
CIENCIAS BASICAS 

STRUCTURAL VARIATIONS PRODUCEJ) IN VITRO BY CONADOTROPHINS 
AND STEROID HORMONES ON THE CELL SURFACES OF THE OVARIAN 

EPITHELIUM OF THE CHICK ENLBRYO 

Rodolfo E. Avila - María E. Samar - Sofía P. de Fabro 

JI Cátedra (le Histología, Embriología y Genética e Instituto de Biología Celular. 
Facultad de Ciencias Médicas. Universidad Nacional de Córdoba. Cordoba. Argentina. 
CONICET. This work was supported by grant 1628/90 from CONICOR. 

SUMMARY 

The purpose of the present work was 
to analyze the structural variations pro-
ducen in vitro" by hormones on the 
ccli surfaces of the ovarian c'pitheliuni 
of the chick embryo, in relation to the 
growth of the left ovary and atrophy 
of the right one. Explants of both ova-
ries lirom embryos at 7 to 19 days of 
development were separately cultured 
for 4 days in MEM with 10 % of fetal 
bovinc serum (control), and plus 17-
/3-estradiol, testosterone propionate, pro-
gestcrone, FSH, LH or hCG added in-
diviclually to cultures (experimental). 
The cultures were processecl for their 
st.ructural, ultrastructural and cytoche-
niical study. In control cultures, mem-
brane differentiations and mucosubstan-
(eS \vere similar in both ovarics and at 
all ages to those in ovo. 17-/9-estradiol 
produced a greater development of mi-
crovilli, junci ional complexes and mu-
cinc in the epitbelial eclis and interdi-
gitations in the germ celis of the left 
ovary, while in the right gonad there 
was ccli regression. Testosterorie ami 
progesterone evoked in the left gonad 
a response similar to that obtainecl with 
Ihe eStrOgen, whereas in the right ovary 
no changes were observed with respe't 
t) controis. FSH lcd to cellular regres-
sion in both ovaries. Finally. with LH 
or hCG the changes produced in the 
left ovary were similar to those induccd 
by the estrogen, and in the right one 
an mercase of membrane differentia-
tions and of mucosubstances ielatcd lo  

Iliem vas found in comparison to con-
irois. The rcsults obtainecl in expiants 
of ovarics at 7 days of development and 
cultured for 4 days, inclicatc that the 
modifications of the ccli suri aces of the,  
ovarian epitheliurn of the chick embryo 
would he related to the action of ste-
roid and gonadotrophic hormones at the 
start of gonaclal differentiation. 
Key words: Ovaries - Chick embryo - 
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INTRO1)UCTI0N 

In previous studies froni our labora-
tory, it was dernonstrated that in vitro, 
gonadotrophic and steroid hormones 
l)artiipate in the development of tlie 
!unctional left ovary and in the atrophy 
of the right one (3, 4, 5, 7, 8). 

It could be established that hCG ansi 
LH induce differentiation of the left 
ovary, producing a greater development 
of its cortex, and an increment of in-
terstitial celis in the medulla. Estro 
gens and testosterone exert a similar ac-
tion, provoking especially a pronounced 
cortical development in the left ovary. 
In the right ovary which does not de-
velop a cortex during embryogen'sis 
and undergoes regression, hCC and 1.1-1 
stimulate a cortical formation similar no 
the left funcional one. Estrogen acede-
rates the process of cellu]ar ijivolution 
and testosterone induces the incipnt 
formation of on "ovarian" cortex. 

It has also been shown "ir ovo" that 
membrane-associated glycoproteins and 
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glycosamineglycans of epithelial und 
germ celis increase in the left ovary, 
\vhile these mucosubstances diminisb 
simultarieously with involution in the 
righi. gonad (1, 2, 24, 25). Cuming awJ 
Dubois (10) showed that the germinal 
cpithehurn of the left ovary exerts a 
hemotaclic attraction on germ ceUs, 

due to production of glycoproteins by 
its O\Vn celis. 

