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1. We investigated the production of steroid hormones by the ovaries of the developing
embryonic chick under conditions of organ culture. Radioimmunoassay techniques
were used to measure the amount of steroid honnone released into the culture medium.
Stimulation of the production of steroid hormones by choriogonadotropin from the
urine of pregnant human was dose-dependent. Oestradiol and testosterone production
was optimal when 20i.u. of gonadotropic hormone was present in the culture medium. 2.
During development, both left and right ovaries responded to gonadotropic hormone
stimulation with a 2.5-3-fold increase in oestrogen production. However, the right ovary
was twice as efficient in testosterone production as the left one. The presence of dibutyryl
cyclic AMP in the culture medium of the embryonic ovaries mimicked the effect of the
gonadotropic hormone. 3. The human choriogonadotropic hormone stimulated cyclic
AMP production in the embryonic ovarian tissue. Thyrotropin, growth hormone and
insulin had no stimulating effect. 3-Isobutyl-l-methylxanthine potentiated the gonado-
tropic hormone effect by increasing the concentration of cyclicAMP in the ovarian tissue.
4. The amount ofcyclicAMP synthesized in the embryonic ovary was gradually increased
(from 1.2 to 6.5pmol/mg of tissue) when incubated with increasing doses ofhuman chorio-
gonadotropic hormone in vitro. The newly synthesized cyclicAMP reached the maximum
concentration after 30min of incubation, then decreased at 2h of incubation. A portion
of the newly synthesized cyclic AMP was released into the culture medium. 5. At various
developmental stages, both left and right embryonic-chick ovaries responded to stimula-
tion by gonadotropic hormone with an increase in cyclic AMP production. The cyclic
AMP concentration in the right ovary was 80% higher than that in the corresponding
left ovary.

Asymmetrical development of the embryonic
ovaries is a characteristic feature of the avian species
(Swift, 1915; Brode, 1928). In the chick embryo, the
left ovary begins to grow before hatching. Growth
continues after hatching, and eventually it becomes
the functional ovary ofthe hen. The right ovary grows
for a short period of time during the early stages of
development and then regresses. It subsequently
becomes a rudimentary non-functional organ. The
ovarian secretion of steroids was believed to be re-
sponsible for the respective growth and regression of
left and right Mtillerian ducts (Wolff, 1959; Jost,
1970).
Our previous observations showed the presence of

oestrogen receptors in the Miillerian ducts (Teng &
Teng, 1975a,b). The translocation of the oestrogen
receptor into the nucleus by oestradiol-17,B and the
increase ofendogenous oestrogen-binding sites in the
iucleus of the developing MWillerian duct have also
been demonstrated (Teng & Teng, 1976). Little is
known, however, of the regulatory mechanism in the
Vol. 162

embryonic ovaries that controls secretion of the
steroid hormones. How the secretions of the embry-
onic ovaries affect differentiation and development of
the urogenital tract is also unknown. This formed the
basis of the present study.

Observations of steroidogenesis in embryonic-
chick gonads have been reported from many labora-
tories (Weniger & Zeis, 1971; Guichard et al., 1973;
Galli & Wasserman, 1973; Haffen, 1975). These
previous studies provided semiquantitative measure-
ments only, and determination of the total secretion
of the embryonic organ was performed in the present
study. The influence of gonadotropic hormone on the
stimulation of steroidogenesis in the differentiating
embryonic left and right ovaries is not fully under-
stood. It has been suggested that polypeptide hor-
mones affect their respective target tissues by regulat-
ing the intracellular concentration of cyclic AMP
(Haynes et al., 1960; Hall & Eik-Nes, 1962; Marsh &
Savard, 1964a,b). However, the influence of poly-
-peptidehormonesonsteroidogenesis in theembryonic
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ovarian tissue is still unknown. Part of this work has
already been published in a preliminary form (Teng&
Teng, 1975c).

Materials and Methods

Animals and chemicals

Fertile white Leghorn eggs, obtained from Rich-
Glo Farms, Houston, TX, U.S.A., were incubated at
38°C in a Petersime model 4 humidified incubator.
The age of the embryos was determined by the cri-
teria of Hamburger & Hamilton (1951). Embryos at
different stages of development were decapitated and
dissected mid-ventrally. The embryonic ovaries were
placed in a Petri dish containing Hanks' balanced salt
solution (Hanks & Wallace, 1949) before being incu-
bated. The total time from decapitation to the ovary
incubation was limited to I h.

Choriogonadotropin (from urine of pregnant
human) (50i.u. (international units) as defined by
Leech (1939)], thyrotropin (from ox pituitary, 1 i.u./
mg), growth hormone (from pig pituitary, 1 i.u./mg),
insulin (from ox pancreas, 26.4i.u./mg), unlabelled
oestradiol, testosterone, dibutyryl cyclic AMP and
cyclicAMP were obtained from Sigma Chemical Co.
(St. Louis, MO, U.S.A.). The sheep luteinizing hor-
mone (NIH, S-18) was obtained from Dr. A. R. Means
(Cell Biology Department, Baylor College of
Medicine, Houston, TX, U.S.A.). All gonadotropic
hormones were dissolved in 0.9% NaCl before use.
Steroid hormones were made up in ethanol as stock
solution and diluted with phosphate-buffered saline
(0.01 M-sodium phosphate buffer, pH7.2 /0.14M-
NaCI) containing 0.1 % gelatin before use.

