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SUMMARY 

Thc cii ibryonic gonads produce and 
secrete the steroid hormones that induce 
secondary sex differentiation in diffe-
rent species 1 - • The produetion of 
estrogeus, testosterone and progesterone 
l)v interstitial celis of the chick embryo 
ovary has been denionstrated in experi- 
ments in ovo and in vitro Estro- 
gens would be responsible at the 7th 
day of in ovo incubation, of the evolu-
tion of the functional left ovary 
According to Case", onlv the celis of 
the gcrminative epithelium of the left 
ovary possess reCcptors for estrogens, 
thus originating the formation of a 
cortcx in this functional gonad and not 
in the right une. 

On the other hand, extragonadal fac-
turs, such as gonadotrophins, would 
participate in gonadal differentiation. 
Invo1vemcnt of the bypophysis in the 
morphological and functional differen-
tiation of the ovary in the chick em-
bryo, has been considered in several 
studies 10 1 '-'u. Wbods and Week 18  es-
tablished the functional hypophyseal-
gonadal axis at 13 days of in ovo inca-
batían. However, the effects of indivi-
dual gonadotrophins on the interstitial 
celis of the chick embryo remain un-
clear. 

Avila et al. 7  and Grassi Milano 14  
observed that when the female gonads 
were cultured without steroid or gona-
dotropbic hormones at the start of diffe-
rentiation an herrnaphrodite left ovary 
and a male right OnC were formed. 
Kyparissi and Vakolopoulu 15  observed 
that the inoculation in ovo of FSH at 
he end of ernbryonic developmeist lcd  

INTRODUCTION 

Several studies liave shown the im-
porta ncc of steroid procluction by the 
ovarian interstitial celis of the chick 
embryo in ovo as well as in vitro. The 
authors wished to analize the modifi-
cations produced by LH, hCC, 17-fi-
estradiol, testosterone propionate and 
progesterone in vitro on the interstitial 
celis of the chick embryo femalo gonads. 
Explants from right and left ovaries 
of 7 to 19 developmental days in ovo 
vere cultured and processcd to be 

structuraliy and ultrastructurally stu-
died. In the control cultures, nest of 
interstitial celis increased with age in 
both ovarles, celis presenting abundant 
smootli endoplasmic reticulum, mito-
chondria Nvith tubular cristae and lipi-
die iriclusions. Undcr the action of Lii 
anci IiCG, dic grouped interstitial cdlls 
liad inercased lipidie inclusions and 
orgarioids relatcd to thc steroid synthe-
sis in the right ovary and in the me-
dulla of the left ovary at all studied 
ages. On the contrary, in the presence 
of progesterone, estrogen and testoste-
rone, isolated or grouped interstitial 
cehis were observed, having scanty or-
ganoids and lipidie inclusions. Wc con-
elude that steroid hormones would re-
duce the interstitial ceil activity while 
performing that cellular function, LH 
and hCG would act on such celis sti-
mulating the synthesis of steroids which 
would be the intrinsic factor responsi-
ble for the sexual differentiation of the 
functioning left ovary and for the atro-
phy of the right ovary. 

Key vords: Clsick embryo - Ovaries - In-
terstitial celis - Hormones - In vitro effects. 
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to an incrcnient in the number and 
size of follicles in the left ovary. Pittini 
and Crassi Milano addcd FSH and 
LH to cultures of 15 days-old chick 
embryos testicies and ovaries and found 
that only male gonads developed simi-
lar to normal emhryos. In previous 
works sve demonstrated in vitro that 
LH or hCG induced, at the start of 
differentiation, the dcvelopment of cor-
tical-likc rcgions in right gonads. On 
the contrary, w'hen FSH vas added to 
cultures, both ovaries exhibited regres-
sm of thcir different components. Teng 
aud Teng 7,  using hiochcmical nie-
thods, cletected an increment jo the 
production of steroids by isolated in-
terstitial celis of the ehick embryo ova-
ríes w'hen cultured in thc prcsence of 
hCG. 

lii view of these dista, Wc proposed 
to analizc the structural changes indu-
ced in vitro by gonaciotrophins and 
sterl Ii d hormones on the inter.s titial 
celis of tlic chick embryo gonads du-
ring eml)ryogenesis. 

l ATER 1 ALS AND NIETHODS 

Lefl aocI right ovaries from 7, 11, 
15 and 19 davs-old Cobb's \Vhite Rock 
chic]< cmbryos sverc used. The embryo 
mx svas establisheci from skin karyoty- 
pes and cartilage ceiis in cultures . 

