Fine structure of prefollicular and developing germ cells in the
male and female left embryonic chick gonads in vitro with
and without androgenic steroids
Nicole CARLON

G. F. ERICKSON

Laboratory of Human Reproduction and Reproductive Biology and the
Departments of Anatomy and Obstetrics and Gynecology, Harvard Medical
School, 45, Shattuck Street, Boston, Massachusetts 02115, U. S. A.

Pieces of 6- and 8-day male and female left embryonic chicken gonads were
cultured in vitro for 17 or 21 days in ovo with and without androstenedione (0), dihydrotestosterone (DHT) and estradiol 17 p(E! p). Control cultures of female gonads differentiate
into typical ovaries. In the cortex, the prefollicular cells elaborate « lining bodies>>
and
the germ cells develop Balbiani bodies, intercellular bridges and meiotic prophase figures.
The ovarian cortex of treated female gonads is similar to that of controls.
Control cultures of male gonads differentiate into typical testes. No cortical tissue is
observed. In most cases, treatment with E. p, 0, or DHT induces a partial or complete sexreversal in the male gonads. In the cortex feminized by E, p or 0, the fine structure of prefollicular and germ cel Is is similar to that in females. Although DHT produces an extensive
cortical feminization, the ultrastructural features of the prefollicular cells are not typically
female. They develop few if any, « lining bodies » and they contain large, outstanding
nucleoli and great amounts of RER cisternae filled with a granular substance, suggesting
active protein synthesis. Nevertheless, most germ cells differentiated into typical oogonia.
These results support the concept that steroids may play a role regulating the differentiation
of the prospective bird ovary. The development of the male germ cells into oogonia can
be correlated with indirect and/or direct effects on the developing cortex of the added
androgens or estrogens. The unique morphological aspect of male sex-reversed pieces,
treated with DHT could actually suggest that steroids act directly on the prefollicular cells.
In view of these results it is still in doubt whether or not androgens play a role in controlling
the initial stages of testicular differentiation.

Summary.

Introduction.

Although the factors regulating the differentiation of the bird gonad are not well
understood there is evidence suggesting that steroid hormones may be involved

(reviewed by Haffen, 1970, 1975).
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This evidence is based primarily on the fact that estrogens and androgens induce
sex-reversal in the left embryonic male gonad of the bird. It is well-established
that estrogens injected, into male chicken embryos at 4 to 8 days of incubation cause
the perspective male restis to differentiate into an ovarian-like cortex (Wolff and
Ginglinger, 1935 ; Dantchakoff, 1935 ; Willier et al., 1935). At the electron microscope
level the male germinal epithelium develops into a cortex containing typical prefollicular cells and oocytes (Narbaitz, 1971). It is now demonstrated that the sex-reversed
male gonads have the capacity to convert 14
C-acetate into estrone and estradiol
(Akram and Weniger, 1967, 1969).
In conjunction with these studies, Wolff et ol. (1948) reported the paradoxical
finding that a variety of androgens including A-4-androstenedione feminize the
undifferentiated male chicken gonad in ovo. More recently, Weniger and Zeis (1973)
extended these findings by demonstrating that male left chicken gonads feminized by
C-acetate into estrone and estradiol.
dihydrotestosterone convert also 14
In attempt to establish more precisely the morphological effects of some androgens
on the bird gonad, we have cultured pieces of male and female chicken left embryonic
gonads with and without androgens and estrogen, using an organ culture system
which supports gonadal developrnent for up two weeks. The differentiation of the
gonads in culture was analyzed at the electron microscope level. A radioimmunoassay
study of their steroidogenic potential was carried out during the same experiments
(Erickson, unpublished results). The morphological results were compared to those
observed in male and female chicken left embryonic gonads in ovo.
a

Material and methods.
White leghorn chicken embryos of 6- to 21-days of incubation were used in this
study. 2 male and 2 female left gonads were prepared for an in ovo electron microscope
study at the following stages : 6, 8, 12, 14, 17 and 21 days of incubation. 6- and 8-day
embryos were used in the in vitro experiments (the number of cultures carried out is
indicated in table 1).
The sex of 6-day embryos was established from karyotypes of skin and cartilage
cells in culture. In 8-day and older embryos anatomical sex is easily recognized.