[6,7-3H]Oestradiol-17fi (sp. radioactivity 45Ci/
mmol) and [ll,2fl_-3H]testosterone (sp. radioactivity
9OCi/mmol) from New England Nuclear Corp.
(Boston, MA, U.S.A.), were supplied in a solution of
benzene/methanol (9:1, v/v); they were evaporated
under N2 to dryness and re-dissolved in ethanol be-
fore use.
The following chemicals were purchased from the

sources indicated: cyclic [3H]AMP (sp. radioactivity
21 Ci/mmol in 50%, v/v, ethanol) (Schwarz/Mann,
Orangeburg, NY, U.S.A.), Hanks balanced salt
solution (Gibco, New York, NY, U.S.A.), antibody
against oestradiol-1708 and testosterone (Radioassay
System Lab., Carson, CA, U.S.A.), 3-isobutyl-1-
methylxanthine (Aldrich Chemical Co., Milwaukee,
WI, U.S.A.), Dowex AG-50W-X4 (Bio-Rad Labora-
tories, Richmond, CA, U.S.A.), Dextran T-70
(Pharmacia, Uppsala, Sweden), activated Charcoal
(Mallinckrodt, St. Louis, MO, U.S.A.) and protein
kinase (from rabbit skeletal muscle, provided by Mr.
D. Miller, Cell Biology Department, Baylor College
of Medicine).
The radioactivity was determined at 60% efficiency

in a Beckman model LS-250 scintillation spectro-
meter with 4ml of scintillation fluid [Liquifluor (New
England Nuclear)/Triton/toluene, 83:500:917] in
mini vials (Rochester Scientffic Co., Rochester, NY,
U.S.A.).

Incubation ofembryonic ovaries

Freshly excised intact ovaries (approx. 15-25mg of
tissue) were incubated in a Falcon model 3001 tissue-
culture dish (Oxnard, CA, U.S.A.) containing 1 ml of
Hanks balanced salt solution in an atmosphere of
02+CO2 (95:5) at 41°C in a model CO-20 incubator
(New Brunswick Scientific Co., New Brunswick, NJ,
U.S.A.) as described by Connell et al. (1966). Stan-
dard incubation time for the steroid-hormone assay
was 4h and for the cyclic AMP assay was 30mmi,
unless otherwise specified. Various additions to the
incubation medium are indicated in the legend of
each Figure.

Radioimmunoassay for steroid hormone

[3H]Oestradiol-17f8 and [3H]testosterone were
dried under N2 to remove benzene, and re-dissolved
inethanol for storage. Non-radioactive oestradiol-1 7f
and testosterone were dissolved in ethanol in a final
concentration of 1 pg/ml as stock solution. Phos-
phate-buffered saline solution containing 0.1%
gelatin, pH7.2, was used throughout the assay pro-
cedure. Steroid working standards (3-lOOOpg) were
prepared by diluting the 1,ug/ml non-radioactive
oestradiol or testosterone solution in ethanol with
phosphate-buffered saline containing 0.1% gelatin.
Radioactive oestradiol or testosterone solution was
prepared by diluting the stock solution with phos-
phate-buffered saline containing 0.1% gelatin to
3500c.p.m./0.1 ml (tracer mass is 15pg). Oestradiol-
17,8 was measured by radioimmunoassay with an
antiserum (E17) against 6-oxo-oestradiol-17f)-oxime-
human serum albumin. According to the sup-
plier's test report, the antiserum has negligible cross-
reactivity (0.06%) with a wide variety of C21, Cl9
and C18 steroids. No chromatographic purification
step was involved in the assay because of the high
specificity of the antiserum. Testosterone was meas-
ured by radioipimunoassay with an antiserum (TD3)
against testosterone-3-oxime-human serum albumin.
The cross-reactivities to cholesterol, C21 and C18
steroids, androstenedione, androsterone and aetio-
cholanolone are less than 0.01 % except for a 70%
reaction with dihydrotestosterone. In the present
studies no chromatography was involved for the
separation of testosterone and dihydrotestosterone
in the culture medium. The antibody for oestradiol-
1718 or testosterone was diluted with the assay buffer
according to the specification of the supplier.
Usually a 40-50% binding of the total labelled
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steroid present in the assay was obtained. The assay
was performed by the following sequence: to 0.5ml
of assay buffer containing an unknown or a standard,
0.1 ml of [3H]oestradiol-17,8 (or [3H]testosterone) and
0.1 ml of diluted antibody were added, mixed, and
incubated at 4°C overnight. After the incubation,
0.2ml of cold charcoal/dextran suspension (0.625%
charcoal and 0.0625% dextran in phosphate-buffered
saline solution) was added toeachtube. Thetubeswere
stirred with a vortex mixer for 20s and left at 4°C for
20min. After centrifugation at 2300rev./min for
10min, the supernatant containing the antibody-
bound oestradiol or testosterone was decanted into a
counting vial and added to scintillation fluid for
radioactivity assay. Each sample was stabilized over-
night at 4°C and counted for radioactivity for 5 min.
A blank (no antibody) and a zero tube (without stan-
dard or unknown) were included with every assay as
controls.

Preliminary experiments indicated that the presence
of Hanks' balanced salt solution (up to 0.2ml) does
not interfere in the radioimmunoassay system. There-
fore the presence of the steroid in the incubation
medium can be measured directly. In the standard
assay conditions, duplicated samples of 25,ul of cul-
ture medium were assayed for the oestradiol concen-
tration, and 50,1 of culture medium for the testo-
sterone concentration.

Cyclic AMP assay

After culture in vitro for 30min, the cyclic AMP
that was present in the ovarian tissue or culture
medium was extracted with 5% (w/v) trichloroacetic
acid by homogenizing the tissue in 1 ml of 5% tri-
chloroacetic acid with a Teflon/glass homogenizer.
The culture medium was adjusted to a final concen-
tration of 5% by adding concentrated trichloroacetic
acid. The above extraction procedures were per-
formed at 4°C.

Cyclic AMP present in the trichloroacetic acid
extract was purified immediately by elution through
a Dowex 50-X4 column (Krishna et al., 1968) at
room temperature (24°C).

