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SUMMARY

The in vitro synthesis of corticoids from [4-'*C] progesterone by the adrenal glands of rat fetuses
after treatment of intact and adrenalectomized females with dexamethasone was investigated. Dexameth-
asone strongly inhibited fetal adrenal growth and fetal adrenal synthesis of corticosterone. Fetal adrenal
glands converted [4-'*C] progesterone to deoxycorticosterone (DOC), corticosterone, 18-hydroxy-11-
deoxycorticosterone (18-OH-DOC), 18-hydroxy-corticosterone (18-OH-B) and aldosterone. Dexametha-
sone markedly suppressed transformation of [4-'“C] progesterone in vitro to corticosterone, DOC,
and 18-OH-DOC and increased production of 18-OH-B and aldosterone. These results indicate that
fetal adrenal growth and fetal adrenal synthesis of DOC, corticosterone and 18-OH-DOC. but not
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of 18-OH-B and aldosterone, are controlled by fetal ACTH during the last days of intrauterine develop-

ment.

INTRODUCTION

The factors involved in the development of fetal
steroidogenesis are insufficiently understood. While
adrenalectomy of the pregnant rat increases the size
of the fetal adrenals and their corticosterone produc-
tion[ 1-6]. high concentration of maternal plasma cor-
ticosterone inhibits fetal adrenal growth and fetal
adrenal steroidogenesis [2-9]. Fetal ACTH deficiency
after fetal encephalectomy{4] or implantation of
ACTH secreting tumor to pregnant rats [3, 10] results
in retardation or cessation of fetal adrenal growth
and differentiation [3, 4, 6, 10, 11].

In the experiments reported in this paper dexa-
methasone which markedly suppresses both maternal
and fetal pituitary-adreno-cortical endocrine sys-
tem [8,9, 12, 13] was given to pregnant rats from the
15th day of pregnancy. Fetal adrenal growth and fetal
adrenal steroidogenesis in vitro were examined.

MATERJALS AND METHODS

Pregnant rats of the Fischer strain and their fetuses
were used. The animals were kept in an air condi-
tioned animal room at temperature of 24-25°C on
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a daily regimen of 14 h light and 10 h darkness. Water
and standard laboratory diet were continuously avail-
able. 3-month-old females were caged with males
overnight and examined each morning for spermato-
zoa in the vagina. The day when spermatozoa were
found was designated day 1 of pregnancy. Intact and
adrenalectomized females were used. On the 12th day
of pregnancy one group of females was adrenalecto-
mized by the dorsal approach under ether anesthesia.
Intact rats and one group of adrenalectomized
females were given dexamethasone 21 phosphate
sodium salt (Lek Yugoslavia) in the drinking water
(10 pg/ml) from the 15th day to the 22nd day of preg-
nancy. The intake of dexamethasone per rat was ap-
proximately 230-260 ug per 24 h. All females were
killed under ether anesthesia between the 17th and
the 22nd day of pregnancy. To test reversibility of
inhibition of fetal adrenal growth by dexamethasone
a group of pregnant rats drank dexamethasone in
drinking water (10 ug/ml—approximately 230-260 ug/
rat per 24 h) on the 15th and 16th day, and the 17th
and 18th day of pregnancy. The rats were killed on
the 20th day and 22nd days of pregnancy. Fetuses
were removed, dried on filter paper and weighed on
an analytical balance. The fetuses were decapitated
and their blood was collected for corticosterone ana-
lyses according to the method of Zenker and Bern-
stein[ 14]. Adrenal glands from one or two fetuses
were cleaned of adhering tissues under a stereomic-
roscope, dried with filter paper and weighed. Each
pair of fetal adrenal glands was incubated in 2 ml
of Krebs-Ringer bicarbonate buffer pH 7.4 containing
4 mg of glucose and 0.4 uCi of [4-'*C] progesterone
(Amersham, Great Britain, 60.6 mCi/mmol) in a meta-
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bolic shaker over a period of 3 h at 37°C in an atmos-
phere of 0,—CO, (95-5%). Progesterone conversion
per pair of fetal adrenals accounts for 289, of the
added substrate [11]. The radioactivity that remained
in the incubation tissue after washing it with 2mil
of Krebs—Ringer bicarbonate buffer accounted for
100-600 d.p.m./pair of fetal adrenals, *H labeled pro-
gesterone and corticosterone were added to the incu-
bation medium for the determination of recovery after
extraction. The incubation medium was extracted 3
times with 10ml of a mixture of chloroform-meth-
anol (2:1), and evaporated to dryness in vacuum at
35°C. The dry residue was dissolved in ether and
transferred to a thin layer chromatography plate
coated with 250 um thick layer of silica gel GF.s4
(Merck, West Germany), and then developed in two
solvent systems: I Methylene dichiorede—n-heptane-
methanol (15:4:1 by vol) and II benzene-acetone-n-
heptane-methylene dichloride (4:4:2:1 by vol) at
20-24°C. In addition to labelled steroids the following
unlabelled corticoids were subjected to thin layer
chromatography: progesterone. corticosterone (B),
11-deoxycorticosterone (DOC), 18-hydroxy-11-deoxy-
corticosterone (18-OH-DOC), 18-hydroxy-corticoster-
one (18-OH-B) and aldosterone. After developing the
thin layer plates steroids hormones were detected on
the chromatograms using U.V. light and iodine vapor.
The radioactive spots were detected following auto-
radiography on X-ray films. All radioactive steroids
were identified by recrystallization to constant
S.A.[15] as described previously [6, 16].

