i . e .  3p-HSD and G6-PDH a c t i v i t y )  has been demonstra­

ted in the f o l l i c l e  c e l l s  o f  R. c ya n op h ly c t is ,

R. t i g r i n a , R. ve rru cosa , Cacopus systoma (Saidapur 

and Nadkarni, 1974) and X. l a e v is  (Redshaw and 

N ic h o l ls ,  1971). Furthermore, u l t r a s t ru c tu ra l  

observations o f l i p i d  loss  in th e  f o l l i c l e  c e l l s  o f 

B. bufo p r io r  to  o vu la t io n , has suggested the 

preovu la tory  s e c re t ion  o f  a s t e r o id  hormone by these 

c e l l s  (Thornton and Evennett, 1973).

Hope, Humphries and Bourne (1963) have 

described the u lt ra s t ru c tu ra l  changes in  the f o l l i c l e  

c e l l s  and form ation  o f the zona rad ia ta  or p e l lu c id a  

in the deve lop ing  oocytes o f  the salamander 

T. v i r id e s c e n s . The a c t i v i t y  o f  both the deve lop ing  

oocyte and i t s  f o l l i c u l a r  ep ith e liu m  were regarded 

as being invo lved  in  the form ation  o f the zona 

p e l lu c id a  (Guraya, 1978). The absence o f  ex tens ive  

areas o f  agranular endoplasmic ret icu lum  and other 

o rgan e lles  s p e c i f i c  to  s te ro id ogen ic  t is su e  in  the 

f o l l i c l e  c e l l s  o f the amphibians, has suggested the 

p o s s ib i l i t y  that d i f f e r e n t  pathways o f s te ro id  

hormone synthesis may occur in the f o l l i c l e  c e l l s ,  

which need fu r th er  in v e s t ig a t io n  (Guraya, 1978).

Ovarian t is s u e  o f X. la e v is  has been shown to  

synthesize ( in v i t r o ) both estrone and e s t r a d io l - l7 p  

in almost equal q u a n t it ie s  (Redshaw and N ich o l ls ,
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1971), while the ovarian  s te ro id  content o f the 

u rodele  Triturus c r is ta tu s  c a r n i fe x  has been shown to  

con s is t  o f  progesterone, 17-hydroxyprogesterone, 

androstenedione and tes to s te ro n e  (d i P r is c o ,  D e lr io ,  

C h i e f f i ,  C a r d e l l in i  and P o lz o n e t t i ,  1971).

2.3. P i tu i ta r y

The p i t u i t a r y  g en e ra l ly  r e f l e c t s  v a r ia t io n  in 

gonadal maturation by s tru c tu ra l v a r ia t io n  o f  c e r ta in  

basophils in  the pars d i s t a l i s ,  such basoph ils  hence 

suggested to  be th e  gonadotropin-producing c e l l s .

For c l a r i t y  and understanding, th is  sect ion  o f  the 

rev iew  describes  the anatomy o f  the p i tu i t a r y  in the 

p is c in e  and the amphibians groups, the hypothalamo- 

hypophysial anatomical r e la t io n s h ip s  and the va r iou s  

research  techniques aimed at id e n t i fy in g  the gonado­

t ro p in - r e le a s e  fa c to r s  and the gonadotropic c e l l s .

The structu re  o f the lung f i s h  p i tu i t a r y  and the  c e l l  

types in the pars d i s t a l i s  are a ls o  reviewed.

2 .3 .1 . Cyclostomes

The p i tu i t a r y  o f lampreys (F ig . 1) and 

ammocoete la rvae  possesses an unusual morphology in 

tha t the var ious zones are s e r i a l l y  arranged instead 

o f  forming a compact structure as in the p i tu i ta r y  

o f higher v e r te b ra te s  (Dodd, 1960). The adenohypo­
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o ther - the pars d i s t a l i s  (a n te r io r  reg ion ) and the 

pars intermedia (p o s te r io r  r e g io n  or meta-adenohypo­

physis ) (van Oordt, 1968; B a l l ,  1981), these being 

separated by a th ick  layer  o f con n ec tive  t is s u e  (van 

Oordt, 1968; Ba ll and Baker, 1969). The pars interm e­

dia u n d e r l ie s  the neurohypophysis and i s  separated 

from i t  on ly  by basal membranes and a th in  network 

of c a p i l l a r i e s  -  the vascu lar p lexus (van Oordt,

1968; B a ll  and Baker, 1969; B a l l ,  1981). A th ick  

sheet o f avascular connective t i s s u e  a lso  separates 

the pars d i s t a l i s  and the o v e r ly in g  in fund ibu lar 

element (B a l l ,  1981). The hypophysial c a v i t y  is  

ex ten s ive  and l i e s  not between the  pars d i s t a l i s  and 

pars interm edia, but below the p i tu i t a r y  i . e .  between 

i t  and the mouth c a v i t y  (Dodd, 1960). Septa o f  

connective  t is su e  and c a p i l l a r i e s  d iv id e  the pars 

d i s t a l i s  d o rso -v en tra l ly  in to  s e v e ra l  lo b u le s ,  and on 

the basis  o f  d i f fe re n ce s  in  c e l l  type, the pars 

d i s t a l i s  can be d iv ided  in to  a r o s t r a l  zone or pro­

adenohypophysis and a caudal or proximal zone (meso- 

adenohypophysis) (van Oordt, 1968; Ball and Baker,

1969).

Hagfisnes possess a more p r im it iv e  and an 

extrem ely reduced p i tu i ta r y  (F ig .  2) w ith  no contact 

e x is t in g  between the neuro- and the adenohypophysis 

(Dodd, 1960; B a ll  and Baker, 1969; Fontaine and
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O livereau , 1975). There i s  no su bd iv is ion  o f  the 

adenohypophysis in to  separate zones, the c e l l s  o f  

which occur in nests or c lu s t e r s  and separated from 

each other by connective  t is s u e  (Dodd, 1960 ; B a ll  

and Baker, 1969; Fontaine and O live reau , 1975; B a ll ,  

1981). The e n t ir e  adenohypophysis i s  separated from 

the o v e r ly in g  infundibulum or neurohypophysis by a 

th ick  sheet o f  connective t is s u e  (Fontaine and 

O livereau , 1975; B a l l ,  1981).

In the cyclostom es, th ere  appears to  be no or 

a v e ry  poor ly  developed hypothalamo-hypophysial 

anatomical r e la t io n s h ip ,  e i th e r  o f  a vascu lar or 

neural type that would prov ide t ra n s fe r  o f hypotha­

lamic in fluences  t o  the adenohypophysis (Crim,Urano 

and Gorbman, 1979a). Thus the lamprey pars d i s t a l i s  

and hagfish  adenohypophysis a re  not innervated 

although a p o s te r io r  reg ion  o f  the hagfish  adenohy­

pophysis is  linked by axons to  m odified  g l i a l  c e l l s  

in the neurohypophysis. The v e n t r a l  f l o o r  o f  the 

hag fish  neurohypophysis and i t s  an terdorsa l w a l l  has 

been suggested to  be a p o ss ib le  rudimentary median 

eminence s ince i t  conta ins monoamines and both p e p t i ­

d e rg ic  and aminergic nerve endings on ependymal 

processes ly in g  a ga ins t the connective  t is s u e  that 

l i e s  above the adenohypophysis. In lampreys to o ,  the 

in fundibular f l o o r  above the pars d i s t a l i s  has a 

t y p ic a l  median eminence s tru c tu re , conta in ing mono­
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amines, sp ec ia l iz ed  transport in g  c e l l s  (tanycytes ) 

and p ep t id e rg ic  and aminergic nerve endings v e n t r a l l y  

on the avascular connec tive  t is s u e  between th e  

infundibulum and the pars d i s t a l i s ,  or on ependymal 

processes c lo s e  t o  the pars d i s t a l i s .  T h e re fo re ,  i t  

has been suggested that m a te r ia l  from these nerve 

endings could reach the adenohypophysis v ia  th e  

connective t is su e .  The hagfish  E. b u rg e r i , u n l ik e  

other hagfishes e . g .  E. s to u t i  and Myxine, possesses 

some vascu la r  system between i t s  neuro- and adenohy­

pophysis, which may o f f e r  another route o f  m a ter ia l 

transport although the d ir e c t io n  o f  blood f l o w  is  

not known (B a ll ,  1981).

Immunoreactive lu t e in iz in g  hormone-releasing 

hormone (irLH-RH) has been demonstrated in b ra in  

ex tra c ts  o f Entosphenus t r id e n ta ta  and L. r ic h a rd s o n i , 

loca ted  over perikarya in the p reop t ic  nucleus with 

r e a c t iv e  axons passing v e n t r o -p o s te r io r ly  through 

the infundibulum and term inating  in the neurohypo­

physis (Crim et a l ,  1979a; 1979b). B a ll (1981) has 

suggested tha t in lampreys the gonado trop in -re leas ing  

fa c to r  may t ra v e l  from the neurohypophysis t o  the 

pars d i s t a l i s  v ia  the systemic c ir c u la t io n .

S p e c i f ic  s ta in in g  o f  irLH-RH however, d id  not 

occur in any part o f  the hag fish  E. s to u t i  c e n tra l

nervous t issu es  (Crim et a l ,  1979a). The authors
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have suggested that the hag fish  may possess an LH-RH- 

l i k e  substance which remained undetected by the immuno- 

cytochem ical technique (due to  "masking" o f  immuno- 

r e a c t i v i t y ,  presence o f  q u a n t i t ie s  below the l e v e l  o f  

d e te c t io n ,  e tc )  or that E. s t o u t i  simply la ck s  LH-RH- 

l ik e  m a te r ia l  in i t s  c en tra l  nervous t is s u e s .  Since 

most hag fishes r e s id e  in an unchanging, dark, deep- 

sea environment which is  a t  a r e l a t i v e l y  constant 

temperature and appear to  e x h ib i t  no seasonal breeding, 

th e ir  hypothalamus may have l i t t l e  function  in  in t e r ­

g ra t in g  environmental cues (Crim e t  a l , 1979a). 

Furthermore, s ince i t  was not p o ss ib le  to  c o r r e la t e  

m orphological fe a tu res  of the Myxine adenohypophysis 

with m aturational stages o f  the gonads or w ith  

gonadectomy, i t  was suggested th a t  the h a g f ish  adeno­

hypophysis exerts  no cons iderab le  c o n tro l  over  

gonadal functions and the feed -back  systems in v o lv in g  

the neuro-endocrine r e f l e x e s ,  a re  not requ ired  

(Fernholm and Olsson, 1969). However, hypophysectomy 

im p lica tes  a gonadotropic fu nction  in both male and 

fem ale E. burgeri but not in E. s t o u t i . Th is may be 

due to  the fa c t  th a t  E. bu rger i un like other 

myxinoids, has seasonal gonadal c y c le s  and l i v e s  

m ostly  in shallow waters and th e re fo r e  exposed to  

environmental cues that would lead to hypophysio- 

t r o p ic  s igna ls  and c a l l  f o r  endocrine adjustments 

(B a l l ,  1981).
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In L. p la n e r i , only one typ e  o f basoph il in 

the r o s t r a l  pars d i s t a l i s  r e v ea led  changes w ith  

ovarian  growth, v i t e l l o g e n e s is  and spawning and was 

hence considered to  be the source o f  the gonadotrop ic 

hormone. P r io r  to  spawning, c l e a r  vacuoles were 

present in the cytoplasm o f  the basoph ils  and 

regarded as fe a tu re s  o f  ex tru s ion . These basoph ils  

s ta r t  t o  deve lop  in  growing la rv a e  and in crease  in 

number and s ta in in g  a f f i n i t y  during metamorphosis. 

However, the basoph ils  in the proximal pars d i s t a l i s  

were a ls o  found to  be a c t iv e  a t  the beginning o f 

maturation or  in lampreys w ith immature gonads. In 

the adu lt  lamprey, a reduction o f  secre to ry  a c t i v i t y  

in th e  proximal basoph ils  occurred, r e s u lt in g  in a 

storage o f th e  s e c re to ry  products. I t  was th e re fo r e  

concluded th a t  the basophils o f  the proximal pars 

d i s t a l i s  p r im a r i ly  produced the gonadotropin and to 

a le s s e r  ex ten t, th e  basophils o f  the r o s t r a l  pars 

d i s t a l i s  (van Oordt, 1968).

2 .3 .2 . Elasmobranchs

The p i t u i t a r y  gland o f elasmobranchs co n s is ts  

o f d is t in c t  and w e l l-d e f in e d  lob es  (F ig . 3 ).  The 

neuro-in term ed iate lobe co n s is ts  o f in t e r d ig i t a t e d  

t is su es  of the neurohypophysis and the la rg e  pars 

intermedia and l i e s  in a dorso-caudal p o s it io n  (Dodd, 

1960; van Oordt, 1968; B a ll  and Baker, 1969). The
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pars d i s t a l i s  is  an e longated , ton gu e - l ik e  s truc tu re  

and due to  the segregat ion  o f i t s  c e l l  types , can be 

d iv id ed  in to  proximal, medial and r o s t r a l  zones (van 

Oordt, 1968). In th e  sharks and d o g f ish es , th e  

r o s t r a l  pars d i s t a l i s  con s is ts  o f  seve ra l v e s i c l e s  

and tubules communicating w ith th e  spacious hypophy­

s ia l  c a v i t y .  The median pars d i s t a l i s  co n s is ts  o f  

fo lded  w a l ls  around th is  c a v i t y .  In rays and skates, 

the p i t u i t a r y  possesses a reduced hypophysial 

c a v i t y ,  compact tubules and v e s i c l e s ,  g iv in g  a so l id  

appearance t o  the pars d i s t a l i s  (van Oordt, 1968;

Ball and Baker, 1969)

Above the median and r o s t r a l  zones o f  the pars 

d i s t a l i s ,  l i e s  the e labora te  and elongated median 

eminence, t h is  having a r o s t r a l  reg ion  w ith a p a l i ­

sade zone p ro je c t in g  in to the r o s t r a l  pars d i s t a l i s ,  

and c a p i l l a r i e s  continuous w ith  those o f  the r o s t r a l  

pars d i s t a l i s ,  w ithout in te rven in g  p o r ta l  v e s s e ls .

The caudal reg ion  o f  the median eminence has 

c a p i l l a r y  loops which form d is t in c t  p o r ta l  v e s s e ls  

supplying th e  median pars d i s t a l i s ,  and in some 

sp ec ie s ,  the neuro-intermedia (B a l l ,  1981). A unique 

fe a tu re  is  the v e n t ra l  lobe which is  unpaired, l i e s  

v e n t ra l  to  the pars d i s t a l i s  and the neuro-interme­

d ia t e  lobe and connected by an in terhypophysia l 

s ta lk  to  the median zone o f  the pars d i s t a l i s  (Dodd, 

1960; van Oordt, 1968; B a l l ,  1981).
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The v e n tra l  lobe r e c e iv e s  l i t t l e  or no p o r ta l  

blood and s ince none o f  the pars d i s t a l i s  i s  inner­

va ted , i t  remains unclear as to  how the hypothalamus 

might c o n tro l  the v e n t ra l  lobe, t h i s  reg ion  being 

the source o f  both the gonadotropin and the th y ro ­

trop in . I t  has been suggested th a t  the systemic 

c ir c u la t io n  may p rov id e  the rou te  between the  hypo­

thalamus and the v e n t ra l  lobe (B a l l ,  1981).

E x tirpa t ion  o f  the v en tra l  lobe in  dog fishes  led  to 

an atrophy o f  the gonads and cessa t ion  o f  o v u la t io n ,  

and again  in  fem ale dog fishes , t h is  lobe increases 

in s i z e  cons id erab ly  a t  sexual m aturity  (Dodd, 1960; 

van Oordt, 1968). However, seasonal changes seen in 

reg ions o f  th e  p i tu i t a r y  other than the v e n t ra l  lobe, 

suggests th a t  the v e n t ra l  lobe may not be the only 

part o f  the p i tu i t a r y  concerned w ith  the c o n tro l  o f  

reproduction (D ella  Corte quoted by F ir th  and 

V o l lra th ,  1973)

U lt ra s tru c tu ra l  observa tions  have a lso  shown 

that the median pars d i s t a l i s  conta ins c e r ta in  c e l l s  

which are  m orpho log ica lly  s im ila r  to  those in  the 

v e n t ra l  lobe , suggesting the presence o f  the same 

hormone in both reg ion s  (Knowles, Meurling and 

V o l l r a th  quoted by F ir th  and V o l l r a th ,  1973). This 

was confirmed by the demonstration of lu te n iz in g  

hormone-like gonadotropic a c t i v i t y  in the v e n t ra l  

and median lobes o f  the dog f ish  S. canicula p i tu i t a r y .
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Since the median lobe (with i t s  gonadotropic a c t i v i t y )  

u n like  the v e n t ra l  lobe, r e c e iv e s  blood from the 

hypothalamus v ia  a po rta l system, i t  was suggested 

that the p itu ita ry -g on a d a l system in  elasmobranchs 

may be p a r t i a l l y  under d i r e c t  hypothalamic c o n tr o l  

(F ir th  and V o l l r a th ,  1973) .

Evidence o f  hypothalamic c o n tro l  comes from 

the demonstration th a t  ex ten s iv e  hypothalamic le s io n s  

(which probably damaged the median eminence) caused a 

dramatic increase in  the frequency o f o vu la t ion ,th u s  

suggesting th e  removal o f some hypothalamic gonado­

t r o p in - in h ib i t in g  fa c to r ,  th is  probably reach ing the 

ven tra l lob e  v ia  the systemic c i r c u la t io n .  Evidence 

a lso o f  a gon ado trop in -re lea s in g  hormone in elasmo­

branchs, has come from the demonstration o f irLH-RH 

in th e  hypothalamic ex tra c ts  o f  Poroderma africanum 

and in  the fo re b ra in  o f  S. acanth ias (B a l l ,  1981).

The gonadotropin from th e  v e n tra l  lob e  o f

S. can icu la  has been p u r i f ie d  and found to  have 

b io lo g ic a l  a c t i v i t i e s  s im ila r  t o  mammalian f o l l i c l e  

stim ulating  hormone (FSH). Since only one gonadotro­

pin was p u r i f ie d  s p e c i f i c a l l y  from the v e n t r a l  lobe, 

i t  does not fo l lo w  that on ly  a s in g le  gonadotropin 

is  present in  the elasmobranch p i tu i ta r y  (Sumpter, 

F o l l e t t ,  Jenkins and Dodd, 1978).
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2 .3 .3 . T e leos ts

The neurohypophysis and the adenohypophysis o f  

the t e le o s t  p i t u i t a r y  are e a s i l y  re c o g n iza b le ,  with 

the adenohypophysis being the la r g e s t  pa rt  o f  the 

p i tu i ta r y  and d iv id ed  in to  th ree  reg ion s  s itu a ted  one 

behind the other -  the pro-adenohypophysis or r o s t r a l  

pars d i s t a l i s ,  th e  meso-adenohypophysis or proximal 

pars d i s t a l i s  and a meta-adenohypophysis or pars 

intermedia (F ig . 4 ) .  The neurohypophysis i s  not a 

d is c r e te  lobe  and i s  in the form o f  anastomosing 

strands or p ro trus ions  which penetra te  the pars 

intermedia and to  a le s se r  ex ten t, the two reg ion s  o f  

the pars d i s t a l i s .  A t y p ic a l  hypophysial c a v i t y  is  

absent in the t e l e o s t  p i tu i ta r y  (Dodd, 1960; van 

Oordt, 1968 ; Fontaine and O live reau , 197 5).

T e leos ts  a re  regarded as unique in  having 

incorporated the median eminence and p o r ta l  v e s s e ls  

as the r o s t r a l  neurohypophysis, th is  being ad jacent 

to  th e  pars d i s t a l i s  and connected to  i t  w ith  short 

c a p i l l a r i e s .  The pars d i s t a l i s  i s  more or l e s s  

d i r e c t l y  innervated and i t  has been suggested that in 

the primitive t e l e o s t s  such as the salmonids, nerve 

endings on the c a p i l la r y  plexus in  the r o s t r a l  neuro- 

hypophysis, ex e r t  con tro l over the pars d i s t a l i s  -  the 

hypophysiotropic fa c to r s  being ca rr ied  in to  the pars 

d i s t a l i s  by the short c a p i l l a r i e s .  However, in  most of
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the t e le o s t s  that have been s tu d ied , hypophysiotrop ic  

nerve f ib r e s  pass to  the pars d i s t a l i s  and e i th e r  

term inate on the neurohypophysis-pars d i s t a l i s  

in te r fa c e  basement membrane, or penetrate  in to  the 

pars d i s t a l i s  and form nerve endings, o f ten  synaptic , 

impinging on the endocrine c e l l s .  In any one sp ec ies , 

the hypothalamo-hypophysial system may in v o lv e  

various combinations o f a l l  rou tes  (B a ll ,  1981).

In s e v e ra l  t e l e o s t  sp ec ie s ,  the c h a r a c t e r is t ic s  

d isp layed by c e r ta in  basophils in  the pars d i s t a l i s  

in response to  va r iou s  stages o f  gonadal maturation, 

have been c l o s e l y  con s is ten t. Thus at peak t e s t i c u la r  

m aturity, degranu la t ion , r e g re s s io n  and chromophobia 

occurred in the basoph ils  o f  th e  proximal pars 

d i s t a l i s  o f  H. f o s s i l i s  (Sundararaj, 1960) and a lso  

in the basophils o f  the proximal pars d i s t a l i s  o f  the 

black surfperch Embiotoca ja ckson i (Lagios, 1965). In 

the p i tu i ta r y  o f  a g rav id  fem ale H. f o s s i l i s , the 

basoph ilic  p c e l l s  in the proximal pars d i s t a l i s  

again showed a reg ress ion  in c e l l  and nuclear s izes  

and contained l i t t l e  g ranu la tion  (Baker, Keshavanath 

and Sundararaj, 1974). Moreover, in  these spec ies  

w ith  e ith e r  maturing te s te s  or a c t i v e l y  v i t e l l o g e n i c  

oocy tes , the basoph ils  o f  the proximal pars d i s t a l i s  

exh ib ited  hypertrophy or an increase in  c e l l  and 

nuclear dimensions, increase in  number, and in ten s ity  

o f  granulation , and were hence suggested to  be the
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gonadotropin-producing c e l l s .

Barr and Hobson (1964) reported  that the 

number o f  basoph ils  in the proximal pars d i s t a l i s  o f  

the p la ic e  P leuronectes p la tessa  c lo s e ly  p a ra l le le d  

gonadal development and gonadotrop ic potency o f  the 

p i tu i t a r y  i . e .  w ith  maturing gonads which have the 

g rea te s t  r a t e  o f  development, th e  proximal pars 

d i s t a l i s  re v ea led  the la rg e s t  number o f  basoph ils  

and p i t u i t a r y  ex tra c ts  had the g rea te s t  gonadotropic 

potency. P i t u i t a r i e s  o f immature and spawned f is h  

lacked these basophils  and t h e i r  ex tra c ts  contained 

l i t t l e  or no gonadotropic a c t i v i t y .

Some con troversy  e x is t s  as to  the number o f 

gonadotrop ic c e l l  types in  the t e l e o s t  p i tu i t a r y .  The 

technique o f  immunofluorescence id e n t i f i e d  o r  sta ined 

on ly  one gonadotropic c e l l  type in the pars d i s t a l i s  

o f the A t la n t ic  salmon S. sa la r  (Ekengren, Peute and 

F r idberg , 1978a; Lindahl, 1980) and in the meso-adeno- 

hypophysis o f  the P o e c i l in a e , e s p e c ia l ly  th e  black 

m olly  M o l l ie n is ia  la t ip in n a  (Goos, S e ld e n r i j ik  and 

Peute, 1976). In the proximal pars d i s t a l i s  o f  the 

g o ld f is h  Carassius auratus, th e  adm in is tra tion  o f 

syn the tic  mammalian LH-RH helped id e n t i f y  th e  gonado­

t r o p ic  c e l l s  and evidence ind ica ted  on ly  one type 

(Kaul and V o l l r a th ,  1974). The adm in istration  of 

LH-RH in S. s a la r , led to  degranu lation  and



52

va cu o l iz a t io n  o f the gonadotrop ic c e l l s  (Ekengren e t  

a l ,  1978a) as i t  d id  to  the gonadotrop ic c e l l s  o f  

C. auratus (Kaul and V o l lra th ,  1974), these fe a tu re s  

suggesting high a c t i v i t y  and r e le a s e  o f  gonadotropin . 

Ovariectomy in  the rainbow t ro u t  S. g a ird n e r i  a lso  

led to  degranu lation  in most o f  th e  gonadotrop ic c e l l s  

and an increase in  the plasma gonadotrop in  l e v e l ,  

probably due to  th e  decrease in  the l e v e l  o f  sex 

s te ro id s  in  the b lood . Again, degranu la tion  im plied 

a secre to ry  a c t i v i t y  (Peute, T e r low , Breton, Goos and 

van Oordt, 1980). Ekengren et a l  (1978b) aga in  

employing th e  technique o f  irrmunohistochemistry, 

id e n t i f i e d  two types o f gonadotrop ic  c e l l s  in  the 

proximal pars d i s t a l i s  o f R u t i lu s  r u t i lu s , which 

were c y t o lo g i c a l l y  d i f f e r e n t  from each o ther .

irLH-RH has been demonstrated in the fo re b ra in ,  

neurohypophysis and i t s  nerve f i b r e s  lead ing to  the 

proximal pars d i s t a l i s  o f S. g a ird n e r i  and in  the 

a n te r io r  neurohypophysis c lo s e  t o  the gonadotrop ic 

c e l l s  o f  A ngu illa  japonica and th e  p u ffe r  Fugu 

niphobles (B a l l ,  1981). Furthermore, r e l a t i v e l y  

p u r i f ie d  gonadotropin has been obtained from the 

p i tu i t a r ie s  o f s e ve ra l t e l e o s t s  -  the carp Cyprinus 

c a r p io , Chinook salmon 0. tshawytscha, chum salmon

0. k e ta , S._g a ird n e r i  and Sarotherodon mossambicus,

which was found t o  be a g ly co p ro te in  hormone w ith 

structu ra l p ro p e r t ie s  s im ila r  t o  mammalian LH and
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FSH. At presen t, i t  i s  uncerta in  as to the number o f 

gonadotropins present in the t e l e o s t  p i t u i t a r y .  Thus 

from ex ten s ive  gonadotropin f r a c t io n a t io n  prepara­

t io n s ,  i t  was found that 0. tshawytscha, 0. keta and 

S. mossambicus, a l l  possess two forms o f  gonadotro­

pin, an LH -lik e  and and FSH -like  f r a c t io n  occurring  

in the l a t t e r  t e l e o s t ,  w h ile  th e  gonadotropins o f 

the former two f i s h  possess some male and fem ale 

s p e c i f i c i t y .  On th e  other hand, a s in g le  g ly co p ro te in  

gonadotropin o f th e  American p la i c e  H ippoglossoides 

p la tesso ides  possessed both FSH and LH -like 

p ropert ies  in  that i t  induced oocy te  maturation as 

w ell as o vu la t io n . Furthermore, a non -g lycoprote in  

f r a c t io n  th a t  stim ulates v i t e l l o g e n e s i s  was obtained 

from the p i t u i t a r y  glands o f  th e  w inter flounder 

Pseudopleuronectes americanus and the salmon (Peter 

and Crim, 1979).