The importance of membrane ditte-
l(nUations and coats in migration, 
growth and celular dilferentiation has 
been demonstrated in diverse experimen-
tal modeis, not only in embryogenesis 
Iut also in cancer, metastases etc., Fa-
bro aoci coworkcrs ( 12) found differen-
ces in 1h(.,  ultrastructural and biochemi-
cal charactcristcs of membrare-speciali-
zed contacts in the ovarian epitheiium of 
the chick embryo, clependent of the age 
and the ovary studied, and Letourneau 
and coworkers (20) established that es-
trogens act on junctional complexes and 
ncxus in tumor cells but not in normal 
unes. 

The purpose of this work vas to an-
lvze thc struct ural, ultrastructural and 
(vtochemical variations produced in vi-

tro by gonaclotrophic and steroid hor-
mones,  on membrane dilterciitiations 
nid mucosubstances of epitheiial and 
germ ccfls of the ovarian epithelium. 

MATERIAL AND METHODS: 

Cobb's White Rock chick embryos at 
7. 11, 15 and 19 days of incubation were 
used. Stages of development were de-
termined accordiñg to the classification 
ol Hamilton and Hamburger (15). The 
gonads, free of mesonephros, were cut 
in small pieces under aseptic conditions. 
Explants of both ovaries were separa-
cd1y cultured for 4 days in "F.agle's Mi-

nimum Essential Medium, with the 
dditiori of 10 % fetal bovine seruin, 

1 % L-glutaniine, 100 U/ml penicilin 
and 5 mg/streptomycin sulphate, at 
37°C and in an atmosphere of 5 % 
CO2/95 % 0 (controis). To another 
group of cultures (experimental), FSH 
(30,g/ml), LII (30gJml), hCG (15U1/ 
mi), 17-fl-estradiol (1g/m1) or proges-
terone (10tg/mi) were added singly,  to  

cliffercnt explants. Hormones were sup-
plicd by United States Biochemical Cor-
poration. Gonadotrophins were dissol-
ved in 0,9 % Na Ci, whiie stock solu-
tions of steroid hormones were prepared 
in absolute ethanol. At the highest 
concentration used in this study (1.4 
10 mM) this solvent did not have any 
cffcci on the cultures (6). 

At the end of each culture period the 
explants were processecl for the diffe-
rent studies. For the structural and cy-
tochemical analysis, the explants were 
lixed in 10 % neutral formaldehyde at 
p11 7.4 in phosphate buffer and in 
Bouin's fluid. Serial slices were obtained 
aoci stained with the foliowing techni- 

1) Hematoxylin-eosine. 2) Toluidine 
Blue uf. pH 3.8 to determine alcohol-
resistant basophilic añcl metachromatic 
substances, 3) FAS to detect the pre-
sencc of glycoproteins. Control slices 
were exposed tu enzyniatic digestion 
with sialidase, 4) Feriodic acid-methe-
nmine- silver to study complex carbo-
hydrates; 5) Alejan Blue at pH 2.5 and 
1.0 for the analysis of sulphated and 
non sulphated acid glycosaminéglycans. 
Control slices were exposed to biocking 
reactions (methylation) and saponiflica-
tion. 

For the ultrastructural study slices 
were fixed in Karnovsky solution (18) 
for 2 h and thcn postfixed for 1 h in 
1 % osmium tetroxide, dehydrated in 
acetone and embedded in Araldite. 
Thick slices were stained with Tolui-
dine Blue. Fine slices were stained with 
uranyl acetate, contrasted with lead 
ctratc and examined with a Siemens 
E 101 electron microscope. 

C lycoconjugates were ultrastructura-
uy detected by means of a policationic 
salt of ruthenium Red. Slices were fixéff  
in a diluted Karnovskv solution contai-
ning 0.1 % ruthenium Red for 30 mm. 
After washing they were postfixed in 
1 % osmiun tetroxide contaming 0.075% 
ruthenium Red for 60 mm. They were 
finally processed with the conventional 
technique for electron microscopy (11) 
with or without lead citrate staining. 
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1ESULTS 

'[he most remarkable rcsu!ts were, 
cbtained in 4 clays-cultures from ovarios 
at 7 days of devcloprnent. 