The

gonads were dissected from the mesonephros and cultured as 0.5 mm diamepieces of intact gonad (6- and 8-day gonads were cut into 3 and 4 pieces, respectively). Since the sex of 6-day embryos could not be determined immediately, the pieces
of gonad from each embryo were cultured separately until the sex was established
48 hrs later ; then, all pieces of the same sex were pooled and cultured together for
the remainder of the experiment. Pieces of 8-day gonads were pooled at the beginning
ter

of the culture.
The methods for

culturing tissue have been previously described by one of us
(Erickson, 1974a). Briefly the tissue was cultured in plastic tissue culture dishes (Falcon)
which had been covered with a layer of sterile agar to prevent cellular attachment.
12 to 20 pieces of gonads were incubated submerged in 5 ml of Mc Coy’s 5a medium
(Modified : Gibco) supplemented with 2 mML-glutamine, 100 units/ml penicillin,
5 yg/ml streptomycin sulfate, and 10 p. 100 fetal calf serum. Fetal calf serum used for
all

experiments came from the same batch : one ml contained 36 ! 2 pg progesterone,
45 :f: 1 pg androstenedione, 123 ib 4 pg testosterone, 39 ! 1 pg estrone, and 197 !
5 pg estradiol (mean
± SE of4 determinations) and therefore, the final growth media
contained < 20 pg/ml of the above steroids (Radioimmunoassay procedures used
in this study have been previously described by Challis et al., 1973, 1975). Cultures
were maintained in a humidified 95 p.100 air and 5 p. 100 CO
2 incubator at 37 !C for a
time equivalent to 17 or 21 days of incubation in ovo (for certain female cultures only),
i.e., 6-day gonads were cultured for 11 days and the 8-day gonads were cultured for
either 9 or 13 days.
The gonads were cultured in the presence or absence of one of the following
hormones : 3 !M (estra-1, 3, 5 (10) -triene-3, 17,3 diol Estradiol 17 p : E2) 3 !,M
(androst-4-ene-3, 17 dione androstenedione : ê1) ; 3 yM (5 a-androstan-17 p-ol-3ane (dihydrostestosterone : DHT). These steroids (Sigma) were purified by thin layer
chromatography and then dissolved in 100 p.100 ethyl alcohol and added to the culture
media in a 5 !41 volume. The culture media were changed every 2 days at which time
fresh hormones were added to appropriate dishes. Throughout the culture period
pieces were prepared for electron microscope study.
Gonads were fixed for 20 min at 4 °C in 3 p. 100 glutaraldehyde in 0.1 M phosphate buffer containing 1.5 p. 100 sucrose and then postfixed for 30 min. in 2 p. 100
osmium tetroxide (prepared in the same buffer). The gonads were then dehydrated
in acetone and embedded in Epon 812 or in Epon-Araldite mixture. Thick sections
(1 to 1.5 I
-tm) were stained with paraphenylene-diamine and examined with the light
microscope. Thin sections (800 to 1 000 A) were doubly stained with uranyl acetate
and lead citrate and examined with a Philips 200 electron microscope.

Results.

Morphology

of

gonads

in

ovo

Since the results of the present ultrastructural study confirm and extend
those reported previously (Narbaitz and Adler, 1966 ; Scheib, 1970 ; Rohil and
Narbaitz, 1972), they will not be detailed, but certain interesting points should be
underlined.

Indi f!erent stage. At 6 days of incubation, sexually undifferentiated left male and female
gonads are ultrastructurally indistinguishable. Their medulla is a polymorphic
mesenchymal blastema organized into cord-like aggregations. Typical steroidsecreting cells, i.e., cells with large amounts of smooth endoplasmic reticulum (SER),

lipid droplets, and mitochondria with tubular cristae, are not observed. The surface of
medullary blastema is covered in part by a thickened germinal epithelium which is
composed of primordial germ cells and columnar epithelial cells. Some epithelial
cells in the germinal epithelium of both sexes elaborate conspicuous organelles, oftenn
called « lining bodies » (as shown in fig. 7). Since « lining bodieshave been observed
only in prefollicular cells, they can be used as a specific cytological marker for this
cell type (Rahil and Narbaitz, 1972).
Ovary. At 8 days of incubation and thereafter, a thick cortex is developing in the
female left gonads (fig. 1). During cortical development the prefollicular cells produce
and release large numbers of « lining bodies» into the extracellular fluid. Most
oogonia have Balbiani bodies and intercellular bridges by 10 days and some oocytes
are in leptotene at 17 days (Carlon et al., 1974). At 21 days (Hatching day) first pachytene stages are observed in oocytes (Narbaitz, 1971). Scattered throughout the 8-day
medulla are clusters of relatively undifferentiated interstitial cells. Thereafter, they
undergo modifications and acquire the fine structure typical of active steroid-secreting
cells (fig. 2). Ovarian interstitial cells occur in large clusters in the medulla and in the
mesenchyme beneath the cortex, and they appear to increase markedly in number
between 8 and 17 days of incubation.
Testis. The germinal epithelium in the 8-day male gonad has undergone almost
complete regression and the medulla is becoming organized into seminiferous cords
(fig. 3). No « lining bodies » were observed in the sections we examined. Typical