Before chromatography, the trichloroacetic acid-
extracted sample was mixed with a known amount of
cyclic [3H]AMP (approx. 125000c.p.m./ml of the
extract), as an internal indicator. The recovery of the
radioactive tracer after the chromatography was
generally about 35-50%. The amount of cyclic
AMP present in the eluate from the Dowex column
was measured by the protein-binding assay method as
described by Gilman (1970). The binding protein used
for cyclic AMP assay was prepared by the affinity-
chromatographic technique originally developed by
Cuatrecasas (1970) and modified by Means et al.
(1974). The binding-protein preparation used in the
experiments presented here bound 0.3 pmol of cyclic
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AMP/pcg of this binding protein, and could be quanti-
tatively adsorbed by a single Mihlipore filter (0.45,um
pore size).
The protein-binding assay reaction was conducted

in a final volume of 100,l in 50mM-sodium acetate
buffer, pH4.0, which contained 2.5pmol of cyclic
[3H]AMP, 50,ul of the eluate obtained from the
Dowex column and protein kinase as the binding pro-
tein to bind less than 30% of the nucleotides. After
incubation at 0°C for 60min, the reaction was termin-
ated by addition of 2ml of stopping solution (20mM-
potassium phosphate, pH5.0/2mM-EDTA). After
5min the mixture was passed through a Millipore
filter, and the protein-bound cyclic AMP that was
retained on the filter was washed with 10ml of the
same potassium phosphate/EDTA buffer. The filters
were dried and placed in 15ml of scintillation fluid.
The radioactivity was determined by a Beckman
model SL-250 liquid-scintillation spectrometer.

Generalprocedures

The wet weights of ovaries excised from embryos
of various developmental stages were determined
immediately. Approx. 5-20 ovaries per group were
weighed in a Mettler model H-54 balance. Protein was
determined by the procedure of Lowry et al. (1951),
with bovine serum albumin (Sigma) as a standard.
DNA was determined by the diphenylamine reaction
(Giles & Myers, 1965) with calf thymus DNA
(Schwarz/Mann) as a standard. RNA was determined
by the procedure of Munro & Fleck (1966).

Results

Embryonic ovary development and sex-hormone pro-
duction

The developmental patterns of the embryonic
chick ovaries are presented in Table 1. Changes in the
wet weights and the contents of DNA, RNA and
protein show that the left and right ovaries developed
concurrently from days 8 to 10 of incubation. During
this period the four observed biological parameters
increased approximately twice as fast in the left
ovary as in the right ovary. The left ovary continued
to grow after day 10 of incubation, but the right one
remained at about the same size between days 10 and
12. A significant regression of the right ovary was
observed at day 15 of incubation. During the time of
hatching the right ovary became a tiny piece of
rudiment.
The radioimmunoassay technique was used to

measure the steroid-hormone production in the
embryonic ovaries during development. The standard
curves of radioimmunoassay obtained for both
oestradiol and testosterone, as shown in Fig. 1,
parallel those obtained by Auletta et al. (1974). The
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Table 1. Wet weight, DNA, RNYA andprotein concentrations in the developig embryonic-chick ovaries
Each value represents the mean±s.D. for ten measurements (each including 30-40 embryonic gonads).

Age
(days)

8
10
12
15
18

Wet weight
(mg/ovary)

Left
0.25 ±0.08
1.35+0.15
2.63±0.14
4.60+ 0.92
6.10+0.31

95

90

80
oX 70\-7Q
'0
" 50
0
.0
'0 30
0 20

10
0

2

Right
0.21 ±0.10
0.75+0.05
0.73 ±0.07
0.50+0.12

DNA
Wg/ovary)

Left
1.36+0.82
5.30+1.20
9.80+2.30
20.90+2.15
22.50+1.44

RNA
(jug/ovary)

Right
0.98±0.33
2.67+ 0.52
2.50± 0.84
2.40+0.27

Left
11.2±3.3
29.8+2.2
34.1+3.2
44.9±4.3
50.0±4.0

Right
8.5±1.0
17.5+5.1
9.8±2.1
9.0±:3.3

Protein
(ug/ovary)

Left
28.9+2.3
125 +2.0
222+ 7.0
406±1.0
545±6.2

Rig
22.1+ 3.4
57.1+ 5.2
50.0+12.0
50.1± 9.5

1 5 40 20 40 100 200 400 4000

Steroid hormone (pg)

Fig. 1. Standard curvesfor testosterone and oestradiol
The Figure shows a typical standard curve obtained when the amount ofsteroid (series dilution) is plotted against the
percentage of steroid bound. The percentage of the steroid bound was calculated by the following equation:

Steroid bound (%) Radioactivity (c.p.m.) in sample-radioactivity (c.p.m.) in blank
Radioactivity (c.p.m.) in zero control-radioactivity (c.p.m.) in blank

The data were plotted on logarithmic logistic probability paper (3 logarithmic cycles x60 divisions). *, Testosterone;
O, aestradiol.

sensitivity ofthis assay was at the picogram level. The
linear relationships -between oestradiol and testo-
sterone concentration in the culture medium and the
volume of the culture medium being assayed are pre-
sented in Figs, 2(a) and 2(b). On the basis of these
results, 10-25pl of the cultured medium was used for
the assay of oestradiol, and 50,l of the medium was
used for the assay of testosterone. The concentration
of the steroid hormone in the given volume of the
medium should be within the reliable range (10-
200pg) as indicated in the standard curve.

Various tissues from the 15-day chick embryo were
cultured in vitro. The results indicated that the gonads

from both sides of the embryo were the major organs
responsible for steroid-hormone production. Oestro-
gen was found to be produced by both the left and
right ovaries. Afterculture for 24h, oestrogen produc-
tion in the left ovary was 48% higher than that in the
right ovary. Trace amounts of oestrogen were
observed in the adrenal and the kidney, but no
oestrogen was detecable in the liver or testis. Testo-
sterone production was found in both the left and
right ovaries, but the latter produced 32% more than
the former after 24h of culture. The amount oftesto-
sterone produced by the right ovary is equivalent to
that produced by the testis. Only trace amounts of
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testosterone were detectable in the adrenal and the
kidney, but no detectable amount was observed in
the liver (Table 2).

