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Summary. From hatching to sexual maturity, the left ovary of the chick was studied 
with cytochemical techniques for the demonstration of steroid synthesis. At the time of 
hatching, there are in the ovarian medulla cell groups loaded with lipids and cholesterol 
which give a positive reaction for Ah-3fl-hydroxysteroid dehydrogenase (Ah-3fl-HSDH). 
Because of the predominant growth of the cortex in the course of the postnatal morphogenesis 
of the ovary, these cells are shifted to the theca interna of the follicles and the interfollicular 
spaces (interstitial cells). The cytochemical tests used demonstrate that, at all the stages 
studied, there is steroid synthesis in these cells. From the 20th day on, granulosa cells show 
an unspecific enzymatic reaction, which is positive in the control sections incubated without 
substrate. A strong As-3fl-HSDH activity is observed in the granulosa cells of postovulatory 
follicles. The significance of these findings in relation to the life history of steroid producing 
cells in the embryonic and postnatal chick ovary is discussed. 

I n t r o d u c t i o n  

The product ion of estrogens, progesterone, and androgens by the adult  ovary  
of the domestic fowl has been demonst ra ted  with the use of different technical 
approaches (see VAn TIENHOVEN, 1961). Histological and histochemical studies 
have suggested tha t  the ceils responsible for the synthesis of steroids comprise 
some cells of the theca interna loaded with lipids and cholesterol; groups of cells 
with similar characteristics present among the follicles in the interstitial tissue 
(i.e. interstitial cells), and the granulosa cells of growing and pos tovula tory  
follicles (CHIEFFI and BOTTE, 1965; WOODS and Do~M, 1966). 

I n  the embryonic  ovary  of the chick the synthesis of estrogens was demon- 
s t ra ted with biological (WOLFf, 1946) and biochemical methods (GALLIEN and 
LE FOULGOC, 1957; CEDARD and HAFFEN, 1966; WOLFF, HAFF]~N and SCHEIB, 
1966). Wi th  histochemical methods and electron microscopy it has been shown tha t  
the cells responsible for the product ion of steroids are the interstitial cells si tuated 
in the medulla of the embryonic  ovary  (NARBAITZ and SABATI~I, 1963; NARBAITZ 
and KOLODNY, 1964; NARBAITZ and ADLER, 1966; SCHEIB and HAFF~N, 1967). 

The present investigation was started with the purpose of studying,  at  the 
cellular level, the localization of steroid synthesis during the postnatal  period 
and in the adult  ovary  of the domestic fowl. The morphogenetic  changes which 
the interstit ial cells of the embryonic  medulla undergo to a t ta in  their definite 
distr ibution in the adul t  will be described. 

* The authors wish to express their gratitude to Prof. WASI{[NGTON BU~O for the research 
facilities made available and to Prof. E. DE ROBERTIS for critically reviewing the manuscript. 
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Hall, Pittsburgh, Penna., USA. 
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Fig. 1. Microphotograph of a 10th day chick ovary. The cortex and medulla are well defined. 
Wi th  arrows are indicated islets of clear cells in the medulla (H and  E). x 150 

Fig. 2. 13th day ovary. The cortex has begun the folding process. An invagination of the sur- 
face is indicated (arrow). Cell islets loaded with lipids are observed in the medulla (Sudan 

Black B). • 150 

Methods 
The ovaries of 34 New Hampshire chickens were used. This total  included: 4 adul t  laying 

hens and  30 chickens of 2, 10, 13, 20, 30, and  60 days of age. 
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Fig. 3. 13th day ovary. Formazan deposits due to the zJs-3fl-HSDH reaction are observed 
in the cytoplasm of interstitial cells. • 900 