2 .3 .4 . Amphibians

The amphibian adenohypophysis i s  s ituated  

ven tro -cau d a lly  o f  the neurohypophysis and co n s is ts  

o f the pars in term edia, pars d i s t a l i s  and pars 

tu b e ra l is .  The pars intermedia l i e s  d o rs a l ly  or 

dorso-cauda lly  o f  the pars d i s t a l i s  w ith i t s  r o s t r a l  

surface attached t o  the caudo-ventra l su rface  o f the 

pars nervosa (neurohypophysis) . In anurans, the pars 

intermedia i s  connected a t  i t s  caudo-ventra l rim
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with  the dorso-caudal surface o f  the pars d i s t a l i s  

(F ig .  5) , w h ile  in  urodeles, th e  pars interm edia is  

continuous w ith  the pars d i s t a l i s  (F ig . 6) (van 

Oordt, 1968). The pars d i s t a l i s  i s  w e ll-d eve lop ed  

and r ic h  in vascu la r  sinusoids which subd iv ide  the 

c e l l s  in to  c o r d - l ik e  aggrega tion s  (Dodd, 1960). In 

anurans, i t s  width usually  exceeds i t s  len gth  w h ile  

in u rod e les , th is  lobe is  more elongated (van Oordt, 

1968). The pars tu b e ra l is  in  u rode les  c o n s is ts  o f  a 

pair o f  processes formed from a small group o f  c e l l s  

and attached to  th e  v e n tra l  w a l l  o f  the tuber 

cinereum th a t  l i e s  r o s t r a l l y  o f  the pars d i s t a l i s .  

Such a connection between the pars d i s t a l i s  and the 

pars tu b e r a l is  is  absent in  anurans, the two lobes 

being separated by a layer  o f  f la t t e n e d  c e l l s  which 

may be  reduced to  a membrane (Dodd, 1960 ; van Oordt, 

1968) .

The t y p ic a l  median eminence p o r ta l  system 

route o f  communication between the  hypothalamus and 

the pars d i s t a l i s ,  occurs in  th e  amphibians, th is  

being best developed in the anurans. The pars d is t a ­

l i s  o f  the adu lt i s  not d i r e c t l y  innervated, but 

R. tem poraria tadpo les  have a pars d i s t a l i s  which is  

sparse ly  innervated  by hypothalamic monoaminergic 

neurones, which disappear at metamorphosis (B a l l ,  

1981) .
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The r e s u l t s  o f  d i r e c t  b iochem ical in v e s t ig a ­

t ion s  (chemical f r a c t io n a t io n )  on the hormones o f 

the amphibian p i tu i t a r y ,  have es ta b lish ed  th a t  two 

separate and chem ica lly  d i s t in c t  g ly co p ro te in  

gonadotropins occur in both the anurans (L ich t  and 

Papkoff, 1974; Farmer, L ich t ,  Papkoff and D an ie ls , 

1977) and in  the u rode les , which appear to  be  homo­

logous w ith the LH and FSH o f mammals (L ich t ,  1979). 

Recent s tud ies  have demonstrated irLH-RH in  the 

brain and hypothalamus o f Rana (B a l l ,  1981) and in 

the hypothalamus o f  X. l a e v i s , and stud ies have 

confirmed th a t  amphibian gon ado trop in -re lea s in g  

hormone is  id e n t i c a l  t o  mammalian LH-RH. In X. l a e v i s , 

the hypothalamic LH-RH content v a r ie s  season a lly  

with the rep ro d u c t iv e  c y c le ,  being low in  sexu a lly  

quiescent f r o g s  during the non-breeding w in ter  

season and high in  r ep ro d u c t iv e ly  a c t iv e  f r o g s  

during the spring or breeding season (King and 

M i l la r ,  1979).

F ive  h is tom orp h o log ica lly  d i f f e r e n t  c e l l  

types occur in  the pars d i s t a l i s  o f  the amphibians 

i . e .  two a c id o p h ils  and th ree  basoph ils . Basophils 

type 1 occur as sm all groups in  the c e n tro -v en tra l  

reg ion  while  type 2 occur in g rea te r  q u a n t i t ie s  

throughout the pars d i s t a l i s  and d i f f e r  in s ta in ing  

p rop ert ies  o f  t h e i r  granules as from the type 1 

basophils . Type 3 basoph ils  c h a r a c t e r i s t i c a l l y  occur
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around the r o s t r a l  pars d i s t a l i s  and possess 

d i f f e r e n t  s ta in in g  p rop e r t ie s  a l to g e th e r  as from the 

types 1 and 2.

Previous s tu d ies  aimed a t  determ ining the 

function  o f  the basoph ils , in vo lved  c o r r e la t in g  

changes in  th e  t a r g e t  organs w ith  p a r a l l e l  changes 

of these c e l l s  in the pars d i s t a l i s .  Thus in  the

anurans X._l a e v i s , B. bu fo , P. w a l t l i i , Salamandra

salamandra ta e n ia ta  and T. c r i s t a t u s , the typ e  1 

basophils were regarded as the source o f  th y ro trop in  

(TSH) a f t e r  v a r io u s ly  re v ea l in g  changes in a c t i v i t y  

with the s ta te  o f  the thyro id  in  la r v a l  amphibians 

during metamorphosis and in  those  la rvae  and adults 

that were thyro idectom ized  and g o it ro gen  t re a ted .

Upon blockage o f th yro id  fu n c t ion  in  adu lts  amphi­

bians, a degranu la t ion , v a c u o l iz a t io n  and enlargement 

o f the type 1 basoph ils  occurred (van Oordt, 1968).

Severa l workers have accepted the type  2 

basophils as being the gonadotropin-producing c e l l s .  

These were noted t o  be absent in  la r v a l  amphibians 

but develop a t  th e  onset o f  gonadal maturation. 

Gametogenetic v a r ia t io n s  a lso  co in c ided  w ith changes 

in the type 2 basophils (van Oordt, 1968). Other 

experim ental techniques aimed a t  id e n t i fy in g  the 

gonadotrop ic c e l l s  in  the amphibian pars d i s t a l i s ,  

in vo lved  gonadectomy and subsequent gonadotrop in-
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replacement therapy in  X._la e v is  (Kerr, 1965) and in

R._escu lenta (Rastogi and C h i e f f i ,  1970). T h is  again

led to  a v a r ia t io n  in  number, g ranu la tion , dimension 

and s ta in in g  rea c t io n  o f the typ e  2 basoph ils  in 

both X. la e v is  (Kerr, 1965) and R. esculenta (Rastogi 

and C h i e f f i ,  1970).

F a i r l y  r e c e n t ly ,  the technique o f  immunohisto- 

chemistry confirmed that the amphibian type 2 

basophils were indeed the gonadotrop ic c e l l s  (sta ined 

with LH antiserum) (Evennett and Thornton, 1971; 

D oerr-Schott , 1976) and tha t th e  type 1 basoph ils  in 

the anurans were th e  TSH producing c e l l s .  In  the 

urodeles, th e  type 1 basophils were not id e n t i f i e d  

or sta ined by the immunohistochemical technique. The 

type 3 basophils  in  amphibians a re  the ACTH ( c o r t i c o ­

trop in ) producing c e l l s  (D oerr-Schott, 1976). 

P rev iou s ly , LH production was ascr ibed  t o  th e  type 3 

basophils a f t e r  atrophy o f  the i n t e r s t i t i a l  t is s u e  

in the t e s te s  o f anurans led t o  a reg ress ion  o f  these 

basophils . Moreover, c y c l i c a l  changes in  the in t e r ­

s t i t i a l  t is su e  a ls o  seemed to  c o r r e la t e  w ith  changes 

in the type 3 basophils  (van Oordt, 1968).

2 .3 .5 . Dipnoi

The c lo s e  phylogenetic  r e la t io n s h ip  th a t  is  

sa id  to  e x is t  between the lu ng fishes  and the amphi-
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bians, is  r e f l e c t e d  in the s tru c tu ra l s im i l a r i t i e s  

o f th e i r  p i t u i t a r i e s ,  e s p e c ia l ly  the pars d i s t a l i s  

(F ig . 7 ).  An in te r e s t in g  d i f f e r e n c e  h ow ever , is  the 

presence o f  a d i s t in c t  hypophysial c a v i t y  which 

incom pletely  separates the pars d i s t a l i s  and pars 

intermedia, in  both the South American lu n g f ish  

Lep idosiren  paradoxa (Hansen, Hansen and Hummer,

1980) and in  adu lt P. ae th iop icu s  (Kerr and van 

Oordt, 1966). The o rgan iza t ion  o f  the hypothalamo- 

hypophysial complex in  lu n g fish es  a lso  resembles 

that o f the amphibians in  tha t th e  lu n g fish es  too  

have a w e l l-d eve lop ed  median eminence p o r ta l  system, 

with the p o r ta l  v e s s e ls  connecting the c a p i l l a r y  bed 

of the median eminence to  tha t o f  the pars d i s t a l i s  

(Hansen e t  a l ,  1980; B a ll ,  1981). Like the tadpo les  

o f R. tem poraria , the pars d i s t a l i s  o f  lu n g f ish es  i s  

a lso  sparse ly  but d i r e c t l y  innervated by am inergic 

f ib r e s  which probably o r ig in a te  from sca tte red  

aminergic nerve c e l l s  in the tu b e ra l  hypothalamus 

(B a l l ,  1981).

Kerr and van Oordt (1966) id e n t i f i e d  th ree  

types o f basoph ils  and two types  o f a c id o p h i ls  in 

the pars d i s t a l i s  o f  P. a e th io p ic u s , these c e l l  types 

c lo s e ly  resem bling the f i v e  c e l l  types in  th e  amphi­

bian pars d i s t a l i s  in s ta in ing  r ea c t io n ,  d is t r ib u t io n  

and development (F ig .  7) . In th e  pars d i s t a l i s  o f  

L. paradoxa, th ree  basoph ilic  c e l l  types were a lso
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descr ib ed , whereas the id e n t i f i c a t i o n  o f  two ac ido­

p h i l i c  c e l l  types was uncerta in . I t  was noted however, 

that the h i s t o l o g i c a l  fe a tu res ,  s ta in in g  r e a c t io n  and 

d is t r ib u t io n  o f the basophils were s im ila r  t o  those 

in P ro top te ru s  (Hansen et a l ,  1980). In t h e i r  study, 

Kerr and van Oordt (1966) c o r r e la te d  th e  s t a te  o f  the 

pars d i s t a l i s  w ith  the s iz e  or body length  o f  the 

lu ng fish , but in the absence o f  experim ental evidence 

or c o r r e la t io n  o f  the p i tu i ta r y  w ith changes in  i t s  

ta rg e t  organs, they  stressed th a t  the fu n c t ion s  

a ttr ib u ted  t o  the c e l l  types remain t e n t a t i v e .  Two 

s ize  ranges o f  P. aeth iop icus were studied i . e .  young 

specimens ranging from 3cm to  35cm and an adu lt  range 

of 65cm to  170cm, the in term ed ia te  range o f 35cm to 

65cm being absent in  th e ir  study. In summary, the 

type 1 basoph ils  were t e n t a t i v e l y  regarded as the 

TSH producing c e l l s  due to  t h e i r  ea r ly  appearance in 

a lu n g fish  o f  s i z e  11cm and having comparable s ta in ing  

reac t ion s  w ith  the TSH c e l l s  o f  amphibians. Type 2 

basophils were suggested to  be th e  FSH c e l l s  because 

of t h e i r  absence in  the ju v e n i le  range and predomi­

nance in  th e  adu lt range. Due t o  the s im i la r i t y  in 

d is t r ib u t io n ,  shape and s ta in in g  reac t ion  w ith  the 

type 3 basoph ils  in  the amphibian p i tu i t a r y ,  the type 

3 basoph ils  o f  P. aeth iop icus were t e n t a t i v e l y  

regarded to  be th e  LH producing c e l l s .  However, in 

L. par ad ox a , irrmunocytochemical sta in ing o f  ACTH was

loca ted  in the typ e  3 basoph ils  in the r o s t r a l  pars
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d i s t a l i s  (Hansen e t  a l ,  1980), and th e re fo r e  does not 

agree with the deduction o f  Kerr and van Oordt (1966).
.i

The aim of the presen t study i s  to  id e n t i f y  the baso­

ph il (s) that r e v e a l  (s) a h is tom orpho log ica l v a r ia t io n  

with the d i f f e r e n t  stages o f  gonadal maturation and 

which th e re fo re  can be regarded w ith some accuracy as 

the gonadotropin-producing c e l l s .



FIG. I. S a g i t t a l  s e c t io n  of Lam prey p i t u i t a r y  

( f ro m  L an zin g ; 1^5*1)

Infundibulum

Intermediate 
homolog ue

FIG. 2 . Median s a g it ta l  section of M yxine
p itu ita ry  (from Adcm^ Connective

t is su e  is  in  black.
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Rostral pars 
distal is

Proximal pars 
distaiis

ro intermdiate lobe

Ventral lobe

FIG. 3. D iagramm atic represen ta tio n  of a median 
sag itta l section of I k y liorhinus p i tu i t a r y  ( a s  
modified from  M e llin g e r  1166 by Fontaine and 
O liv e re a u } I *175)

E3E Acth-cells 
EH Fbolqct in-cel Is 
r^T sh -ce lls  
■ IS th-ce lls  
E3Gth -cells 

ESMsh-cells

FIG. 4 . Diagrammatic representation of a median 
sagitta l sect ion of XLLapia_pi tu i ta ry  (  from Bern; 
Nishioka and Nagahama } I S ? / ^
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rs intermedia

•  basophils type i 
© basophils type Z  
o basophils type 5

Pars tuberalis Pars distalis

FIG. 5. M edian section of an anuran p i tu ita ry  showing 
the d is t r ib u t io n  of the basophil types in the pars 
distalis ( fro m  Kerr

•  basophils type Z 
© basophils type 3  

basophils type I ?_nc 
identified by immuno- 
cytology

FIG. 6. Schematic representation of a median section of a 
urodele p i tu i ta r y  showing the d is tr ib u tio n  of the  
basophil types in the pars d is ta l is  (from Doerr-Schott; IS76)
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FIG. 7. Diagram of a sagittal section of an adult 
P rot Qp terns. p i t u i t a r y  ( l3 5 c m fis h ) showing the 
distribution of the basophil types in the pars distalis  
(from Kerr and van Oordt^ I*f66)
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3. MATERIALS AND METHOD

Fifty-five lu n g f ish  P. a e th ip ic u s , o f  which 

twenty-seven were fem ales ranging in  body length  from 

26cm to  57cm, and tw en ty -e igh t  males ranging from 

18.5cm to  66.5cm, were c o l le c t e d  from swampy areas 

around the Kavirondo Gulf reg ion  o f  Lake V ic t o r ia .  In 

the la b o ra to ry ,  the lu n g fish  were k i l l e d  by d e ca p ita ­

tion and the gonads and p i t u i t a r i e s  were removed.

3.1. L igh t M icroscopy

Since development was noted to  be co n s is ten t  

throughout the len gth  o f  the gonads, random po rt ion s  

of the t is su e  were f i x e d  in Bou in 's  f i x a t i v e .  

P i tu i ta r ie s  were f i x e d  in Bouin 's Hollande f i x a t i v e  

(Humason, 1972). Routine dehydration  in a graded 

ser ies  o f  a lc o h o ls ,  c le a r in g  and p a r a f f in  wax 

embedding, fo l lo w ed . Gonad specimens were sectioned  

transverse ly  a t  5-7p th ickness, sta ined  w ith  E h r l ic h 's  

haematoxylin and countersta ined w ith  Eosin. S a g i t t a l  

sections  o f th e  p i t u i t a r ie s  a t  5p th ick ,  were sta ined 

with A lc ian  b lu e -P e r io d ic  a c id - S c h i f f ' s rea gen t-  

Orange G (AB-PAS-OG) (Humason, 1972) in accordance 

w ith the sta in ing  procedure employed by Kerr and van 

Oordt (1966).

Mean diam eter o f  the gametogenetic c e l l s ,
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n u c le i ,  n u c le o l i ,  yo lk  granu les , in c lu s ion s , e t c .  was 

determined by the formula J M, x where M, p i s  the

longest diameter and M̂ u is  the sh or tes t  d iam eter.

3.2. E lec tron  Microscopy

T iny p o r t ion s  o f  gonadal t is su e  were f i x e d  in 

Karnovsky's para form aldehyde-g lu tara ldehyde f i x a t i v e  

in phosphate b u f fe r  a t  4 'C (Hayat, 1970), p o s t f ix e d  

in 1% osmic a c id  in  phosphate b u f fe r  a lso  a t  4* C and 

rinsed in  0.85% o f  sodium c h lo r id e  so lu t ion . T issues 

were then dehydrated in a graded s e r ie s  o f a lc o h o ls ,  

c leared  in p ropy lene ox ide and embedded in Epoxy 

Resin -  Epon 812 (G r i f f in ,  1972). Sections were cut 

in a Porter-Blum Ultramicrotome MT-1 at a th ickness 

of 50 0A to  7 50A u n its  and s ta ined  in a 3% so lu t ion  o f  

uranyl a c e ta te ,  fo l low ed  by R eyn o ld 's  lead c i t r a t e  

so lu t ion  (G r i f f i n ,  1972). Mature oocytes  o f 

P. ae th iop icus  were not included in  the present study 

s ince th e i r  la rg e  s iz e  prevented rap id  penetra t ion  

and hence in ta c t  and s a t is fa c t o r y  f i x a t io n  by the

E.M. f i x a t i v e .
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4. RESULTS

4 .1 .1 . H is to lo gy  o f  the T e s t is  o f  P. a e th iop icu s

The t e s t e s  a re  pa ired  and each i s  surrounded 

by stromal t is s u e  on i t s  l a t e r a l  and v e n t r a l  s ides  

(F igs . 8 and 11), w h ile  d o r s a l l y ,  f i b r e s  o f con n ec t ive  

t is s u e  connect the t e s t i s  w ith  th e  ren a l t i s s u e  

(F ig . 11). Except f o r  i t s  v e n t r a l  su r face , th e  rena l 

t is su e  i s  a ls o  surrounded by t i s s u e  which i s  h is to ­

l o g i c a l l y  in d is t in g u ish a b le  from  the t e s t i c u la r  

stroma. A continuous f ib rou s  tu n ica  a lbuginea 

envelops the stroma o f both the t e s t i s  and th e  rena l 

t is su e .  The h is t o lo g ic a l  appearance o f the t e s t i s  

v a r ie s  w ith  i t s  s tage  of m aturation, and on t h is  

basis  has been c l a s s i f i e d  to  f i v e  stages i . e .  from 

the v e ry  imnature Stage I  to  th e  post-spawning t e s t i s  

o f Stage V. The va r iou s  germ c e l l  genera t ions  have 

been described  in  terms o f c e l l  and nuclear dimen-
r*

sions,m orphology, nuclear in c lu s ion s  and b a so p h il ic  

r e a c t io n  or a f f i n i t y  o f these c e l l s .

Spermatogonia: These are la rg e  and spher ica l w ith a 

v i s i b l e  c e l l  membrane. The cytoplasm i s  v e ry  pa le  

and the nucleus i s  e ith e r  lobed (F ig . 9) or sp h er ica l 

( F i g . 13) w ith  l i g h t l y  b asop h il ic  nucleoplasm and 

deep ly  b a soph il ic  n u c le o l i .  Mean diameter o f  spermato­

gonia measures as much as 24 .6p while that o f  the
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sp h er ica l nucleus may measure upto I6 .2p .

Primary sperm atocytes : These a re  produced from the 

m ito t ic  d iv is io n s  o f  spermatogonia and have a la rge  

nucleus ranging from I4.8p to  1 6 .Op in mean diam eter 

and con ta in in g  a f i n e  network o f  b asoph il ic  chromatin 

m ater ia l.  The surrounding cytoplasm  is  scant, ve ry  

pale and can on ly  be made out w ith  r e fe ren c e  to  the 

fa in t  c e l l  membrane. Mean d iam eter o f  primary sperma­

tocy tes  measures upto 19 .6p ( F i g . 15).

Secondary sperm atocytes : A f t e r  th e  f i r s t  m e io t ic  

d iv is io n  o f the primary sperm atocytes, the secondary 

spermtocytes produced are sm aller (upto 13.3p in  mean 

c e l l  d iam eter) and a ls o  con ta in  v e ry  l i t t l e  and pa le  

cytoplasm. The nucleus i n i t i a l l y  has a mean diameter 

range o f  9.3p to  1 1 .3p and con ta ins  a condensed 

network o f the chromatin m a te r ia l ,  thereby appearing 

more b a soph il ic  than the nucleus o f  primary spermato­

cy tes . In la t e r  secondary sperm atocytes, the nucleus 

becomes condensed homogeneously and extrem ely  baso­

p h i l i c .  Mean nuclear diameter o f  la te  secondary L 

spermatocytes remains about 9.6p (F i g .15).

Spermatids: These produced a f t e r  the second m eiotic  

d iv is io n  i n i t i a l l y  assume a b lu n t, spear-head shape, 

having maximum len g th  and width o f 13.4p and 6.1p 

r e s p e c t iv e ly .  During th e i r  d i f f e r e n t ia t i o n  in to  

spermatozoa, a t in y  head-piece adherent to th e  outer 

rounded edge, becomes v i s i b l e  and is  f a i n t l y  baso­

p h i l i c .  I t  appears vaguely  cuboida l (F ig s .15 and 16).
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Spermatozoa; Spermiogenesis i . e .  the d i f f e r e n t i a t i o n  

o f  spermatids in to  r ip e  or mature spermatozoa, takes 

p lace  e i th e r  in th e  lumina o f th e  tubules or w ith in  

the ep ithe lium  o f the tubules. Mature spermatozoa, 

however, l i e  f r e e l y  in  the lumina w ith th e ir  head- 

p iece  s t i l l  o f t e n  d is c e rn ib le  and the extended t a i l ­

p iece  having a narrow width o f about 1.3p and a length  

which may exceed 2 1 .2p (F ig . 15 ).

Stage I ;  Very immature t e s t i s

T e s t ic u la r  t is su e  i n i t i a l l y  appears o r  forms 

along one s id e  o f  the e f fe r e n t  duct and in d iv id u a l 

tubules are b a re ly  d is c e rn ib le  (F ig .  8 ) .  F ib ro b la s ts  

of the connec tive  t is su e  occur a long the per iphery  

of the tubules. T h e ir  nucle i a re  basoph ilic  and 

spindle-shape i . e .  narrow and e lon ga ted , w ith  coarse 

clumps o f chromatin m ater ia l w ith in  and having len gth  

and width ranges o f  25. 2p to  2 7 .8p and 3.7p t o  4 .9p 

r e s p e c t iv e ly .  The c e l l  membrane and cytoplasm of 

f ib r o b la s t s  are non-sta in ing. The on ly  germ c e l l  

generation  presen t in  the ve ry  immature t e s t i s  are 

the spermatogonia. Other c e l l  typ es  in  the t e s t i s  a re  

mostly those w ith  amorphous and spherica l n u c le i ,  

which h i s t o l o g i c a l l y  resemble th e  f ib r o b la s t s  in that 

they  a lso  con ta in  clumps o f b asop h il ic  chromatin 

m ater ia l. Such c e l l s  appear to  be d i f f e r e n t ia t in g  

f ib r o b la s t s  and where d is c e rn ib le ,  e s p e c ia l ly  with the
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reg u la r  spher ica l forms, the mean diameter o f  the c e l l  

measures 21 .5p w h ile  that o f  th e  nucleus measures 

15.9p. M odified  o r  d i f f e r e n t ia t e d  f ib r o b la s t s  a lso  

occur around the outer c e l l  membrane o f  spermatogonia, 

c lo s e ly  fo l lo w in g  t h e i r  contours and sometimes almost 

com pletely  surrounding a spermatogonium. These c e l l s  

probably ac t  as supportive  or "nurse c e l l s "  o f  the 

spermatogonia and th e r e fo r e  nay be regarded as being 

homologous w ith  S e r t o l i  c e l l s  (F ig .  9 ).

The t e s t i c u la r  stroma appears t o  be th e  source 

of the germ c e l l s  s ince i t  con ta ins  spermatogonia and 

m ito t ic  or chromosomal f ig u r e s  ( F i g . 10).

Stage I I ;  Immature t e s t i s

T e s t ic u la r  mass in creases  due to  fo rm ation  o f  

tubules around the e f f e r e n t  duct ( F i g . 11). Although 

the tubules are s t i l l  c lo s e ly  massed to g e th e r ,  

ind iv idua l ones and th e ir  lumina are more apparent a t 

t h is  stage ( F i g . 12). P a r a l l e l in g  the in c rease  in 

tubule fo rm ation , is  th e ir  expansion and the increased 

occurrence o f  spermatogonia and the m odified  f i b r o ­

b la s ts  (S e r t o l i  c e l l s ) .  The spindle-shaped f i b r o ­

b la s ts  c h a r a c t e r i s t i c a l l y  occur along e i th e r  s ide o f  

the basement membrane of the tubules (F igs. 12 and 13). 

The extent o f th e  sem iniferous epithelium o r  tubule 

epithelium  ( i . e .  from the basement membrane to  the
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per iphery  o f  the lumen) may measure as much as 28 .Ip 

( F i g . 12) .

Stage I I I :  Maturing t e s t i s

A t t h i s  s tage , the t e s t i s  becomes d iv id e d  in to  

lobes by the inner extensions o f  the f ib ro u s  connec­

t i v e  t is su e  tha t occurs a t  the per iph ery  o f th e  

t e s t ic u la r  t is s u e .  Within each lo b e ,  most o f  the 

tubules are c l e a r l y  separated from each o th e r ,  with 

the spindle-shaped f ib r o b la s t s  and some amorphous 

c e l l s  occupying some o f the i n t e r s t i t i a l  spaces 

between the tubules (F igs. 14 and 15). A t t h i s  stage 

too , the t e s t i s  appears to  be a t  the he igh t o f  sperma- 

to gen e t ic  a c t i v i t y  since i t  i s  ch a ra c te r ized  by the 

presence o f  a l l  th e  germ c e l l  g enera t ions  i . e .  sperma­

togon ia , primary and secondary sperm atocytes, 

spermatids (F igs . 15 and 16) and spermatozoa (F ig . 15).

The tubule epithelium  in creases  fu r th e r  to  a 

maximum he igh t o f  95 .Op. During th is  stage , th e  lumina 

o f  the tubules remain narrow and conta in  sparse 

amounts o f spermatozoa. Chromosomal f ig u re s  a re  a lso  

c h a r a c t e r is t ic  o f  a maturing t e s t i s ,  in d ic a t in g  a c t iv e  

spermatogenesis and rep resen tin g  transform ation  of 

spermatogonia in to  spermatocytes and spermatocytes 

in to  spermatids (F igs . 15 and 17 ).
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Due to  the non -sta in ing  nature o f  c e l l  

membranes in  the t e s t i c u la r  t i s s u e ,  spermatogenesis 

appears to  be non-cystic  i . e .  each genera t ion  o f 

germ c e l l s  does not appear to  be contained w ith in  a 

cys t and l im ited  by a cys t  w a l l .  However, th e  fa c t  

that each germ c e l l  generation  from primary sperma­

tocy tes  to  spermatids, does tend t o  occur in  a 

c lu s te r  or group (F ig .  15), may imply a synchronous 

development w ith in  such a group, s im ila r  to  th a t  

which occurs in  germ c e l l s  w ith in  a cy s t  in c y s t i c  

spermatogenesis. Furthermore, w ith  excess ive  h is to ­

lo g i c a l  s ta in in g , th ere  does appear to  be some 

suggestion o f  a c y s t ic  arrangement o f th e  germ c e l l s .