Effect ofchoriogonadotropin concentration on ovarian
steroid-hormone production

Fig. 3 shows the effect of choriogonadotropin con-
centration on the stimulation ofsteroid-hormone pro-
duction in the embryonic ovary. The amount of
steroid hormone measured was expressed as pg of
steroid/ovary. Oestrogen production increased three-
fold with treatments of choriogonadotropin from 5
to 20i.u. Further additions of choriogonadotropin
(55-lOOi.u.) to the culture medium did not cause
greater increases in oestrogen production. Ovarian
production of testosterone was greatly enhanced by
treatments with choriogonadotropin in vitro. When
5-20i.u. of choriogonadotropin was added, the
amount of testosterone produced was almost tenfold
higher than in the control. However, a less efficient
stimulation (fivefold) was observed if the chorio-
gonadotropin dose was increased to lOOi.u.

Effect ofchoriogonadotropin on production ofsteroid
hormones in the developing ovaries

Ovarian production of steroid hormones and its
susceptibility to choriogonadotropin stimulation at
various stages of development are suarized in
Table 3. The amount of oestradiol (in pg/ovary) re-
leased into the culture medium by the left embryonic
ovaries increased from 50 at day 8 of incubation to
350 at day 14 after birth, an increase of sevenfold.
The oestradiol production in the developing left
ovary was in three stages: (a) high rate of increase
from day 8 until day 10 ofincubation (from 50 to 160,
an increase of 220%), (b) slow rate of increase from
day 10 to day 15 of incubation (from 160 to 175, an

0 10 20 30 40 50 60 70 80

Volume of culture medium (P1)

Fig. 2. Linear relationship between steroid-hormone concen-
tration and the volumne of culture medium being assayed
For this, 25 15-day embryonic-chick left ovaries were
cultured under the standard conditions described in
the Materials and Methods section. Various volumes
of cultured medium were taken directly for radio-
inimunoassay for oestradiol (a) and testosterone (b)
concentration.

Table 2. Release ofsteroids into the culture medtwnfrom various tissues of15-day chick embryo
Portions (20mg) oftissue were removed from various organs ofthe 15-day chickembnryo immediately after decapitation.
The tissues were cultured under the standard incubation conditions described in the Materials and M6thods section.
At the end ofthe incubation, duplicate samples of0Sul ofculture medium from each incubation dish were removed and
assayed for the presence of oestradiol and testosterone. Each value represents the mean± S.D. of six measurements.
N.D., not detectable.

Oestradiol (pg/mg of tissue) Testosterone (pg/mg of tissue)
0 a ~ --

Tissue Incubation time (h)
Adrenal
Kidney
Liver
Testis
Left ovary
Right ovary

Vol. 162

4
3.6±0.4
2.4±0.8
N.D.
N.D.

27.8+0.6
64.2+ 6.2

24
6.4± 0.32
N.D.
N.D.
N.D.

141.2± 6.3
95.5+ 15.3

4
1.3±0.2
2.7±0.3
N.D.

1.6+0.5
2.3+0.4
6.1+1.6

24
2.0±0.22
1.3+0.15
N.D.

15.5+0.24
4.6+0.40
14.5+ 3.25
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increase of 9%), and (c) a rapid rate of increase from
day 15 of incubation to day 14 after birth (from 175 to
350, an increase of 100%). When the left ovary was
tested at various stages ofdevelopment for responsive-
ness to choriogonadotropin, the oestradiol pro-
duction increased steadily from day 8 to day 18. The
results indicated that left ovaries at different develop-
mental stages all respond to choriogonadotropin
with a 2.5-3-fold increase in oestradiol secretion.
Although a 2-week-old immature chick ovary pro-
duced more oestradiol than did theembryonic ovaries,
it lost the responsiveness to the choriogonadotropin
effect.
The involuting right ovary produced oestradiol

during development (32-82pg/ovary), reaching its
maximal value at day 10 of incubation. Even during
regression, the right ovary still retained its responsive-
ness to choriogonadotropin, with a two- to three-fold
increase in oestradiol production in vitro.

Testosterone production in the developing chick
ovaries is presented in Table 3. In both the left and
right ovaries, production was not detectable in the
early stages of development (e.g. days 8, 10 and 12 of
incubation), yet it was measurable after day 15 of
incubation. The right ovary almost disappeared at
day 15 of incubation, but its testosterone production
was sufficiently high for detection. The left ovary of
the 2-week-old chick released three times more testo-
sterone than that of the 15-day and 18-day embryonic
chick.
The addition of choriogonadotropin to the culture

medium caused, after 4h, a significant stimulation of
testosterone production in the left and right ovaries
of the 8-12-day-old embryonic chick. Testosterone
secretion by the left ovary of the 15-day chick embryo
was increased sevenfold after choriogonadotropin
stimulation, and that in the right ovary increased
about 14-fold. The immature chick ovary responded
to choriogonadotropin stimulation with a twofold
increase in testosterone production.

500

04
-400

3g00;

200

0

.

0 10 20 30 40 50 60 70 80 90 100
Choriogonadotropin (i.u.)

Fig. 3. Effect of choriogonadotropin on steroid hormone
released into the culture medium by the 15-day embryonic-

chick left ovary
Five ovaries (approx. 20-30mg oftissue) from the left
side of female chick embryo at 15 days of gestation
were cultured under the standard incubation condi-
tions described in the Materials and Methods section.
At the end ofincubation, duplicate samples ofculture
medium were taken from each culture dish and
assayed for the presence of steroid hormone. (a)
Radioimmunoassay for oestradiol concentration;
(b) radioimmunoassay for testosterone concentration.
Each point represents the mean value from triplicate
cultures.