Ten gonads for each age and sido 
\verc empi nvcd for cadi experimental 
group. Organ cultures were prepared 
1 o]Iowing the proccciurc' of Fabro et 
al. . Each gonad svas cut into small 
picceS that svcrc cultured separately 
in Eagle's inedium supplcrnented with 
10 % foetal calf serum, 100 units/ml of 
peid1in, 5 pg/nil of streptomycin 
siilphate aiid 1 (/. L-gliitaniinc. 'I'hc ex- 
pLuits illeubated 4 days at 37 9C 
jo a llumidilied atniosphcre of 95 % 
air aun 5 % CO2 on substrate. The cul-
ture meclu were changc'd after 2 days 
at \vhicll time fresh honnoncs sveie 
acided again ss'lien needed 

The foilosviug experinients wcc ca-
rried out: a control s withoi.it  hormo-
nes, h) wi th human LH puritv hLHa 
2 c/  by ra(IoimIiiUnOaSsay (30 g/ml ), 
e) with IiCG from human pregnancy  

urciic. lnnlmunoligical potcncy: 9000 
IU/mg (]st uHF International standard) 
(15 UI/mi), d) with 17 p-estradiol (1 
g/nil), e) with tcstosterone propionate 

(1 (f/m1), f) treatcd with progesteronc 
(10 ,g/ml). United States Biochemical 
Corporation supplied the hormones. 
Gonadotropbins were dissoived in 0.95ó 
NaCI aoci a stock solution svas mude 
of each steroicl jo absolute ethanol. 'The 
so]vcrit vas tested at the highest con-
centration used experinientaily (1.4 x 
10-a m\1), and found to liave no effect 
un cxplants. 

At the end of each culture period the 
cxpianls svcje fixed in Karnovsky solu- 
tion for 2 hours, aoci thcn postfixed 
for 1 iiour in 1 osmium tetroxide. The 
goiiads were then cichydrated in acetone 
and cijli)e(lded ¡ti Araidite. Tliick sec-
tions, stainecl svith 1 Ç t@]tiidine Hiie, 
were photographed using a Zeiss I'hoto 
11 microscope. Thin slic'es were stained 
with uranvi acetate contrasted with 
Jeaci citrate and exanijned with a Sie-
iicis E 101 electron microscope at mag-
iiifications hetween 2.000 to 20.000 X. 

REStTLTS 

- Controis 

iiiteistitial cells 1)1c'Scnted an aspect 
sifl-l;lar to that bound in ovo in both 
ovaries. Tbe•se celis were polimorphous, 
and jo thiek sections numerous vacuo-
les vere found that surrounded un 
irregular nuel ('lis with euchromatine 
and that had OOC (Ir two nucleob. 

At tll(-' four ages stuclicd, the inters-
titiul celis in the ieft ovar were grou-
ped jo the dccp inedullary rc'giorl, 
whereas in the right gonaci, tbcy were 
c'ithcr isolated or grouped hetsveen 
ovocytes and epithclial celis of the la-
cunar \valls that formo the striicture of 
this oigan. Ultrastructurally, interstitial 
( cus coritained ai abundant smooth 
endopiasmic reticulurn (SER), Colgi 
apparatus, mitochondria with tubular 
cristae and a scarce rough endoplasniic 
reticiiium (RER), (Fig. 1 A aoci B). 

- Effects of LII or hCC 

In ovaries exiracted from 7 and 11 
clavs-ol(i eliil)1\'OS'and cultured for 4 
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davs, tlie two hormones excrte(l a si-
ini]ar effect on both gonads. An incre-
nient in the amount of nests of inters-
titial cells Nvas observed. Cclls were 
round and at a cliffererice with con-
trois, they had multiple cytoplasmic 
vesicle,. 

In ovaries fiom 15 and 19 days-old 
cnibryos tlio response to these hormo-
nes vas lowcr. 

Tile lelt ovarv presented abundant 
cellular groups both in the juxtacortical 
mcdulla and in the deep region, that 

ere not seen in controis. 
The right ovary showcd also abun-

clance of nests of interstitial celis bet-
\vCcn epíthclfal and germ celis. 