The S e r t o l i  c e l l s  a re  u su a l ly  loca ted  along 

the inner per iph ery  o f the tu b u les , o f  which the 

spherica l forms a re  observed most fr e q u e n t ly .  Sperma­

togonia are not so frequ en t ly  seen at th is  s ta ge .  

Again, due t o  the non-stain ing nature o f  the c y t o ­

plasm and c e l l  membranes, any cytop lasm ic r e l a t i o n ­

ship that th e  S e r t o l i  c e l l s  may have w ith  th e  germ 

c e l l s  other than the spermatogonia, is  not e v id en t .

Stage IV: Mature t e s t i s  -  nearing sperm iation

Most o f the lumina of th e  tubules a re  f i l l e d  

w ith  spermatozoa (F igs. 18 and 19) such that th e ir  

accumulation causes the tubules to  expand, thereby
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maximum he igh t o f  59 .3p (F ig. 20 ). While the l a t e  

secondary sperm atocytes occur in  only a few tubu les , 

spermatids d i f f e r e n t i a t in g  in to  spermatozoa a re  more 

fr e q u e n t ly  seen in  the lumina, suggesting a c t i v e  

sperm iogenesis . O ften  the ep ithelium  conta ins mostly 

S e r t o l i  c e l l s  and primary spermatocytes. As in  the 

p rev ious s ta ge ,  o n ly  some o f the i n t e r s t i t i a l  areas 

are occupied by small groups o f  the amorphous c e l l s  

and f ib r o b la s t s  ( F i g . 19). These i n t e r s t i t i a l  c e l l s  

r e v e a l  no h is tom orpho log ica l v a r ia t io n  or a v a r ia t io n  

in d is t r ib u t io n  or  amount as from those o f the 

previous s ta ge .

Stage V; Post-spawning t e s t i s

Fo llow ing  spawning or sperm iation, most o f  the 

tubules appear co llapsed  and conta in  sparse amounts 

o f spermatozoa w ith in  th e ir  lumina (F ig s .21 and 22). 

The presence o f r e l a t i v e l y  more spermatozoa in  some 

o f  the tubules may suggest that spermiation i s  p a r t ia l  

and extended over a period o f t im e. P r io r  t o  spermato- 

g e n e t ic  re co ve ry ,  the epithelium  o f  spawned or 

evacuated tubu les , has a maximum height o f 2 9 .5p (F ig . 

2 2 ) .

The tubules contain m ostly  spermatogonia with

associated S e r t o l i  c e l l s ,  primary spermatocytes,
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s p h e r ic a l  S e r t o l i  c e l l s  and la t e  secondary spermato­

c y t e s .  C ys t ic  arrangement o f  the la t t e r  i s  commonly 

seen (F ig . 22 ).
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HISTOLOGY OF THE TESTIS

F ig . 8: Low power v iew  o f a v e ry  immature t e s t i s  - 

Stage I .  T e s t ic u la r  stroma ( t . s . )  surrounds th e  
t e s t ic u la r  t is s u e  ( t . t . )  l a t e r a l l y  and v e n t r a l l y .  

e . d . : e f f e r e n t  duct; t . a . :  tun ica  albuginea 
Mag.x 239
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Fig. 9: C lose up o f  the t e s t i c u la r  t is su e  showing a 

spermatogonium w ith a lobed nucleus and surrounded 

by S e r t o l i  c e l l s  (a rrow ). F ib ro b la s ts  ( f )  and other 
d i f f e r e n t ia t in g  c e l l s  comprise th e  t e s t i c u la r  t is su e  

at th is  s tage . Mag.X 950
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F i g . 10: T e s t ic u la r  stroma o f th e  v e ry  immature t e s t i s  

re v ea l in g  spermatogonia (s ) and m ito t ic  or chromoso­
mal f ig u r e s  (arrow) which probab ly  represent d iv id in g  

spermatogonia. Mag. X 950
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Fig.11: Low power v iew  o f the immature t e s t i s  -  Stage 

I I ,  showing the increase in the amount o f  t e s t i c u la r  

t is su e  ( t t ) .  T e s t is  i s  separated from the ren a l 

t is su e  by f ib rou s  connective t is s u e  ( c t ) .  t a :  tunica 
a lbuginea; t s :  t e s t ic u la r  stroma. Mag.X 245.
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F i g . 12: T e s t ic u la r  t is su e  o f Stage I I .  Formation o f 
some in d iv id u a l tubules and t h e i r  lumina (1) i s  

ba re ly  d is c e r n ib le ,  f :  f i b r o b la s t ;  t . s . :  t e s t ic u la r  

stroma. Mag. X 608
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F i g . 13: Spermatogonium (Sp) w ith  a sp h er ica l nucleus 

and an a s so c ia t in g  S e r t o l i  c e l l  ( S ) . d . f . :  d i f f e r e n ­

t i a t in g  f i b r o b la s t s ;  f f i b r o b l a s t . Mag. X 1520
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F i g . 14: Low power v iew  o f a maturing t e s t i s  -  Stage 

I I I ,  showing the presence o f  s e v e ra l  tubules w ith in  

a lob e . Note scant i n t e r s t i t i a l  t is su e  between the 

tubules. Mag. X I68.
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F i g . 15: Presence o f  a l l  spermatogenetic s tages  -  
primary spermatocytes (p s ) , e a r ly  secondary spermato­

cy tes  (e s s ) ,  l a t e  secondary spermatocytes ( l s s ) ,  

spermatids (sp) and spermatozoa (s z ) .  i . t . : i n t e r s t i t i a l  

t is s u e ;  m . f . :  m i to t ic  f i g u r e s ;  f . :  f i b r o b la s t ;

S .: S e r t o l i  c e l l .  Mag. X 950
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F i g . 16: Spermatids (sp) d i f f e r e n t i a t in g  in to  sperma­
tozoa . Arrows in d ic a te  t in y  head-p iece . p s . : primary 

sperm atocytes; e s s :  ea r ly  secondary sperm atocytes; 

l s s : l a t e  secondary spermatocytes. Mag. X 1640
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F i g . 17: M ito t ic  f ig u r e s  (m f)-  a common occurrence in 

the maturing t e s t i s  o f  Stage I I I .  f . : f i b r o b l a s t ; 

ps: primary spermatocyte. Mag. X 1640
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F i g . 18: Low power v iew  o f  a mature t e s t i s  -  Stage IV. 

Tubules are la rg e  and most are  f i l l e d  with spermato­

zoa ( s z ) ; t s :
Mag. X «3 t i l

t e s t i c u la r  stroma
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F i g . 19: I n t e r s t i t i a l  t is su e  ( i t )  remains scant. What 

appears to  be a la r g e  mass of i n t e r s t i t i a l  t i s s u e  

(arrow) , i s  in  f a c t  a surface s e c t ion  o f  a tubu le , 

s z : spermatozoa. Mag. X 608
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F i g . 20: Epithelium o f the tubules i s  reduced in 

he igh t and con ta in  mostly S e r t o l i  c e l l s  (S) and 

primary spermatocytes (p s ) . s z : spermatozoa. 

Mag. X 950
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F i g . 21: Low power v iew  o f a post-spawning t e s t i s  

Stage V. Most o f th e  tubules appear co llapsed  and 

con ta in  sparse amounts o f  spermatozoa ( s z ) . ’ 

t s ;  t e s t i c u la r  stroma. Mag. X 0. j
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F i g . 22: Collapsed tubules ly in g  v e ry  c lo s e  t o  each 
other and con ta in ing  res idu a l spermatozoa ( s z ) .  Cysts 

o f la t e  secondary spermatocytes (arrows) commonly 

occur, i t :  i n t e r s t i t i a l  t is su e .  Mag. X 608
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4 .1 .2 .  U ltra s tru c tu re  o f  the T e s t i s  o f  P .ae th iop icu s

Since the c e l l s  in the i n t e r s t i t i a l  a reas  of 

the t e s t i s  o f  P. a e th iop icu s  appeared to  c o n s is t  

on ly  o f  amorphous c e l l s  and spindle-shaped f i b r o ­

b la s ts  which showed no gross or observab le  v a r ia t io n  

in histomorphology w ith  the d i f f e r e n t  stages o f  

t e s t i c u la r  maturation, an u l t r a s t ru c tu ra l  study o f 

these  c e l l s  was undertaken in order to  a sce r ta in  

whether or not they possessed s te ro id ogen ic  charac­

t e r i s t i c s  as did th e  i n t e r s t i t i a l  Leyd ig  c e l l s  o f  

C. n igro fasc iatum  (N ich o lls  and Graham, 1972) and 

0. la t ip e s  (Gresik e t  a l ,  1973). Furthermore, since 

the S e r t o l i  c e l l s  appeared to  be m odified  f ib r o b la s t s ,  

i t  was o f  in t e r e s t  to  see the u l t r a s t ru c tu ra l  

fe a tu res  o f these c e l l s ,  whether n u t r i t i v e  or s te ro id o ­

gen ic .

The amorphous c e l l s  in th e  i n t e r s t i t i a l  spaces 

and w ith in  the tubules o f immature t e s t e s ,  have 

s im ila r  nuclear c h a ra c te r is t ic s  as the spindle-shaped 

f ib r o b la s t s  (F i g .23). These inc lude an uneven d i s t r i ­

bution o f  the coarse nuclear granules (ribosomes?) 

in to  areas o f  l i g h t  and heavy d en s ity  and such c e l l s  

appear to  be f ib r o b la s t s  in the process o f d i f f e r e n t i a ­

t io n .  F ib rob la s ts  m u lt ip ly  or increase in number by 

fragmenting ( F i g . 23) and w ith in  the tubules form the 

S e r t o l i  c e l l s ,  o f  which the spherica l forms seem to  be
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the most developed (F igs. 24 and 25 ). In co n tra s t  to 

the spindle-shaped and amorphous f ib r o b la s t s ,  the 

sp h er ica l S e r t o l i  c e l l s  have a con s id erab le  amount o f  

cytoplasm which i s  granular (F ig s . 24 and 2 5 ) ,  the 

granules resembling those o f the nucleus ( F i g . 26).

The nuclear pores a re  f i l l e d  w ith  a dense m a te r ia l  

that may represent the sec re t ion  o f nuclear granu les 

and o ther substances in to  the cytoplasm. F ine 

p a r t i c l e s  occur in the per i-n u c lea r  spaces ( F i g . 26).

Granules a re  present in c e r ta in  d i la t e d  in t e r -  

membranal spaces o f  the S e r t o l i  c e l l s  (F i g s .24 and 25) 

and appear t o  have been exuded from the cytoplasm 

in to  these spaces v ia  a pore or rupture in th e  inner 

membrane la y e r .  Such granules a ls o  appear to  be 

secreted  in to  the in t e r c e l lu la r  spaces v ia  a rupture 

in th e  outer membrane layer  ( F i g . 27 ). Th is  fe a tu re  

may suggest a sec re to ry  a c t i v i t y  o f  the S e r t o l i  c e l l .  

P in ocy tos is  o f  granules a lso  occurs a t the S e r t o l i  

c e l l  membrane (F i g . 28) and accurate determ ination  as 

to  whether th is  process i s  e x o cy to t ic  o r  en d ocy to t ic ,  

must await fu rth er  research techniques, employing the 

use o f  marker dyes.

The S e r t o l i  cytoplasm contains s e v e ra l ,  la rge  

mitochondria which are o va l or elongated in shape 

and have w e ll-deve loped  tubular c r is ta e  (F ig s .  25 and 

26). G o lg i complexes usually  occur in the v i c i n i t y  o f
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mitochondria (F igs. 26 and 27) and the ends o f  the 

G o lg i  lam ellae  are v i s i b l y  d i la t e d  and appear to  have 

pinched o f f  to  form small v e s i c l e s .  At h igher magni­

f i c a t i o n s ,  the lam ellae  r e v e a l  s l i g h t  c o n s t r ic t io n s  

at in t e r v a ls  along th e ir  e n t i r e  length  (F i g . 29 ), 

probably suggesting that the form ation o f  v e s i c l e s  

is  an almost simultaneous process along the G o lg i  

lam e llae . A f in e ,  granular or p a r t ic u la t e  m a te r ia l  

occurs w ith in  the c is te rn s  o f th e  lam ellae , th e  

v e s i c l e s  and in the surrounding cytoplasm ic area  

(F ig s . 26, 29 and 30) which may suggest a s e c re to ry  

a c t i v i t y  o f the G o lg i complex. Some G o lg i a reas  

con s is t  almost e n t i r e ly  o f  the pinched o f f  v e s i c l e s  

(F ig .  30) .

The endoplasmic reticu lum  o f the S e r t o l i  c e l l  

is  granu lar, c is te rn a l  and may be qu ite  ex ten s iv e  

(F ig s .24 and 25). A f in e  p a r t ic u la t e  m a te r ia l  occurs 

w ith in  the c is te rn s  (Fig. 31). N e ith er  the S e r t o l i  

c e l l s  nor the amorphous f ib r o b la s t s  show ev idence o f  

agranular, v e s icu la r  endoplasmic reticu lum . L ip id  

d ro p le ts  a re  more frequ en t ly  seen in the cytoplasm o f 

the amorphous, in tratubu lar c e l l s  (F i g .23) whereas in 

the we11-developed S e r t o l i  c e l l s ,  they are r a r e  (F ig. 

24 ). This appears to  suggest th a t  the S e r t o l i  c e l l s  

could be a c t i v e l y  s te ro id ogen ic ,  re su lt in g  in  no 

accumulation or storage o f  the precursor l i p i d  

m ater ia l.  On the o ther  hand, th e  presence o f  severa l
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l i p i d  d rop le ts  in the amorphous f ib r o b la s t s  perhaps 

suggests an in a c t i v i t y  o f these c e l l s ,  r e s u l t in g  in 

no s te ro id  output and subsequently an accumulation o f  

the l i p id  precursor m ater ia l ( F i g . 23).

More commonly present in the cytoplasm o f 

S e r t o l i  c e l l s  are membranous o rg a n e l le s  o f va ry in g  

morphology, some assoc ia ted  w ith  a l i p i d  d ro p le t  

( F i g . 25). The homogeneously e lec tron -dense  membrane- 

bound o rg a n e lle s ,  may be lysosomes (F i g . 28).

Besides the presence o f  l i p i d  d ro p le ts  and 

lysosomes in  the cytoplasm o f the amorphous f i b r o ­

b la s ts ,  portions o f  membranes u su a lly  occur which 

may suggest form ation of c i s t e r n a l  endoplasmic 

reticu lum . A lso  present in these u n d i f fe r e n t ia te d  

c e l l s  are p a r t i a l l y  membrane-bound o rg a n e l le s  with 

m icro tu b u le - l ik e  structures w ith in  them (F i g . 32 ).



ULTRASTRUCTURE OF THE TESTIS

F i g . 23: Spindle-shaped and amorphous (u n d if fe re n -  ; 
t i a t e d  f ib r o b la s t s .  Some o f  the l a t t e r  appear to  be 
fragmenting (arrow s), bm: basement membrane; 
i s ; i n t e r s t i t i a l  space; Id : l i p i d  d r o p le t ;  t : tu b u le .  
Mag. X 3400
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F i g . 24: Developed S e r t o l i  c e l l .  Cytoplasm (c ) i s  ve ry  
granu lar, conta ins c is te rn a l  rough endoplasmic r e t i ­

culum (re r )  , numerous mitochondria (m) and a few l ip id  
d ro p le ts  ( I d ) .  Nucleus (N) o f primary spermtocyte i s  
a t  upper le f t -h an d  corner. Note that nuclear membranes 

(nm) and c e l l  membranes (cm) o f  both c e l l  typ es  are 

v e ry  pa le , bm: basement membrane; ims: intermembranal 

space; n; nucleus o f  S e r t o l i  c e l l .  Mag. X 10,250.
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F i g . 25: Developed S e r t o l i  c e l l .  L ip id  d ro p le ts  are 
assoc ia ted  with membranous o rgan e lles  (a rrow s), 
bm:basement membrane; ims; intermembranal space; 

n: nucleus; m: m itochondria; GC: G olg i complex; 
g c : granular cytoplasm. Mag. X 15,000.
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F i g . 26: Nuclear pores o f a S e r t o l i  c e l l  f i l l e d  w ith a 
dense m ate r ia l (arrows), g c : granular cytoplasm; 
m: m itochondria; n: nucleus; GC: G olg i complex with 
v e s i c l e s  ( v ) ; pns: p e r i-nu c lea r  space.Mag. X 46,250
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F i g .2 7 :Granules (g) present in c e r ta in  d i la t e d  in te r  - 
membranal spaces, appear to  have been exuded from the 
granu lar cytoplasm (gc) o f  the S e r t o l i  c e l l  v ia  a pore 

in the inner membrane (a rrow ). These granu les are a lso  
exuded in to  the in t e r c e l lu la r  space ( ic s )  v i a  a 
rupture in the ou ter  membrane la ye r  (long a r ro w ). 
bm: basement membrane; c t :  f i b r e s  o f  connective  t is su e ; 
GC; G olg i complex; m: m itochondria; n: nucleus.

Mag. X 38,600
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F i g . 28: P in ocy tos is  o f  granules a t the c e l l  membrane o f 

the S e r t o l i  c e l l  (arrows), g c : granular cytoplasm;
Is lysosomes; n: nucleus. Mag. X 14,350.
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F i g . 29: G o lg i complex (GC) in the cytoplasm o f  a 
S e r t o l i  c e l l  showing s l ig h t  c o n s tr ic t io n s  along the 
length  o f  the lam ellae  (arrows) and form ation o f 
v e s i c l e s ,  n: nucleus; pns: p er i-nu c lea r  space.
Mag. X 62,500
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F i g . 30: A G o lg i area con s is t in g  almost e n t i r e ly  of 
the pinched o f f  v e s ic l e s  (v) . n: nucleus;, pns: p e r i ­

nuclear space. Mag. X 58,800.
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F i g . 31: C isterns o f  rough endoplasmic reticu lum  
(arrows) con ta in ing  f in e ,  granular m ateria l w ith in , 
n: nucleus o f  S e r t o l i  c e l l .  Mag. X 142,800.
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F i g . 32: Cytoplasm o f  an amorphous c e l l  or u n d if fe ren ­

t ia t e d  f ib r o b la s t  re v ea l in g  po rt ion s  o f  membranes or 
c is t e r n a l  reticu lum  (arrows) and a p a r t i a l l y  membrane- 
bound o rgan e lle  (o) w ith in  which are m ic ro tu b u le - l ik e  

s tructu res , n: nucleus. Mag. X 64,000.
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4 .2 .1 . H is to logy  o f  the Ovary o f  P. a e th iop icu s

The ovary o f  the lu n g fish  P. ae th iop icus  

e x is t s  in  the gymnovarian c o n d it ion  i . e .  a "naked" or 

"open" ovary , with the oocytes aggrega tin g  in to  

lob es  and held toge th er  w ith in  a meshwork o f f ib rou s  

con n ec t ive  t is s u e  o f  stromal o r i g in .

Oocyte development in in d iv id u a l lobes is  

asynchronous i . e .  each lobe con ta ins oocytes a t  more 

than one stage o f  development or maturation. 

Assoc ia ted  w ith  th e  fib rou s  connective  t is s u e  are 

f ib r o b la s t s  w ith deep ly  b a so p h il ic  and granular 

n u c le i ,  s im ila r  c e l l s  a lso  occurr ing  at the periphery  

o f  th e  oocy tes , in  which case they  are r e f e r r e d  to as 

f o l l i c l e  c e l l s .  The cytoplasm and c e l l  membrane of 

f o l l i c l e  c e l l s  a re  very  pa le  and th e re fo re  not d is ­

c e r n ib le  w ith  l i g h t  microscopy. The actual th r e e -  

dim ensional appearance o f  f o l l i c l e  c e l l s  or th e i r  

n u c le i  appears t o  be coin or discus-shaped, w ith  on ly  

th e  diameter being measurable in  s a g i t t a l  sec t ion .

In tran sverse  s e c t ion  however, the f o l l i c l e  c e l l  

appears narrow and elongated o r  cuboida l, depending 

on the stage o f oocy te  maturation, and both the 

th ickness or he igh t and the diam eter can be 

determ ined.

Oocyte development has been c la s s i f i e d  broadly
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in to  two phases - Protoplasm ic and V i t e l l o g e n ic .  The 

f i r s t  phase incorpora tes  the e a r ly  and la t e  p r o to ­

plasmic stages w h ile  the second phase inc ludes the 

yolk  stages and descr ib es  the pa tte rn  o f  yo lk  

granule accumulation. For a l l  s ta ges , the c h a ra c te r is ­

t i c s  o f  the oocyte  are c i t e d  i . e .  c e l l  and nuclear 

morphology, dimensions, in c lu s ion s  (inc lud ing p e r i ­

nuclear n u c le o l i  s i z e ,  morphology and t in c t u r e ) ,  

cytop lasm ic t in c tu r e ,  th ickness o f  the zona p e l lu c id a  

- where measurable, and dimensions o f  the surrounding 

f o l l i c l e  c e l l s .

Oogonia; These precursors o f  oocy tes  occur in  the 

ovar ian  stroma and have a b a so p h il ic ,  lobed nucleus. 

These c e l l s  a re  sp h er ica l,  have v e ry  pa le  cytoplasm 

and c e l l  membrane and a mean diameter o f  21 .5p. 

Pre-protop lasm ic oocy tes ; These c e l l s  usua lly  occur 

a t  the periphery  o f  the lobes ( F i g . 33 ). They have a 

mean c e l l  diam eter o f  45.4p, a re  roughly spher ica l to  

o va l  c e l l s  w ith t h e i r  cytoplasm and c e l l  membrane 

being very  f a in t .  The la rg e ,  c e n t r a l ly  loca ted  

nucleus o f mean diameter 25 .3p, has deeply b asop h il ic  

chromatin m ate r ia l and nuclear membrane. At t h is  

ea r ly  oocyte stage, a few f o l l i c l e  c e l l s  are present 

at the outer c e l l  membrane or oolemma (F ig .3 3 ).  

Pre-protoplasm ic oocy tes  grow fu r th e r ,  acqu ir ing  mean 

c e l l  and nuclear diam eters o f  7 2 .8p and 37.Ip  respec­

t i v e l y  b e fo re  th e i r  cytoplasm adopts the basoph ilic
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sta in in g  a f f i n i t y  ( F i g . 34). A maximum o f  two, deep ly  

basoph il ic  n u c le o l i  which measure upto 4.3p in  mean 

d iam eter, have been observed in the nu c le i o f  these 

oocytes and c h a r a c t e r i s t i c a l l y  p o s it ion ed  at the 

inner edge o f  the nuclear membrane (F ig .34).

I .  PROTOPLASMIC PHASE

la .  Early protoplasmic stage -  dark s ta in in g  oocytes

These somewhat roughly sp h er ica l to  o va l 

shaped oocytes have deeply b a sop h il ic  ooplasm. The 

spherica lly -shaped  nucleus is  u su a lly  c e n t r a l l y  

lo ca ted  and strands o f  chromatin m ater ia l and severa l 

amorphous n u c le o l i  are v i s i b l e  w ith in  the l i g h t l y  

basoph il ic  nucleoplasm. The amorphous n u c le o l i  are 

u su a lly  a c id o p h i l ic  and appear t o  fragment and form 

t in y  sph er ica l n u c le o l i  which p o s it io n  themselves at 

the inner edge o f  the nuclear membrane (F ig .35 ).

These p e r i-n u c lea r  n u c le o l i  or pe r iphera l n u c le o l i ,  

when f i r s t  d is c e r n ib le ,  measure only 1 .Op in mean 

d iam eter. La rger, l i g h t l y  b a sop h il ic  n u c le o l i  o f  upto 

12 .Op in mean diam eter, a lso  occur w ith in  the nucleus. 

Within each, there  i s  usually  a s in g le ,  sph er ica l 

sub-nucleolus which i s  extrem ely  basoph ilic  and 

measures 3 .9p in mean diameter (F i g .36 ). I t  i s  p o s i­

t ioned e i th e r  a t the inner edge o f  the la rg e  nucleolus 

or half-way over i t s  edge. I t  appears that the
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sub-nucleolus is  a product o f  th e  la rg e r  nucleo lus 

and i s  even tu a lly  extruded in to  th e  nucleoplasm.

In the ooplasm, a s in g le ,  spher ica l y o lk  

nucleus is  o f ten  observed. This has a duplex 

s tru c tu re  c o n s is t in g  o f  a b a so p h il ic  or a c id o p h i l ic  

c o r t i c a l  reg ion  and a very  pa le c e n tra l  reg ion  (F ig . 

37 ). I t  is  u su a lly  surrounded by a c le a r ,  non­

s ta in in g  area or vacuole . A yo lk  nucleus may measure 

upto 12 .Op in  mean diameter and since they have only 

been observed in oocytes  o f  th is  stage and not in 

l a t e r  ones, i t  is  suggested that towards the end of 

the e a r ly  protoplasm ic stage, th ey  d is in t e r g ra t e  and 

are reabsorbed in to  the ooplasm.

The few f o l l i c l e  c e l l s  a t  the outer oolemma 

are  spindle-shape (long and n a rrow ), having a mean 

len g th  (diameter) and height o f  22 .2p and 2 .4p 

r e s p e c t i v e ly .  Early  protoplasmic oocytes grow fu rther  

acqu ir in g  a mean c e l l  diameter o f  385.Op and mean 

nuclear diameter o f  119.Op.

lb . M ottled vacuolar stage -  cytoplasm ic vacuoles

In th e  la r g e r ,  dark ly  s ta in in g  protoplasm ic 

oocytes  o f mean c e l l  diameter 207.Op and mean nuclear 

diam eter o f  101.Op, vacuoles appear in the ooplasm, 

g iv in g  i t  a r e t ic u la te d  appearance (F ig .38 ). These
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vacuoles ease out by the time th e  oocytes  a t ta in  

th e ir  maximum dimensions and may represent l i p i d  

in c lu s ions  which have d is so lv ed  out o f the ooplasm 

during the h is t o l o g i c a l  processes employed in  th is  

study .

The zona p e l lu c id a  o f  e a r l y  protoplasmic 

oocy tes  i s  ex trem ely  th in  and i s  th e re fo re  not 

a ccu ra te ly  measurable.

2a. Late protoplasmic stage -  l i g h t  s ta in in g  oocytes

As the e a r ly  protoplasmic oocytes grow beyond 

385 .Op, th e i r  ooplasm gradua lly  becomes weakly baso­

p h i l i c  such that towards the end o f th is  s tage , when 

the oocytes have a tta in ed  a maximum mean c e l l  

d iam eter o f  1286.9p and a mean nuclear diameter o f 

367.8p, the ooplasm i s  ve ry  pa le  (F ig .39 ). Strands o f  

chromatin m ater ia l looking l i k e  "lampbrush" chromo­

somes, are e a s i l y  d is c e rn ib le  w ith in  the l i g h t l y  

basoph il ic  nucleoplasm (F i g .40 ).

The p e r ip h era l n u c le o l i  aggregate , thus 

becoming fewer but la r g e r .  Newly formed aggregates 

tend t o  be i r r e g u la r  in shape, but the la r g e r ,  f u l l y  

formed spherica l p e r ip h era l n u c le o l i  may be as la rge  

as 7 .Op in mean diameter ( F i g . 41 ).
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During th is  stage , the ooplasm around the 

nucleus transforms in to  a f i n e l y  r e t ic u la te d  co n s is ­

tency. This trans form ation  occurs in  a con s is ten t  

pa ttern  and has a predominant "o u t f lo w "  reg ion  (F ig . 

42) .