The steroids were scraped off the plates into scintil-
lation vials and the radioactivity of samples was
determined by the liquid scintillation counter Mark
I1. The overall recovery of radioactive steroids includ-
ing loss in chromatography was 75-80%,. The radioac-
tivity obtained in d.p.m. was converted by mean of
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S.A. into ng per 2ml incubation medium [6]. After
analysis of variance and the test of homogeneity of
variance, Student’s t-test or Kramer’s multiple range
test [17] were used to calculate the significance of dif-
ferences between groups.

RESULTS

Fetuses from pregnant rats drinking dexametha-
sone from the 15th day of pregnancy had lighter body
and adrenal weights and lower concentration of
plasma corticosterone during the last 4 days of intra-
uterine development (Table 1). There was no differ-
ence in absolute adrenal weights and plasma cortico-
sterone concentration between fetuses from intact and
adrenalectomized dexamethasone treated pregnant
females. Reversibility of dexamethasone inhibition of
fetal adrenal growth is demonstrated by the results
presented in Table 2.

Fetal adrenal glands converted [4-'“C] progester-
one added to the incubation medium to DOC, cor-
ticosterone, 18-OH-DOC, 18-OH-B and aldosterone
(Fig. 1). Radioactive DOC, corticosterone and
18-OH-DOC were found in the incubation medium
following the incubation of adrenal glands of 17-day-
old fetuses of all three groups of females. The
amounts of those compounds were increased more
than twice after the incubation of adrenals of 18-day-
old fetuses reaching the maximal values by incubating
the adrenals of 20-day- and 21-day-old fetuses and
decreased amounts following the incubation of
adrenals of 22-day-old fetuses of control females. The
ability of fetal adrenal glands, of dexamethasone
treated females, to convert [4-'*C] progesterone to
DOC, corticosterone and 18-OH-DOC was practi-
cally the same over the period of 17th to 22nd day
of intrauterine development. Small amounts of radio-

Table 1. Body weights, adrenal gland weights, and plasma corticosterone concentrations of 17-22-day-old fetuses from
intact females (INT), and intact {INTD) and adrenalectomized {ADXD) rats treated with dexamethasone from the
15th to the 22nd day of intrauterine development

Plasma corticosterone

Fetal Body weight (g) Adrenal weight (mg) (ug/100 mi)
age
(days) INT INTD ADXD INT INTD ADXD INT INTD ADXD
17 0.45 0.34 0.39 0.35 018 018 — — -
+0.0t +0.01 +0.01 +0.01 +0.01 +0.01
18 0.63 0.62 0.59 0.76 0.24 0.23 — — —
+0.01 +0.01 +0.01 +0.02 +0.01 +0.01
19 1.25 054" 0.96° 1.17 0.3 0.34 17.6 5.8 6.0°
+0.02 +0.01 +0.02 +0.02 +0.02 +0.02 +1.8 +04 +03
20 1.88 133 124 1.33 04r 0.43 237 5P 5.3
+0.06 +0.01 +0.02 +0.03 +0.02 +0.02 +19 +0.3 +0.2
21 3.48 151 1.5¢ 2.16 0.52 0.54 213 2 35
+0.07 +0.02 +0.05 +0.05 +003 +0.02 +16 +0.1 +0.2
22 4.08 1,65 1.86° 1.78 0.49 0.48° 12.6 2.2 1.
+0.02 +0.04 +0.03 +0.04 +0.01 +0.02 +0.7 +0.1 +0.1

