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Explants of adrenal(1) and ovarian(2)
cortex from human fetuses have been main-
tained in organ culture for varying periods.
Steroid synthesis by the adrenal explants de-
clined rapidly with increasing incubation pe-
riods; this decline could be partially ar-
rested by the addition of progesterone to the
medium(1). The formation of steroids by the
ovarian fragments was not studied.

This communication, part of a study on
fetal adrenal and gonadal steroidogenesis, de-
scribes the synthesis of steroids by human
fetal adrenals and ovaries maintained in a
similar in vitro system.

Materials and methods. The intact amni-
otic sac of the pregnant human uterus, con-
taining a fetus of 11 weeks gestation (7.5 cm
crown-rump length), was obtained at the time
of therapeutic interruption and kept on ice
for one hour. The fetus was taken from the
amniotic sac and the adrenals and ovaries
were aseptically removed from the fetus. One
gland of each pair was used as a control for
chemical analysis and histological examina-
tion. The other gland was cut into segments
of 2-3 mm3. Each segment was explanted in
organ culture using a siliconized lens paper
raft as a modification of the Trowell tech-
nique(3). The liquid medium consisted of
70% CMRL 1066 (Connaught Medical Re-
search Labs., Toronto) and 30% horse se-

# This study was supported by Research Grant
HD-00420, NIH, USPHS, and, in part, by the
Tobacco Industry Research Committee.

t Research Career Development Investigator, Nat.
Inst. of Child Health and Human Development.

rum, and included 100 units/ml of a penicil-
lin-streptomycin mixture. Six cultures were
prepared from the adrenal gland and two cul-
tures from the ovary. The cultures were incu-
bated at 37°C in a COs-air (5:95) saturated
atmosphere. After 48 hours incubation, the
cultures were grouped and treated as fol-
lows:

Group A consisted of 2 adrenal cultures, 2
ovarian cultures and 2 control cultures com-
posed of medium but lacking tissue. Group
B consisted of 4 adrenal cultures. One-half
of the medium of each culture in Groups 4
& B was replaced with an equal volume of
medium. The media added to the cultures of
Group A contained 10 uc (2.22 X 107 dpm)
purified 7-*H-progesterone (9.4 pc/pmole,
N. E. Nuclear Corp., Boston). Two cultures
of Group B received 13 I1.U. ACTH
(ACTHar, Armour & Co.); no other addi-
tions were made to the cultures of this group.

After a further 48 hours of incubation, the
tissues of the cultures of Group A were fixed
in 10% neutral buffered formalin for subse-
quent histological examination, and the
media collected and frozen for subsequent
analysis. The media of the 2 ovarien cul-
tures were combined into one pool. In Group
B, the change of medium and addition of
ACTH was repeated after an additional 48
hours. After a total of 8 days in culture, the
tissues were fixed and the media collected
and frozen.

The analysis for conversion products of
7-3H-progesterone in the culture media from
Group A was conducted in the following
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TABLE I. Purification of *H-Cortisel Reisolated from the Media of Fetal Adrenal Segments
Maintained in Organ Culture.

Adrenal culture No. 1

Specific activity
(dpm/uM X 107%)

Crystallization Wt (mg)

Adrenal culture No. 2

Specific activity
Wt (mg) (dpm/uM X 107%)

After cortisol* addition (cale.) 36.2 16.6 37.6 9.5
(4.61X10*dpm/mg) (2.63X10*dpm/mg)
Free aleohol
First (Cryst.) 11.3 12.2 11.0 4.6
(Supernate) 24.0 17.9 25.6 10.4
Second (Cryst.) 5.99 8.0 5.42 4.5
(Supernate) 3.48 12,5 3.41 6.1
Third (Cryst.) 3.20 7.7 1.79 4.6
(Supernate) 2.10 7.3 3.15 . 49
Acetatet
First (Cryst.) 685 7.6 638 45
{Supernate) 955 7.0 1.90 4.5
Second (Cryst.) .432 7.9 .219 5.0
(Supernate) .089 7.6 .262 4.5

® Crystalline carrier cortisol.

t Formed acetate(6) from supernatant of third erystallization; m.pt. (uncorr) — 220-223°C,

fashion: The media from the adrenal, ovarian
and sham cultures were extracted exhaus-
tively with dichloromethane and ethyl
acetate, with a recovery of 76 to 93% of the
added radioactivity. The residues of the ex-
tracts were partitioned between hexane and
90% methanol, and the methanolic fractions
subjected to paper chromatography in hex-
ane/96% methanol, and, for the ovarian
fraction only, in the Bush B; solvent sys-
tem(4).