There appears to  be a dramatic increase  in the 

number o f  f o l l i c l e  c e l l s  which are now th ick e r  and 

sh orte r  and c lo s e ly  adjacent to  each o ther. Th e ir  

len g th  ranges from 15.Op to  16.Op while  the he igh t or 

th ickness ranges from 3.6p to 4 .7p . The zona 

p e l lu c id a  remains b a re ly  v i s i b l e  (F i g .39).

I I .  VITELLOGENIC PHASE

Stage A: i n i t i a l  accumulation o f  yolk  granules

Yolk granules make th e ir  f i r s t  appearance in 

the ooplasmic transform ationa l reg ion , with grea ter  

granule accumulation occurring in  the ou tf low  reg ion  

( F i g . 43). At th is  i n i t i a l  s tage , they tend to  

aggregate  in  small, loose  clumps although in d iv idu a l 

granules are ev iden t and measure about 1 .4p in  mean 

diameter ( F i g , 44) .

Both the ooplasm and nucleoplasm are weakly 

basoph ilic  and the few pe r iph era l n u c le o l i  a re  a l l  

ir r e g u la r  in  shape and con s is t  o f  a duplex nature
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i . e .  deep ly  b a so p h il ic  areas and v e ry  pa le  va cu o le ­

l ik e  reg ions (F ig . 44 ).

F o l l i c l e  c e l l  dimensions a l t e r  w ith  the 

i n i t i a l  accumulation o f  yo lk  granules, becoming 

s l i g h t l y  longer (1 6 .4p in mean le n g th ) ,  but v i s i b l y  

th ick er  (5.5p in mean h e ig h t ) .  The zona p e l lu c id a  

appears homogeneous, weakly a c id o p h i l ic  and measures 

about 2.4p th ick . Oocytes o f  th is  f i r s t  v i t e l l o g e n i c  

stage reach a mean c e l l  diameter o f  l003.4p w h ile  the 

mean diam eter o f the nucleus measures 33 9 .9p.

Stage B:

The t in y  y o lk  granules m igrate from the 

ooplasmic tras fo rm ation a l reg ion  to  almost a l l  parts 

o f  the ooplasm except fo r  the re g io n  immediately 

below the oolemma. The ooplasmic transform ationa l 

r eg ion  however, s t i l l  possesses rather more granu les, 

e s p e c ia l ly  in  i t s  ou tf low  reg ion  (F ig .45 ). I t  th e re ­

fo r e  appears to  be the s i t e  o f yo lk  granule formation 

and i n i t i a l  accumulation. At t h is  stage , th ere  appears 

to  be no growth o f  the yo lk  granules which s t i l l  

have a mean diameter o f  about 1 .4p.

Faint lampbrush chromosomes are s t i l l  ev ident 

in the pa le  nucleoplasm. The duplex-structured  

per iphera l n u c le o l i  appear n ear ly  spher ica l, with
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the la r g e s t  measuring 10.4p in mean diameter (F ig .  46 ).

Although the mean length  o f  the f o l l i c l e  c e l l s  

remains about the same as in  the previous s ta ge ,  the 

mean h e igh t  i s  reduced to  4.3p. This may be due to 

compression o r  s l i g h t  s t re tch in g  o f  the f o l l i c u l a r  

ep ith e liu m  caused by the ra p id ly  growing oocytes which 

a t ta in s  a la rg e  mean c e l l  diameter o f  1283.Op and mean 

nuclear diameter o f  374.Ip . The zona p e l lu c id a  is  a lso  

reduced to a he igh t o f  2 .Op, again  probably caused by 

s t r e t c h in g  due to increased oocyte  growth.

Stage C;

The accumulation o f  yo lk  granules in the ooplas- 

mic trans form ationa l reg ion  has eased out, r e s u lt in g  in 

a g r e a te r  d is t r ib u t io n  o f  these granules in the ooplasm 

(F ig .  47 ). A po rt ion  o f  the granular ooplasmic trans­

fo rm ationa l reg ion , however, s t i l l  p e rs is ts  a t  th is  

s ta ge .  At most p la ces ,  the yo lk  granules do not 

m igrate a l l  the way to the oolemma (F ig . 47 and 48) , 

and t h e i r  accumulation is  s l i g h t l y  denser a t the p e r i ­

phery o f  th e ir  d is t r ib u t io n  than in the res t  o f  the 

ooplasm. Furthermore, yo lk  granules in  the p er iphera l 

reg ion  are a lso  la r g e r  (F ig .  48 ), having a mean diameter 

o f 3.25p, w h ile  the r e s t  o f  the granules remain at 1.4p 

in mean diameter. This appears to  suggest growth o f 

the yo lk  granules on reaching the per iphera l regions o f
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the oocy te  or simultaneous m igra t ion  and growth, the 

l a t t e r  only being de tec tab le  and measurable once the 

granules have reached the near per iphery  o f  the oocyte .

The nuclear membrane appears less  undulating than 

in  the previous s ta ge .  P e r ip h e ra l n u c le o l i  fu r th e r  

in crease  in s i z e ,  measuring 12 .Op in  mean diameter.

Co inc id ing w ith  the increase  in yo lk  granule 

accumulation and d is t r ib u t io n ,  i s  the dramatic increase 

in  the mean length and height o f  the f o l l i c l e  c e l l s  

which appear cuboidal and measure 21.5p and 8.7p 

r e s p e c t iv e ly .  (F ig .  48). Mean oocy te  diameter fu rther  

in c reases  to  1536.5p while the mean diameter o f  the 

nucleus reaches 467.5p. The th ickness o f  the zona 

p e l lu c id a  a lso  increases to  2.6p.

Stage D:

°f
A t th is  s tage , mostAthe yo lk  granules have 

m igrated away from the ooplasmic transform ationa l 

re g io n ,  r e s u lt in g  in  a broader r in g  o f  uniform ly 

increased  granule accumulation (F ig .  49 ). The p e r s is ­

tence o f  some areas o f  the ooplasmic transform ationa l 

reg ion  may suggest that a c t iv e  yo lk  formation and 

accumulation is  s t i l l  occurring w ith in  th is  s i t e .  The 

c o r t i c a l  yo lk  granules increase fu rther  to a mean d ia ­

meter o f  4.8p w h ile  those a t  the outer nuclear periphery
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measure only 2 .3p-2.6p in  mean diam eter (F ig .  50 ).

The "lampbrush" chromosomes are undergoing some 

so r t  o f  a c t i v i t y  whereby deeply b a s o p h i l ic ,  sp h er ica l 

n u c le o l i  appear to  be formed. These appear " s o l id "  and 

do n o t  possess the duplex s tru c tu re  or nature o f  the 

la r g e r ,  sp h er ica l o r  i r r e g u la r ly  shaped n u c le o l i  that 

s t i l l  p e r s is t  in  these oocy tes . The " s o l id " ,  uniformly 

b a s o p h i l ic  n u c le o l i  migrate to the inner nuclear membrane 

and may measure as much as 7 . Ip  in  mean diameter (F ig .

50) .

Dimensions o f  the f o l l i c l e  c e l l s  are decreased 

i . e .  the mean length  is  reduced to  18.5p w h ile  the mean 

h e ig h t  i s  reduced to  3.4p. Oocytes at th is  maturation 

s tage  grow fu r th er  to  a mean c e l l  diameter o f  1387.Op 

and mean nuclear diameter o f  493.5p. The he igh t o f  the 

zona p e l lu c id a  ranges between 2.86p and 3 .Op.

Stage E:

Yolk granule accumulation has increased  almost 

throughout the ooplasm except f o r  the ooplasmic trans­

form ation  reg ion  where the t in y  yo lk  granules o f  mean 

diameter range o f  2.3p-2.6p have begun to  m igrate away 

from th is  s i t e  o f  i n i t i a l  accumulation (F ig .  51 ). The 

c o r t i c a l  yo lk  granules increase fu rth er  to a mean d ia ­

meter o f  8.6p. S ince granules o f  in term ed iate s ize
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(4 .5 ja -  6. Op) l i e  in  the m id -reg ion  o f  yo lk  granule 

accumulation ( i . e .  halfway between the ou ter nuclear 

membrance and the oolemma) (F ig .  52) , i t  suggests that 

they grow w h i ls t  m igra ting  from the ooplasmic trans­

fo rm ationa l region  toward the oocy te  periphery  i . e .  

growth and m igration  o f  the yo lk  granules in the oocytes 

o f t h is  s tage , occur sim ultaneously.

The mean length  o f f o l l i c l e  c e l l s  reduces even 

fu r th e r  to  16 .5p w h ile  the mean h e igh t increases  to 

4.3p. The zona p e l lu c id a  a lso  increases in h e igh t  that 

ranges between 2.9p and 3.5p. P e r ip h e ra l n u c le o l i  are 

as in  the previous stage. Mean oocyte diam eter reaches 

a la r g e  s iz e  o f  1561.Ip  w h ile  mean nuclear diameter 

decreases to  481.3p.

Stage F :

Yolk granule accumulation in  the ooplasmic 

trans form ationa l reg ion  has by th is  stage t o t a l l y  

eased out, such th a t  no density  d i f f e r e n t i a l  areas in  

the ooplasm occurs (F ig . 53 ). However, in  the c le a r  

ooplasmic reg ion  between the p er iph era l boundary o f 

yo lk  d is t r ib u t io n  and the oolemma, minute yo lk  granules 

occur, which are even smaller than those o f mean diameter 

1.4p which i n i t i a l l y  accumulate in  the ooplasmic trans­

form ational reg ion , and th e re fo re  not accu ra te ly  

measurable (F ig .  54 ). This seems to  suggest tha t the
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extreme c o r t ic a l  ooplasmic zone i s  the second reg ion  

o f  yo lk  granule formation and accumulation, a f t e r  these 

processes have slowed down or ceased in  the ooplasmic 

transform ationa l r eg ion . These minute yolk  granules 

grow w h ile  simultaneously m igra t in g  inwards from the 

c o r t i c a l  ooplasmic reg ion . With a fu rther in crease  in  

growth, the la rge  yo lk  granules o f  ooplasmic trans­

form ational o r i g in ,  which are now below the reg ion  o f  

the minute yo lk  granules, measure upto 10 .5p in  mean 

diameter w h ile  those around the nucleus have a mean 

diameter o f 3.2p. Mid-way in  the yolk  granule d i s t r i ­

bu tion , the granules range from 6.1 to 7.3p in  diameter.

The mean length  o f  the f o l l i c l e  c e l l s  remains 

a t about 16 .5p but the mean h e igh t  increases even 

fu r th e r  to  4.9p. In oocytes o f  th is  maturation s tage , 

which a t ta in  a la rg e  mean c e l l  diameter o f 1760.Op, 

the zone p e llu c ida  is  reduced in  he igh t to 2.8p. 

Furthermore, mean nuclear diameter is  a lso  decreased to 

341.Op.

Stage G:

The accumulation and mean diameter o f  the minute 

yolk granules in  the extreme c o r t i c a l  ooplasmic reg ion , 

appear to have increased i . e .  granules here measure 

2.5p (F igs . 55 and 56).
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In these la rg e  oocytes o f  mean diam eter 2575.5p, 

the la r g e ,  p re v iou s ly  c o r t i c a l  y o lk  granules o f  mean 

diameter 10 .5p, have migrated back towards the p e r i ­

nuclear r e g io n .  A simultaneous m igration  and growth 

has a lso  occurred o f  the sm a ller  yo lk  granules from the 

ooplasmic trans form ationa l reg ion  towards the oocyte 

p e r ip h e ry , where they measure 4.8p in mean diameter 

(F ig .  56 ). The la rg e  yolk  granules in the p e r i-n u c lea r  

reg ion  tend to  adopt an ova l-shape instead o f  sph er ica l 

and have a mean diameter o f  11 .Ip  (F ig . 57 ). Since a 

few , la rg e r  and somewhat sp h e r ic a l  yolk granules o f 

mean diameter 19 .7p are presen t in  the c o r t i c a l  and 

middle reg ions o f  the yolk  d is t r ib u t io n ,  but not where 

the ovo id  granules are (F ig .  5 6 ) ,  th is  may suggest that 

the inward m igration  o f  the la r g e  c o r t ic a l  y o lk  granules 

is  accompanied by fu rther  growth and by the time they 

reach the p e r i-n u c lea r  reg ion , some so r t  o f  condensation 

o f  t h e i r  yo lk  content occurs. Th ere fo re , in  oocytes 

o f  th is  maturation stage, there are granule s i z e  d i f ­

f e r e n t i a l  areas from the extreme c o r t ic a l  reg ion  toward 

the p e r i-n u c lea r  reg ion  i . e .  mean diameter o f  yo lk  

granules increases c e n t r ip e t a l ly  from 2.5p to  11 .Ip .

With fu r th e r  oocyte maturation, there i s  growth 

and inward m igration  o f  the extreme c o r t ic a l  yo lk  

granules or growth alone when m igration  ceases, re s u lt in g  

in la rg e  granules occurring  almost throughout the 

ooplasm.
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The f o l l i c l e  c e l l s  appear longer, having a mean 

length o f  23 .4p and narrower -  mean he igh t o f  4.1p, 

and are not so c lo s e ly  adjacent to  each o th e r .  The 

zona p e l lu c id a  has a lso  fu r th er  decreased to  a he igh t 

o f  2 .Op.

Stage H:

Towards peak maturation o f  the oocy te , the 

nucleus m igrates from i t s  c e n tra l  lo ca t ion  to  the zona 

p e l lu c id a ,  thereby becoming p o la r  in p o s it io n  (F ig .

58 ). The yo lk  granules in  the wide cen tra l reg ion  and 

extreme c o r t i c a l  reg ion , aggrega te  in to  dense clumps.

The l a t t e r  reg ion  s t i l l  accumulates yo lk  granu les, some 

o f  which grow to a mean diameter o f  8.4p. The o va l­

shaped granules in  the cen tra l reg ion  s t i l l  maintain 

t h e i r  mean diameter o f  11 .Ip  and the la rg e s t  spher ica l 

ones that are present between the c o r t i c a l  and cen tra l 

reg ion s , do not exceed 13.5p in  mean diameter. These 

sph er ica l granules may represen t those o f  the extreme 

c o r t i c a l  reg ion  which have m igrated inwards and increased 

in  s i z e .  Condensation o f  th e i r  yo lk  content and 

adoption o f  an o va l  shape may a ls o  occur.

From Stage G to  Stage H, fu rth er  growth o f  the 

oocyte is  s l i g h t  i . e .  from a mean diameter o f  2575.5p 

to a mean diameter o f  2615.8p. Mean nuclear diameter 

remains at 340.Ip .  The la rge  duplex n u c le o l i  and the
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sm aller b a so p h il ic  ones are s t i l l  present in  the 

nucleoplasm which i s  s l i g h t l y  a c id o p h i l ic .

Stage I : o ocy te  ju s t  p r io r  to  o vu la t io n

The p o la r  nucleus pushes aga inst the zona 

p e l lu c id a  forming a s l i g h t  protruberance on the surface 

o f  the oocy te . Yo lk  granules m igrate away from the 

nuclear v i c in i t y  and a lso  away from the zona p e l lu c id a , 

on the neighbouring l a t e r a l  s id e s ,  forming a c le a r  

ooplasmic p o la r  reg ion  (F ig .  5 9 ).  I t  is  suggested that 

th is  phenomenom occurs to  remove obstru ct ing  yo lk  

granules in the nuclear v i c i n i t y  and f a c i l i t a t e  sperm 

en try  in to  the nucleus.

Mean oocyte diameter fu r th e r  increases to  3213.Op 

a t th is  s tage . Furthermore, the nucleus a lso  increases 

from a mean diameter o f  340.Ip  to  500.3p, suggesting 

th a t  a spurt o f  growth does occur in  both the oocytes 

and th e i r  n u c le i ju s t  p r io r  to  o vu la t ion . The p e r i­

phera l n u c le o l i  resemble those o f  the protoplasmic 

oocy tes , be ing  sp h e r ic a l ,  deep ly  basoph il ic  and lacking 

the duplex s tru c tu re  (F ig .  60 ). They measure upto 

8.5p in  mean diam eter. The f o l l i c l e  c e l l s  are also 

s im i la r  to those o f  e a r ly  protoplasm ic oocytes in being 

w ide ly  separated from one another and appearing as 

narrow and e longa ted  spindle-shaped f ib r o b la s t s .  Their 

mean length and h e igh t  measure 25 .6p and 3.9p r e s p e c t iv e ly .
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The zona p e l lu c id a  i s  very  th in  and measures on ly  

2.1p th ick .

Stage J : oocy tes  ovu la ted  in to  the body ca v ity

Clumping o f  the yo lk  granules occurs through­

out the oocyte  and the oval-shaped granules decrease 

even fu r th e r  to  a mean diameter o f  10.2p, suggesting 

that fu r th e r  condensation o f  the yo lk  granules has 

taken p lace  a t  th is  s tage . Yolk granules r e ta in  th e ir  

d is c r e t e  in d iv id u a l structu re  and do not transform  or 

coa lesce  in to  a s in g le  homogeneous mass (F ig .  61).

Oocytes ovu la ted  in to  the body c a v i t y ,  usually 

have a ruptured f o l l i c u l a r  ep ithe lium  which can be 

e a s i l y  removed to rev ea l a th ick  la ye r  o f  j e l l y - l i k e  

m a te r ia l  beneath i . e .  above the zona p e l lu c id a .  This 

j e l l y - l i k e  la ye r  has a wide ex ten t  ranging from 142.4p 

to  184 .8p and includes a th icken ing  at i t s  ou ter  p e r i ­

phery, which may measure as much as 18.Ip  th ic k .  The 

zona p e l lu c id a  (or  v i t e l l i n e  membrane) becomes th icker 

i . e .  4 .Op and is  c l e a r l y  v i s i b l e .

A tr e s ia  o f  O ocytes ;

A tr e s ia  was noted to  occur in  la t e  protoplasmic 

and v i t e l l o g e n i c  oocytes o r  in  ovar ies  that contained 

mostly in ta c t  dark protoplasm ic oocytes and some l i g h t
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s ta in in g  ones (F ig .  62) . These o va r ies  are l i k e l y  

to be a t  the post-spawning o r  spent stage where the 

unspawned and less  developed oocy tes  become a t r e t i c .

In both the a t r e t i c  la t e  p ro top lasm ic and v i t e l l o ­

gen ic  oocy tes , the zona p e l lu c id a  appears to be 

phagocytosed by the f o l l i c l e  c e l l s ,  which invade the 

oocy tes  and fu r th e r  phagocytose the ooplasm and nucleus 

o f  the la te  protop lasm ic oocy tes  o r  the c o r t i c a l  yolk 

granules o f  v i t e l l o g e n i c  o o cy te s .  The nu c le i o f  the 

f o l l i c l e  c e l l s  apear sm all, having a mean diameter o f  

1 0 .3p. During th is  degeneration  process, the oocyte 

lo s es  i t s  regu lar sp h e r ic a l  or o v a l  shape and in  

v i t e l l o g e n i c  oocy tes , there a ls o  appears to be l i q u i -  

f i c a t i o n  o f  the nucleus and the surrounding yo lk  

granu le area which are probably reabsorbed by the

f o l l i c l e  c e l l s .
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HISTOLOGY OF THE OVARY

F i g . 33: A group o f  pre-protop lasm ic oocytes (arrow ). 

Mag.X 1200.
■

B



1 2 2

F i g . 34: Pre-protop lasm ic oocytes  (long a rrow s ). 

Nucleolus (short arrow) i s  pos it ion ed  a t  the inner 
nuclear membrane. Note pa le , non-sta in ing cytoplasm 

( c ) . ep o : e a r ly  protop lasm ic oovy tes . Mag.X 900
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F i g . 35: Early protoplasmic oocyte  with a fragmenting 
nucleo lus (a rro w ). Severa l, t in y  per iphera l n u c le o l i  

(pn) oocur a t  the periphery o f  the nuclear membrane, 

f c : f o l l i c l e  c e l l ;  n: nucleus. Mag.X 900.
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F i g . 36: Nucleus (n) o f  an e a r ly  protoplasmic oocyte 

showing a sub-nucleolus (arrow) w ithin a la rg e r  
nucleo lus , nm: nuclear membrane; o: ooplasm. Mag.X925.
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F i g . 37: Yolk nucleus (yn) in the 
protop lasm ic oocytes .Note duplex 

o rg a n e l le ,  f c : f o l l i c l e  c e l l ;  n: 
l u s ; ' v ' : vacuole . Mag.X 1480.

ooplasm o f  e a r ly  
nature o f t h is  
nucleus; nu: nucleo-
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F i g . 38: Early  protoplasm ic oocytes  at the mottled 

vacuo lar  stage (a rrow s ).  Mag.X 239
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F i g . 39: L ig h t -s ta in in g  ( la t e )  protoplasmic oocy te  
( l p o ) . f e :  f o l l i c u l a r  ep ith e lium ; o t r :  ooplasmic 

trans form ationa l r e g io n .  Mag.X 239
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F i g . 40: "Lampbrush" chromosomes (arrows) w ith in  the 

nucleus (n) o f  a l i g h t - s t a in in g  protoplasmic oocy te . 

Note the presence o f  fewer but la rg e r  p e r ip h era l 

n u c le o l i  (p n ) . Mag.X 1480.



129

F i g . 41: Nucleus o f  
sm a ller  pe r iphera l 

la r g e r  ones (pn^ 
Mag.X 925.

a la t e  protoplasmic oocyte showing 

n u c le o l i  aggregating  in to
lc :  lampbrush chromosomes.
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F i g . 42: Ooplasmic trans fo rm ationa l reg ion  (o t r )  
around the nucleus o f  a l i g h t - s t a in in g  protoplasmic 

o o cy te ,  l c : lampbrush chromosomes; n: nucleus; 

pn: p e r ip h e ra l n u c le o l i .  Mag.X 608.
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F i g . 43: Stage A -  i n i t i a l  accumulation o f  y o lk  
granules (yg) in th e  ooplasmic trans form ationa l 
r e g io n ,  f e :  f o l l i c u l a r  ep ith e liu m ; n: nucleus. 

Mag .X 245.
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F i g . 44: Stage A. P e r ip h e ra l n u c le o l i  w ith  a duplex 
s tru c tu re  (a r ro w s ) . Yolk granules (yg) around the 

nucleus (n) form clumps. Mag.X 925.
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( v j )
F i g . 45: Stage B. D is tr ib u t ion  o f  yolk granulesAhas 
extended to  almost a l l  areas o f  the ooplasm. Ooplasmic 
tran s fo rm ation a l reg ion  (o tr )  however, has a grea ter 

y o lk  accumulation. Mag.X 245.
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F i g . 46: Stage B. Close-up of F i g . 45. pn: per iphera l 
n u c le o l i  (o f  a duplex n a tu re ) ; zp : zona p e l lu c id a . 

Mag. X 388.
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F i g . 47: Stage C .D is tr ib u t ion  o r  amount of y o lk  
granules (yg ) in the ooplasm has increased, 
f e :  f o l l i c u l a r  ep ith e liu m ; n: nucleus; pn: per iphera l 

n u c le o l i .  Mag.X 245
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F i g . 48: Stage C. P e r ip h e ra l y o lk  granules a re  la rg e r  

than those in  the r e s t  o f  the ooplasm and t h e i r  
accumulation is  a ls o  s l i g h t l y  g r ea te r  than th e  accumu­
la t i o n  in th e  r e s t  o f  the ooplasm, fc :  f o l l i c l e  c e l l ;  

zp: zona p e l lu c id a .  Mag.X 925.
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F i g . 49: Stage D. Yolk granules (yg) have formed a 

broad r in g  o f  somewhat even accumulation. Mag.X 245.
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(O
"Lampbrush"chromosomes^undergoing someF i g .50

o f  a c t i v i t y  whereby t in y ,  basoph il ic  n u c le o l i  
formed (a rrow s), pn: pe r iphera l n u c le o l i ;  y g ;

g ran u les ; Mag.X 383.

sort
are
yolk
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F i g . 51: Stage E. yo lk  granules (yg) 
the ooplasm except f o r  most o f  the 
fo rm ation a l reg ion  and the extreme 
p e r ip h e ra l reg ion  ( c ) .  Mag.X 128.

occur throughout 

ooplasmic trans­

c o r t i c a l  or
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F i g . 52: Stage E. m igration  o f yo lk  granules away from 

the ooplasmic trans form ationa l reg ion  (a r ro w s ). 

Granules increase in  s iz e  as they  move from the 
l a t t e r  reg ion  towards the oocy te  periphery , 
f e :  f o l l i c u l a r  ep ith e liu m . Mag.X 383.
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F i g . 53: Stage F. Apparent occurrence o f  the yo lk  
granu les in to  s i z e - d i f f e r e n t i a l  zones i . e .  granule 
s i z e  increases from the ooplasmic transform ational 

reg ion  towards the oocyte pe r iph ery . Nucleus is  
towards lower le f t -h an d  co rn er , f e :  f o l l i c u l a r  ep ith e ­

lium ; zp: zona p e l lu c id a .  Mag.X 390.
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F i g . 54: Stage F. Accumulation o f  minute yo lk  granules 

(arrow s) in the extreme c o r t i c a l  ooplasm, f c : f o l l i c l e  

c e l l ;  zp : zona p e l lu c id a .  Mag.X 1480.
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F i g . 55: Stage G. Further increase in yo lk  granule 
accumulation. Nucleus is  towards lower right-hand 

co rn e r .  Mag.X 4 ^<3
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F i g . 56: Stage G. The extreme c o r t i c a l  yo lk  granules 

(cyg ) have in c reased . The la rg e  yo lk  granules (o f 

ooplasmic tran s fo rm ation a l o r i g in )  have begun to  
m igra te  back towards the ooplasmic transform ationa l 

reg ion  or p e r i-n u c lea r  reg ion , zp : zona p e l lu c id a .  

Mag.X 1050
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F i g . 57: Stage G. A predominance o f  ovoid y o lk  granules 
in  th e  p e r i-n u c lea r  reg ion . Nucleus is  towards lower 

r igh t-hand co rn er . Mag.X 925.
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F i g . 58: Stage H. M igra tion  o f the nucleus (n) towards 

the oocyte pe r iph ery . Mag.X130.
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F ig .  59: Stage I .  Pol;ar nucleus pushes aga ins t the 
su r fa ce  o f the oocyte  forming a protruberance. Yolk 
granules have migrated away from the nuclear v i c i n i t y  

and from the zona pe llu c ida  on the neighbouring s id es .  

Mag. X 126.
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F ig .  60: Stage I .  p e r iphera l n u c le o l i  (pn) . a re  as 
those  in  protop lasm ic oocytes i . e .  t in y  and uniform ly 

b a s o p h i l ic ,  c :  clumps o f yo lk  granu les. Mag.X 3 90.
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F i g . 61: Stage J. Ovulated oocyte  with surrounding 
j e l l y - l i k e  la ye r  (j ) .  vm: v i t e l l i n e  membrane. Mag.X 

925.
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F i g . 62: A tr e s ia  o f  oocytes (a rrow s), 

f o l l i c l e  c e l l s  ( f c ) . Mag.X 239.