Controis: The Jeft ovarian epithciiunh 
presented stratified epithelial celis su-
riouncling gonocytcs and a discoiiflnous 
basemnt membrane. Superficial epithe-
lial celis, connected by junetional com-
plexcs, contained scant microvi1li in 
Iheir apical surface. Germ celis were 
characterizeci by the presence of nurne-
rous and irregular digitations. Both ccli 
Íypes liad an aIcianophilic, FAS, mc-
thenainirnc-siiver and ruthenium Red 
positive coa¡, that vas nietachromatic 
,with Toluidine Bine. 

The right ovary presented a simple 
col umnar epithel iuni whose celis su-
rrounded scarce germ celis. Epithelial 
cc!ls po)ssesscd Iight and intermedial e 
humus as well as cicsniosonics; inicro-
villi were found in their free surface. 
Conocytcs haci regular contours without 
irterdigtations. Cytocheniicai staining 
hn\veci a \vceklv positive reaction ol 

rniicesiibstances Oil ti le mcnibraue coats. 
Effect of FSII: Epitlielimii and gerni 

celis of both ovarios presented vacuoles 
in the cytoplasnl, muitiianie!Iar forma-
tions and irutochondrial tumefaction. 
These involutive signs were associatcci 
with a dirniruitioii of cyfochcmicai stai-
ning with respect to controis. 

Effect of LII aoci IiCG: Both hormo-
nes afed simiiarlv on borh ovaries. 
Thus in the left ovary. Iba stratified 
eptheiiii ni presented a notoricus deve-
lüpnieiit of llfliOfl comp!exes in the su-
perficial i'pitlielial celis and in thc free 
apical portion, as well as microvilli and 
p!nocvotic vcsi&es. Tight unions main - 
tained a conslant presence auci clistri-
bution. and Nvere found fonning a row 
that started at the apex of thc cc]ls. 
I\liiltipie poinis of fusion of contiguous 
meuibranesappcared in Ibis zone, se-
1,arlteci by regions of unFuscd mcnihra-
nes .A hhrograiiular condenation of 
fue cvtoplasni was notorious riext to 
niernbrancs. Continuing the tight union, 
the intermediate zone Nvas found, iii 
vhich the intercc!lular slacc was cvi-

dent and the opposccl nicmhrancs Nvere 
rcinforccd by a cytoplasmic conden-:a-
tion reached by interlaced filaments.  

The characteristic desmosomes typicai 
of this region stood out from the othcr 
contacts by the presence of a granular 
filamentous material between the ccli 
membranes, that appearecl thickenncd 
by the subjacent cytoplasniic condensa. 
lion, reaché numcro cl also by us fila- 
n'ents. Deep epithelial celis liad nunie-
rous microvilhi in afi their contour while 
intcrcellular contacts were scarce. 

The gonocytes located among epithe-
lial celis presented nunierous microvilli 
and prolongations of epithelial and gerin 
cclls, thai, were coatcd by strongly a-
cianopliulic mucosubstances, that were 
FAS, met.henaminc silver and rutheniuni 
Red positive, showing also alcohol-re-
sistant mctachrornasia with Toluidiuc 
Blue. 