Results. In the case of the edrenal cul-
tures, the zones on the chromatograms cor-
responding to cortisol and A*-androstene-3,
17-dione were eluted and 30.0 to 37.6 mg
carrier cortisolf or Af-androstene-3,17-di-
onet added to the eluates. Cortisol was crys-
tallized from 3 solvents to constant specific
activity (Table I). Conversion to the acetate
and recrystallization from ethanol and ethyl
acetate-ethanol did not change the specific
activities. Cortisol, recovered from the 2 con-
trol incubations, was essentially devoid of
activity after 2 crystallizations and conver-

t Cortisol (118, 17a, 21-trihydroxypregn-4-ene-3,
20-dione) and androst-4-ene-3, 17-dione, were ob-
tained from commercial sources. 20a-Hydroxypregn
4-ene-3-one was obtained through the generosity of
Dr. G. W. Duncan, Upjohn Co., Kalamazoo. All 3
steroids were pure as assessed by paper and thin-
layer chromatography and melting points.

sion to the acetate; i.e., the specific activities
of the reisolated cortisol acetate were 28 and
97 dpm/pmole. Based on specific activities
and corrected for losses prior to carrier ad-
dition, approximately 4% and 3% of the
substrate progesterone was converted to cor-
tisol by adrenal tissue in these 2 incubations.

Formation of At%-androstene-3,17-dione
could not be demonstrated. The radioactiv-
ity dissociated from added carrier during con-
secutive crystallizations, until the specific
activities of A*-androstene-3,17-dione reiso-
lated from the 2 adrenal incubations and
from the control media did not differ signifi-
cantly from each other.

Steroid synthesis from endogenous precur-
sors by the adrenal cultures of Group B
could not be demonstrated, irrespective of
ACTH addition. Examination of the extracts
of the appropriate media by paper chroma-
tography failed to indicate the presence of
steroids with the following functional groups:
A*-3-keto, 17-keto, AP-38-hydroxy, or a-ke-
tolic-C-17 sidechain.

Histological examination of the adrenal ex-
plants, cultured for 4 and 8 days, disclosed a
well maintained definitive cortex. Pyknotic
nuclei and vacuolated cytoplasm in cells of
the fetal zone of the adrenal were seen.

In the case of the ovarian cultures, 3 ra-
dioactive zones corresponding in mobility to
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progesterone (2.02 X 107 dpm), 17a-hy-
droxyprogesterone (1.88 X 10° dpm), and
20a-hydroxy-A%-pregnene-3-one (7.2 X 10°
dpm), as well as 3 unidentified areas (2.96
X 10% dpm), were eluted from the paper
chromatograms. The sum of the individual
fractions eluted and corrected for aliquots
taken for analyses, represented 64% of the
added substrate progesterone.

To the eluate containing 20a-hydroxy-A%-
pregnene-3-one, 550 pg of this steroid were
added as crystalline carrier,} and the mix-
ture subjected to two sequential develop-
ments on paper chromatograms in the solvent
systems hexane/96% methanol(4) and hep-
tane-propylene glycol(5). The eluate from
the second chromatogram contained 212 pg
of 20a-hydroxy-At-pregnene-3-one with a spe-
cific activity of 1.21 X 10° dpm/umole.

Acetylation(6) of two-thirds of the eluate
yielded 103 pg 20-acetoxy-A*-pregnene-3-one
with a specific activity of 1.08 X 10° dpm/
pmole. CrO; oxidation(7) of the remaining
one-third of the eluate yielded 27 pg. of pro-
gesterone with a specific activity of 1.12 X
10° dpm/umole. Both derivatives were iden-
tified by their mobility upon paper chroma-
tography in the solvent system hexane/96%
methanol. 20a-Hydroxy-A*-pregnene-3-one
was considered to have been purified to con-
stant specific activity; allowing for losses
prior to carrier steroid addition, about 1.5%
of the substrate progesterone was reduced to
the carbon-20a-hydroxy isomer.

Pyknotic nuclei and vacuolated cytoplasm
in the cells of the ovarian medulla were seen;
the cortex of the ovary appeared to be well
maintained.

Discussion. The results demonstrate that
human fetal adrenal tissue retained its capa-
city to convert progesterone to cortisol dur-
ing a minimum of a 2-day, and a maximum
of a 4-day, culture period. The inference is
drawn that adrenal 17a-, 118- and 21-hydrox-
ylases are, at least to some extent, stable
under the experimental conditions employed.
This finding is similar to that reported by
Villee(1), wherein fetal adrenals hydroxyl-
ated progesterone after a 24-hour culture
period, but lost this ability after a 5-day
culture period. The synthesis of cortisol from
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acetate(7) and progesterone(8) has been pre-
viously demonstrated during incubation with
human fetal adrenal tissues.