Note invading
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4 .2 .2 . U ltra s tru c tu re  o f  the oocy tes  o f  the A fr ica n

lu ng fish  P. aeth iop icus

Mature oocy tes  were not included in th is  study 

s in ce  th e ir  la rge  s i z e  prevented rapid and s a t i s ­

fa c t o r y  penetra t ion  and th e r e fo r e  f ix a t io n  by the 

E.M. f i x a t i v e .

i ) . F o l l i c u la r  layer

The nucle i o f  the f o l l i c l e  c e l l s  o f  e a r ly  

p rotop lasm ic oocytes are narrow and spindle-shaped 

and contain  an uneven d is t r ib u t io n  o f  coarse e le c tron  

dense granules (F ig .  63 ). The con tin u ity  o f  the 

nuclear membrane i s  in terru p ted  along s e v e ra l  p laces 

by the presence o f  nuclear pores which are f i l l e d  with 

a seemingly agranular m a te r ia l .  The immediate inner 

areas o f  the nuclear pores, however, e i th e r  lack the 

nuclear granules o r  contain v e ry  few (F ig . 64 ).

Strands o f  f in e  f i b r i l - l i k e  m ater ia l occur in 

s e v e ra l  areas o f  the cytoplasm (F ig . 65 ), the la t t e r  

a ls o  conta in ing coarse granu les (ribosomes?) s im ila r  

to  those in  the nucleus (F ig s . 64 and 65); seve ra l m ito­

chondria (F ig . 64) and some f i n e  granular m a ter ia l 

(F ig .  65). Along the do rsa l areas o f  the cytoplasm 

i . e .  below the prominent and homogeneous basement 

membrane, are vacuoles which may represent l ip id  

d rop le ts  (F ig . 65 ).
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Formation o f  the zona p e l lu c id a  begins as a 

h ig h ly  i r r e g u la r  la y e r  o f  e le c t r o n  luscent, homogeneous 

m a te r ia l  depos ited  between the plasma membrane o f  the 

oo cy te  (oolemma) and the f o l l i c l e  c e l l  la y e r .  The 

oolemma deve lops sinuous m i c r o v i l l i  which t ra v e rs e  the 

substance o f  the zona p e l lu c id a  and e s ta b l is h  contact 

w ith  the plasma membrane o f  the f o l l i c l e  c e l l s  (F igs .

63 -  65 ). W ithin lon g itu d in a l port ions  of the m icro­

v i l l i ,  f in e  f i lam en ts  or f i b r i l s  can be d iscerned which 

run p a r a l l e l  to  o r  c lo s e ly  fo l lo w  the shape o f  the 

m i c r o v i l l i ,  thereby appearing as minute granu lar 

in c lu s ion s  in  regu la r  c ro ss -s ec t ion s  o f  these micro­

v i l l i  (F ig . 64). The m ater ia l o f  the zona p e l lu c id a  

appears to  be formed in the ooplasm and probably 

d i f fu s e s  through the oolemma where i t  accumulates 

between th is  plasma membrane and the f o l l i c l e  c e l l  

la y e r .

Areas o f c e l l  membrane attachment (desmosomes) 

occur where the oolemma and the plasma membrane o f  the 

f o l l i c l e  c e l l s  meet (Fig. 65) , p r io r  to  th e i r  

separa tion  by the accumulation o f  the zona m a te r ia l .

In e a r ly  v i t e l l o g e n i c  oocy tes , the th ickness o f  

the zona p e l lu c id a  i s  g r e a t ly  increased, w ith  a dark 

homogeneous substance pervading through i t  except fo r  

the extreme a p ica l  and basal reg ions . The small pores 

in  the basal reg ion  represent the very  sinuous micro­
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v i l l i  o f  the oolemma, w h ile  the la rg e r ,  w ider pores 

throughout the r e s t  o f  the zona p e l lu c id a  are the 

sinuous cytop lasm ic p ed ic e ls  o f  the f o l l i c l e  c e l l s ,  

these a lso  p en e tra t in g  the zona m ater ia l as fa r  as i t s  

basa l reg ion  (F ig .  66 ). I t  i s  uncerta in  whether or not 

th ere  i s  c o n t in u ity  o f  the f o l l i c u l a r  p e d ic e ls  with the 

m i c r o v i l l i  o f  the oolemma or the ooplasm, and to  th is  

end, improved f i x a t i o n  techniques would be o f  g rea t  

importance. The a p ica l  su rface  o f  the zona p e l lu c id a
O n < l

appears undu la tingAthe nu c le i o f  the f o l l i c l e  c e l l s  have 

adopted a short and broad ova l shape. The s l i g h t l y  

undulating nuclear membranes probably suggest a morpho­

l o g i c a l  i n s t a b i l i t y  o f  the f o l l i c l e  c e l l s  as a whole"due 

to  a c t iv e  p h y s io lo g ic a l  processes occurring w ith in  

these c e l l s .

A n o t ic e a b le  fea tu re  o f  the zona p e l lu c id a  o f  

l a t e r  v i t e l l o g e n i c  oocytes i s  the uniform l e v e l  o f i t s  

a p ic a l  surface and i t s  reduction  in  h e igh t. The 

substance o f  medium e le c tron  dens ity  occurs almost 

throughout th is  la y e r .  The f o l l i c l e  c e l l s  appear 

cuboida l and the nu c le i are ovo id  with non-undulating 

nuclear membranes. Both the m ic r o v i l l i  and the cy to ­

plasmic p ed ic e ls  o f  the f o l l i c l e  c e l l s  a t th is  stage 

a l t e r  from a sinuous to a more ra d ia l  form (F ig .  67). 

Although there i s  no c le a r  s tru c tu ra l ev idence that 

the m ic r o v i l l i  reach the a p ica l  surface o f  the zona 

pe l lu c id a  and even fu rth er  in to  the f o l l i c u l a r  cy to ­
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plasm, some o f  them do seem to  merge w ith  the cy to ­

plasm ic p e d ic e ls ,  thereby probably p rov id ing  a means o f  

co n t in u ity  w ith  the ooplasm and the cytoplasm o f  the 

f o l l i c l e  c e l l s .

I t  has been noted that oocytes re le a s ed  from the 

ovary  in to  the body c a v i t y ,  have a ruptured f o l l i c u la r  

ep ith e lium  which can be e a s i l y  peeled o f f .  This is  

probably due to  lo s s  o f attachment or adhesion between 

the f o l l i c u l a r  la y e r  and the zona p e llu c ida  o f  the 

o o c y te ,  prov ided by the cytop lasm ic p e d ic e ls  o f  the 

f o l l i c l e  c e l l s .  Towards o vu la t io n , these p ed ice ls  

probably re g res s ,  thereby r e le a s in g  the f o l l i c l e  c e l l  

la y e r  from the r e s t  o f  the o ocy te . Rupture o f  th is  

la y e r  may be due to  the pressure exerted by the j e l l y -  

l i k e  layer  that i s  produced between the f o l l i c u l a r  

ep ith e liu m  and the zona p e l lu c id a  or to  the increased 

pressure o f  the f o l l i c l e  c e l l s  aga inst each other 

caused by the regressed  cytoplasm ic p e d ic e ls .

Cytoplasmic o rg a n e l le s ,  inc lus ions , e t c .  are 

more prominent and w e l l  developed in the f o l l i c l e  c e l l s  

o f  v i t e l l o g e n i c  oocytes (F ig . 68 ). Numerous membrane- 

bound mitochondria with wide tubular c r i s t a e  occur in 

the granular cytoplasm (F igs . 68 and 69). The coarse 

granules (ribosomes?) o f  the rough endoplasmic r e t i ­

culum c lo s e ly  resemble the nuclear granu les . Only some 

portions o f  G o lg i lam ellae are  ev iden t, w h ile  the re s t
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o f  the lam ellae  have pinched o f f  th e ir  d i la t e d  t ip s  

in to  v e s i c l e s  such that c e r ta in  areas o f  the cytoplasm 

c o n s is t  mainly o f  such v e s i c l e s  (F ig . 70 ). Some o f  

these  v e s i c l e s  a re  f i l l e d  w ith  a f in e ,  granu lar m ater ia l 

o f  medium e le c t r o n  d en s ity ,  w h ile  in the m a jo r i ty ,  the 

m a te r ia l  i s  l im ite d  to  the v e s i c l e  membranes.

The presence o f  membrane-bound v e s i c l e s ,  some 

empty, o thers  p a r t i a l l y  f i l l e d  w ith  the coarse , e le c t ro n  

dense granules and a few con ta in ing  a m ixture o f  f in e  

and coarse granu les (together w ith  some non-granular 

m a te r ia l )  (F ig. 68) , may suggest a syn thes iz ing  and 

s e c re to ry  a c t i v i t y  o f  the f o l l i c l e  c e l l s .  Furthermore, 

th e  area below the  undulating nuclear membrane, con s is t­

in g  o f  such v e s i c l e s  or vacuoles  may be the phsio- 

l o g i c a l l y  a c t iv e  s i t e  o f  such synthesis  and secre t ion  

o f  probably l i p id s  and p ro te in s .

i i ) . Thecal la y e r

The theca is  composed o f  the co l la g en  f ib r e s  o f  

connective  t is su e  and th e ir  assoc ia ted  spindle-shaped 

f ib r o b la s t s  or th eca l c e l l s  (F ig . 68) and forms 

s e ve ra l  discontinuous laye rs  in  v i t e l l o g e n i c  oocytes, 

w h ile  immature protoplasm ic oocytes  usu a lly  have a 

s in g le  la ye r . U l t r a s t r u c tu r a l ly , the n u c le i o f  thecal 

c e l l s  appear id e n t ic a l  to  those o f  the f o l l i c l e  c e l l s  

i . e .  both conta in ing the uneven d is t r ib u t io n  o f the
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coarse e le c t ro n  granu les . Most theca l c e l l s  contain  

v e ry  l i t t l e  cytoplasm which la cks  recogn izab le  orga­

n e l l e s  or fe a tu re s .  Where the cytoplasm is  present, in 

adequate amounts, m itochondria can be f a in t l y  d iscerned 

which appear undeveloped and have narrow tubular 

c r i s t a e  (F ig . 72 ). Other o rga n e lle s  in  the granular 

cytoplasm inc lude G olg i complexes, the lam e llae  o f 

which are narrow and the pinched o f f  v e s i c l e s  are small 

and few. As in  the f o l l i c l e  c e l l s ,  the G o lg i complexes 

in  th eca l c e l l s  are assoc ia ted  w ith a f in e  granular 

m a te r ia l  (F ig .  71 ). No areas o f  t y p ic a l ly  granular or 

agranular endoplasmic reticu lum  were observed. Since 

the theca l c e l l s  appear less  developed than the f o l l i c l e  

c e l l s ,  the theca may serve mainly as a supportive 

f ib ro u s  meshwork fo r  the maturing oocytes.

The f o l l i c l e  c e l l s  which are es tab lish ed  as e a r ly  

as in  the pre-protop lasm ic oocy tes , seem to  o r ig in a te  

from the f ib r o b la s t s .  These even tu a lly  become developed 

and m odified  during the la t e r  oocyte s tages , e s p e c ia l ly  

during v i t e l l o g e n e s is .  Their dramatic increase in 

number from the ea r ly  dark s ta in in g  protoplasmic 

oocy tes  to  the l a t e  l i g h t  s ta in in g  protop lasm ic oocytes  

and the maturation stages from thereon, appears to  be 

due to  fram entation , th is  process a lso  occurring in  the 

f ib r o b la s t s  or th eca l c e l l s .  F igure 68 shows a f r a g ­

menting nucleus o f  a theca l c e l l .  ,
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Although the f o l l i c l e  c e l l s  lack u lt r a s t ru c tu ra l  

e v id en ce  o f  t y p ic a l  s te ro id ogen ic  a c t i v i t y  (i . e . namely 

e x te n s iv e  areas o f  agranular, v e s ic u la r  endoplasmic 

re t icu lu m ), in  the seeming absence o f a developed or 

fu n c t io n a l  theca, the p o s s ib i l i t y  that the f o l l i c l e  c e l l s  

have some s te ro id ogen ic  ca p a c ity ,  cannot be e n t i r e ly  

ru le d  out.
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ULTRASTRUCTURE OF THE OOCYTES

F i g . 63: F o l l i c l e  c e l l  o f  an e a r ly  protoplasm ic 
o o cy te ,  bm: basement membrane; c : cytoplasm ; c t :  

f i b r e s  o f  connective  t is s u e ;  n: nucleus; o ;  ooplasm 

zm: zona m a te r ia l .  Mag.X 7,750.
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F i g . 64: F o l l i c l e  c e l l  o f  an e a r ly  protoplasm ic oocyte, 
tan: basement membrane; c t :  f i b r e s  o f  connective  t is s u e ;  

m: m itochondria ; mv: m i c r o v i l l i ;  n: nucleus; 
o : ooplasm; zm: zona i r a t e r ia l ; short arrows: nuclear 
p o res ;  long arrow: transverse  section  o f a m ic ro v i l lu s ,  

showing f i b r i l s  w ith in . Mag.X 26,000.
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F i g . 65: F o l l i c l e  c e l l  o f  an e a r ly  protoplasm ic oocyte , 

bin: basement membrane; c t :  f i b r e s  o f  connective t is s u e ;  

d : desmosomes; f :  f i b r i l s ;  g: granules; Id :  l ip id  
d r o p le t s ;  mv: m i c r o v i l l i ;  n: nucleus; o: ooplasm; 

zm: zona m a te r ia l .  Mag.X 26,000.
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F i g . 66: F o l l i c u la r  layer  o f an ea r ly  v i t e l l o g e n i c  

oocy te , n: nucleus o f  f o l l i c l e  c e l l ;  o : ooplasm; 
zm: zona m a te r ia l ;  arrows: cytop lasm ic p e d ic e ls  or 

m a c r o v i l l i .  Note ve ry  sinuous micro- and m a c ro v i l l i  

and undulating surface o f  the zona p e l lu c id a .

Mag.X 6,800
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F i g . 67: F o l l i c u la r  layer  o f a la t e r  v i t e l l o g e n i c  
o o c y te .  Note th a t  both the m icro- and m a c ro v i l l i  are 
r a d ia l  in form instead o f  sinuous, and th a t  the ap ica l 

su r face  o f  the zona p e llu c ida  is  uniform o r  even, 
c :  cytoplasm; n: nucleus; arrow ind ica tes  where a 
m ic ro v i l lu s  appears to  merge w ith  a m acrov il lu s .

Mag.X 9,760
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F i g . 68: Cytoplasmic o rgan e lls  in the f o l l i c l e  c e l l s  
o f  v i t e l l o g e n i c  oocytes . These include mitochondria 
(m) and v e s i c l e s ,  e i th e r  p a r t i a l l y  f i l l e d  w ith  coarse 

granules or to ge th er  w ith non-granular m ater ia l 
(a rrow s), bm: basement membrane; n: nucleus; t :  theca l 

c e l l .  Mag.X 3,750
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F i g . 69: M itochondria (m) in th e  granular cytoplasm of 

f o l l i c l e  c e l l s  o f  v i t e l l o g e n i c  oocy tes . These have 
developed tubular c r is ta e .  Endoplamic reticu lum  is  o f 

th e  rough or granu lar v a r ie t y  (r e r )  . n: nucleus. 

Mag.X 63,400
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Fig.70: Remnants of a Golgi complex (Gc) and its 
vesicles (v) in the follicular cytoplasm of a vitello­
genic oocyte. Vesicles are associated with a fine, 
granular material, m: mitochondria; n: nucleus.
Mag.X 77,500
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V

F i g . 71: Cytoplasm o f  a th eca l c e l l .  Note i l l - d e v e lo p e d  

o r  u n d i f fe r e n t ia te d  mitochondria (m) and G o lg i  complex 

(Gc) with narrow lam ellae and a few, small v e s ic l e s  ( v ) . 
Endoplasmic reticu lum , e i th e r  granular or agranular, i s  

la ck in g , n: nucleus. Mag.X 64,600.
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F i g . 72: Cytoplasm o f  a th eca l c e l l  w ith u n d i f fe r e n t ia ­
ted  mitochondria (m) having narrow, tubular c r is ta e .  

n: nucleus. Mag.X 50,000.
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4.3 C o r r e la t io n  o f  the s t a t e  o f  the p i tu i t a r y  pars 

d is ta l  i s  o f  P. ae th iop icu s  with the stage o f  

gonadal m atu ration .

The s tru c tu re  o f the lu n g f ish  p i tu i t a r y  has been 

described  in  the l i t e r a t u r e  re v iew  (CH. 2 .3 .5 . ,  F ig . 7 ) .  

P re v io u s ly ,  by r e la t in g  or c o r r e la t in g  the s iz e  o f  the 

lu n g fish  P. ae th iop icus  w ith the s ta te  o f the pars 

d i s t a l i s ,  s p e c i f i c a l l y  w ith v a r ia t io n s  in the three 

types o f  b a so p h ils ,  Kerr and van Oordt (1966) ten ta ­

t i v e l y  regarded the types 1, 2 and 3 basoph ils  as the 

TSH, FSH and LH producing c e l l s  r e s p e c t iv e ly .  Recently 

however, the technique o f  immunohistochemistry id e n t i f i e d  

the type 3 basoph ils  in the South American lu ngfish  

L. paradoxa as be ing  the ACTH-producing c e l l s  (Hansen 

e t  a l ,  1980). Furthermore, in  the amphibians, which 

are p h y lo g e n e t ic a l ly  r e la te d  t o  the lu n g f ish es , the 

type 3 basoph ils  were a lso  demonstrated by immunohisto­

chemistry, to  be the ACTH-producing c e l l s  (D oerr-Schott , 

1976), On th is  ev idence, there  i s  perhaps no reason to  

d isregard the type 3 basoph ils  in  P. aeth iop icus as 

a lso  being the ACTH-producing c e l l s .

The p i t u i t a r y  g en e ra l ly  r e f l e c t s  fu n c tion a l 

changes in  i t s  ta r g e t  organs ( i . e . t h y r o id ;  adrenals; 

gonads) by s tru c tu ra l v a r ia t io n  in c e r ta in  o f  i t s  c e l l  

types. By c o r r e la t in g  d i f f e r e n t  stages o f  gonadal 

maturation w ith  the s ta te  o f  the basophils types (namely
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types 1 and 2) in  the pars d i s t a l i s ,  we hope to  id e n t i f y  

those basoph ils  which, w ith some degree o f  accuracy, 

can be regarded as the gonadotrop in-producing c e l l s .

S a g i t t a l  sec t ion s  o f  P. aeth iop icus p i t u i t a r ie s  

were sta ined  w ith  (AB-PAS-OG), in  accordance with the 

s ta in in g  method employed by K err  (196 5) , and nomen­

c la tu r e  o f  the basoph il types was re ta in ed . In a l l  the 

p i t u i t a r i e s  examined, the type  2 basophils were absent, 

and i t  were the type 1 basoph ils  that e x h ib ited  n o t ic e ­

ab le  v a r ia t io n  w ith  d i f f e r e n t  stages o f  gonadal 

maturation. Body length o f  these  lu n g fish  ranged from 

1 8 .5cm to 66 .5cm.

The p i t u i t a r y  o f  fem ale P. aeth iop icus  with 

immature o r  e a r ly  maturing o v a r ie s  ( i . e .  o va r ie s  e i th e r  

conta in ing a l l  protoplasm ic oocytes  o r  a few ea r ly  

v i t e l l o g e n i c  ones w ith in  a m a jo r ity  o f  protoplasmic 

oocy tes ) resemble each o ther. Their pars d i s t a l i s  

conta in  numerous and ve ry  d i s t in c t  type 1 basophils 

which occur almost throughout th is  reg ion  except fo r  

the extreme p o s te r io r  reg ion  and the r o s t r a l  (a n te r io r )  

pars d i s t a l i s ,  the l a t t e r  being occupied by the v i o l e t  

type 3 basoph ils  (F ig . 73). Basophils type 1 occur 

almost a l l  the way to the hypophysial c a v i t y  and th e ir  

chromophilic substance is  prominent and deep ly  sta ined . 

Most o f these c e l l s  are dominated by the presence o f  

vacuoles whereas some are f i l l e d  s o le ly  w ith  AB-PAS
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p o s i t iv e  granu les  (F ig. 74). A s im ila r  s itu a t io n  e x is t s  

in  the pars d i s t a l i s  o f  an immature male P. aeth iop icus 

having t e s te s  th a t  are a t  e i t h e r  Stage I or I I  o f 

maturation.

The type 1 basophils in  the pars d i s t a l i s  o f  a 

mature female ( i . e .  o var ies  th a t  contain mainly mature, 

v i t e l l o g e n i c  oocy te s )  appear v e ry  reduced in  number or 

d is t r ib u t io n  toge th er  w ith a reduction  in s ta in ing  

in ten s ity  and ex ten t  o f th e ir  chromcphilic substance. 

Such basophils a re  almost absent in the p o s te r io r  or 

proximal h a l f  o f  the pars d i s t a l i s  (F ig . 75). There 

are a lso almost no d is c e rn ib le  granules w ith in  these 

c e l l s  which appear to  be r e v e r t in g  the chromophobic 

condition  (F ig .  76 ).

The pars d i s t a l i s  o f  maturing males c lo s e ly  

resembles that o f  the immature and e a r ly  maturing fem ale 

P. a e th iop icu s , except that th ere  appears to  be more 

type 1 basoph ils  in  the proximal pars d i s t a l i s  (F ig .

77 ). These basoph ils  are aga in  dominated by severa l 

vacuoles and a few granules, prominent and deeply sta ined 

chrcmophilic substance, and on ly  some are p a r t ia l l y  

f i l l e d  w ith  the AB-PAS p o s i t i v e  granules (F ig .  78).

This may suggest an increase in  the sec re to ry  a c t i v i t y  

o f  these basoph ils .

In mature male P. aethiopicus, the discernible
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type 1 basoph ils  are r e s t r i c t e d  to  the a n te r io r  one- 

th ird  o f  the pars d i s t a l i s  (F ig .  79) and th e re  a lso  

appears to  be a genera l decrease in the ex ten t  o f the 

chrom oph ilic  substance o f  most c e l l s .  Only a few type 

1 basoph ils  have a sparse accumulation o f  the AB-PAS 

p o s i t i v e  g ranu les , while vacu o les  predominate in the 

r e s t .  Fa in t remnants o f  the chrom ophilic substance 

occur throughout the r e s t  o f  the pars d i s t a l i s .
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F i g . 73: Low power view  o f  the p i tu i t a r y  o f  an immature 
o r  maturing female P. a e th io p ic u s . Type 1 basophils  

(B l)  occur almost throughout the pars d i s t a l i s  except 
f o r  the r o s t r a l  (a n te r io r )  pars d i s t a l i s  (rpd) which 
i s  occupied by the v i o l e t  type  3 basoph ils , and the 
extreme proximal (p o s te r io r )  pars d i s t a l i s .  Mag.Xi30.
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F i g . 74: C lose-up o f  F i g . 73. Type i  basoph ils  (Bl) have 

prominent and d eep ly  s ta in in g  chromophilic substance. 

Most o f  them con ta in  vacuoles (long arrows) while  
o th ers  are f i l l e d  with AB-PAS p o s i t i v e  granules (short 

arrow s). B3: basoph ils  type 3; he: hypophysial c a v i t y .  

Mag.X 925.
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F ig .7 5 :  Low power view  o f  the p i tu i ta r y  o f  a mature 

fem ale  P« a e th iop icu s . Type 1 basophils (B l)  are 
f a i n t  and th e ir  d is t r ib u t io n  in  the pars d i s t a l i s  has 

lessened . Mag.X 233.



175

F i g . 76: C lose-up o f  F i g . 75. Extent and s ta in ing  
in t e n s i t y  o f  the chromophilic substance o f  the type 1 

basoph ils  (Bl) are reduced. Mag.X 925.
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F i g . 77: Low power view o f  the p i tu i ta r y  o f  a maturing 
male P. a e th io p icu s . The r o s t r a l  pars d i s t a l i s  (rpd) 

i s  occupied by the v i o l e t  type  3 basophils (B3). Type 

1 basoph ils  (B l) occur throughout the r e s t  o f  the 
pars  d i s t a l i s ,  inc lud ing the proximal r e g io n .  Mag.X 130.
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F i g . 78: C lose-up o f  F i g . 77. Most o f the typ e  1 baso­
p h i ls  (B l) are dominated by the presence o f  vacuoles. 

Chromophilic substance i s  prominent and in ten s e ly  

s ta in ed . Mag.X 592.
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F ig .7  9: Low power view o f  the p i tu i ta r y  o f  a mature 
male P. a e th io p ic u s . Basophils type 1 (B l) are l im ite d  

t o  the a n te r io r  one-th ird  o f  the pars d i s t a l i s .
B3: basophils type  3 o f the r o s t r a l  pars d i s t a l i s .

Mag.X 130.
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F i g . 80: C lose-up o f F i g . 79. Type 1 basoph ils  (Bl) 

appear f a in t  s in ce  extent and s ta in in g  in te n s i ty  o f  

t h e i r  chrom ophilic substance i s  reduced. Mag.X925.
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5. DISCUSSION

5.1. T e s t is

As in  a l l  the t e le o s ts  and amphibians c i t e d  in 

the l i t e r a t u r e  rev iew , spermatogenesis in  P. a e th io p i-  

cus a lso  appears to  be c y s t i c ,  th is  v iew  being suppor­

ted  by the apparent observa tion  o f the spermatogenetic 

gen e ra t ion s  occurring in  c lu s te r s  or groups, although 

surrounding c y s t  membranes a re  not r e a d i l y  ev iden t, 

and the presence o f  v i s i b l e  cys ts  o f  la te  secondary 

spermatocytes in  the t e s t i s  o f  Stage V. Spermatogene­

s i s  in  the cyclostomes and elasmobranchs may a lso  be 

regarded as c y s t i c  since each f o l l i c l e  or ampulla only 

con ta ins a s in g le  generation  o f  germ c e l l s  (as in  the 

t e l e o s t s  and amphibians) which a l l  deve lop  synchro­

nously (Dodd, 1960; Walvig, 1963; Hoar, 1969; Hardisty 

e t  a l ,  1967; C a lla rd  e t  a l ,  1978). C ys t ic  spermatoge­

n es is  in v o lv e s  severa l m u lt ip l ic a t io n s  o f  the 

spermatogonia1 generations and enables the t e s t i s  to 

produce copious qu an t it ie s  o f  spermatozoa fo r  spermia- 

t io n  during th e  breeding season. Such a pa tte rn  i s  

sa id  to be mainly su itab le  f o r  a rep rodu ct ive  c y c le  

where the spawning or breeding season i s  short but 

intense and where f e r t i l i z a t i o n  is  e x te rn a l ,  as in  

the anamniotes (L o f ts ,  1968). In P. a e th iop icu s , 

breeding or spawning i s  suggested to  occur during the 

ra in y  seasons and a lso  during the unseasonal wet
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periods (Greenwood, 1957). Even a f t e r  sperm iation in 

most o f the tubules (Stage V) , there was a lready  

spermatOgenetic recovery  in some o f the tubules. This 

may r e f l e c t  the c a p a b i l i t y  o f  P. aeth iop icus  under­

go ing  seve ra l spawnings w ith in  a s in g le  ra in y  season.

The t e s t i s  o f  t e le o s t s  lacks a permanent 

germ inal ep ithe lium  (L o fts ,  1968; Hoar, 1969; Callard  

e t  a l ,  1978), whereas such occurs in  the t e s t i s  o f  

th e  cyclostomes (Dodd, 1960; W alvig , 1963; Tsuneki 

and Gorbman, 1977a) and the anuran amphibians (L o f ts ,  

1968; Callard  e t  a l ,  1978). The elasmobranchs too 

possess a "ge rm -lin e "  or " tubu logen ic  zone" which 

runs along the m ed io-ven tra l surface o f th e  t e s t i s  

and p r o l i f e r a t e s  f o l l i c l e s  or ampullae o f  germ c e l l s  

(Dodd, 1960; Hoar, 1969). With the use o f  au torad io ­

graphy, Ruby and McMillan (1972) showed th a t  the 

in te r s t i t iu m  o f  E. inconstans was the in term ed iate  

source o f  germ c e l l s  and im p lica ted  the vascu lar 

stroma as being the o r ig in a l  source. The presence o f 

spermatogonia and chromosomal or m ito t ic  f ig u re s  in 

the t e s t ic u la r  stroma o f P. a e th iop icu s , suggests 

th a t  th is  area may be the source o f  germ c e l l  p r o l i ­

f e r a t io n  and spermatogonia, though not n ecessa r i ly  

the o r ig in a l  source o f  the germ c e l l s .