Table 3. Effect ofchoriogonadotropin on steroid-hormoneproduction during the development ofembryonic chick ovaries
Ovarian tissue (20mg) from both sides of the female chick embryo during various developmental stages was incubated
as described in the Materials and Methods section. (a) Incubation without choriogonadotropin; (b) incubation with
choriogonadotropin (20i.u./ml of culture medium). Each value is the mean+ S.D. of three determinations.

Oestradiol (pg/ovary) Testosterone (pg/ovary)

Period of
incubation

(days)
8
10
12
15
18

Immature chick
(14-day-old)

Left ovary

(a) (b)
50+ 3 208+ 7
160+ 6 285±16
168± 6 435+15
175+14 518+10
252+ 6 644± 7
350±11 350+10

Right ovary Left ovary
_s

(a) (b) (a) (b)
32±4 158+ 6 N.D. 10±0.8
82+5 183±12 N.D. 20±0.9
32+ 5 120+ 6 N.D. 54±6.0
35± 3 107± 8 24±2 178±8.0
- - 22+2 118+11

-- 86±2 182+3.0

Right ovary

(a) (b)
N.D. 12±0.9
N.D. 22±0.9
N.D. 25±1.2

3.5±0.4 49±1.5
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Fig. 4. Effect of dibutyryl cyclic AMP concentration on
steroid-hormone production in the 15-day embryonic-chick

left ovary
Five ovaries from the left side ofthe female embryo at
15 days of gestation were cultured as described in the
Materials and Methods section in the presence of
various concentrations of dibutyryl cyclic AMP. At
the end of incubation, duplicate samples of culture
medium were removed from each culture dish and
assayed for the presence of (a) oestradiol and (b)
testosterone. *, 0.5nM-3-Isobutyl-l-methylxanthine
in each culture dish; o, no 3-isobutyl-1-methyl-
xanthine. Each point represents the mean value from
duplicate culture dishes.

Effect of exogenous cyclic AMP on steroid synthesis
by the embryonic ovary

After the addition of exogenous dibutyryl cyclic
AMP to the culture medium of the 15-day embryonic
ovaries, an increase in oestradiol production was
observed (Fig. 4a). A maximum stimulation was
obtained by adding 0.5 mM-dibutyryl cyclic AMP;
this increase is close to that produced by a maximally
stimulatory amount of choriogonadotropin (20i.u./
ml). When the phosphodiesterase inhibitor 3-iso-
butyl-l-methylxanthine was also included in the
culture medium at different concentrations of the
cyclic nucleotides, oestradiol production increased by
about 50%. Exogenous dibutyryl cyclic AMP also
stimulated testosterone production in the 15-day
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embryonic ovary. The maximum stimulatory dosage
was in the range 0.5-1.0mm (Fig. 4b). The production
of steroids remained constant when the higher doses
of exogenous cyclic AMP were added.

Time-course experiments indicated a similarity in
the patterns ofoestradiol and testosterone production
as caused by choriogonadotropin and dibutyryl cyclic
AMP. However, the latter had a greater effect (Fig.
5a). 3-Isobutyl-l-methylxanthine can cause the same
amount ofincrease in oestradiol production as chorio-
gonadotropin does within 1 h of incubation; at 4h of
incubation, 3-isobutyl-1-methylxanthine caused an
increase in steroid-hormone production which was
lower than the increase by choriogonadotropin, but
still twice asmuch as the control. 3-Isobutyl-l-methyl-
xanthine had no effect on testosterone production
within 1 h of incubation; after 3h of incubation
however, it shows the stimulatory effect. In the
presence of20i.u. ofchoriogonadotropin or dibutyryl
cyclic AMP (plus 3-isobutyl-1-methylxanthine) at
3h of incubation, production of testosterone was
stimulated by about 380-480% above that observed
when only 3-isobutyl-1-methylxanthine was added
(Fig. 5b).

Effect of choriogonadotropin on ovarian cyclic AMP
production

The results with exogenous dibutyryl cyclic AMP
suggest that this nucleotide was a mediator of the
action of choriogonadotropin on steroidogenesis in
the embryonic ovaries. But such a hypothesis rests
on the assumption that the addition ofchoriogonado-
tropin would bring about an increase in the endo-
genous concentration ofcyclicAMP in the embryonic
ovarian tissue. Table 4 shows that cyclic AMP
was present in the tissue of the 15-day embryonic
ovary. When the tissue was cultured in the presence
of 3-isobutyl-1-methylxanthine, an increase of
approx. 46% in cyclic AMP was observed; in the
absence of phosphodiesterase inhibitor there was
no detectable increase in cyclic AMP, but when both
choriogonadotropin and 3-isobutyl-1-methylxanthine
were present a threefold increase in cyclic AMP was
obtained, both per mg oftissue and per mg ofprotein.
A number of other hormones were tested for their

effects in vitro on the accumulation of cyclicAMP in
the 15-day embryonic ovaries. Table 5 shows that
sheep lutenizing hormone caused a marked increase
in cyclic AMP accumulation of about 18-fold above
that of the control. Thyrotropin, growth hormone
and insulin were also individually tested on the
embryonic ovary, but no stimulatory effect was
observed. Heat-denatured choriogonadotropin
totally lost its ability to stimulate cyclic AMP
accumulation.