The response of the right ovary to 
LH or hCG was similar to that of the 
lcft ono and, at a difference withthc 
control, thc cpu licliuni vas stratified. 
Superficial epithelial celis liad few mi-
crovilli and junctional complexcs whc-
reas tilo deepest celis showcd nuncrous 
microvilli and scarit deveiopmcut of in-
tercellular junctions (Fig. 1A). The 
FAS positive and periodate-reactive 
coats were evicient on membrane mi-
erovilli and iriterdigitations of the diffe-
rent ccli types. Digcstion '.vith amiiasc 
(lid not niodify FAS positivity while sia-
iidasé liad a slight cffect. WiI.h ruthc-
niufli Red, tt 1 inely ranuiar co'nponent 
\vas scen. coating the differcnt cellular 
projcctions and iheir surfaces. This gra-
nular material formed an honogcneous 
film in sorne areas that liad a heavier 
conccntration of mucosubstances (Fig 
1 B). Alcianophilic (at both pH 2.5 and 
.0) and metachromahc coats were also 

observed. Methylation anci saponifica-
tjon rcactions indicateci tlio presence of 
-;ulphated and non sulphated acid gly-
cosarnineglvcans, being the first OIleS 
predominant. 

Ef-fect of 17-p-estradiol: An mercase 
of apical microvilli and pinocytotic ve-
sicles was found in the superficial epi-
thelial celis from ieft ovary cxplants. 
Typicai junctions that were more devc-
lopcd thaii in controis were also seen 
ccrinecting these ceils. Decp epithelial 
celis showcd abundant microvilli in al[ 
their contour and scarcc junctions. Gerni 
celis intersperse(l arnoflg fue epithelial 
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ones, possessed numerous interdigita-
tions. Cytochemically, the presence of 
LAS, rnethenaminc-silver and ruthenium 
Red positivo mucosubstances was de-
mostrated. These celis presented also an 
intense alciaruophilia and metachroma- 

a. 
lu the right ovary, 17-J-estradio1 pro-

duced a regression of the epithelial and 
germ celis of the explants, although so-
me dcsmosomes were maintairied. The 
c]iminution of mucosubstances with res-
pect to controis was rernarkablc. 

Effect of testosteror,e and pro geste- 
ne: The response of the epitheliurn 

of the left gonad was similar tu that 
Obt1ifl('d with the,  estrogen, whercas no 
modifications appeared in the right go-
nad in cornparis ju with controis. 

DISCUSSION 

The results obtained in 4 days-cul-
tures of control 7 days-old ovaries de-
monstrate that the germinal epithelium 
behaves in vitro in a differerit manner 
in the functional left gonad and in th 
í4rophic right one. In the left gonad 
we observed a stratífiecl epithelium with 
superficial celis having scarce microvilli, 
mucosubstances and junctional comple-
xes, in rnarked contrast to the deep la-
yer, which presented epithelial celis 
with abundance of the aboye elements. 
These findings are in accordance with 
those of Grinnel (14); Hay (16) and 
Didier and coworkers (11), who pro-
posed that mucosubstances would play 
an iniportant role by way of their in-
teraction with the surface of migrating 
cdlls. In this manner, epithelial and 
germ celis would migrate to form the 
cort.ex of the funct.ional ovary. 

The right ovary, which does not de-
velop a cortex, showed a reducecl 
aniount of membrane specializations and 
mucosubstances of simple epithelial 
celis and few gonocytes. 

These results indicate the absence of 
migratidn in this gonad; hence, the cor-
tc'x would not be formed and the organ 
involutes. 

The results obtained with the diffe-
rent hormones employed in this study 
cn the germinative epithclium of the  

ovaries confirm and add kurther evi-
dence on the importance of membrañe 
specializations and mucosubstances for 
dic processes of differentiation or afro-
phy in these organs (3, 6, 21). The 
ceil involution induced by FSH in the 
left ovary has also been rcported in 
vitro by Pittini and Milano (23). 

Addition of LH induced the appea-
sanco of a stratified epitheliuni both in 
left and right ovalian cxplants, being 
remarkabic the pi esence of junctional 
cc.rnplexcs in the superficial celis of 
the epitheium, contrasting with their 
absence in the deep epithelial ]ayer. On 
the other hand, deep celis had nurnc,-
ous niicrovilli covered by mucosubs-

lances in a greater proportioli than in 
controls. Thus, it seems quite possible 
that the mucosubstances present in the 
surface of epithelial and germ celis and 
cven in the extracellular matrix of both 
ovaries coritribute to cortical formation 
(3, 24). 