Fig. 4. 30th day ovary. An ovarian fold with the central axis of connective and vascular 
tissue and a cortex with growing follicles is observed. The steroid-producing cells are migrating 

toward the cortex (35-3fl-HSDH reaction). X 100 

Part of the material, fixed in 1O per cent formalin with addition of 1 per cent calcium 
chloride, was sectioned with a freezing microtome. The sections were subjected to the following 
histochemical lipid tests: Sudan Black B for lipids in general, birefrigence, and Schultz test 
for cholesterol. Another portion of the ovary was sectioned at l0 ~ in a cryostat, without 
previous fixation, and used for the histochemieal determination of the AS-3/~-hydroxy- 
steroid dehydrogenase (AS-3fl-HSDH) according to the technique of LEVY, DEANE and ]:~UBIN 
(1959). The substrate, dehydroepiandrosterone (DHA), was dissolved either in propylenglycol 
or NN'-dimethylformamide. Control sections were run in media: without DHA, without 
nicotinamide-adenine-dinueleotide (NAD) and DHA, and with addition of 0.02 M iodoacetate 
without substrate. At all stages histological controls, fixed in Bouin's fluid and stained with 
hematoxylin-eosin (H and E), were made. 

Results 

All  the  ovar ies  s tudied,  wha tever  the  s tage of deve lopment ,  showed the  pres- 
ence of cell islets charac te r ized  b y  the i r  clear cy toplasm,  an  intense s ta ining 
wi th  Sudan  Black B, posi t ive  birefrigence and  Schul tz '  test .  These cells also 
showed a posi t ive  reac t ion  for the  zJs-3fl-HSDH. Such cytological  and  cy tochemica l  
character is t ics  pe rmi t t ed  these cell groups  to  be followed dur ing the  p o s t n a t a l  
deve lopmen t  of the  gonad.  

A 2 day ovary is essent ia l ly  s imilar  to t h a t  previous ly  descr ibed in the  las t  
s tages  of the  d i f fe rent ia t ing  chick embryo  gonad  (NARBAITZ and  SABATI~I, 1963). 
The  cor t ical  and  medu l l a ry  layers  are  well defined.  The former  is occupied b y  the  
ovocytes  and  the  second contains ,  among the  connect ive tissue, islets of in te r s t i t i a l  
cells, loaded  wi th  l ipids and  cholesterol  which give an in tense ly  posi t ive  reac t ion  
for zJs-3fl-HSDH. A 10 day o v a r y  is stil l  s imilar  b u t  the  ovocytes  appea r  sur- 
rounded  b y  fol l icular  cells forming p r i m a r y  follicles (Fig. 1). 

13" 
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Fig. 5. 30th day ovary. Interstitial cells with a strong enzymatic reaction are observed among 
the follicles. A lighter and unspecific reaction is observed in the granulosa cells. (zJs-3fl-HSDH 

reaction). • 270 

Fig. 6. 60th day ovary. Islets of interstitial cells are embedded in the theca interna of the 
follicles (H and E). • 450 

From the 13th to the 20th day remarkable morphogenetic changes take place 
in the ovary. There is a preponderant growth of the cortical layer which results 
in the formation of folds having an axis of connective and vascular tissue of 
medullary origin and a superficial layer in which the cortical and medullary 
components become gradually mixed. Fig. 2 shows the beginning of this process 
in which the surface starts to invaginate and the interstitial cell islets, loaded 
with lipids, become displaced toward the cortex. Fig. 3 shows, at high magnifica- 
tion, the strong As-3fl-HSDH activity in an islet of interstitial cells. 

From the 20th to the 60th day the morphogenetic process continues and the 
folds of the cortex become very deep by the 30th day. At this time the follicles 
show considerable growth and the interstitial cells occupy the connective tissue 
axis, as well as the interfollicular spaces (Fig. 4). During this period the As-3fl- 
HSDH reaction is very strong in the interstitial cells (Figs. 4 and 5) but the folli- 
cular cells (i.e. granulosa layer) show a slight unspecific reaction (Fig. 5). In 
fact, such a reaction appears also in the control sections without substrate and 
in those incubated with iodoacetate. However the reaction is negative in media 
without NAD. This unspecific reaction is not affected by the previous extraction 
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Fig. 7. Adult ovary. A growing follicle with a strong enzymatic reaction is observed. 
(A~-3fl-HSDH reaction), x 60 

Fig. 8. Collapsed postovulatory follicle. A great increase in thickness of the granulosa layer 
with a strong positive As-3fl-HSDH reaction is observed, x 100 

of hpids with acetone for 5 minutes at  4 ~ C or by the substitution of the propylen- 
glycol for NN'  dimethylformamide in the incubation medium. 