Fig. 6 shows that graded doses of choriogonado-
tropin added to the culture medium of ovarian tissue

5

129



C. T. TENG AND C. S. TENG

600-

~400-

.20

0~~~~~~~

150 ~ ~ ~ ~ ~

0~~~~~~

-0.) 0o

0o

H0

50
-

0 2 3 4

Incubation time (h)

Fig. 5. Time-course for steroid-hormone production in
response to choriogonadotropin, 3-isobutyl-l-methylxan-

thine and dibutyryl cyclic AMP
Five ovaries per culture dish were obtained from the
left side of 15-day embryonic fenale chicks. Ovaries
were incubated as described in the Materials and
Methods section for various lengths of time. Tripli-
cate cultures were used for each time-point. At the end
of incubation, duplicate samples of culture medium
were removed and assayed for the presence of (a)
oestradiol and (b) testosterone. A, Control (no
addition); *, 20i.u. of choriogonadotropin; A,

0.5mm.3-isobutyl-1-methylxanthine; 0, 0.5mm-3-
isobutyl-1-methylxanthine and 1 nM-dibutyryl cyclic
AMP.

for 30min resulted in a gradual increase in the amount
of cyclic AMP. Doses ofchoriogonadotropin ranging
from I to lOi.u./ml did not increase the cyclic AMP
in the 15-day embryonic ovary. However, when the
doses were increased from 10 to 25i.u.fml, the cyclic
AMP production increased linearly, and then reached
a plateau when the doses were further increased from
35 to 70i.u./ml. Therefore the choriogonadotropin

dose range of 35-50i.u./ml was used throughout these
experiments.
When the 15-day-old chick ovaries were incubated

with 50 i.u. of choriogonadotropin/ml, within 15min
the presence ofchoriogonadotropin led to an increase
of cyclicAMP in the tissue from 1.30 to 1 .60pmol/mg
oftissue, an increase of20% over control tissue. When
the culture of the embryonic organs was continued
for 30-60min, the amount of cyclic AMP in the
choriogonadotropin-stimulated tissue reached a
maximal value of 2.5pmol/mg, an increase of 100%
(Fig. 7a). In the absence of choriogonadotropin, the
cyclic AMP accumulated in the tissue, but no detect-
able cyclic AMP was released into the medium.
However, Smin after the addition of choriogonado-
tropin, a portion of the newly synthesized cyclic
AMP (approx. 15-20% of the total cyclic AMP pro-
duced) was released to the medium. After 120min of
incubation, about 36% of the total cyclic AMP was
detected in the medium (Fig. 7b). After 3 h of incuba-
tion, the concentration of cyclic AMP in both the
tissue and culture medium began to decrease.

Effect of choriogonadotropin on cyclic AMP accumu-
lation during the development of embryonic ovaries

In the presence of 0.5mM-3-isobutyl-1-methyl-
xanthine in the culture medium, both left and right
embryonic ovaries, at all stages of development,
responded to choriogonadotropin stimulation with
an increase in cyclic AMP accumulation (Table 6).
This result would be expected if cyclicAMP mediates
the action of gonadotropin on steroidogenesis. We
showed above (Table 3) that choriogonadotropin does
stimulate steroid-hormone production at all stages of
development, even in the involuting right ovary.
During the course of development, the capacity of

both ovaries for cyclic AMP synthesis could be ex-
pressed in thefollowing ways. (1) In terns ofpmol/mg
of tissue, the left ovary is 1.2, 1.3, 1.3 and 2.1 at days
10, 12, 15 and 18 of incubation. The right ovary
ranges from 0.8 to 1.5 at days 10 and 12 of incubation.
After the stimulation by choriogonadotropin, the
content of cyclic AMP in the left ovary increased
about 190-250%, whereas in the right ovary it in-
creased about 350-520%/. The capacity of the right
ovary for responding to choriogonadotropin is
84-108% higher than the left one. (2) In terms of
pmol/ovary, the left ovary produced 2, 3.5, 5.5 and
12 at days 10, 12, 15 and 18 of incubation. The right
ovary produced 1.0 and 1.5 for days 10 and 12 of
incubation. The addition of choriogonadotropin
caused a 170-250% increase in cyclic AMP in the left
ovary and a 270-350% increase in the right ovary.
Both methods of calculation show that overall,

the right ovary has a 40-0% higher capacity for
responding to choriogonadotropin stimulation and
producing cyclic AMP than the left one.
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Table 4. Effet of chorigosnotropin and 3zLrobutyll-methylxanthine in vitro on cyclic AMP concentration In the 15-day
embryonic-chick left ovary

Pooled ovaries (approx, 20rng of tissue) were cultured under the standard vulture conditions described in the Materials
and Methods section. CyclicAMP was determined immediately after the incubation. The incubation was terminated
by the addition of trichloroacetic acid directly to the culture. The assay of cyclic AMP concentration in the trichloro-
acetic acid extract ofthe tissue was described in the Materials and Methods section. Values are expressed asmeans ±+S.D.
of triplicates from three experiments.

Cyclic AMP

Additions
None
Choriogonadotropin (35i.u./ml)
3-Isobutyl-1-methylxanthine (0.5mM)
Choriogonadotropin (35i.u./ml)+

3-isobutyl-1-methylxanthine (0.5mM)

(pmol/mg of tissue)
0.903 ±0.10
1.070± 0.05
1.330+0.15
3.500+ 0.26

(pmol/mg of protein)
11.2+1.0
12.0+1.2
15.8+3.0
28.6±4.0

Table 5. Effect ofvarious hormones in vitro on cyclic 4MP
accumulation in the 15-day embryonic-chick left ovary
Five embryonic ovaries were incubated as described
in the Materials and Methods section, except that
0.5mM-3-isobutyl-1-methylxanthine was present in
each incubation. Choriogonadotropin was heat-
denatured by heating it in boiling water for -30min
before use. Values are expressed as means ± s.D. of
triplicate samples from three experiments.