On the other hand, the unetions pse-
ent in superficial celis would not allow 

their multiplication and migration. The 
presence of junctional cornplexes in tu-
mor celis is considered of prognostic 
importance, insofar as their reduction 
.nd the appearnnce of microvilli with 
i nerement of mucosubstances would-
confer to tumor celis the potential to 
multiply and migrate (9, 17. 22). Wc 
have also observed the relationship 
between epitheliai and germ celis, and 
think that the maturation and multipli-
cation of gonocytes depends on epithe-
lial cells (3, 6). 

17-,8-estradiol produced cffects simi-
far to those of LH and hCG on the left 
ovary, while the right ovary underweiit 
rcgression. These result agree with 
those obtained by Gasc (13), who des-
cribed a lack of receptors in the ova-
rian epithelium of the chick, and by 
Merck and coworkers (20) in granu-
losa celis of the rat ovary. 

It anay be concluded that the diffe-
rentiation process of the funclional left 
ovary would be related tu the presence 
of membrane differentiations and mu-
cosubstances in the ovarian epitheliurn, 
thus aliowing a "nidation" of the germ 
celis. Epithelial and germ celis would 
migrate jointly to form the cortex. 
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Figure 1: 7 days-old right avary cultured B: Ovocytes with Ruthenium Red positive interdi 

for 4 days with hCG. gitations (arrows).Nuclei (N). Mitochondria 

A: Deep epithelial celis with numerous (M). 18,000X. 

microvilli (stars).Nuclei (N). 9,000X. 
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BES UMEN 

El objetivo del presente trabajo fue 
analizar las variaciones estructurales 
producidas in vitro por hormonas en las 
superficies celulares del epitelio ovári-
co cid embrión de pollo en relación con 
la maduración del ovario izquierdo y la 
airofia del derecho. Expiatos de am-
bos ovarios de embriones de 7 a 19 
(lías de desarrollo in ovo fueron culti-
vados por separado durante 4 días en 
MEM con 10 % de suero fetal bovino 
(control) y más 17-,P-estradiol, propio-
nato de testosterona, progesterona, FSH, 
LFI o hCG individualmente (experi-
nenI al). Los cultivos fueron procesa-
dos para su estudio estructural, ultraes-
tructural y citoquímico (PAS, Alejan 
blue, Azul de tolwdina, rnetenamina-
plata, Rojo de rutenio). En los contro-
les de todas las edades en ambos ova-
nos, las diferenciaciones de inembra-
nas y mucosustancias fueron similares a 
lo descripto in ovo. Con 17--estradio1, 
en el ovario izquierdo se produjo un 
iiayor desarrollo de microvellosidades, 
complejos de unión y mucinas en las 
células epiteliales y de interdigitacio-.  

nes en las células germinales, en tanto 
que en el ovario derecho hubo regre-
sión celular. Con testosterona y proges-
terona la respuesta en la gónada izquier-
da fue similar a la obtenida con estró-
geno mientras que en el ovario dere-
cho no hubo modificaciones con respec-
te al control. FSH produjo regresión cc-
hilar en ambos ovarios. Finalmente, con 
LH o hCG los cambios fueron semejan-
ces a los obtenidos con estrógeno en el 
ovario izquierdo, y en el derecho se 
observó un incremento de las diferen-
ciaciones de membranas y mucosustan-
cias relacionadas con las mismas, con 
respecto al control. Los resultados ob-
tenidos en Tos explantos de 7 días de 
ccsarrolIo in ovo, cultivados durante 4 
días, nos indican que las modificacio-
nes de las superficies celulares del epi-
telio ovárico del embrión de pollo es-
tarían ligadas a la acción de las hor-
monas esteroideas y gonadotróficas en 
el momento de la diferenciación gona-
dal. 
Palabras claves: Ovarios - Embrión de 

Pollo - Conadotrofinas - Esferoides - 
Cultivos. 