the

steroid-secreting cells are not found in the interstitium of the 8-day testis. However,
in agreement with other studies (Narbaitz and Adler, 1966 ; Scheib, 1970), there are
cells inside the seminiferous cords that contain relatively large amounts of SER and
lipid droplets. By 10 days of incubation, the germinal epithelium is totally regressed

rudimentary tunica albuginea is observed. The seminiferous cords are well
developed (fig. 4) and they contain numerous and relatively undifferentiated spermatogonia. Some of them have a conspicuous juxtanuclear aggregation of mitochondria
which is not associated with the centrioles and Golgi vesicles as is the case with a true
Balbiani body. Although a few small clusters of presumptive Leydig cells are found
in the interstitium between 10 and 17 days, they are rare and their ultrastructure
is not typical of active steroid-secreting cells : SER is poorly represented (fig. 5).
and

a

Similar types of cells are also found inside the seminiferous cords, and as described
Scheib (1970), these Leydig cells are often amoeboid-like and appear
to be migrating through the basement laminae of the testicular cords.

originally by

Morphology of

the female gonads in vitro

6-day and 8-day female control gonads differentiate into typical ovaries
gonad has a well developed cortex (fig. 6) containing prefollicular cells
«
elaborating lining bodies» (fig. 7) as well as numerous oogonia with Balbiani
bodies and intercellular bridges (fig. 8). Meiotic prophase figures were not found
in the sections we examined of 6- and 8-day gonads cultured for 11 and 9 days,
respectively ; however, numerous leptotene, and pachytene stages are present in
8-day pieces cultured for 13 days(fig. 9-10). The ovary medulla consistently develops
Control. All

in vitro. Each

into a cord-like structure composed of fibroblasts, some germ cells and large clusters
of highly differentiated interstitial cells (similar to fig. 2). Although these cords often
resemble testicular cords, they are not limited by a basal lamina and therefore are
not typical male cords.

Hormone-treated female gonads. The histological differentiation of female gonads treated
with exogenous E2, 0 or DHT is, with a few ultrastructural exceptions, similar to that
of control explants (see fig. 6). Unlike the control explants, typical chromatid bodies
(fig. 11) are found in some oocytes treated with 0 and DHT but not with E2. There
is also an apparent increase in the concentration of « lining bodies » in 0 and E2
treated ovaries compared to control explants (fig. 12 compare with fig. 7). In addition,
typical interstitial cells are not found in any DHT-treated gonad.

Morphology

of male

gonads

in vitro

Control. Untreated 6- and 8-day male gonads differentiate into typical testes similar
figure 13. At the end of the incubation period, each piece is surrounded
a
flattened
by
epithelial-connective tissue matrix resembling a tunica albuginea.
Cortical tissue is not observed in any control explant. The medulla contains typical
seminiferous cords (fig. 14) with small clusters of presumptive Leydig cells scattered
throughout the interstitium (fig. 13). At the electromicroscopic level, these cells
contain lipid droplets, mitochondria with tubular cristae but scarce SER (similar
to fig. 5), therefore they do not exhibit the fine structure typical of active steroidsynthetizing cells.
to that shown in

Hormone treated. Although none of the hormonally treated male gonads were serially
sectioned, a careful examination of representative thick sections suggests that 8090 p. 100 of the 6-day, and 40-60 p. 100 of the 8-day male gonads undergo a complete

partial sex reversal when incubated with either E2, 0 or DHT. The remaining
gonads in each experiment apparently differentiate into typical testes.
All 6-day sex-reversed gonads are surrounded by a well-developed ovarian cortex similar to that shown in figure 6. In each 8-day explant, the amount of cortical
tissue varies considerably, ranging from a few small patches to a more or less complete
ovarian-like cortex (fig. 15). However, regardless of the amount of cortex induced by
or