CyclicAMP
Hormone (pmol/mg of tissue)

None 1.19±0.07
Choriogonadotropin (50i.u./ml) 4.70+ 0.07
Heat-denatured choriogonado- 1.03 +0.50

tropin (50Lu./ml)
Thyrotropin (0.5 i.u./ml)
Growth hormone (104g/inl)
Insulin (lO,ug/ml)
Sheep luteinizing hormone

(lOug/fml)

1.03 ± 0.44
1.30±0.30
1.01 ± 0.24

18.20+0.50

Discussion

The radioimmunoassay technique provided us with
a sensitive, way to measure quantitatively the steroid
hormoes released from the embryonic ovary In vitro.
This assay technique has ben proved to be suitable
for the study of niinute quantities ofembryonic tissue
in the organ-culture condition. Our results are con-
sistent with previous observations that steroid pro-
duction is probably confined to the steroidogenic
target tissue, such as adrenal (laynes et al., 1954),
testis (lDufau et al., 1971) and ovary (Dorrington &
Kilpatrick, 1967). The capacity of the right ovary to
secrete the steroid hormone is not affected by regres-
sion. This observation is similar to that reported by
Wolff & Haffen (1952) and Weniger (1961), who
demonstrated the phenomenon of feminization of
male gonads whn cultured together with the female
Vol, 162
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Fig. 6. Effect ofchoriogonadotropin concentration on cyclic

AMPin the 15-dayembryonic left ovary
Five ovaries were cultured under the andard condi-
tions described in the Materials and Methods section,
in the presence of various concentrations of chorio-
gonadotropin plus 0.5mm-3-isobutyl-l-methyl-
xanthine for 30min. After incubation. concentrated
trichloroacetic acid was added to the medium to give a
final concntration of 5yO (w/v). The ovarian tissues
were then homogenized in a Teflon/glass homo-
genizer. After centrifugation at 9O0g for 10min, the
cyclicAMPprnt in thes.peratantw assayed by
the protein-binding assay. Each value represents the
mean+s.D. of three determinations.

right ovary. They concluded that the feminization is a
result of oestrogen secretion from the right ovary.
Our study demonstrated that the embryonic right

ovary responded to choriogonadotropin with a
greater percentage of testosterone production than
the left one. The percentage of stimulation by
choriogonadotuopin of ostrogen proction r
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Fig. 7. Effect ofincubation time on cyclic AMP accumula-
tion in the left ovary ofthe 15-day embryonic chick and the
release of cyclic AMP into the culture medium during

stimulation by choriogonadotropin in vitro
Five ovaries were cultured as described in the
Materials and Methods section in the presence of
0.5mM-3-isobutyl-1-methylxanthine in all culture
dishes; 50i.u. of choriogonadotropin was present
inthehormone-stimulated cultures. At theend ofeach
incubation time-period, ovarian tissue and culture
medium were separated immediately. Cyclic AMP
was extracted by the addition of cold trichloroacetic
acid to a final concentration of 5%/ (w/v). Cyclic
AMP present in the trichloroacetic acid extract was
purified and assayed immediately. Each point
represents the mean+ S.D. of quadruplicate deter-
minations from two experiments. *, Chorio-
gonadotropin; o, control.

mained constant, however, in the developing left and
right ovaries. A similar observation was made by
Woods & Podczaski (1974), who found a greater
amount of androgenic hormone in the presumptive
right ovary than in the left one of a 5-day embryo
by using an immunofluorescent detection method.
This relatively higher degree of stimulation of testo-
sterone production after choriogonadotropin treat-
ment in the right ovary (particularly in the later
developmental stage at 15 days) reflects a basic dif-
ference in. structure between the right and left ovaries.
Previous observations by Swift (1915), Meyer (1964)
and van Limborgh (1968) support this view. They

found that from day 3 of incubation the distribution
of primordial germ cells was greater in the left ovary
of the chick embryo than in the right ovary. During
days 9 and 11 of incubation, in the left gonad the
germinal epithelium proliferates to form the cortex
and the sex cords, but it fails to develop into a func-
tional cortex in the right gonad. The right ovary is
therefore 'ovotestis' in nature (Gaarenstroom,
1939; Hamilton, 1963).
The left ovary's production of oestrogen progres-

sively increases, according to the age of the embryo.
A similar observation has beenreported byGuichard
et al. (1973). The capacity of the early embryonic
ovary to respond to choriogonadotropin indicated
that the mechanisms for receiving gonadotropin
were already available. The observed decline in
responsiveness to choriogonadotropin stimulation
for oestrogen production in the immature chick ovary
parallels observations ofthe adult rat testis (Sandler&
Hall, 1966). It has been suggested that adult tissue
receiving stimulation by a high concentration of
endogenous gonadotropic hormone loses its sensi-
tivity to the exogenous gonadotropic hormone
stimulation (Hall, 1970). It is possible, however, that
damage to the ovarian tissue during the processes of
tissue-slide preparation could lead to the lowered
sensitivity to the exogenous hormone (Savard et al.,
1963).

In both ovaries we observed that testosterone
production is significantly lower than oestrogen
production in the same tissues when cultured in the
absence of choriogonadotropin. After exposure to
choriogonadotropin, in both ovaries the percentage
increase in testosterone (five-to-ten-fold above con-
trol) is higher than that for oestrogen (2.5-3-fold
above control). This phenomenon underlines the
importance of gonadotropin triggering the produc-
tion or release of testosterone. Previous observations
demonstrated that in the early embryonic stages,
development of the ovary is free from pituitary in-
fluence (Fugo, 1940; Jost, 1947; Wolff & Haffen,
1952). Gonadotropin begins to exert its influence on
day 13 of incubation, when the hypothalamus-
pituitary axis becomes connected (Woods & Weeks,
1969). The release of gonadotropin on day 13 could
increase the production of testosterone in the ovarian
tissue. This phenomenon is particularly prominent in
the right ovary; a higher ratio of testosterone to
oestrogen is evident in the ovarian tissue. The conse-
quence of this change in testosterone/oestrogen ratio
corresponding to the physiological condition of the
embryo is yet unknown. However, the right Mullerian
duct of females usually starts to regress by day 11-12
of incubation. The involution of the right Mullerian
duct could be attributed to the high concentration of
testosterone (Willier, 1942; Wolff, 1959; Romanoff,
1960; Burns, 1961; Groenendijk-Huijbers, 1962;
Hamilton & Teng, 1965). Since the right ovary is
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Table 6. Effect ofchoriogonadotropinon cyclicAMP concentration in the embryonic-chick ovary during various developmental
stages