The ultrastructural characteristies of 
these celis were similar in both ovaries. 
There vas an increase of the SER and 
nl mitochondria with tubular cristae. 
l'he vcsiculo-tubular SER vas related 
to lipidie drops that were more nume-
rous that in controis (Fig. 1 C and D). 

An mercase of pinocytotic vesicles 
vas also seen. The RER and free ribo-

sornes Nvere more scarce that in con-
tn)ls, the sanie as dense bodies. 

C. - Effects of stcroid hormones 

Addition of estradiol te cultures of 
hcth ovaries produced at the four ages 
studied, a diminution of interstitial celis. 
\Ve observed often interstitial cells un-
(lcrgoing necrosis, and the SER as well 
as mitochondria and lipidic drops were 
less developed than in controis. 

After addition of testosterone or pro-
gesterone to cultures of Ieft and right 
ovaries from 7 and 11 days-old cm-
brvo, interstitial celis were less deve-
]opcd, the saine as their organofds. 

Thesc celis contained mitochondria 
svith a rnatrix o higher clectronic den-
sity that were near Iipidic drops. Li-
pidie drops presented a more dense 
CQflt(flt with a peripheral halo that vas 
more clectrodense than the inoer con-
tent. They were circumscribed by mem-
branes and their cofltours viere irre-
gular. However, sorne celis had lipidic 
drops with an homogeneous electro-
dense content, surrounded by the SER 
(Fig. 2A). 

Multivesicular bodies near the plas-
ma rnenibrane and the "lining bodies" 
were more conspicuous than in c0ntr013 
and than in cultures treated with es-
tradiol (Fig. 2 B). In cultures from 
gonads of 15 and 19 days-old embryos, 
no differences with respect to controls 
viere fouri ci 

DISCUSSION 

lnterstitial cells of both ovaries res-
ponci to the action of LH and hCG, as 
shown by the increment of the orga-
iioids involved in the synthesis of sto-
roid hormones, that lead to the accu-
mulation of numerous lipidie drops in 
their cytoplasm. These results are si-
milar to those obtained by Labarbera 
and Byan 21  on pig thecal celis cultu-
red in the presence of LH or hCG. 
Dahi reported similar results in thecal 
celis of the domes tic fowi when these 
were injected with pregnant mare se-
luni gonadotrophin or hCG. Dirnino  113  
detected In (he ovarv, an mercase of 
ro itoel ion drial steroidal activity whcn 
rats were injected with prcgnant marc 
serum. Soto et al. 1 sbowed similar 
niorphological changes in human thecal 
celis cultured in the presence of LH. 
Besides, the presence of numerous pi-
nocytotic vesicles would be related to 
the mercase in nietabolic activity by 
these celis under gonadotrophic ac-
tions 21 The similar response obtained 
with LH or hCG would be due to 
the fact that these hormones share a 
(Oflinion inembrane receptor in target 
cells, as shown by BaH 25  in bovine 
hiten! cells. 

The steroids tced, on the contrary, 
produeed a diminution of the organoids 
and iriclusions of interstitial celis. Accor-
ding to Soto et al. 1,  the presence of 
searce lipidie vacuoles with a content 
of high electronic density would be due 
to the presence of intermediato lipids 
in steroid synthcsis that would not reach 
thcir final metabolie pathway "in vi-
tro', Furthermore, the rnultivesicular 
bodies in the interstitial celis of ovaries 
cultured with testosterone or progeste-
roie would participate in the mecha- 
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nism of release of steroids 26, Besides, 
the increment of "lining bodies" would 
be related to the presence of high con-
centrations of estrogen ja the culture, 
as suggestcd by Canon and Erickson 
in prefolhcular celis of the chick left 
ovary cultured with testosterone. Dahi 28 
dernonstrated the atrophy of thecal 
celis after injecton of steroid hormones 
to tlie domestic fowi. 

Weniger 2  showed an increased ste-
roid secretion by the foctal manimal 
ovarv in vitro under the action of LH 
or hCC. We think that the stimulatory 
effects of gonadotrophins on interstitial 
celis would mercase the production of 
steroid hormones; these vou1d in turn 
contribute to the development of the 
cortex in the left ovary 

11 EFERENCES 

1. Soto E. A., Miman H J., Strauss  J. F., 
Paavola L. O.: Conadotropins and cyclic 
adenosine 3'5'— monophosphate (cAMP) 
alter the morphologv of cultured human 
granulosa cell. Rbi. Reprod. 34: 559-
569, 1986. 