Seasonal or c y c l i c a l  h is t o lo g ic a l  changes have 

been observed in  the i n t e r s t i t i a l  c e l l s  (Leydig c e l l
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homologues) o f  th e  lamprey L. f l u v i a t i l i s  (Hard isty 

e t  a l ,  1967), th e  elasmobranchs (Hoar, 1969), the 

t e le o s t s  (L a g io s ,  1965; Rai, 1965; Chan and P h i l l ip s ;  

1967; de V lam ing, 1972; L o f ts  e t  a l ,  1966) and the 

amphibians (Mathews and M arsha ll, 1956; L o f t s  and 

Boswell, 1960; L o f t s ,  1964; 1968; L o fts  e t  a l ,  1972, 

C a lla rd  e t  a l ,  1978). G en era lly ,  during a c t i v e  

sperm atogenesis, the nuc le i o f  the Leydig c e l l s  were 

la rg e  and prominent and round or ova l in shape. A fte r  

sperm iation , th ese  Leydig c e l l s  a troph ied , w ith th e ir  

n u c le i  becoming shrunken or pycnotic  (L o fts  and 

Boswell, 1960; Lag ios , 1965; Chan and P h i l l i p s ,  1967; 

L o f t s  et a l ,  1966; 1972; de Vlaming, 1972). In the 

immature t e s t i s  o f  L. f l u v i a t i l i s , the i n t e r s t i t i a l  

t i s s u e  con s is ted  only o f  a few  iso la ted  connective  

t i s s u e  c e l l s  but during the la t e r  stages o f  maturation, 

th ese  c e l l s  increased in  number and formed compact 

a c ina r  groups (Hard isty et a l , 1967). S im i la r ly ,  the 

i n t e r s t i t i a l  t is s u e  o f R. nigromaculata was reported 

t o  occur in  the g rea te s t  amount during the breeding 

season and le a s t  during a c t i v e  spermatogenesis 

(Mathews and M arsha ll, 1956). I n t e r s t i t i a l  c e l l s  were 

p rev iou s ly  reported  as being lacking from the t e s t i s  

o f  E. lucius (Marshall and L o f t s ,  1956), S. fo n t in a l is  

(Henderson, 1962) and S. sa la r  (O 'Halloran and Id le r ,

1970). However, a very  recen t  study on the c e l lu la r  

o rgan iza t ion  o f  the t e s t i s  o f  t e le o s t s ,  s ta te s  that 

i n t e r s i t i a l  c e l l s  do occur in  a l l  t e le o s t s  and are a



183

t y p ic a l  component o f  the in t e r s t i t iu m , and that 

e a r l i e r  rep o r ts  s ta t in g  that th ese  c e l l s  were absent 

in  c e r ta in  t e l e o s t s ,  are in c o r re c t  (G r ie r ,  1981). I t  

i s  p o ss ib le  tha t p rev iou s ly , these  i n t e r s t i t i a l  c e l l s  

could have gone unobserved or undetected simply 

because they  may not have re v ea led  d i s t in c t  and 

ev iden t h is tom orpho log ica l v a r ia t io n  w ith  changes in 

t e s t i c u la r  maturation. On the other hand, the t e s t i s  

o f  B. belone d id  possess i n t e r s t i t i a l  c e l l s  but these 

revea led  no m orphologica l changes tha t could suggest 

a s te ro id ogen ic  function  (Upadhyay and Guraya, 1971). 

In  P. a e th io p icu s , only some o f  the i n t e r s i t i a l  spaces 

in  an a c t i v e ly  spermatogenetic t e s t i s  are occupied by 

amorphous c e l l s  and spindle-shaped f ib r o b la s t s .  With 

l a t e r  m aturational stages, th e re  appears to  be no 

ev id en t  in c rease  in the amount o f  these c e l l s  and in 

a t e s t i s  that has undergone sperm iation, what appears 

t o  be la rg e  i n t e r s t i t i a l  masses, are in f a c t  the 

su r face  s e c t ion s  o f  the tubu les , the l a t t e r  being 

co l lap sed  and ly in g  very  c lo s e  to  each o ther . Further­

more, no d i s t in c t  m orphological changes w ith  d i f f e r e n t  

m aturational s tages were observed in  these c e l l s  

occupying the in t e r s t ia l  areas . Since such c e l l s  were 

not o f a con s is ten t  morphology, any change in then with 

vary ing t e s t i c u la r  maturation would not have been 

ev ident. However, these observa tions  do not con c lu s i­

v e ly  prove tha t P. aeth iop icus lacks functiona l

i n t e r s t i t i a l  c e l l s .
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Histochemical evidence o f  s te ro id ogen es is  i . e .  

the  presence o f  l ip id s  and/or c h o le s t e r o l - p o s i t i v e  

d ro p le ts ,  were demonstrated in  the i n t e r s t i t i a l  c e l l s  

o f  L. f l u v i a t i l i s  (Hardisty e t  a l ,  1967), M. albus 

(Chan and P h i l l i p s ,  1967), R. temporaria and R. escu- 

len ta  (C alla rd  e t  a l ,  1978) and in the lo b u le  boundary 

c e l l s  (Leydig c e l l  homologues) o f  the u rode le  T. hong- 

kongenesis (Tso and L o fts ,  1977a). G en era lly ,  l i p id  

accumulation in  the i n t e r s i t i a l  c e l l s  increased w ith 

advanced t e s t i c u la r  maturation (Hard isty e t  al.,.1967 ; 

L o f t s ,  1964; 1968; Chan and P h i l l i p s ,  1967; Tso and 

L o f t s ,  1977a). However, ju s t  p r io r  t o  or during 

breeding in  M. a lbus, there  was a sudden d e p le t io n  of 

th e  i n t e r s t i t i a l  l ip id s  (Chan and P h i l l i p s ,  1967). The 

evacuated tubules o f T. hongkongenesis were s im i la r ly  

d evo id  o f  l i p id  d rop le ts  (Tso and L o f ts ,  1977a). In 

R. esculenta and R. tem poraria , i n t e r s t i t i a l  l i p id s  

reached a maximum a f t e r  spawning, but diminished with 

th e  resurgence o f  spermatogenesis (L o f t s ,  1964; 1968). 

The high accumulation o f  i n t e r s t i t i a l  l i p id s  (such 

th a t  g e n e ra l ly  occurs towards peak t e s t i c u la r  matura­

t io n  and a f t e r  sperm ia t ion ), ind ica tes  a cessa t ion  o f 

the s te ro id  hormone (androgen) output, r e s u lt in g  in  a 

build-up o f the l ip id  precursor m ater ia l.  On the other 

hand, the presence of a few or lack of l i p i d  d rop le ts  

in  the in te rs t i t iu m  during resurgence o f spermatogene­

s i s ,  is  said to  be due to  androgen synthes is  and 

s e c re t ion , r e s u lt in g  in  none or a few d ro p le ts  o f  the
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l i p i d  m ater ia l (L o f t s  and B osw ell, 1960; C a lla rd  e t  

a l ,  1978).

The a c t i v i t y  o f  the enzyme involved in  the 

syn thesis  o f  s t e ro id s  i . e .  3J3-HSD, has been demonstra­

ted  in  the i n t e r s t i t i a l  c e l l s  o f  L. f l u v i a t i l i s  

(Barnes and H ard is ty , 1972), E. lucius (G r ie r ,  1981), 

th e  elasmobranchs T. marmorata, S. s t e l l a r i a  (Callard 

e t  a l ,  1978), th e  urodeles A. mexicanum (Lazard, 1979),

T. hongkongenesis (Tso and L o f t s ,  1977b) and in  the 

anurans R. tem porar ia , R. escu lenta  (C a lla rd  e t  a l ,

1978) and R. cyanoph lyctis  (Saidapur and Nadkarni,

1973). In L. f l u v i a t i l i s / the in te n s ity  o f  3^-HSD 

a c t i v i t y  reached a maximum ju s t  p r io r  to  the deve lop ­

ment of the secondary sex characters  i . e .  p r io r  to  

b reed ing, and co rre la ted  w ith  an abundance o f l i p id  

in  the i n t e r s t i t i a l  c e l l s  (Barnes and H a rd is ty ,1972). 

L ik ew ise , th is  enzyme a c t i v i t y  in the in t e r s t i t a l  

c e l l s  o f  A. mexicanum was r e s t r i c t e d  to the breeding 

p e r iod  and a c t i v e  secre t ion  o f  androgens by the 

g landu lar t is s u e  which in  tu rn  was r e la te d  to  the 

s t im u la t ion  o f  the secondary sex characters  (Lazard,

1979) . In  R. temporaria and R. escu len ta , 3p-HSD 

a c t i v i t y  in  th e  i n t e r s t i t i a l  c e l l s  c o r re la ted  w ith 

th e  l ip id  c y c le :  thus during the w inter non-breeding 

season, i n t e r s t i t i a l  c e l l s  lacked c h o le s te r o l ­

p o s i t i v e  d r o p le t s ,  l ip id s  and 3J3-HSD a c t i v i t y .  With 

a c t iv e  spermatogenesis, th ere  was the appearance o f
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l i p i d s ,  c h o le s t e r o l  and 3p-HSD a c t i v i t y  in  the 

i n t e r s t i t i a l  c e l l s .  A fte r  spawning, there was g rea te r  

accumulation o f  the c h o le s t e r o l - p o s i t i v e  l i p i d  content 

but the a c t i v i t y  o f  3p-HSD decreased. This enzyme 

a c t i v i t y  in  the t e s t i s  o f  the amphibians c o r r e la t e s  

w ith  the appearance o f the secondary sex characters , 

suggesting that the i n t e r s t i t i a l  Leydig c e l l s  secre te  

the androgens (C a lla rd , e t  a l ,  1978). The fu rth er  

demonstration o f  g lucose 6-phosphate dehydrogenase 

a c t i v i t y  in  the i n t e r s t i t i a l  c e l l s  o f  R. c y a n op h ly c t is , 

i s  said to  in d ic a te  fu rther but in d ire c t  ev idence of 

s te ro id o g en ic  a c t i v i t y ,  s ince th is  enzyme is  said to  

be the p r in c ip a l  one that p rov ides  NADPH employed in 

hydroxy la t ions  during s te ro id ogen es is  (Saidapur and 

Nadkarni, 1973) . Since h istochem ical t e s t s  have not 

been ca rr ied  out on the t e s t i s  o f  P. a e th iop icu s , such 

t e s t s  employing l ip id -d e te c t in g  sta ins or reagents, 

3p-HSD and G6-PDH with va r iou s  t e s t ic u la r  maturational 

s tages , may r e v e a l  a l i p id  c y c le  in the c e l l s  o f the 

in te r s t i t iu m  and fu rther suggest whether such c e l l s  

possess s te ro id o g en ic  fu nction s . However, i f  such 

t e s t s  do prove t o  be n ega t iv e ,  the i n t e r s t i t i a l  c e l l s  

o f  P. a e th iop icu s  should not be co n c lu s iv e ly  regarded 

as being devo id  o f  s te ro id ogen ic  a c t i v i t y  since 

previous h istochem ical t e s ts  have met w ith  some 

inaccuracy or d iscrepancy. Thus, Gresik e t  a l  (1973) 

stressed cau tion  in in te rp re t in g  nega tive  re s u lts  when 

employing h istochem ica l techniques fo r  id e n t i fy in g
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s te ro id ogen ic  t is s u e ,  a f t e r  such t e s ts  w ith  both 3p- 

HSD and l ip id -d e t e c t in g  rea gen ts , proved nega t ive  in 

the i n t e r s t i t i a l  c e l l s  in  the t e s t i s  o f  0. la t ip e s  

but u lt r a s t ru c tu ra l  observa t ions  revea led  th a t  these 

c e l l s  did indeed possess c h a r a c t e r is t ic s  th a t  sugges­

ted  a s te ro id ogen ic  function . A p o s i t iv e  3J3-HSD 

a c t i v i t y  was la t e r  demonstrated in the i n t e r s t i t i a l  

c e l l s  o f 0. l a t ip e s  by other workers (G r ie r ,  1981).

The i n t e r s t i t i a l  c e l l s  o f  E. s t o u t i , L. f l u v i a - 

t i l i s  and the lo b u le  boundary c e l l s  o f  T. hongkongene- 

s i s  possess the t y p ic a l  u l t r a s t ru c tu ra l  fe a tu re s  o f 

s t e r o id - s e c r e t in g  c e l l s  i . e .  ex tens ive  areas o f w e l l -  

deve loped , agranular, v e s ic u la r  endoplasmic reticu lum , 

m itochondria w ith  e labora te  tubular c r i s t a e  and l ip id  

in c lu s ion s  (Tsuneki and Gorbman, 1977a ;Barnes and 

H ard is ty , 1972; Tso and L o f t s ,  1977b). Lobule boundary 

c e l l s  o f  T. hongkongenesis were noted to  be morphologi' 

c a l l y  developed during maturation o f  spermatozoa and 

even more developed during sperm iation, probably 

in d ica t in g  th a t  the s te ro id  sec re to ry  phase of the 

c e l l s  begins when the spermatozoa are ready fo r  

evacuation, w ith  the h ighest s te ro id ogen ic  a c t i v i t y  o f  

the lobu le  boundary c e l l s  occurring when spermiation 

has ju s t  occurred (Tso and L o f ts ,  1977b). Since mature 

t e s t ic u la r  s tages  of P. aeth iop icus were not included 

in  the present u lt r a s t ru c tu ra l  study, i t  i s  poss ib le  

that the u lt r a s t ru c tu ra l  fe a tu res  o f  s tero idogenes is
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in  the i n t e r s t i t i a l  c e l l s  a re  on ly developed towards 

peak maturation and sperm iation and th e r e fo r e  not 

ev iden t or d e te c ta b le  in  the i n t e r s t i t i a l  c e l l s  a t 

e a r l i e r  m atu ra tiona l stages. U lt r a s t ru c tu ra l ly ,  the 

amorphous c e l l s  or f ib r o b la s t s  in  the in te rs t i t iu m  of 

P. ae th iop icu s appear to  be u n d i f fe r e n t ia te d  or 

developed and con ta in  on ly some recogn iza b le  m ito­

chondria, p o r t ion s  o f membranes and rough endoplasmic 

reticu lum  w ith in  a granular cytoplasm, and seve ra l 

l i p i d  d ro p le ts  -  the presence o f  the l a t t e r  probably 

suggesting an in a c t iv e  s ta te  o f  these c e l l s ,  leading 

t o  no s te ro id  s e c re t io n  and a subsequent build-up o f 

th e  precursor l i p i d  m a te r ia l .  N ich o l ls  and Graham 

(1972) noted the presence o f  ve ry  few l i p i d  d rop le ts  

w ith in  f u l l y  d i f f e r e n t ia t e d  and apparently  a c t iv e ly  

s e c re t in g  Leyd ig  c e l l s  o f C. n ig ro fasc ia tu m .

Large areas of w e ll-d eve loped , agranular, v e s i ­

cu la r  endoplasmic reticulum are  regarded t o  be charac­

t e r i s t i c  o f  stero id -producing  i n t e r s t i t i a l  c e l l s  

(Barnes and H ard isty , 1972; Tso and L o f t s ,  1977b; 

Tsuneki and Gorbman, 1977$0.Of in te r e s t  and importance 

however, the developed i n t e r s t i t i a l  Leyd ig c e l l s  o f

R. temporaria and B._bufo d id  not con ta in  vast

q u a n t it ie s  o f  smooth or agranular endoplasmic r e t i c u ­

lum desp ite  demonstrated h istochem ical evidence of 

s te ro id ogen es is  i . e .  3p-HSD a c t i v i t y .  Instead, these 

c e l l s  had a predominance o f  rough, c is t e r n a l  endoplas-
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suggested tha t the predominance o f rough, c is t e r n a l  

endoplasmic reticu lum  could be due to  the f a c t  that 

the high r a te  o f  synthesis o f  the p ro te in  enzyme that 

i s  requ ired  f o r  s te ro id  syn thes is , r e q u ir e s  rough and 

not smooth endoplasmic reticu lum  (Unsicker, 1975). 

Extensive areas o f  rough endoplasmic reticu lum  were 

a ls o  reported in  the Leydig c e l l s  o f  0. la t ip e s  and 

aga in  regarded as being compatible w ith a s te ro id o ­

g e n ic  function  (Gresik et a l ,  1973). The f in e l y  

f lo c c u le n t  m a te r ia l  w ith in  the c is te rn s  o f  the rough 

endoplasmic reticu lum  is  suggested to  rep resen t 

storage o f  s te ro id  precursors or synthesized products 

(N ich o lls  and Graham, 1972). Th ere fo re , on th is  

ev idence , should la te r  u lt ra s t ru c tu ra l  s tu d ies  o f more 

mature t e s t i c u la r  stages o f P. aeth iop icus  r e v ea l  an 

absence o f  smooth endoplasmic reticu lum in  the i n t e r s t i ­

t i a l  c e l l s  and instead r e v ea ls  rough endoplasmic r e t i ­

culum, a s te ro id ogen ic  fu nction  on the i n t e r s t i t i a l  

c e l l s  should not be overlooked.

When f i r s t  described , the lobu le  boundary c e l l s  

o f  E. lu c iu s  were regarded to  be homologous with 

i n t e r s t i t i a l  Leyd ig c e l l s  a f t e r  r e v ea l in g  the presence 

o f  c h o le s t e r o l - p o s i t i v e  l i p id s  (L o fts  and Marshall,

1957). S im ila r  c e l l s  were la t e r  described in  S. f o n t i -  

n a l is  (Henderson, 1962), S. sa lar (O 'Halloran and

Id le r ,  1970), B. belone (Upadhyay and Guraya, 1971),
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B. to r  (Ra i, 1965) and in C. n igro fasc iatum  (N ich o lls  

and Graham, 1972). However, u l t r a s t ru c tu ra l  studies 

o f  the lob u le  boundary c e l l s  o f  C. n igro fasc iatum  

(N ich o lls  and Graham, 1972) and E. lucius (G rier and 

L in ton , 1977) revea led  that these c e l l s  were in fa c t  

in t ra lo b u la r  homologs o f  S e r t o l i  c e l l s ,  such c e l l s  in 

E. lucius e x h ib it in g  id e n t i f y in g  c r i t e r i a  such as 

phagocytos is  o f  res id u a l spermatid bodies and the 

occas ion a l enveloping o f  sperm by th e ir  cytoplasm 

(G r ier  and L in ton , 1977). These ce lls  in C. n ig ro fa s - 

c i atum a ls o  exh ib ited  s im ila r  u lt r a s t ru c tu ra l  charac­

t e r i s t i c s  (N ich o lls  and Graham, 1972). According to 

G r ie r  (1981), lob u le  boundary c e l l s  p rev iou s ly  

described  in t e le o s t s  are in  fa c t  in tra lo b u la r  ( in t r a ­

tubu lar) S e r t o l i  c e l l s .  These c e l l s  in S. s a la r ,

B. belone, the lobule boundary cells (probably Sertoli 
cells) of L. fluviatilis and the Sertoli cells of 
T. hongkongenesis, esculenta and R. temporaria, 
were also histochemically demonstrated to contain 
cholesterol-positive lipids and hence regarded as 
steroidogenic (O'Halloran and Idler, 1970; Upadhyay 
and Guraya, 1971; Hardisty et al, 1967; Tso and Lofts, 
1977b; Lofts, 1964; Lofts and Boswell, 1960).

Sertoli cells of S. canicula, S. acanthias 
(Hoar, 1969), S. salar (O'Halloran and Idler, 1970),

A. mexicanum (Lazard, 1979) , R. temporaria (van Oordt 

and Brands, 1970) and R. cyanoph lyctis  (Saidapur and
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Nadkarni, 1973) have a lso  demonstrated the a c t i v i t y  o f 

3p-HSD. Towards the breeding season in  R. temporaria 

and R. e s cu len ta , S e r t o l i  c e l l s  became glandular in 

appearance and accumulated l i p i d  d rop le ts  (L o fts ,

1964; L o fts  and Boswell, 1960). Where changes in the 

i n t e r s t i t i a l  c e l l s  have led to  p a r a l l e l  changes in the 

S e r t o l i  c e l l s  m o rp h o log ica l ly  and h is to ch em ica l ly , 

have been rep o r ted : thus in the t e s t i s  o f  L. f lu v ia - 

t i l i s  , during the la t e r  s tages o f m aturation, both 

th e  i n t e r s t i t i a l  and the lob u le  boundary c e l l s  

(S e r to l i  c e l l s )  accumulated ex ten s iv e  l i p id  d rop le ts  

and appeared m orp h o log ica l ly  developed (Hard isty  e t  

a l ,  1967). In the t e s t i s  o f B. t o r , cytoplasm ic 

va cu o liza t ion  occurred in  both the i n t e r s t i t i a l  c e l l s  

and the S e r t o l i  c e l l s  during spermiation (Ra i, 1965). 

Furthermore, the S e r t o l i  c e l l s  o f  A. mexicanum 

revea led  in tense  3p-HSD a c t i v i t y  on ly  during regenera­

t io n  of the tubules a f t e r  spawning, w h ile  th is  enzyme 

a c t i v i t y  dim inished w ith  the onset o f  spermatogonia1 

m itos is  and the g rea te r  part o f  spermatogenesis. 

However, in  the Leydig c e l l s ,  3p-HSD a c t i v i t y  occurred 

on ly  during the f in a l  steps o f  spermiogenesis i . e .  

during sperm iation  and the a c t iv e  s e c re t io n  of 

androgens r e la te d  to  the development o f th e  secondary 

sex characters. This delayed c o r r e la t io n  between the 

Leydig and S e r t o l i  c e l l s  has suggested th a t  the stimu­

la t io n  o f enzyme a c t i v i t y  in  the S e r t o l i  c e l l s  may 

depend to  a c e r ta in  ex ten t on a s tero id  fa c to r  synthe-
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s ized  by the Leyd ig  c e l l s  (Lazard, 1979). H istochemi- 

c a l  tes ts  -  use o f  l ip id -d e t e c t in g  reagen ts , 3p-HSD 

and G6-PDH on the t e s t i s  o f P. aeth iop icus may suggest 

or in d ica te  whether the S e r t o l i  c e l l s  o f t h i s  lu ng fish  

possess a s te ro id ogen ic  ca p a c ity  and in turn suggest 

whether c o r r e la t i v e  changes can be d iscerned  between 

the S e r t o l i  c e l l s  and the c e l l s  in the in te r s t i t iu m  

and with spermatogenesis i t s e l f .

Typ ica l u l t r a s t ru c tu ra l  fe a tu res  o f  s te ro idogen e­

s i s  occurred in  the lobu le  boundary c e l l s  (S e r t o l i  

c e l l s )  o f  L. f l u v i a t i l i s  (Barnes and H ard isty , 1972) 

and in  the S e r t o l i  c e l l s  o f  the anurans (C a lla rd  e t  a l ,  

1978): Although the S e r t o l i  c e l l s  o f  E. s t o u t i  a lso  

contained such o rg a n e l le s  as m itochondria, some w ith 

tubular c r i s t a e ,  rough and smooth endoplasmic r e t i c u ­

lum, g lycogen p a r t i c l e s ,  l i p i d  d rop le ts  and lysosomes, 

they were not w e l l  developed and such c e l l s  in  th is  

hagfish  were not im plicated w ith  a s te ro id ogen ic  

function  (Tsuneki and Gorbman, 1977a). N everth e less  i t  

i s  poss ib le  th a t  the S e r t o l i  c e l l s ,  l ik e  the lobu le  

boundary c e l l s  o f  T. hongkongenesis (Tso and Lo fts ,  

1977b) may undergo u lt ra s t ru c tu ra l  developmental ; 

stages tha t could c o r r e la te  w ith  d i f f e r e n t  matura- 

t io n a l  stages o f  the t e s t i s .  The developed S e r t o l i  

c e l l s  o f P. a e th iop icu s  revea led  no areas o f  t y p i c a l l y  

v e s ic u la r ,  agranular endoplasmic reticu lum . Instead, 

c is t e r n a l ,  granu lar or rough endoplasmic reticu lum ,
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with  a f in e ly  f lo c c u le n t  m a te r ia l  w ith in  th e  c is te rn s ,  

predominated the cytoplasm o f  the c e l l s ,  together  w ith 

a few l ip id  d ro p le t s ,  numerous la rge  mitochondria w ith 

tubular c r i s t a e  and w e ll  developed G o lg i complexes. As

in  the s te ro id ogen ic  Leydig c e l l s  o f  R._tem poraria ,

B. bufo (Unsicker, 1975) and 0. la t ip e s  (Gresik  e t  a l ,  

1973), which lacked vast amounts o f smooth, v e s icu la r  

endoplasmic re t icu lm  and instead  possessed c is te rn a l  

rough endoplasmic reticu lum , the S e r t o l i  c e l l s  o f  

P. aeth iop icus cannot be denied as possessing a 

s te ro id ogen ic  ca p a c ity  s ince th is  v a r i e t y  o f  endoplas­

mic reticulum i s  said to  be necessary fo r  the synthe­

s is  o f  the p ro te in  enzyme th a t  i s  needed f o r  s tero id  

synthesis (Unsicker, 1975). Furthermore, the f in e ly  

f lo c c u le n t  m a te r ia l  w ith in  th e  c is te rn s  o f  the rough 

endoplasmic reticu lum  i s  sa id  to  in d ica te  storage o f 

s te ro id  precursors  or synthesized products (N ich o lls  

and Graham, 1972). The presence o f granu les in 

d i la t e d  p o r t ion s  o f  the intermembranal spaces o f  the 

S e r t o l i  c e l l s  o f  P. a e th iop icu s  and p in o cy to t ic  

fea tu res  a t  the plasma membrane, may perhaps suggest 

a n u t r i t iv e  or sec re to ry  involvement. C y to lo g ic a l  

fea tu res  suggesting s e c re t io n  o f  e le c t ro n  dense 

granules a t  th e  plasma membrane were a lso  observed in 

the Leydig c e l l s  o f  0. l a t i p e s , and regarded to be o f  

a proteinaceous nature (Gresik  e t  a l ,  1973). However, 

N ich o lls  and Graham (1972) regarded e le c t ro n  dense 

granules to  be g lycogen  dep os its .
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The a sso c ia t io n  o f  S e r t o l i  c e l l s  w ith  spermato- 

g en e t ic  c e l l s  or th e ir  cys ts  has been reported  in the 

cyclostomes (W alv ig , 1963; Tsuneki and Gorbman, 1977a), 

elasmobranchs (Dodd, 1960; L o f t s ,  1968; Hoar, 1969), 

t e le o s t s  (Lag io s , 1965; L o f ts  e t  a l ,  1966; Chan and 

P h i l l ip s ,  1967; Ruby and McMillan, 1972) and in the 

amphibians (Mathews and M arshall, 1956; Dodd, 1960;

L o f ts ,  1964; 1968; L o fts  e t  a l ,  1972). As in  E. s t o u t i ,

M. q lu t in osa , E. ja ckson i, E. inconstans and M. a lb u s , 

S e r t o l i  c e l l s  in  the tubules o f  P. ae th iop icu s  c lo s e ly  

ensheath a spermatogonium. Due to the non-sta in ing 

nature o f the cytoplasm and c e l l  membranes in  the 

present study, no a ssoc ia t ion  o f S e r t o l i  c e l l s  w ith 

la t e r  spermatogenetic stages could be observed a t  the 

l i g h t  microscopy le v e l .  3p-HSD a c t i v i t y  or s te ro id o ­

gen ic  a c t i v i t y  w i th in :S e r t o l i  c e l l s  o f  amphibians is  

said to c o r r e la t e  with spermatogonia1 c e l l  d iv is io n  

which may take p lace  when the per iphera l plasma 

androgen l e v e l  i s  low or absent. These c e l l s  are a lso  

sa id to p o s s ib ly  secre te  s te ro id s  and stim ulate 

spermatogenesis, without a f f e c t in g  the secondary sex 

characters (C a lla rd  e t  a l ,  1978). In P. a e th iop icu s , 

th e  a ssoc ia t ion  o f S e r t o l i  c e l l s  w ith  spermatogonia 

was frequ en t ly  observed in a ve ry  immature t e s t i s  

where these two c e l l  types predominated and in t e s te s  

th a t  had undergone sperm iation and resurgence o f  

spermatogenesis was a lready  taking p lace  in some 

tubules -  these fa c ts  seemingly supporting the in f lu -
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ence o f S e r t o l i  c e l l s  on spermatogonia1 m ito s is  and 

on spermatogenesis i t s e l f .