Mean + S.E.; 8 fetuses per group from 4-5 females. s = significant difference vs intact group date. Adrenalectomy
was performed on the 12th day of gestation— Not measured. The intake of dexamethasone per rat was approximately

230-260 ug per 24 h.
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Table 2. Influence of 2-day dexamethasone treatment of
the pregnant rats upon the fetal adrenal weight 2, 4 and
6 days later

Dexamethasone
treatment Adrenal weights (mg)
Age of fetuses: 20 22
0 1.81 + 009 205 + 009
1 105 + 0.2 143 + 0.06
11 0.58 + 0,06 L1t + 006

Mean + S.E., 4-5 females—24-30 fetuses per group. 1
The rats drank dexamethasone in drinking water on the
15th and 16th days of pregnancy. II. The rats drank dexa-
methasone in drinking water on the 17th and 18th days
of pregnancy.

active 18-OH-B and aldosterone were found in the
incubation medium following the incubation of
adrenal glands of 19-day- and 20-day-old fetuses, re-
spectively, of all three groups of females. These two
compounds were found in increasing amounts in the
incubation medium after the incubation of adrenal
gland of 20-day-, and 2i-day- and 22-day-old fetuses.
It seems that dexamethasone treatment of pregnant
rats stimulates the fetal adrenal glands to produce
more 18-OH-B and aldosterone, particularly on the
last day of fetal development.

DISCUSSION

Reduction in body weight gain of fetuses from dex-
amethasone treated intact and adrenalectomized
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pregnant rats from the 19th day of intrauterine devel-
opment onward is in agreement with the results of
Chamberlain and Kasahara[12]. More pronounced
retardation of adrenal gland growth of fetuses from
dexamethasone treated females as compared to a
degree of reduction of adrenal weight of fetuses with
totally blocked pituitary adrenocorticotrofic  ac-
tivity [3] indicates a possibility that some other fac-
tor(s), except fetal ACTH but susceptible to dexa-
methasone, influences fetal adrenal growth. An alter-
native explanation would be nonspecific inhibitory
effect of dexamethasone on fetal growth in general.
However, the reversibility of that inhibition argues
against such a possibility (Table 2). The ability of the
adrenal glands to convert [4-'*C] progesterone to
DOC, corticosterone and 18-OH-DOC 2-3 times
more on the 18th day than on the 17th day of intra-
uterine development is in accord with the earlier data
on the synthesis of corticosterone in the fetal adrenal
glands and of the fetal pituitary ACTH activity from
18th day of the intrauterine life on [3,6,10,18]. It
is well known that a high concentration of maternal
plasma corticosterone on the last day of pregnancy
partially inhibits fetal adrenal growth and se-
cretion[3,6, 10}, which seems to be a plausible
explanation for the decreased ability of the fejal
adrenal gland to convert [4-1#C] progesterone to cor-
ticosterone, DOC and 18-OH-DOC on the 22nd day
of intrauterine development. The inhibition of adrenal
glands of fetuses from dexamethasone treated intact
and adrenalectomized females to produce cortico-
sterone, DOC and 18-OH-DOC from [4-*C] pro-
gesterone shows that this process is at least partially
controlled by fetal ACTH over a period from the 17th
to the 22nd day of fetal development. Conversion of
[4-**C] progesterone to 18-OH-B and aldosterone by
fetal adrenal glands was initiated on the 19th and
20th day of intrauterine development, respectively.
Contrary to the decreased production of cortico-
sterone, DOC and 18-OH-DQC, conversion of pro-
gesterone to 18-OH-B and aldosterone is high even
on the last day of fetal life. Failure of dexamethasone
to inhibit production of 18-OH-B and aldosterone in-
dicates that this process is probably not coatroiled
by the fetal pituitary 'ACTH. Perhaps significantly
greater capacity of adrenal glands from fetuses of dex-
amethasone treated females in production of
18-OH-B and aldosterone results from reduced syn-
thesis of other corticoids during this period of fetal
life.

Our results show a parallelism between trophic and
secretory activities of fetal ACTH, both being simi-
larly inhibited by dexamethasone. This is even more
evident when fetal adrenal gland capacity to convert
[4-1%C] progesterone to corticosterone, DOC and
18-OH-DOC js expressed as corticoid production per
mg of gland. In other words, production of the men-
tioned corticoids per mg of gland is similar in all
three groups of fetuses. On the other hand, fetal
adrenal production of [8-OH-B and aldosterone per
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mg of tissues is several times greater in groups of
fetuses belonging to dexamethasone treated females.
The stimulatory effect of dexamethasone in this pro-
cess cannot be ruled out on the basis of results pre-
sented in this paper.
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