.2. Weniger J. P: Steroid secretion by foetal 
mamnial gonads and its regulation by go. 
nadotrophiris Reprod, Nutr. Develop. 26: 
921-932, 1986. 
Cuichard A., Scheib D., Haffen K., Mig-
not T M., Cédard L.: Comparative study 
in stercidogenesis by quail and chick 
enibryonic gonads, in organ culture, j 
Steroid. Biochem. 12: 83-87, 1980. 
Guraya S.: Recent advanees in the mor- 
phology, histochemistry and biochemistry 
of steroid-synthesing cellular sites in the 
nonnianimalian vertebrate ovary. mt. Rey. 
Cytoi •  44. 345-409, 1976. 
Jordanov J., Angelova P.: Ultrastructure 
of developing interstitial celis in chick 
enbryonic gonad ja relation to their ge. 
nesis and stroidogenic function. Z. Mi-
krosk. Anat. Forsch. Leipzig. 92: 449-
464, 1978. 
Avila R. E., Samar M. E,, Fabro S. P. 
de: Ultrastructural changes of the left 
and right chick ovaries during enibryonic 
development. Comun. Biol. 8: 63-72, 
1987. 
Avila R. E., Samar M. E., Fabro S. P. 
de: Desarrollo in vitro de las gónadas 
femeninas del embrión de pollo. Rey. 
Fao. Cieno, M&I, Córdoba. XLV: 19-241  
1987. 
Avila R. E., Fabro, S. P. de: Hormone 
induced difei'entiation of oyaries from 
chick embryo iii tissue culture. Comun. 
Biol. 8: 121-133, 1989- 

Case J. M.: Estrogen target celis in 
gonads of the chicken embryo during 
sexual clifferentiation. J. Embryol. exp. 
Morphoi 55: 331-342, 1980. 
Moszkowska A.: Activité gonadotrope de 
l'antéhypophyso d'embryon de pouiet 
Siudo in vitro A.nch. Anat. Microsc. 
Morphol. 45: 65-76, 1958. 
Narbaitz R., Sabatini M. T: Acción de 
las gonadotrofinas y de los estrógenos 
en la diferenciación sexual en el embrión 
de pollo, ¡lev, Soc. Arg. Biol, 38: 108-
175, 1962- 
llonianoff A.: 'the avían embryo.  Struc-
turai and functionai development. 1 
edition. Tlie Mac Milian Co. New York, 
1960. 
\Vonds J. E., Waaks R. L.: Oiitogenesis 
of thc pitultary - gonadai axis in the chick 
cnibryo. Gen. Comp, Endocr. 13: 242-
254, 1969. 
Grassi Milano E.: Differexit jat ion of 
Ovaries afl(i testes of the chick embryos. 
In organtvpic culture Acta Embryol Exp 
(Paermo). 1: 33-40, 1977 
Kvparisi K. M,, Vakaiopoulau K. E.: 
Tnfluence of FSII on developing ovary 
ni the chick embryo. Acta Endocrinol. 
suppi. 265: 15-17, 1984, 
Pitirii A. M., Crassi Milano E.: 'I'lie iii-
f!iience of gonadotropic hormones in the 
development of chick embryo gonads ¡a 
organ culture during the second week 
of incubation. Acta Embryol. Morphol. 
exp. 1: 21-31, 1980, 
Teng C. T,, Teng C. S.; Studiel on sex 
organ deve!opment. Separation and cul-
ture of stcroid - producing celis froni 
growing and regressinng embryonic ova-
ries. Endocr, 104: 13.37-1342, 1979. 
Owen J. J. T.: Karyotype studies on 
Gailus domesticus, Chromoson-ia (Berlin) 
16: 601-608, 1965. 
Fabro S. P. de, Méndez M. T., lwakawa 
L.: Un método sencillo para cultivo de 
Órganos. Rey. Fac. Cieuc. Méd. Córdoba. 
XXXI: 199-209, 1965- 
Karnovsky M. J.: A formaldchyde-gluta' 
raldehyde fixative of high osmolarity for 
use in eiec'tron niicroscopy. J. Celi Biol. 
27: 137A, 1965. 
Labarbera A., Ryan fi.; Porcino gran"-
losa celis 1l SuSpcnSiofl culture. II - Lu-
teinization and hCG responsiveness. Ann. 
PhvsioL Soc. 240. 622-629, 1981- 
D hl E.: Studies on the fine structure 
of ovarían interstitial tissue. Eliects of 
ronadotropiflS (JiS the tecal giand of the 
doniesiic fowi. Z. Zeilforch. 113: 138-
150. 1971. 
Dimino M. .1:' Lloyd D. M., filfont E. 
A., Peters D. V/., Subatis R. J.; Studies 
on oxidative phosphorylatiofl and sterol-
do"cnesis by ovarian mitochonciria alter 
,Izonadotropic stimulation. Endocrino¡. 99: 
1377-1:385, 1976. 