Endogenous steroid synthesis by fetal adre-
nals could not be demonstrated in our experi-
ments. Using post-natal adrenal tissue, Lan-
man reported 260 pg dehydroepiandrosterone
equivalents of Zimmermann reaction material
in extracts of media from adrenals obtained
from human infants and kept in culture for
6 to 17 days(9).

20a-Hydroxy-A*-pregnene-3-one was iso-
lated from the media of the ovarian cultures.
The isolated steroid probably represents a
conversion product from the substrate 7-°H-
progesterone, although formation from a trace
contamination in the substrate cannot be
entirely excluded. The substrate progester-
ione was shown to contain less than 0.1% of
the carbon-20a reduction product. 20e-
Hydroxy-A*-pregnene-3-one has been isolated
from fetal ovarian homogenates incubated
with 4-1*C-progesterone in phosphate buffer
(6).

Summary. Adrenal tissue from an 11-week-
old human fetus, maintained in organ culture
for 4 to 8 days, converted 7-3H-progesterone
to cortisol. Steroid synthesis from endogenous
precursors, both with and without added
ACTH in the culture medium, could not be
demonstrated. The definitive cortex of the
adrenal was histologically well maintained for
8 days in culture, while the fetal zone showed
evidence of extensive degeneration. Fetal
ovarian tissue under the same in vitro condi-
tions, formed 7-8H-20a-hydroxy-A*-pregnene-
3-one. The results demonstrate the capacity
for steroid synthesis by adrenal and ovarian
tissue from a human fetus maintained in
organ culture.

Addendum. While this report has been “in
press,” Stark et al(10) reported the synthesis
of corticosteroids, including cortisol, by adre-
nal glands from human fetuses, 18-36 cm
body length, maintained in organ culture for
25 days or less. Corticosteroid synthesis was
mazximal during the 3rd to 8th day of culture,
and was stimulated by ACTH.
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These experiments concern (a) the role
of adrenal steroids in inducing alterations
of the plasma volume of intact and adrenalec-
tomized dogs following introduction by ga-
vage of 250 ml of tap water or 0.9% NaCl
into the gastrointestinal tract and (b) the
effect of these steroids upon the plasma vol-
ume of intact animals subjected to prolonged
food and water deprivation.

Methods. Fourteen adrenalectomized and
18 intact dogs were used. The adrenals had
been removed for periods varying from several
months to several years. During these inter-
vals the animals were studied through cycles
of insufficiency and recovery on substitution
therapy. When used in the present experi-
ments they were strong, vigorous animals, at
peak weight and with normal blood chemistry,
plasma volumes and arterial pressures. They
were maintained by daily i.m. injections of
1 mg of desoxycorticosterone acetate in oil
(DCA) plus 1 g of NaCl in their daily ration
of fresh, ground, beef heart and puppy kibble.
Before starting an experiment, steroid and
salt supplements were withdrawn and control
readings obtained for blood concentration and
plasma volume. Food was withheld for the
ensuing 24 hours, but unless otherwise stated,

* Acknowledgement is made for financial and
other valuable aid: Ciba Pharmaceutical Products
Co., Schering Corp., Lederle Laboratories, National
Science Foundation, and Nat. Inst. of Arthritis and
Metab. Diseases, USPHS.

t Located at New Jersey Neuro-Psychiatric Inst.

access to water was permitted to the time
of steroid injection.

The free alcohols of the various steroids
used were solubilized for i.v. injection by
the method previously described(1). Saline
was administered by stomach tube and fol-
lowed within 5 minutes by i.v. injection of
steroid. One and one-half hours after the last
injection, blood samples were drawn. The
1.5-hour waiting period was arbitrarily chosen
but since it proved satisfactory it was ad-
hered to in all later experiments. No anes-
thesia was used at any time; the dogs were
trained to remain quiet and relaxed during
the necessary manipulations attending i.v.
injections and blood sampling. The plasma
volume method was that recommended by
Gregersen and Stewart(2) and Chien and
Gregersen(3). It has been utilized and ade-
quately described by the present writers(4).

Results. Plasma volume changes following
stomach tube administration of tap water or
0.9% saline to intact dogs. Nine dogs were
used: 4 for testing effects of tap water and
5 for similar studies of saline. After giving
the fluid the animals were placed in metabo-
lism cages for 1.5 hours and then sampled
at termination of this interval. The essential
data were averaged (Table I Al). The plas-
ma volume of dogs receiving tap water
showed no appreciable alteration nor was any
fluid voided during the test. The 5 animals
given 250 ml of 0.9% saline responded quite
differently. Plasma volume increased by an