Where the amount or l e v e l  o f plasma androgen 

may r e f l e c t  the nature or amount of the i n t e r s t i t i a l  

Leydig c e l l s ,  has been rep orted  in E. s t o u t i : thus 

the low plasma tes to s te ro n e  l e v e l  in E. s t o u t i  i s  

a ttr ib u ted  to  th e  fa c t  that t h i s  hagfish  possesses a 

low number o f i n t e r s t i t i a l  c e l l s  in i t s  t e s t i s  and

le s s e r  developed s te ro id ogen ic  o rgan e lles  w ith in
/

these c e l l s  as compared w ith those in  the Leydig 

c e l l s  of h igher v e r teb ra te s  (Tsuneki and Gorbman, 

1977a).Since the t e s t i s  o f P. aeth iop icus a lso  

possesses a v e r y  l im ited  amount o f  i n t e r s t i t i a l  

c e l l s  that r e v e a l  no e la b o ra te  changes or v a r ia t io n  

in  histomorphology and d is t r ib u t io n  with vary ing 

t e s t ic u la r  m aturational s tages , i t  w i l l  be o f 

in te r e s t  t o  see how the l e v e l  o f  plasma androgens 

c o r r e la te s  or compares w ith the nature o f  the in t e r ­

s t i t i a l  c e l l s .

The plasma le v e ls  o f t e s to s te ro n e  in  the two 

major amphibian groups are not cons is ten t i . e .  

urodeles have a higher range o f the l e v e l s  o f th is  

androgen (40-200 ng/ml) w h ile  anurans have low plasma 

tes to s te ron e  l e v e l s  ranging from 0.1 ng/ml to  25 ng/ml 

(Callard e t  a l ,  1978). Furthermore, in anurans, the 

major m e ta b o lite  o f  te s to s te ro n e  appears t o  be a high
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u rode les , te s to s te ro n e  can be converted to  11-keto- 

te s to s te ro n e  (C a lla rd  e t  a l ,  1978; Kime, 1980). 

D ihydrotes tosterone does not appear to be a usual or 

normal occurrence in  the t e s t i s  o f  the u rodeles  

(Callard  e t  a l ,  1978), but r e c e n t ly ,  Specker and 

Moore (1980) measured d ih yd ro tes tos teron e  p lus t e s to s ­

terone in the plasma o f T. granulosa which ranged 

from less  than 5ng/ml to  54.7+ 7.9ng/ml. The determ i­

nation  and establishment o f th e  major androgens and 

th e i r  plasma l e v e l s  in P. aeth iop icus  may perhaps 

r e v e a l  whether th e  lung fishes  share a c lo s e  phyloge­

n e t ic  r e la t io n s h ip  with e i th e r  one of the amphibian 

groups and may fu r th er  c l a r i f y  our understanding o f 

the evo lu tion  o f  the androgens in  the tetrapods.

5. 2. Ovary

Oocyte development in  P. aeth iop icus i s  c le a r ly  

asynchronous. Th is  is  e s p e c ia l ly  evident in  a mature 

ovary where the oocytes w ith in  a lobe are a t  d i f f e r e n t  

maturational s ta ges , ranging from the immature p ro to ­

plasmic oocytes  to  the la rg e  " near-ovu la tion " oocytes. 

However, th ere  i s  synchrony among the lob es , such 

th a t  any one lo b e  represents  the o v e ra l l  maturational 

s tage  of the ovary . Asynchronism in oocyte development 

a ls o  occurs in  G. m ira b i l is  (de Vlaming, 1972),

M. tengara (Guraya et a l ,  1975) and in X. la e v is
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(Dumont, 1972), and is said to indicate a mode of 
reproduction with a prolonged spawning season, and 
with several or multiple spawnings within the season 
(Guraya, et al, 1975).

The oogonia o f  P. ae th iop icus  c lo s e ly  resemble 

those of the amphibian X. l a e v i s  (Al-Mukhtar and 

Webb, 1971) in  th a t  they both possess la rge  nu c le i 

which are h igh ly  lobed. Another ovarian  c h a r a c t e r is t ic  

tha t P. ae th iop icu s  shares w ith  X. l a e v i s , are the 

dense "su bnu c leo li"  of the la r g e r  n u c le o l i  w ith in  the 

nucleus o f dark s ta in in g  protop lasm ic oocytes . Dumont 

(1972) described  these subnucleo li as being dense 

protruberances o f  the la rg e r  n u c le o l i .  Such an oocyte 

c h a ra c te r is t ic  has not been reported  in the cyclostom es, 

elasmobranchs and te le o s ts .

P e r iph era l n u c le o l i  (p e r i-n u c lea r  n u c le o l i )  are 

i n i t i a l l y  d is c e rn ib le  in  the e a r ly ,  dark s ta in ing  

protoplasmic oocy tes . Previous u lt ra s t ru c tu ra l  obser­

va tions  o f  the immature oocytes  o f P. aeth iop icus 

revea led  that th e  per iphera l n u c le o l i  are formed by 

fragmentation o f  the e x is t in g  la rg e r  n u c le o l i  

(Scharrer and Wurzelmann, 1969). P e r iph era l n u c le o l i  

a re  a lso i n i t i a l l y  v i s i b l e  in  the immature oocytes o f 

the t e le o s t s  G. g iu r is  (Rajalakshmi, 1966), S. fuscus 

(Anderson, 1968), P. r e t ic u la t a  (Lambert, 1970),

G. m ira b i l is  (de Vlaming, 1972), M. tengara (Guraya
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e t  a l ,  1975) and in the anuran X. la e v is  ( Al-Mukhtar 

and Webb, 1971; Dumont, 1972). L ight microscopy 

observations suggesting n u c le o l i  fragm entation , have 

a ls o  been rep orted  to  occur in  the immature oocytes o f  

X. la e v is  (Al-Mukhtar and Webb, 1971) and M. tengara 

(Guraya e t  a l ,  1975).

"Lampbrush" chromosomes appear in th e  nucleus o f  

l i g h t - s ta in in g  protop lasm ic oocy tes  o f  P. aeth iop icus 

and l ik ew is e ,  a re  a common fe a tu re  o f  the d ip lo ten e  

stage or l i g h t  s ta in in g  oocy tes  o f the lampreys 

L. p laner i (H ard isty , 1965a) and P. marinus ( Tokarz, 

1978), the t e l e o s t s  E. inconstans, C la r ia s  batrachus, 

Brachydanio r e r i o  (Tokarz , 1978) and the amphibians 

X. la e v is  (Dumont, 1972) and T. c r is ta tu s  (Tokarz, 

1978). In the present study, sp h er ica l,  b asop h il ic  

n u c le o l i ,  sm aller than the e x is t in g  per iphera l ones, 

appear to  be produced by the lampbrush chromosomes o f  

the Stage D v i t e l l o g e n i c  oocy tes . Dumont (1972) a lso  

reported the a ssoc ia t ion  o f n u c le o l i  w ith  the lamp­

brush chromosomes in X. l a e v i s . I t  has been suggested 

th a t  n u c le o l i  o r ig in a te  from ce r ta in  heterochromatic 

reg ions o f  these chromosomes known as nucleolus 

o rgan ize rs , although a non-heterochromatic region  

a lso  forms ex tra  n u c le o l i  ( Bara, 1965). A t the s ta r t  

o f  yolk granu le accumulation in to  the oocy tes  o f  

P. a e th iop icu s , the p e r ip h e ra l n u c le o l i  adopt a duplex

nature, which p e rs is ts  u n t i l  the f in a l  oocyte matura-



199

t io n  stage. Duplex n u c le o l i  were a lso  observed in the 

oocytes  of M. tengara  a t the beginning o f the matura­

t io n  phase when y o lk  v e s ic l e s  a re  forming in  the 

ooplasm (Guraya e t  a l ,  1975) and in the young oocytes 

o f  S. fuscus (Anderson, 1968). Their u lt ra s t ru c tu re  in 

th e  la t t e r  t e l e o s t  revea led  a dark c o r t i c a l  ribosomal 

r e g io n  together w ith  some granular m a te r ia l  and a f in e  

filam entous substance in  the cen tre . Scharrer and 

Wurzelmann (1969) suggested th a t  the pa le , filam entous 

re g io n  of duplex n u c le o l i  o f  P. aeth iop icus  con s is ts  

o f  a proteinaceous m a te r ia l .  From a survey o f the 

l i t e r a t u r e ,  i t  was agreed th a t  n u c le o l i  a re  the s i t e s  

o f  r ibon u c le ic  a c id  (RNA) syn thes is  and th a t  the 

purpose o f  n u c leo la r  ex trus ions  or n u c leo la r  products 

observed in  the juxtanuclear ooplasm o f immature 

oocytes  o f  P. a e th iop icu s  (Scharrer and Wurzelmann, 

1969), S.fuscus, F. h e te ro c l i tu s  (Anderson, 1968) and 

M. tengara (Guraya et a l ,  1975), is  to  p rov id e  r i b o ­

somes fo r  the ooplasm.

In the e a r ly  protop lasm ic oocytes, a spherica l 

body (yo lk  nucleus) w ith  a dark s ta in in g  co rtex  and 

l i g h t  medulla, d i f f e r e n t i a t e s  in  the cytoplasm. This 

yo lk  nucleus presumably d is in te g ra te s  towards the 

beginning o f th e  la t e  protoplasmic stage s ince i t  has 

not been observed in  oocytes beyond the e a r ly  p ro to ­

plasmic stage. A yo lk  nucleus with a homogeneous 

structu re , a ls o  occurred in  the immature oocytes o f
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M. tengara (Guraya et a l ,  1975). U l t ra s t ru c tu ra l ly ,  

t h i s  cytoplasm ic o rgan e lle  in  the young oocy tes  o f 

S. fuscus (Anderson, 1968) and in  the germ c e l l s ,  

oogonia and oocy tes  o f X. la e v is  (Al-Mukhtar and Webb, 

1971; Dumont, 1972) consisted  o f an a gg rega t ion  o f 

m itochondria, whereas the y o lk  nucleus (or the so 

c a l l e d  Balb ian i body) in  the cytoplasm of p r e - v i t e l l o -  

gen ic  oocytes o f  the trou t  S. q a ird n e r i , was composed 

o f  p ro te in  and RNA and unrela ted  to m itochondria 

(Beams and K esse l,  1973). O v e ra l l ,  the cytop lasm ic 

y o lk  nucleus was regarded as being important fo r  

oocy te  growth and v i t e l l o g e n e s i s ,  p rov id ing  the 

ooplasm with e i th e r  m itochondria or with RNA (A l-  

Mukhtar and Webb, 1971; Beams and Kessel, 1973).

The f o l l i c l e  c e l l s  o f  the oocytes o f  the 

cyclostomes and t e le o s t s  are  derived  from coelcm ic 

e p i th e l ia l  c e l l s  (Tokarz, 1978), whereas the f o l l i c l e  

c e l l s  o f P. ae th iop icus  appear to  o r ig in a te  from the 

f ib r o b la s t s  o f th e  connective  t is su e . The p re -p ro to -  

plasmic and e a r ly ,  dark protoplasmic oocy tes  are 

surrounded by f o l l i c l e  c e l l s  which are  h istomorpholo- 

g i c a l l y  and u l t r a  structura l l y  s im ilar i f  not id e n t ic a l  

t o  the f ib r o b la s t s .  A s im ila r  s itu a t ion  e x is t s  in  the 

amphibians B- stom aticus, R. p ip iens and T. v i r id e s c e n s , 

where the f o l l i c l e  c e l l s  of immature oocytes  are a lso  

f  ib r  o b la s t - l ik e  (Guraya, 1978). As in P. a e th iop icu s ,

th e  f o l l i c l e  c e l l s  of the oocytes o f the elasmobranch
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S. sorrakowah, th e  t e le o s ts  and the amphibians, 

undergo m orphologica l v a r ia t io n  with growth or matura­

t io n  of the o o cy te ,  changing from a f la t t e n e d  squamous 

o r  sp indle shape and g rad u a lly  becoming cuboidal or 

columnar. In la r g e ,  mature oocy tes , the f o l l i c u l a r  

ep ithelium  is  s tre tch ed , becoming th in ,  and the 

f o l l i c l e  c e l l s  a re  reduced in  s ize  (Guraya, 1978). 

Towards peak maturation or o vu la t io n , the f o l l i c l e  

c e l l s  of P. aeth iop icus  resume th e ir  o r ig in a l  

f la t te n e d  and e longated  sp ind le  shape as those o f  the 

e a r ly  protop lasm ic oocytes . From l i g h t  and u l t ra s t ru c -  

tu ra l  ob serva t ion s , these morphological changes appear 

to  be r e la te d  t o  the form ation  o f the zona p e llu c id a , 

v i t e l l o g e n e s is  and growth o f  the oocyte . However, in 

the lamprey L. p la n e r i , i t  i s  the c e l l s  o f  the theca 

and not the f o l l i c l e  c e l l s  th a t  undergo morphological 

and u lt ra s t ru c tu ra l  changes w ith  oocyte maturation 

(Guraya, 1978).

U l t r a s t r u c tu r a l ly , some o f the fea tu res  or 

c h a r a c t e r is t ic s  o f  the f o l l i c u l a r  ep ithe lium  and the 

oolemma during the form ation o f the zona pe llu c ida  

and growth o f the oocytes o f  P. a e th io p icu s , are 

shared by the oocytes o f  0. la t ip e s  (H irose , 1972),

B. ph o lis  (Shackley and K ing, 1977), T. v ir id escen s  

(Hope e t  a l ,  1963) and other amphibians (Guraya, 1978) 

i . e .  the oocytes  o f  a l l  these species revea led  forma­

t io n  o f m i c r o v i l l i  or pore canals from the oolemma and



2 0 2

t h e i r  p en etra t ion  in to  the zona m ater ia l;  formation 

o f  f o l l i c l e  c e l l  processes ( m a c r o v i l l i  or c y to p la s ­

mic p ed ice ls )  which a lso  p enetra te  the zona p e l lu -  

c id a ;  and the presence o f  m icrofilam entous m ateria l 

in  the m i c r o v i l l i .  The oocy tes  o f the lamprey 

L. p laner i e x h ib i t  a l l  such fe a tu re s  -  r a d ia l  m icro­

v i l l i  o f the oolemma, form ation  o f a zona pe llu c ida  

(zona rad ia ta ) (Guraya, 1978) and f in e  f i b r e s  or 

m icrofilam ents in  the m i c r o v i l l i ,  the l a t t e r  charac­

t e r i s t i c  a ls o  occu rr ing  in th e  oocytes o f  L. f l u v i a - 

t i l i s  (A fz e l iu s ,  Nicander and Sjoden, 1968). Of 

exception however, the f o l l i c l e  c e l l s  o f  the lampreys 

do not develop cytoplasm ic p e d ic e ls  (Guraya, 1978).

Towards peak maturation o f  the oocy tes  in 

Q. la t ip es  (H irose , 1972), B. ph o lis  (Shackley and 

King, 1977) and T . v ir id e s c e n s  (Hope et a l ,  1963), 

the cytoplasm ic p ed ic e ls  e i t h e r  lo s t  co n t in u ity  w ith 

the oocyte , or l i k e  the m i c r o v i l l i ,  regressed  from 

the zona p e l lu c id a .  The l a t t e r  then becomes the 

v i t e l l i n e  membrane o f enve lope. Although v e ry  mature 

oocytes o f P. ae th iop icus  were not included in the 

u lt ra s t ru c tu ra l  study, the apparent loss  o f  s truc tu ra l 

or c e l lu la r  adhesion between the f o l l i c u l a r  layer and 

the zona p e l lu c id a  o f  ovu lated  oocytes , perhaps 

suggests a s im i la r  occurrence i . e .  reg ress ion  o f the 

cytoplasm ic p e d ic e ls  o f  the f o l l i c l e  c e l l s  and the 

subsequent form ation  o f  a w e l l-d e f in e d  v i t e l l i n e
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membrane (Stage J ) .  I t  has been suggested tha t the 

f o l l i c l e  c e l l s  and th e ir  p e d ic e ls  are in vo lved  in the 

process o f  v i t e l l o g e n e s i s  by transport in g  or manufac­

tu r in g  and tran sport in g  n u t r i t i v e  m ater ia l or yolk  

precursors to  th e  oocyte , w h ile  the m i c r o v i l l i  o f  the 

oolemma fu n c tion  in the absorption  o f  t h i s  n u t r i t iv e  

m ater ia l (Hope e t  a l ,  1963; H irose, 1972; Shackley 

and King, 1977).

Employing h istochem ica l methods i . e .  mainly the 

use o f la b e l le d  enzymes that are  invo lved  in  s te ro id  

synthesis , the p o ss ib le  s i t e s  o f  s te ro id ogen es is  were 

demonstrated in  the th eca l c e l l s  o f S. scomber (Bara,

1965), in the f o l l i c l e  c e l l s  o f  L. f l u v i a t i l i s  

(Hardisty and Barnes, 1968), the elasmobranch 

S. acanthias (Lance and C a l la rd ,  1969), the t e le o s t s  

A. te rrae -san ctae  (Yaron, 197 1 ), P. r e t ic u la ta  

(Lambert, 197 0) , the amphibians X. la e v is  (Redshaw 

and N ich o lls ,  1971), R. c ya n op h lyc t is , R. t i g r in a ,

R. verrucosa and Cacopus systoma (Saidapur and 

Nadkarni, 1974) and in both the f o l l i c l e  and theca l 

c e l l s  o f  S. n i lo t ic u s  (Yaron, 1971). D esp ite  a p o s i t i v e  

demonstration o f  3p-HSD a c t i v i t y  in the f o l l i c l e  

c e l l s  o f L. f l u v i a t i l i s , u ltra s tru c tu re  d id  not re v ea l 

evidence that i s  considered to  be t y p ic a l  o f  s te ro id o ­

gen ic  t is su e ,  such as numerous mitochondria with w e l l  

developed tubular c r is ta e  and ex tens ive  areas of 

agranular endoplasmic reticu lum  (Hard isty  and Barnes,
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1968). These fe a tu re s  occur in  the s te ro id ogen ic  

th eca l c e l l s  o f  the dog fish  S- can icu la  (Dodd and 

Dodd, 1980), the coho 0. k isu tch , pink salmon 

0. gorbuscha (Nagahama et a l ,  1978) and in two 

spec ies  o f  c i c h l id s  C. n ig ro fasc ia tum  and H. m u lt i­

c o lo r  (N ich o lls  and Maple, 1972). The th eca l c e l l s  

o f  L. p lan e r i a ls o  possess numerous m itochondria, 

elements o f agranular endoplasmic reticu lum  and 

l i p i d  d ro p le ts ,  the la t t e r  two fea tu res  considered 

to  ind ica te  s e c re t io n  o f  s t e r o id  hormones (Guraya, 

1978). L ip id  d ro p le ts  are  fu r th e r  regarded as a 

c h a ra c te r is t ic  fe a tu re  o f  s t e r o id - s e c r e t in g  c e l l s  

and represent th e  stored precursor m a te r ia l  fo r  

hormone or  s te ro id  synthesis (H irose, 1972; Thornton 

and Evennett, 1973). The occurrence o f  s e ve ra l  l i p id  

d rop le ts  in  the f o l l i c l e  c e l l s  o f  e a r ly  v i t e l l o g e n i c  

oocytes o f  P. a e th io p ic u s , may th e re fo re  suggest a 

s te ro id ogen ic  ca p a c ity  o f th ese  c e l l s .  Despite the 

absence o f  agranular endoplasmic reticu lum  in the 

cytoplasm o f th e  f o l l i c l e  c e l l s  and in v iew  o f  an 

u n d i f fe r e n t ia te d  or  undeveloped th eca l la y e r ,  the 

f ib r o b la s t s  o f which possess on ly  u n d i f fe r e n t ia ted  

mitochondria w ith  narrow tubular c r is ta e  and some 

small G o lg i complexes, the f o l l i c l e  c e l l s  may be 

th e  only c e l l s  o f  the oocytes  possessing a s te ro id o ­

gen ic  function . Amphibians to o ,  lack ex tens ive  areas 

o f  agranular endoplasmic reticu lum  and other 

o rgan e lle s  s p e c i f i c  to  s te ro id ogen ic  function  in the
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f o l l i c l e  c e l l s  o f  th e ir  oocy tes  and i t  has been 

suggested that probably d i f f e r e n t  pathways o f 

s te ro id  hormone synthesis occur in these c e l l s ,  

which need fu r th e r  in v e s t ig a t io n  (Guraya, 1978).

In the e a r ly  v i t e l l o g e n i c  oocytes o f  

P. a e th iop icu s , the f o l l i c l e  c e l l s  con ta in  severa l 

o rgan e lle s  or v e s i c l e s  f i l l e d  with e le c t ro n  dense 

m ater ia l.  Such o rg a n e l le s ,  a ls o  present in  the 

f o l l i c l e  c e l l s  o f  0. la t ip e s  at the ea r ly  yo lk  stage, 

a re  regarded as lysosomes and suggested to  have some 

r e la t io n  w ith increased metabolism o f  the f o l l i c l e  

c e l l s  and the oocy te  during y o lk  form ation and 

probably serve  some function  in  transporting  substan­

ces produced by the f o l l i c l e  c e l l s  (H irose , 1972). 

According to  H irose  (1972), c is t e r n a l ,  rough endoplas­

mic reticu lum  th a t  is  e s p e c ia l ly  prominent in  the 

f o l l i c l e  c e l l s  o f  0. la t ip e s  (such a fe a tu re  a lso  

occurring in the f o l l i c l e  c e l l s  o f  P. aeth iop icus and 

the theca l c e l l s  o f  S. can icu la  (Dodd and Dodd,

1980), may be a fea tu re  o f s e c re t io n  of c e r ta in  sub­

stances which a re  transported to  the v e s i c l e s  o f the 

G o lg i  complex which in turn produces the m ater ia l fo r  

f i n a l  s e c re t io n .  The presence o f  f in e ,  granular 

m ateria l a ssoc ia ted  w ith the G olg i complex and i t s  

v e s ic le s  in th e  f o l l i c l e  c e l l s  o f ea r ly  v i t e l l o g e n ic  

oocytes o f  P. aeth iop icus  may perhaps lend support to

the concept o f  a secre tory  a c t i v i t y  o f  the Golgi
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complex.

A tres ia  has been described  in the immature 

oocytes o f L. p la n e r i  (H ard is ty , 1965a) and in the 

yo lky  oocytes o f  the t e l e o s t s  G. g iu r is  (Rajalakshmi,

1966), A. t e r ra e -s a n c ta e , S.__n i lo t ic u s  (Yaron, 1971),

G. m ira b i l is  (de Vlaming, 1972), M. tengara (Guraya 

e t  a l ,  1975) and the amphibian B. stomaticus (Guraya, 

1969). The f o l l i c l e  c e l l s  o f  the oocytes o f  

L . p laneri were not im p lica ted  in the a t r e t i c  process. 

In  the t e l e o s t s ,  there  was hypertrophy of the 

invading f o l l i c l e  c e l l s  as opposed to  atrophy o f the 

f o l l i c l e  c e l l s  o f  P. a e th io p ic u s . As in A. t e r r a e -  

sanctae, S. n i lo t ic u s  (Yaron, 1971), G. m ir a b i l is  

(de Vlaming, 1972), M. tengara  (Guraya e t  a l ,  1975) 

and B. stomaticus (Guraya, 1969), the f o l l i c l e  c e l l s  

o f  a t r e t ic  oocy tes  o f P. ae th iop icus  appear to  phago- 

cy tose  the conten ts  o f the oocy te . The f o l l i c l e  

c e l l s  o f G. g iu r i s  are thought to  exert  an enzymatic 

a c t i v i t y  in  the reabsorp tion  o f  a t r e t i c  oocytes 

(Rajalakshmi, 1966). A t r e s ia  o f the unspawned r ip e  

oocytes and immature oocytes  has been said to  be a 

r e s u lt  o f  gonadotropin withdrawal from the p i tu i ta r y  

a f t e r  the spawning phase (Rajalakshmi, 1966). A low 

content or a lack  of endogenous gonadotropin has a lso  

been said to  lead  to a t r e s ia  o f yo lky oocytes (Guraya, 

1969; Guraya e t  a l ,  1975).
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5.3 . P i tu i t a r y

A com plete range o f  gonadal m aturational s tages 

was found w ith in  twenty-seven female P. aeth iop icus 

ranging from 26.0 cm to  57.0 cm in t o t a l  length , and 

w ith in  tw en ty -e igh t  males o f  a s iz e  range from 18.5cm 

t o  66.5 cm. In a l l  p i t u i t a r i e s  examined, type 2 

basophils as described  by Kerr and van Oordt (1966), 

d id  not occur and th is  observa t ion  tends t o  agree 

w ith  Kerr and van Oordt (1966) , who reported  that 

these elongated c e l l s  w ith  more numerous but smaller 

granules than those  of the type  1 basoph ils  and 

lack ing a d e f i n i t e  c e l l  boundary, a re  absent in small 

(young) f i s h ,  but in adu lts i . e .  o f  a studied length 

range of 65.0 cm to  17 0.0 cm, can num erica lly  exceed 

th e  type 1 basoph ils .

In the present study, the type 1 basophils 

exh ib ited  n o t ic e a b le  v a r ia t io n  in d is t r ib u t io n ,  

granu la tion , and extent (th ickness) and s ta in ing  

in ten s ity  o f  t h e i r  chromophilic substance, which 

could be c o r r e la t e d  w ith  the stage o f  gonadal matura­

t io n .  Thus the d is t r ib u t io n ,  extent and s ta in ing  

in ten s ity  o f  th e  chromophilic substance o f  the type 

1 basophils, appeared to  be the g rea tes t  in 

P. aeth iopicus w ith  iirmature or e a r ly  maturing 

gonads than w ith  other m aturational stages. The pars 

d i s t a l i s  o f  male P. a e th io p ic u s , however, exh ib ited
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ra ther more o f these  basoph ils  in the p o s te r io r  

reg ion  than the female. Peak gonadal maturation was 

accompanied by a degranu lation  or v a cu o l iz a t io n  and 

reg ress ion  o f th e  chromophilic substance in  most o f 

th e  type 1 basoph ils .