1IOIl\F()\15 eN CIIL(?K EMBHYO OVR1ES 17 

2-1 Ihio:ui B., Albeitini 1).: A tiine-Iapsc 
video inlage intensification anal sis of 
cv:oplasnhiC organcilo movenents during 
Cf(h)sOInc trasfocation. 1. Ce)) Biol. 98: 
56.-.576, 1984, 

2.5 Bali) O. P.: Human ehorionic ganado-
trcipio, Us receptor aoci mechanisni of 
aetiun. Fed. Proc. 36: 2119-2127, 1977. 

26. Dufau M. L., Gatt K. J.: Gonaclotropin 
receptors aoci regiilation of steroicloge-
nesis in the te.stis am1 ovary. Vit. Horro. 
:36: 461-585, 1978. 

27 Caron N., Ericksun U. F.: Fine structure 
of prefollicular aoci developing germ celis 
jo the male and female leil enibrvonic 
gonaris Lo vitro with and without andro-
genie steroids. Ano. Pío!. Anini. Biochem. 
13iophvs. 18: .335-349, 1978. 

28. l)abl E.: Stuclies nu the fine striictuie of 
ovarian interstitia] tissue. Effects of ste-
roicis on the thecaf gland of the dornestie 
fowi. Z. Zeilforsch. 113: 111-132, 1971. 

RESUMEN 

Diversos estudios demostraron la im-
1)ortgncia de la producción de esteroi-
des por las células intersticiales del ova-
do del embrión de pollo tanto in ovo 
como in vitro. El presente trabajo se 
cf ectuó para analizar las modificacio-
nes que LH, hCG, 17--estradio1, pro-
pionat() de testosterona y progesterona 
pr0cl11n in vitro sobre las células in-
tersticiales de gónadas femeninas del  

embrión de pollo. Explantos de ovarios 
derecho o izquierdo de 7 a 19 días de 
desarrollo in ovo fueron cultivados y 
procesados para su estudio estructural 
y ultraestructural. En ]os cultivos eón-
troles los nidos de células intersticiales 
aumentaron con la edad, en ambos ova-
rios, presentando aquellas abundante 
HEL, mitocondrias con crestas tubula-
res e inclusiones lipídicas. Por acción 
de LH y hCG, las células intersticiales 
agrupadas incrementaron sus inclusio-
nes lipídicas y organoides relacionados 
con la síntesis de estcroidcs en el ova-
rio derecho y en la médula del ovario 
izquierdo en todas las edades investi-
gadas. En cambio, en presencia de pro-
gesterona, ('sti'ógeno O testosterona se 
observaron células intersticiales aisla-
das o en grupos, con escasos organoi-
des e inclusiones lip{dicas. Se concluye 
que las hormonas esteroideas deprimi-
rían la actividad de las células intersti-
ciales supliendo aquéllas la función de 
las mismas, mientras que la LH y hCC 
actuarían sobre dichas células estimu-
lando la síntesis de esteroides los que 
serían el Lictor intrínseco responsable 
de la diferenciación sexual del ovario 
izquierdo funcionante y de la atrofia 
dci ovario derecho. 
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Figura 1: 

A: Left ovary of the 7 days-old embryo 

cultured in a medium without hormones 

(control) for 4 days. Nest of interstj-

tial celis in the ]acunar walis of the 

deep medullary regions are indicated 

(arrows). 400X. 

B: Left ovary of the 7 days-old chick 

embryo cultured in a medium without hor 

mones (control) for 4 days. Group of in 

terstitial celis with lipidic vacuoles 
(L) ami mitochondria (M). Nucleous (N). 
51000X. 
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B: Left ovary of the Ii days-old chick, 
embryo culturad In a mediuni witi, tatoa- 
terone for q dey. Multiveaicu)ar bodies 
(MB) end "Lining bodjes"(LB) in relation 
wjth the menibrane (errow) 30.000X. 
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