Ovarian tissue (20mg) from both sides of the femal chick embryo was obtained at various developmental stages and
incubated as described in the Materials and Methods section; 0.5nM-3-isobutyl-1-methylxanthine was present in all
incubations and 35i.u. of choriogonadotropin was included in hormone-treated cultures. At the end of incubation,
cyclicAMP present in the tissue and medium was extrcted with 5% (w/v) trichloroacetic acid and assayed. (a) Incuba-
tion without the hormone; (b) incubation with the hormone. Results are means± S.D. of three determinations.

Cyclic AMP (pmol/mg of tissue) Cyclic AMP (pmol/ovary)

Left ovary

(a) (b)
1.20+0.05 2.35±0.07
1.30±0.05 3.20±0.50
1.28+0.07 3.42+0.30
2.07±0.45 4.83±0.50

Right ovary

(a)
0.84± 0.10
1.50+0.33

4.40± 0.60
5.24± 0.54

Left ovary

2.1+0.18 3.4+0.15
3.5±0.18 8.0±0.22
5.5 ± 0.20 14.2± 0.21

12.3 ±2.50 24.3 +2.60

ovotestis in nature, one would expect that a higher
concentration of testosterone in the right ovarian
tissue would stimulate the synthesis ofcertain factors,
such as the Mtillerian-duct-inhibiting factor, which
has been observed in the testes of the male chick
during the post-hatching period (Maraud et al.,
1966; Groenendijk-Huijbers & Burggraaff, 1974).
In our present study the exogenous cyclic AMP

(dibutyryl cyclic AMP) was observed to promote
steroid-hormone production. The concentration of
dibutyryl cyclic AMP required to stimulate em-
bryonic-chick ovarian tissue for steroid-hormone
production in vitro is much higher, however, than
the endogenous concentration of the nucleotide
normallyfound in the choriogonadotropin-stimulated
chick ovarian tissue. Similar findings were observed in
bovine corpus luteum (Savard et al., 1965), rabbit
ovarian tissue (Dorrington & Kilpatrick, 1967) and
adrenal glands (Haynes, 1958). These results could be
attributed to the following possible causes. (a) The
penetration of the exogenous nucleotides into the
ovarian cells in vitro is inefficient (Rall & Sutherland,
1961). (b) The added cyclic nucleotides are destroyed
by cyclic AMP phosphodiesterase already present in
the embryonic ovarian tissue (Dorrington & Kil-
patrick, 1967). The presence of high concentrations
of phosphodiesterase in the embryonic tissue was
reflected in an increase in oestradiol production when
3-isobutyl-1-methylxanthine alone was added.

In our experimental system we observed that the
effect of dibutyryl cyclic AMP (in the presence of
3-isobutyl-1-methylxanthine) on steroid-hormone
production is greater than that of choriogonado-
tropin. The smaller capacity of the embryonic chick's
adenylate cyclase system to respond to choriogonado-
tropin may be responsible for the lowered efficiency
of choriogonadotropin. Nevertheless, the observed
facts indicate that cyclic AMP is the intermediary
in the action of choriogonadotropin on steroido-
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genesis in the embryonic chick ovary: (a) the exo-
genous cyclic AMP mimicked the action of chorio-
gonadotropin, (b) the phosphodiesterase inhibitor
alone was able to stimulate steroid production in the
embryonic ovaries, and (c) choriogonadotropin
stimulated the increase in endogenous cyclic AMP in
the embryonic ovarian tissue, and the increase pre-
ceded the increase of steroid synthesis. The intricacies
of the action of cyclic AMP on steroidogenesis are
still unclear.
We have observed that at low concentrations of

choriogonadotropin (5-lOi.u./ml), the increase in
steroid-hormone production can occur without a
detectable increase in cyclic AMP. A similar finding
was reported in the rat testis (Dufau et al., 1973) and
the bovine adrenal gland (Carchman et al., 1971;
Beall & Sayers, 1972). These observations lead one
to question whether the increase in cyclic AMP is the
obligatory step for steroidogenesis, or whether the
current assay method for cyclic AMP is too insensi-
tive to detect the minute increase (Carchman et al.,
1971; Dufau et al., 1972; Beall & Sayers, 1972).
During the course of sex-organ differentiation, the

embryonic right ovary responds to choriogonado-
tropin stimulation with a higher percentage of cyclic
AMP accumulation than the left ovary. Whether the
increase in the right ovary is only related to steroid
production or to some other physiological role
pertinent to the cell death is unclear. An observation
related to this finding has been reported in the mouse
lymphoma cell (Coffino et al., 1975), in which the
promotion of cell death by cyclic AMP was evident.
The phenomenon of cell death and its subsequent
cause of organ regression is a unique part in the nor-
mal course of organogenesis. Our present observa-
tions might indicate that cyclicAMP plays an impor-
tant role in the induction of organ regression.

In conclusion, during the development of embry-
onic chick ovaries both the growing left ovary and

Period of
incubation

(days)
10
12
15
18

Right ova

(b) (a) (b) (a) (b)
1.000.15
1.5±0.15

3.5+0.16
4.5+0.17
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regressing right ovary respond to choriogonadotropin
stimulation with an increase in steroid production
and an accumulation of cyclic AMP, indicating that
the adenylate cyclase system is present and functional
as early as 8 days of gestation. The stimulatory effect
of the gonadotropins on gonadal steroidogenesis in
the embryonic chick appears to be mediated through
cyclic AMP.
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