S im ilar c h a r a c t e r is t ic s  with v a r ia t io n  in 

gonadal m aturation, were noted in  the gonadotrop in- 

producing c e l l s  o f  the cyclostom es and t e l e o s t s :  thus 

w ith  e ith e r  immature gonads or a t the onset o f 

gonadal m aturation, the gonadotrop ic c e l l s  revea led  

v a r io u s ly ,  an increase in  s ta in in g  a f f i n i t y ,  number, 

c e l l  and nuclear dimensions and amount o f  secre to ry  

granules (van Oordt, 1968; Sundararaj, 1960; Lagios, 

1965; Baker e t  a l ,  1974; L indah l, 1980). A t peak 

gonadal maturation or ju s t  p r io r  to  spawning, these 

gonadotropic c e l l s  degranu lated , regressed  or became 

chromophobic (van Oordt, 1968 ; Sundararaj, 1960; 

Lag ios , 1965; Baker e t  a l ,  1974; Kaul and V o l lr a th ,  

1974; Ekengren e t  a l ,  1978a; L indahl, 1980). Gonadal 

maturation, gonadal atrophy and cessa t ion  o f  ovu la­

t io n ,  a lso  co rre la ted  w ith the basophils in  the 

v e n t ra l  lobe o f  the elasmobranchs (Dodd, 1960; van 

Oordt, 1968). In  the amphibians too , gametogenetic 

v a r ia t io n  co inc ided  w ith  changes in the type  2 

basoph ils , regarded th e re fo r e  as the FSH-producing 

c e l l s  (van Oordt, 1968).
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Ovariectomy in  the rainbow trou t S. ga ird n er i  

led  to  an in crease  in the plasma gonadotropin le v e l  

and eventual degranu lation  o f  the s e c re to ry  granules 

and g lobu les in  the gonadotropin-producing c e l l s .

The r i s e  in  plasma gonadotropin l e v e l  was a t t r ib u ted  

t o  an increased output o f  t h i s  gonadotropin from the 

pars d i s t a l i s  due t o  the probable decrease in  the 

l e v e l  o f sex s te ro id s  in  the blood fo l lo w in g  o v a r ie c ­

tomy (Peute et a l ,  1980) . Gonadectomy in the anuran 

n. esculenta a ls o  led to  ex ten s ive  degranu lation  in 

th e  type 2 basoph ils  and such postgonadectomy changes 

were restored  t o  normal ( i . e .  c e l l s  resumed th e ir  

granular form) w ith  s te ro id  hormone treatment (Rastogi 

and C h ie f f i ,  1970). S im i la r ly ,  with LH-RH in je c t io n s  

in  S. sa lar (Ekengren e t  a l ,  1978a) and C. auratus 

(Kaul and V o l l r a th ,  1974) , th e  gonadotropic c e l l s  

appeared as those during spawning, in  th a t  they 

degranulated and became vacu o la r . Loss o f  secre to ry  

granules in  the gonadotropic c e l l s  has been suggested 

t o  r e f l e c t  a s e c re to ry  a c t i v i t y  or r e le a s e  o f  the 

gonadotropin (Sundararaj, i96 0 ; Rastogi and C H ie f f i ,  

1970; Ekengren e t  a l ,  1978a; Peute e t  a l ,  1980; 

Lindahl, 1980). On the other hand, the occurrence of 

numerous s e c re to ry  granules in  the gonadotropic c e l l s  

i s  said t o  in d ic a te  that the c e l l s  are in  the s to r ing  

phase, w ith  a p o ss ib le  low r e le a s e  ra te  o f  the 

gonadotropin (L indahl, 1980).
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In both male and fem ale P. aeth iop icus  with 

mature or near-spawning gonads, i t  was noted that 

most but not a l l  o f  the type 1 basophils in  the pars 

d i s t a l i s  reg ressed , degranulated and became chromo­

phobic. A s im i la r  observa t ion  in  the p i tu i t a r y  o f  

S. salar a t  the time o f  spawning, whereby not a l l  

th e  gonadotropic c e l l s  degranulated or vacuo la ted , is  

sa id  to  r e f l e c t  a d i f f e r e n t  response to  the gonado­

t ro p in  r e g u la t in g  fa c to rs  which may be an adaptation 

t o  secure gonadotropin fo r  prolonged needs (Ekengren 

e t  a l ,  1978a).

Where on ly  the number o f  basophils or presump­

t i v e  gonadotropin-producing c e l l s  in  the p i tu i ta r y  

can be c o r r e la te d  with the s tage  o f gonadal matura­

t io n ,  was rep orted  by Barr and Hobson (1964). In th e i r  

study, the g r e a te s t  p roportion  o f  basophils  in the 

meso-adenohypophysis occurred in  maturing p la ic e  

P. p la tessa , having the g r e a te s t  r a te  o f  gonadal 

development, w h ile  immature and spawned f i s h  lacked 

these basophils or contained very  few in th e ir  

p i tu i t a r ie s .  A s im ila r  s i tu a t io n  e x is ts  in  both male

and female P._a e th io p icu s , where the g rea te s t  amount

or d is t r ib u t io n  o f  the type 1 basophils occur in the 

pars d i s t a l i s  o f  those specimens w ith maturing t e s te s  

and o va r ies , w h ile  the le a s t  d is t r ib u t io n  o f these 

basophils occur in those lu n g fish  with v e ry  mature 

gonads that a re  near spawning. P i tu i ta r y  ex trac ts  o f
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maturing p la ic e  were a ls o  reported  as having the 

g rea te s t  gonadotrop ic  potency while  l i t t l e  or no 

a c t i v i t y  occurred in p i t u i t a r y  ex tra c ts  o f  immature 

and spawned f i s h  (Barr and Hobson, 1964), thus 

implying that gonadotrop ic  potency is  p rop o r t ion a l to 

the number o f gonadotrop ic c e l l s  in the p i t u i t a r y .  In 

P. a e th iop icu s , gonadotropic potency o f th e  p i tu i ta r y  

may be r e f l e c t e d  p r im a r i ly  by the extent and s ta in ing  

in te n s i ty  o f  th e  chrom ophilic substance o f  the type 1 

basoph ils . Thus these fe a tu re s  are most developed in 

the p i t u i t a r ie s  o f  lu ng fish  w ith  maturing gonads, w ith 

the basophils a ls o  having th e  g rea te s t  d is t r ib u t io n .  

The in ten se ly  s ta in in g  chrom ophilic substance and i t s  

wide extent may be due t o  a high r a te  o f hormonogenic 

a c t i v i t y ,  which in  turn may suggest a high gonadotro­

p ic  potency or a high l e v e l  o f  p i tu i ta r y  gonadotropin. 

Converse ly , the reg ress ion  and eventual chromophobia 

o f  most o f  the type 1 basoph ils  in p i t u i t a r i e s  o f  

mature P. a e th io p icu s , may suggest a high ra te  o f 

r e le a s e  o f  the gonadotrop in , r e s u lt in g  in  no build-up 

o f  the chrom ophilic  substance and th e r e fo r e  leading t o  

a reduced l e v e l  o f  p i tu i t a r y  gonadotropin and low 

gonadotropic potency.

In the p i tu i t a r y  o f the dogfish  S. can icu la , 

on ly  one type o f  gonadotrop ic c e l l  has been reported 

to  occur in th e  v e n tra l  lob e  (F ir th  and V o l lra th ,

1973), w ith  an u ltram orp h o log ica lly  s im ila r  c e l l  type
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a ls o  occurring in  the median pars d i s t a l i s .  These 

f in d in gs  suggested the presence of the same hormone 

in  both reg ions  (Knowles, M eurling and V o l l r a th  

quoted by F ir th  and V o l lra th ,  1973) and were 

confirmed by the demonstration o f  LH -like  gonadotro­

p ic  a c t i v i t y  in  both the v e n t r a l  lobe and the median 

pars d i s t a l i s  (F ir th  and V o l l r a th ,  1973). The 

occurrence a lso  o f  only one typ e  o f gonadotrop ic c e l l  

has been demonstrated by immunofluorescence in the 

pars d i s t a l i s  o f  the immature male smolt, parr and 

precocious parr S. sa lar (L indah l, 1980), in  the 

sexually  mature adu lt S. sa la r  (Ekengren e t  a l ,  1978a), 

in  M. la t ip in n a  and other P o e c i l in a e  (Goos e t  a l ,

1976), in the amphibians (D oerr-Schott , 1976), and by 

LH-RH adm in is tra t ion  in C. auratus (Kaul and V o l lr a th ,

1974). I t  i s  assumed that o n ly  one gonadotrop ic c e l l  

type a lso  occurs in the pars d i s t a l i s  o f  H. f o s s i l i s  

(Sundararaj, 1960; Baker e t  a l ,  1974), P. p la tessa  

(Barr and Hobson, 1964) and in  E. ja ckson i (Lagios, 

1965), a lthough such a d is t in c t io n  i s  not emphasized 

by the authors. Ekengren e t  a l  (1978a) have noted 

th a t  depending on the phase o f  reproduction  (or stage 

o f  gonadal m a tu ra t ion ), the s i z e ,  morphology and 

u ltra s tru c tu re  o f  a s in g le  gonadotropin-producing c e l l  

type can vary  considerab ly  and be e a s i ly  and m istakenly 

in te rp re ted  as more than one gonadotropic c e l l  type. 

Four u lt ra s t ru c tu ra l  v a r ia t io n s ,  in c lud ing  v a r ia t io n  

in  the amount o f  g lobu les , granules or v e s i c l e s ,



21 J

occurred in  the same gonadotrop ic c e l l  type in 

S. salar (Ekengren et a l ,  1978a; Lindahl, 1980). 

However in the roach R. r u t i l u s , gonadotropin 

production has been a t t r ib u ted  to  two c e l l  types 

which are c y t o lo g i c a l l y  d i f f e r e n t  from each other 

(Ekengren e t  a l ,  1978b).

In th is  study, on ly basoph ils  types 1 and 3 

occurred in  the pars d i s t a l i s  o f  P. aeth iop icus  o f  

body length ranging from 18.5 cm to  66.5 cm. Type 2 

basophils were reported  to  occur in la rg e r  lu ng fish  

ranging from 65 cm to 17 0 cm (Kerr and van Oordt,

1966). Since th e  type 1 basoph ils  re v ea led  n o t iceab le  

v a r ia t io n  with changes in gonadal m aturation, and fo r  

fea tu res  p re v io u s ly  discussed in  the l i g h t  o f  p revious 

research f in d in g s ,  i t  i s  tempting to  suggest that 

they are the gonadotropin-producing c e l l s .  The type 3 

basophils in both the amphibians and in the South 

American lu n g f ish  L. paradoxa, have been shown to  be 

the ACTH-produ cing c e l l s  (D oerr-Schott , 1976; Hansen 

e t  a l ,  1980). The type 2 basoph ils  th e r e fo r e  o f 

la rg e r  P. a e th iop icu s , would appear to  be the th y ro ­

trop in  (TSH) producing c e l l s .  Doerr-Schott (1976) 

has noted tha t in  ce r ta in  amphibians i . e .  T r itu rus 

marmorata, Bombina v a r ie g a ta , R. temporaria and Bufo 

v u lg a r is , the TSH antiserum d id  not id e n t i f y  or la b e l  

the TSH-producing c e l l s ,  t h is  r e s u lt  sa id to  r e f l e c t  

the poor ly  developed and sca rce ly  v i s i b l e  TSH-
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producing c e l l s  in  the former two spec ies  and the 

t o t a l  n o n - v i s i b i l i t y  o f such c e l l s  in  the l a t t e r  two 

amphibians. On th e  other hand, X. la e v is  and 

A. mexicanum had we 11-deve loped  TSH-producing c e l l s .  

The amount o f  s to ra ge  in  the TSH-producing c e l l s  was 

suggested to  determ ine the magnitude o f  th e  immuno­

l o g i c a l  r e a c t io n  and s ince th e  l e v e l  o f  th y ro id  

function  i s  known to  va ry  con s id erab ly  in  the lower 

v e r te b ra te s ,  r e s u l t in g  in  va ry in g  TSH production , i t  

might exp la in  th e  apparent absence o f  the TSH- 

producing c e l l s  a t  c e r ta in  s tages  o f  the s e c re to ry  

c y c le  (D oerr-S ch o tt , 1976). On the basis  o f  such 

observations in  the amphibians, i t  could be argued 

th e re fo re ,  tha t in  P. a e th io p ic u s , the in t e n s i t y  o f  

thyro id  fu n c t ion  perhaps increases  w ith len g th  or 

age o f the animal, with the typ e  2 basoph ils  respon­

s ib l e  w ith TSH-production, o n ly  becoming w e l l -  

developed and v i s i b l e  a f t e r  th e  lu n g fish  has 

a tta ined  a c e r ta in  s iz e .  However, i t  could a lso  be 

argued th a t  the type 2 basoph ils  o f  P. aeth iop icus  

may be the gonadotropin-producing c e l l s ,  these c e l l s  

a ls o  becoming w e ll-d eve loped  and v i s i b l e  in  much 

la rg e r  lu n g f ish  due to  increased gonadotrop ic 

function . On th e  basis o f t h i s  second argument, the 

type 1 basoph ils  would th e r e fo r e  appear t o  be the 

TSH-producing c e l l s .  R ecen tly ,  the importance o f  the 

thyro id  in  u rod e le  and elasmobranch reproduction , has 

been b r i e f l y  rev iew ed. I t  has been shown that



thyroxine modulates or r e g u la te s  the r e le a s e  o f LH 

and FSH in  T r itu ru s  p i tu i t a r y  in being s e n s i t iv e  to  

the rhythmic changes in serum gonadotropins and 

moreover tha t es trogens in f lu en ce  p i tu i t a r y  TSH 

secre t ion  by modulating p i t u i t a r y  levels o f  th y ro ­

t ro p in - r e le a s e  hormone (TRH), such f in d in g s  sugges­

t in g  a s y n e r g is t ic  or complimentary r o le  o f  the 

thyro id  w ith  rep rodu ction  (P ey ro t  and V e lla n o , 1980). 

I f  the argument were to  be accepted that the types 1 

and 2 basophils  a re  the th y ro trop in  and gonadotrop in- 

producing c e l l s  r e s p e c t i v e ly ,  the changes or v a r ia ­

t ion s  in the typ e  1 basoph ils  that appear to  c o r r e ­

la t e  with changes in gonadal maturation, may r e f l e c t  

the s y n e rg is t ic  or complimentary ac t ion  o f  the 

thyro id  w ith  th e  gonads. C le a r ly ,  the technique o f  

immunohistochemistry has to  be employed t o  ascerta in  

the true nature o f the types 1 and 2 basophils in  the 

p itu ita ry  o f P. a e th iop icu s . The appearance o f the

type 2 basoph ils  in  the p i t u i t a r y  o f  L._paradoxa o f

body length  35.5 cm but not in the p i t u i t a r ie s  o f  

P. aeth iop icus below a body length o f  65.0 cm, may 

perhaps be due to  d i f f e r e n c e s  in the ra te  o f growth 

versus gonadal or th y ro id a l  function  between these 

lungfish .

The nature and number o f  gonadotropins in the 

cyclostomes, P. aeth iop icus and other lu n g fish es ,

have as ye t  not been researched in to . In the d og f ish



S. can icu la , on ly  one type o f  gonadotropin was

p u r i f ie d ,  s p e c i f i c a l l y  from th e  v e n tra l  lob e  and 

found to be s t ru c tu ra l ly  and b io l o g i c a l l y  s im ila r  to  

mammalian FSH (Sumpter e t  a l ,  1978). The median pars 

d i s t a l i s  a ls o  possessed c e l l s  that were u l t r a s t ru c -  

t u r a l l y  s im ila r  t o  the gonadotrop ic c e l l s  o f  the 

v e n t ra l  lobe, suggesting  the production o f  the same 

hormone in  both reg ion s  (Knowles, Meurling and 

V o l lr a th  quoted by F ir th  and V o l l r a th ,  1973). LH -like 

a c t i v i t y  was a ls o  demonstrated in both th e  v e n tra l  

lobe  and median pars d i s t a l i s  (F ir th  and V o l l r a th ,  

1973). However, s ince the gonadotropin was p u r i f ie d  

from the v e n t ra l  lobe on ly , i t  does not c o n c lu s iv e ly  

in d ica te  tha t o n ly  a s in g le  gonadotropin i s  present 

in  the p i t u i t a r y  o f  elasmobranchs (Sumpter e t  a l ,  

1978).

At p resen t, some con troversy  e x is t s  as to  the 

number o f gonadotropins presen t in the t e l e o s t  p i t u i ­

ta ry .  Two forms o f  gonadotrop in , an LH -lik e  and an 

FSH-like f r a c t io n ,  were fra c t io n a te d  from gonadotro­

pin  preparations o f  S. mossambicus. Two forms o f  

gonadotropins, a ls o  obtained from the p i t u i t a r i e s  o f 

0. tshawytscha and 0. k e ta , were found t o  possess 

some male and female s p e c i f i c i t y .  On the other hand, 

a s in g le  g ly co p ro te in  gonadotropin was obtained from 

the p i t u i t a r i e s  o f  the American p la ic e  H. p la t e s s o i - 

d e s , which possessed both FSH and LH - l ik e  p ropert ies
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in  that i t  induced oocyte maturation and ovu la t ion . 

Furthermore, a n on -g lycop ro te in  f r a c t io n  th a t  stimu­

la te s  v i t e l l o g e n e s i s ,  was obtained from the 

p i tu i ta r y  o f  the w inter flounder P. americanus and 

the salmon (P e te r  and Crim, 1979). Concerning the 

amphibian gonadotrop ins, i t  has been es tab lished  by 

the re s u lts  o f d i r e c t  b iochem ical in v e s t ig a t io n s  on 

t h e i r  p i tu i ta r y  hormones, th a t  two separate and 

chem ica lly  d i s t in c t  g ly co p ro te in  gonadotropins e x is t  

in  both the anurans (L ich t and Papkoff, 1974; Farmer 

e t  a l ,  1977) and in  the u rod e les , which appear to  be 

homologous w ith  the LH and FSH o f mammals (Farmer et 

a l ,  1977; L ic h t ,  1979).

The establishm ent as to  the nature and number 

o f  gonadotropins in  the p i tu i t a r y  o f  P. aeth iop icus  

and other lu n g fish es , may he lp  in th e  understanding 

and app rec ia t ion  o f  the evo lu t ion  o f  the gonadotro­

pins in the lower v e r te b ra te s .



6 . CONCLUSION

From the r e s u l t s  o f the present study, i t  

appears that th e re  are s e ve ra l  gonadal c h a r a c t e r is t ic  

th a t  the lu n g f ish  P. a e th iop icu s  shares, some perhaps 

s o le ly ,  w ith the amphibians. These inc lude an absence 

o f  smooth or agranular endoplasmic ret icu lum  in both 

t h e i r  f o l l i c l e  and i n t e r s t i t i a l  c e l l s ,  which are 

instead predominated by c i s t e r n a l ,  rough endoplasmic 

reticu lum ; a c lo s e  resemblance in the morphology o f 

t h e i r  oogonia which are la rg e  and have a h igh ly  lobed 

nucleus; the presence o f  "su bn u c leo li"  w ith in  la rg e r  

n u c le o l i  in  dark s ta in in g  o r  e a r ly  protoplasm ic 

oocy tes ; and a s in g le  la ye r  o f  f o l l i c l e  c e l l s  

surrounding the oocy tes . The presence o f  a th ick , 

j e l l y - l i k e  la y e r  surrounding the ovu la ted  oocytes o f  

P. a e th iop icu s , i s  a lso  rem in iscent o f spawned oocyte 

o f  many amphibians. Furthermore, apart from the 

s truc tu ra l s im i la r i t y  in morphology and c e l l  types o f  

the pars d i s t a l i s  o f  both th e  amphibians and the 

lungfishes, t h e i r  c lo s e  ph y logenet ic  r e la t io n s h ip  is  

a ls o  r e f l e c t e d  by the sparse but d i r e c t  innervation  

o f  the pars d i s t a l i s  in  lu ng fish es  and in  tadpoles 

o f  R. tem poraria . This innerva tion  in th e  la t t e r  

disappears a t metamorphosis such that l i k e  other 

amphibians, the pars d i s t a l i s  o f  adult R. temporaria 

i s  not innervated (B a l l ,  1981). This f a c t  revea ls  

the evo lu tion ary  trend towards a non-innervated pars
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d is t a l i s  from the Sarcopteryg ians to  the amphibians.

Since the present h i s t o lo g ic a l  study did not 

r e v ea l  a dram atic or obvious h istom orpholog ica l 

v a r ia t io n  in the i n t e r s t i t i a l  c e l l s  o f  P. aeth iop icus 

w ith  d i f f e r e n t  stages o f  t e s t i c u la r  maturation, 

indeed fu rth er  experiments must be undertaken to  

ascerta in  the t ru e  nature and function  o f  these c e l l s  

i . e .  adm in is tra tion  o f LH t o  the lu n g fish  may bring  

about an e la b o ra t ion  o f  the p h y s io lo g ic a l  functions 

o f  the i n t e r s t i t i a l  c e l l s  which may be r e f l e c t e d  in 

an obvious v a r ia t io n  in  the histomorphology o f  these 

c e l l s .  A p a r a l l e l  u l t r a s t ru c tu ra l  study o f  these 

t e s t ic u la r  c e l l  types may fu r th e r  r e v ea l  changes in 

the nature o f th e  cytop lasm ic o rg a n e l le s ,  including 

the endoplasmic reticu lum , and in turn r e v e a l  more 

accurate ly  the nature o f  the p h y s io lo g ic a l  functions 

o f  the i n t e r s t i t i a l  c e l l s .

The S e r t o l i  c e l l s  in the t e s t i s  and the f o l l i c l e  

c e l l s  o f  the oocy tes  o f  P. aeth iop icus  both appear to  

o r ig in a te  from f ib r o b la s t s .  Furthermore, the nu c le i o f  

developed S e r t o l i  c e l l s  and those o f  f o l l i c l e  c e l l s ,  

c lo s e ly  resemble each other h i s t o l o g i c a l l y  and u l t r a -  

s t ru c tu ra l ly  in  possessing coarse clumps o f granular 

chromatin m a te r ia l .  Of in t e r e s t ,  the n u c le i o f the 

i n t e r s t i t i a l  c e l l s  o f  R, esculenta and R. temporaria 

p r io r  to  breed ing, were noted to be la rg e ,  rounded
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and a lso  having coarse clumps o f  chromatin m ater ia l,  

t h is  said t o  in d ic a te  a g landu lar, s e c re to ry  

appearance (see L i te ra tu re  Review 2 .V .4 . ) .  Adminis­

t ra t io n  o f  gonadotropin i . e .  FSH to  both male and 

female P. aeth iop icus  may bring about an exaggeration  

or  e labo rt ion  in  the ph ys io logy  of these c e l l s  which 

may r e f l e c t  i t s e l f  h is tom orp h o log ica l ly , qu ite  un like 

those of normal or untreated animals. Again, a j o in t  

u lt r a s t ru c tu ra l  and h istochem ical study on the gonads 

o f  FSH-treated P. aeth iop icus may revea l the e f f e c t  

o f  the gonadotrop in  on these c e l l  types .

Since on ly  basophils types  1 and 3 were present 

in  the p i t u i t a r i e s  o f a l l  lu n g fish  in t h i s  study, 

ranging from 18.5cm to  66.5cm in body len g th , i t  is  

questionable whether the typ e  1 basoph ils  which 

exh ib ited  a v a r ia t io n  with d i f f e r e n t  stages o f gonadal 

maturation are th y ro trop ic  o r  gonadotropic c e l l s .  From.! 

previous experiments on the p i tu i ta r y  o f  L. paradoxa 

(Hansen e t  a l ,  1980) and the amphibians (D oerr-Schott, 

1976), th e  typ e  3 basophils have been accu ra te ly  shown 

t o  be the ACTH-producing c e l l s ,  w h ile  th e  types 1 and 

2 basophils in  the anurans have been shown to  be the 

th y ro trop ic  and gonadotropic c e l l s  r e s p e c t iv e ly  

(Doerr-Schott, 1976). The uncerta in ty  as to  the 

function  o f  th e  types 1 and 2 basophils in  P. a e th io ­

picus and o ther lu ng fish es , can perhaps be solved by

employing the technique o f  immunohistochemistry with
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the antiserum o f  both FSH and TSH in a wide length  

range of these animals, from the v e ry  sm all, young 

lu ng fish  to  the la r g e r ,  o ld e r  adu lts . The non­

s te ro id a l  drug M eth a ll ibu re  has been shown to  

suppress gonadotropin production by e f f e c t i v e l y  

re tard ing  spermatogenesis and v i t e l l o g e n e s i s  and 

causing gonadal reg ress ion  in  the Sarotherodon 

( = T i la p ia ) sp ec ies  (Hyder, 1972; Hyder, Shah,

Campbell and D adz ie , 1974). T h is  an tigonadotrop ic  

e f f e c t  o f the drug on the p i t u i t a r y  o f  Sarotherodon 

mossambicus was r e f l e c t e d  in  the marked decrease in 

the gonadotropic c e l l  s iz e  and in the amount of the 

cytoplasmic g ly c o p ro te in  granu les  ( Chiba, Honma and 

Lanzing, 1978). In fu ture research , the adm in istration  

o f  M ethallibure to  P. ae th iop icu s  may indeed 

accurate ly  i d e n t i f y  the gonadotrop ic  c e l l s  in the 

p i tu i ta r y  by causing obvious changes in (a )  basophil 

type(s) and d i f f e r e n t  from those  in basoph ils  o f  

untreated f i s h .

Estrone, e s t r i o l  and t ra ce s  o f  e s t ra d io l - l7 B ,  

have been claimed to  have been id e n t i f i e d  in ovarian 

ex trac ts  o f  P ro top teru s  annectens ( Dean and Chester 

Jones, 1959 quoted by G o t t f r ie d  e t  a l ,  1962). To 

da te , nothing i s  known about the nature and number o f  

p i tu i ta r y  gonadotrop ins and the nature o f  the andro­

gens in male lu n g f ish . Future research in to  these 

missing areas may perhaps shed fu rther l i g h t  in to  the
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evo lu tion  o f  the tetrapodan gonadotrop ins, androgens 

and estrogens. Furthermore, determ ination  o f  plasma 

le v e l s  o f gonadotrop in fe ), gonadal s te ro id s  and th yro ­

t ro p in ,  and coupled with the immunofluorescence study 

aimed at determ in ing both the gonadotrop ic  and thyro­

t r o p ic  c e l l s  in  the pars d i s t a l i s  and the magnitude 

o f  the im munoreactivity in lu n g f ish es  at var ious  

gonadal m aturationa l stages and body s i z e s ,  may 

perhaps r e v ea l  more about th e  p itu ita ry -gon ad a l ax is 

and the p i tu i t a r y - th y r o id a l  a x is  in the lu n g fish .

This unique animal, which fo r tu n a te ly  fo r  us, 

has survived v i r t u a l l y  unchanged f o r  some 400 m i l l io n  

years, c l e a r l y  deserves  more a t ten t ion  and study 

e s p e c ia l ly  concerning i t s  l i f e  in i t s  na tu ra l environ­

ment i . e .  s tu d ies  on the e f f e c t  o f  temperature, ra in ­

f a l l ,  a v a i l a b i l i t y  o f  food , e tc .  on reproduction , that 

would e ven tu a lly  ensure i t s  e f f i c i e n t  and successful 

propagation and continuing su rv iv a l  in the fu ture.
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