E2, 0

DHT, the male cortical cords contain

numerous germ cells which resemble
with
Balbiani
bodies
and
intercellular
typical oogonia
bridges (fig. 16). In E2 or 0
sex-reversed gonads prefollicular cells elaborate « lining bodies ». Ahhough DHTtreated gonads develop an unusually thick cortex, the prefollicularcells produce relatively few « lining bodies» and contain excessive amounts of rough ER cisternae filled
with a granular substance (fig. 17). In addition, their nuclei have one or several
nucleoli with outstanding fibrillar centres. Meiotic prophase figures and chromatoid
bodies are not observed in any male explant. The medulla in 6- and 8-day sex-reversed
gonads rqnges from well organized seminiferous cords to massive cord-,like aggregations similar to those described in cultured ovarian explants. Despite this variability,
E2 and 0 sex-reversed explants contain numerous clusters of ovarian-like interstitial
cells scattered throughout the medullary cords. In contrast no typical interstitial cells
were observed in DHT-treated explants.
or

Discussion.
The results of the present study confirm and extend previous observations (Wolff
and Haffen, 1952 ; Erickson, 1974a) by demonstrating that the ultrastructural differentiation of male and female gonads cultured in vitro is similar to that of normal
male and female gonads in ovo. Moreover these results verify the original thesis
proposed by Wolff and Haffen (1952) that the factors regulating the differentiation
of the bird prospective male and female gonads reside within the gonads themselves.
Although in general, the differentiation of female gonads treated with E2, 0 or
DHT is similar to that of control pieces, some differences should be pointed out :

We observed chromatoid bodies in meiotic germ cells of ovaries treated with A or
in oocytes of control female gonads. These chromatoid bodies are
thought to be a specialized and transitory form of the « nuage » (Eddy, 1974, 1975)
and have been observed in spermatocytes and spermatids of a variety of different

1)

DHT, but not

species (Fawcett

et

at., 1970 ;

Eddy, 1974, 1975). Therefore,

in

our

experiments

it

could be tempting to correlate the occurrence of chromatoid bodies with high levels
of exogenous steroids present in the culture media. 2) There is an apparent increase
in the concentration of « lining bodies » in E2 and 0 treated ovaries. In view of the
fact that female gonads incubated with 0 (an aromatizable androgen, Engel, 1975)
produce high levels of estrogen (Erickson, unpublished results) it might be suggested
that the apparent increase of « lining bodies» is correlated with estrogen levels. A
correlation between « lining body» production and circulating levels of female
hormones has not, however, been observed in the adult hen (Schjeide et al., 1974).
3) Typical steroid secreting cells are not found in female gonads treated with DHT
(a potent competitive inhibitor of androstenedione and testosterone aromatization,
and a non-aromatizable androgen in the human placenta, Thompson and Siiteri, 1974).
Since radioimmunoassay data (Erickson, unpublished results) show that DHT causes
a dramatic reduction (>
75 p. 100) in E1 and E2 accumulation in 6- and 8-day ovarian
cultures, this ultrastructural deficiency could be correlated with a marked perturbation of steroidogenesis.
Under the culture conditions described here, E2, 0 or DHT induce various degrees
of sex-reversal in male embryonic gonads cultured in vitro. Thus, our in vitro results
confirm at the ultrastructural level earlier in ovo reports that estrogen (Narbaitz, 1971)
A (Wolff et al., 1948) and DHT (Weniger and Zeis, 1973) induce a sex-reversal in
undifferentiated male gonads. The fact that one of us (Erickson, 1974b) reported a
« spontaneous » sex-reversal in organ culture of embryonic male chicken gonads
apparently conflicts with our present data. Nevertheless it should be emphasized
that the author suggested the fetal calf serum used in the culture media may have
contained trophic agents, perhaps estrogen, which caused the sex-reversal, whereas
in the present study the concentration of estrogens and other steroids measured in
the final growth medium was < 20 pg/ml.
The mechanism by which the 3 different steroids induce a sex-reversal in the
male pieces is not understood. It has been postulated by Wolff and Ginglinger (1935)
that estrogen induces the differentiation of the germinal epithelium into a cortex.
This would imply the germinal epithelium male or female is a target tissue for estrogens. Then, the sex-reversal induced by E2 could be explained by direct interaction
of estrogen with the somatic cells and or germ cells into the male epithelium causing
them to differentiate into prefollicular cells and oogonia respectively. Further experiments are required to test this possibility.
Although some of our data (male gonads treated with 0 : aromatizable androgen)
are consistent with the possibility that sex-reversal induced by androgens results from
a stimulation in estrogen production by the male gonad, one cannot exclude the
possibility these androgens act directly on the germinal epithelium itself. We raise
the question because the most extensive sex-reversal observed in the present study is
produced by DHT. 1) As it was already emphasized, it is a potent competitive inhibitor of &eth;. and testosterone aromatization and a non-aromatizable androgen. 2) No