By 60days the growing follicles become surrounded by a well defined theca 
layer and small islets of interstitial tissue become embedded in it (Fig. 6). 

In  the adult ovary, cell groups having the cytological and cytochemical cha- 
racteristics of interstitial cells are observed within the theca and in the interfolli- 
cular connective tissue (Fig. 7). The unspecific reaction of the granulosa cells 
is still present. In  the postovulatory /ollicles the granulosa cell layer greatly in- 
creases and shows a very intense /D-3fl-HSDH reaction (Fig. 8). In  the follicles 
of the control sections the reaction is now negative. 

Discussion 

Steroid producing cells are cytochemically characterized by the abundance 
of lipids and cholesterol and more specifically by a positive ds-3fi-HSDH reaction 
(JAcoBY, 1962). This enzyme oxidizes the A5-3fl-hydroxysteroids to •4-3fl 
ketosteroids, a metabolic step which is involved in the synthesis of practically 
all steroids having hormonal activity (BAILLE, FERGUSON and HART, 1966). 
In  the chicken ovary, the classical histological studies had postulated tha t  the 
islets of light cells present in the theca interna, as well as those found in the inter- 
stitial tissue, among the follicles, were responsible for steroidogenesis (FELL, 
1924; BENOIT, 1926; MARSrtALL and COOMBS, 1957). 

The present work confirms such histological observations and, with histo- 
chemical techniques, demonstrates the steroidogenic activity of such cells. These 
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have  been ident i f ied  b y  the  large conten t  of l ipids and  cholesterol  and  b y  the  
posi t ive  zJh-3/~-HSDH react ion,  and  have  been followed th roughou t  the  pos tna t a l  
deve lopmen t  of the  chick ovary .  Our  f indings demons t r a t e  t h a t  the  islets  of 
in te r s t i t i a l  cells found in the  medul la  of newborn  chick ova ry  become g radua l ly  
d isplaced b y  the  morphogene t ic  growth  and  folding of the  cor t ical  layer ,  to  become 
embedded  among the  cells of the  theca  in t e rna  and  in terfol l icular  tissue. These 
resul ts  on the  pos tna t a l  evolut ion  are in agreement  wi th  our previous  f indings  
in the  embryonic  o v a r y  of the  chick. Since the  s te ro id-producing  cell groups  of the  
medul la  of the  newborn  chick ova ry  originate,  in the  embryonic  ovary ,  f rom the  
p r imi t ive  sex cords of cort ical  origin, our f indings on the  pos tna t a l  evolu t ion  are  
in agreement  wi th  the  classical  concept ion of FELL (1924) a b o u t  the  ea r ly  h i s to ry  
of these hormonal  secre tory  cells. 

The unspecific reac t ion  which appears  in the  granulosa  cells a f te r  the  20th 
d a y  of pos tna t a l  evolut ion  m a y  be considered to  be of enzymat i c  na tu re  because 
i t  does no t  occur in a med ium wi thou t  f A D .  Since this  reac t ion  is pos i t ive  both  
in N N ' - d i m e t h y l - f o r m a m i d e  and  propylenglycol  the  poss ib i l i ty  t h a t  i t  is due to  
an  alcohol dehydrogenase  should be d iscarded (BAILLE, FERGUSON and  HART, 
1966). A s imi lar  react ion,  due to  the  reduct ion  of - S H  groups,  was descr ibed  
b y  ZIMMERMAI~N and  PEARSE (1959) as  "no th ing  dehydrogenase" .  However  in 
our  case the  unspecific reac t ion  was no t  inh ib i t ed  b y  iodoace ta te .  