detected in our male gonad cultures incubated with DHT
(Erickson, unpublished results). 3) The prefollicular cells developed within the male
DHT-treated explants display cytoplasmic and nuclear features strongly suggesting
an active protein synthesis and recently Goessens (1976) correlated the presence of
fibrillar centres in the nucleoli of cells in which RNA synthesis is very active. 4) Recent
studies (Schmidt et al., 1976 ; Rochefort and Garcia,1976 ;Garcia and Rochefort, 1977)
performed in the uterus of the rat indicate that both DHT and testosterone used at
pharmacological doses are capable of inducing the synthesis of a specific uterine protein IP which under normal conditions is inducible only by E2. In addition, Garcia
and Rochefort demonstrated that in these conditions androgens interact with estradiol
receptors and that the interaction results in the induction of a specific estrogenresponse (IP synthesis). If the male germinal epithelium is, indeed, a target tissue
for estrogen, then one could postulate that high levels of exogenous androgens and
particularly DHT present in the culture might interact with the male germinal epithelium in a way that initiates an estrogen-like response, i.e. the differentiation of a
cortex with prefollicular cells and oogonia.

estrogen production

was

Conclusion.
It should be emphasized that bird embryonic male gonads at the early stages
of their development (unlike female gonads) have a limited capacity to synthesize
steroids (reviewed by Haffen, 1975 ; Erickson, unpublished results), and this can be
correlated with the relatively small amounts of steroid-secreting cells in the male
developing testis and the apparent absence in these cells of large activity evidenced
by a scarce SER in ovo or in vitro (in contrast to female gonads). Furthermore, 6-day
(or 8-day in many cases) male gonads incubated with pharmacological doses of
estrogen (E2) or androgens (0 or DHT) undergo sex-reversal. In view of these results it
is still in doubt whether or not androgens play a role in controlling the initial stages of
testicular differentiation.
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Résumé. Des explants de gonades gauches d’embryons de Poulet mâles et femelles sont
cultivés en présence ou en l’absence de : androstènedione (0) dihydrotestostérone (DHT)
et oestradiol (E2).
Dans les cultures témoins les gonades femelles se différencient en ovaires. Dans le cortex, les cellules préfolliculeuses élaborent des « lining bodies », les cellules germinales
différencient des corps vitellins de Balbiani, des ponts intercellulaires et leurs noyaux pré-

figures de prophase 1 méiotique. Le cortex ovarien des gonades femelles traitées par les stéroïdes est semblable à celui des témoins.
Dans les cultures témoins les gonades mâles se différencient en testicules. Aucun tissu
cortical n’est observé. Dans la plupart des cas, le traitement par E2, 0 ou DHT produit des
degrés divers d’inversion du sexe. Dans le cortex ovarien induit, les cellules germinales
ont l’aspect d’ovogonies. L’ultrastructure des cellules préfolliculeuses différenciées sous
l’action de 0 et E2 est identique à celle observée chez les femelles témoins. Bien que DHT
produise une féminisation massive du cortex, les cellules préfolliculeuses ont un aspect
particulier. Elles ne développent que peu de « lining bodies », elles contiennent de gros
nucléoles avec de remarquables centres fibrillaires, enfin leur cytoplasme contient de
grandes quantités de citernes de RER remplies d’une substance finement granuleuse. Tous
ces critères suggèrent une synthèse protéique active.
Ces résultats appuient l’hypothèse du rôle que les stéroïdes peuvent jouer dans la
régulation de la différenciation de l’ovaire d’oiseau. La différenciation des cellules germinales mâles en « ovogonies » pourrait être rapprochée d’une action directe ou indirecte
des oestrogènes ou androgènes exogènes sur le cortex ovarien qui s’élabore. L’aspect
singulier des gonades mâles féminisées par l’action de DHT pourrait réellement suggérer
une action directe des stéroïdes sur les cellules préfolliculeuses. Enfin ces résultats peuvent
laisser subsister un doute sur le rôle joué par les androgènes dans la régulation des stades
précoces de la différenciation testiculaire.
sentent des
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