References 

BAILLE, A. H., M. M. FERGUSON, and D. MCK. HART: Developments in Steroid Histochemistry. 
New York: Academic Press 1966. 

BENOIT, J. : Sur l'origine des cellules interstitielles de l'ovaire de la poule. C. R. Soe. Biol. 
(Paris) 94, 873--875 (1926). 

CEDARD, L., et K. HAFFEN: Transformations de la d~hydro~piandrosterone par les gonades 
embryonnaires de poulet, cultiv~es in vitro. C. R. Acad. Sci. (Paris) 263; 430--433 (1966). 

CmEFFI, G., and V. BOTTE: The distribution of some enzymes involved in the steroidogenesis 
of hen's ovary. Experientia 21, 16--17 (1965). 

FELL, H. B. : Histological studies on the gonads of the fowl, II.  The histogenesis of the so- 
called "luteal" cells in the ovary. J. exp. Biol. 1, 293--312 (1924). 

GALLIEN, L., et M. T. FOULOOC: D~tection par fluorimetrie et colorimetrie des steroides sexuels 
dans les gonades cmbryonnaires de poulet. C. R. Soc. Biol. (Paris) 151, 1088--1089 (1957). 

JACOBY, F. : Ovarian histochemistry In: The Ovary. Editor: S. ZUaKERMAN, VO1. 1. New York: 
Academy Press 1962. 

LEVY, H., H.W.  DEA~., and B. L. RUBIN: Visualization of steroid 3fl-ol dehydrogenase 
activity in tissues of intact and hypophysectomized rats. Endocrinology 65, 932--943 
(1959). 

MARSm~LL, A. J., and C. J. F. Coo~IRS : The interaction of environmental, internal and behav- 
ioural factors in the Rook, Corvis F. Frugileus Linnaeus. Proc. zool. Soc. London 128, 
545--589 (1957). 

NARBAITZ, R., and R. ADLEIr Submicroscopical aspects in chick gonad differentiation. 
J. Embryol. exp. Morph. 16, 4 1 ~ 7  (1966). 

- - ,  and L. KOLODNY: z15-3fl-hydroxysteroid dehydrogenase in differentiating chick gonads. 
Z. Zellforsch 63, 612--617 (1964). 

, and M. T. SABAT[~I: Histochemical demonstration of cholesterol in differentiating chick 
gonads. Z. Zellforsch 59, 1--5 (1963). 

SCKEIB, D., et K. I:[AFFEN: Etude histochimique de la 3fl-hydroxysteroide-deshidrogenase 
des jeunes gonades embryonnaires de poulet. C. R. Acad. Sei. (Paris) 264, 161--164 (1967). 

TIENHOVEN, A. VAN : Endocrinology of Reproduction in Birds. In: Sex and internal secretions, 
vol. II ,  Editor: W. C. YouNo. Baltimore: Williams & Wilkins Co. 1961. 



Postnatal Evolution of Steroidogenic Cells in the Chick Ovary 193 

WOLFF, E. : Reeherches sur l'intersexualit~ experimentale produite par la m~thode des greffes 
de gonades a l'embryon de poulet. Arch. Anat. micr. Morph. exp. 86, 69---90 (194~-1947). 

- -  K. HAFFEN et D. SCHEIB : Sur la d6tection et le r61e d'hormones sexuelles dans les jeunes 
gonades embryonnaires des oiseaux. Ann. Histochim. l l ,  353--368 (1966). 

WOODS, J. E., and L. V. DoMM: A Histochemical identification of the androgen-producing 
cells in the gonads of the domestic fowl and albino rat. Gem comp. Endocr. 7, 559--570 
(1966). 

ZIMMERMANI% H., and A. G. E. PEARSE: Limitations in the histochemical demonstration of 
pyridine nucleotide-linked dehydrogenases ("Nothing dehydrogenase"). J. Histochem. 
Cytochem. 7, 271--275 (1959). 

E. M. DE ROBERTm, JR. 
Departamento de Histologia y Embriologia 
Facultad de Medicina 
General Flores 2125 
Montevideo, Uruguay 


