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ABSTRACT: This study examines the effects of prenatal exposure to
dexamethasone (DEX) on postnatal testosterone production in male
rats. Pregnant female rats were treated on gestation days 14–19 with
DEX (100 �g/kg body weight per day; n � 9) or vehicle (n � 9). Results
show that 35-day-old male offspring from DEX-treated pregnant females
(n � 42) had decreased levels of serum testosterone (45.6% lower, P
� .05) compared with control offspring (n � 43), although serum lutein-
izing hormone (LH) levels were not significantly altered. These findings
suggest that a direct programming of developing gonadal cells occurs
in response to high levels of maternal glucocorticoid. Indeed, testoster-
one production was significantly reduced in Leydig cells isolated from
immature offspring of DEX-treated pregnant females compared with
controls (48.3%, P � .001), and LH stimulation of these cells did not
compensate for the lowered steroidogenic capacity. The hypothalamic-
pituitary-adrenal axis was also affected, because significant reductions
in both serum adrenocorticotropic hormone (ACTH; 26.2%, P � .001)

and corticosterone (CORT; 32.3%, P � .001) were measured in DEX-
exposed immature male offspring. In contrast, adult male offspring from
DEX-treated dams had significantly higher levels of serum ACTH
(39.2%, P �. 001) and CORT (37.8%, P � .001). These same animals
had higher serum testosterone (31.6%, P � .05) and a significant re-
duction in serum LH (30.8%, P � .001). Moreover, Leydig cells isolated
from these adult offspring exhibited an increased capacity for testoster-
one biosynthesis under basal (38.6%, P � .001) and LH-stimulated
conditions (33.5%, P � .001). In summary, sustained changes in ste-
roidogenic capacity were observed in male rats exposed to high levels
of glucocorticoid during prenatal development. More specifically, DEX
exposure in utero perturbed Leydig cell testosterone production in both
pubertal and adult rats.
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In animals, it has been proposed that glucocorticoid ex-
posure during adulthood acts on the brain and pituitary

to inhibit testosterone production. For example, stress lev-
els of glucocorticoid (100 nM and higher) inhibit the re-
lease of gonadotropins from the pituitary by acting on
receptors in the hypothalamus (Veldhuis, 1997). In con-
trast, low serum testosterone concentrations observed in
males following chronic elevations in serum glucocorti-
coid due to military combat training, population stress, or
male competition are not associated with low serum lu-
teinizing hormone (LH; Boonstra and Singleton, 1993;
Bernton et al, 1995; Blanchard et al, 1995). Moreover,
restraint stress had no effect on the binding capacity or
affinity constants of testicular interstitial cell LH/human
chorionic gonadotropin receptors (Orr and Mann, 1990).
These studies suggest that in addition to action at sites in
the central nervous system, glucocorticoids act at other
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levels of the reproductive axis. Consistent with this hy-
pothesis, glucocorticoids are known to act directly on
Leydig cells via a glucocorticoid receptor (GR)-mediated
mechanism that results in reduced testosterone synthesis
(Stalker et al, 1989). It has also been demonstrated that
acute restraint stress disrupts testicular steroidogenesis in
adult male rats by inhibiting the activities of 17�-hydrox-
ylase and 17,20-lyase without affecting Leydig cell LH
receptors (Orr et al, 1994).

Maternal stress and its accompanying rise in circulating
glucocorticoids adversely affects the intrauterine milieu
and has been shown to predispose offspring to health
problems such as hypertension, diabetes, and reproductive
dysfunction in adult life (Langley, 1997; Seckl, 1998).
Maternal stress affects the reproductive axis, including the
brain, pituitary, and gonads, and significant increases in
glucocorticoid levels in dams have been associated with
a delay or impairment of male sex organ development in
offspring. For example, restraint stress applied to preg-
nant rats during gestation days (GDs) 14–21 resulted in
reduced testis weights and a shortened anogenital distance
in the male pups at birth (Dahlof et al, 1978); changes in
adult male sexual behavior were also correlated with pre-
natal dexamethasone (DEX) exposure (Ward et al, 1994).

In addition to possible effects on the developing hy-
pothalamic-pituitary-gonadal HPG axis, it has been
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shown that the fetal hypothalamic-pituitary-adrenal
(HPA) system is disturbed by high levels of maternal cor-
ticosterone (CORT; Henry et al, 1994; Takahashi et al,
1998). It is not clear, however, that high serum CORT is
directly responsible for perturbations in these feedback
systems during prenatal development. For example, treat-
ment with DEX, CORT, or restraint stress during the last
trimester of rat gestation results in differential effects on
the male offspring’s sexual behavior (Holson et al, 1995).
Because DEX is commonly used in clinical settings to
suppress preterm labor and promote fetal lung develop-
ment, it is important to examine the long-term effects of
this drug on postnatal development of the offspring. The
present study was designed to examine the effects of a
high level of maternal glucocorticoid activity on adrenal
and testicular steroid output in male offspring. This output
was assessed during pubertal development and adulthood.
In addition, Leydig cell function was examined in vitro
in order to determine whether prenatal exposure to DEX
directly affects the steroidogenic capacity of these cells.
Our data demonstrate that exposure to DEX in utero alters
serum CORT and testosterone concentrations, and chang-
es testosterone biosynthesis in both pubertal and adult rat
Leydig cells.

Materials and Methods

Animals
Eighteen female Sprague Dawley rats (250–300 g) pur-
chased from Charles River Laboratories (Wilmington,
Mass) were maintained under conditions of controlled
lighting (lights on from 0700 to 1900 hours) and temper-
ature (23�C) and given free access to food. The rats were
time-mated and administered either DEX (100�g/kg per
day; n� 9; Sigma Chemical Company, St Louis, Mo) or
vehicle (controls� saline� 0.4% ethanol, n� 9) sub-
cutaneously each day during days 14–19 of gestation.
(Day 0 is defined as the morning of appearance of the
vaginal plug. Gestation in the rat lasts 21–22 days.) We
based the 100�g/kg dose on numerous studies reported
in the literature (Bakker et al, 1995; Holson et al, 1995;
Nyirenda et al, 1998; Ahlbom et al, 2000), including an
extensive dose-response study conducted by Slotkin et al
(1992). The male offspring were weaned on postnatal day
21 and housed 5–6 per group according to litter. Immature
male offspring from DEX-treated (n� 42) and control
dams (n� 43) were taken from each litter and studied at
35 days of age. Adult males were killed and prepared for
study at 90 days of age (DEX-treated, n� 26; control, n
� 27). All animals killed were rotated in sets of control
and DEX-treated litters between the hours of 10:00 and
11:00 AM by asphyxiation with CO2 in a precharged
chamber. This protocol is in accordance with a procedure

that was approved by the Animal Care and Use Com-
mittee of Rockefeller University (protocol 412000R2).

Radioimmunoassays
On day 19 of pregnancy, maternal tail tip blood samples were
collected to determine serum CORT levels. Trunk blood was
collected from each individual offspring at 35 or 90 days and
analyzed for serum concentrations of adrenocorticotropin
(ACTH), CORT, testosterone, and LH. These hormones were
analyzed using specific radioimmunoassay procedures (Chan-
drashekar et al, 1988; Shan and Hardy, 1992; Monder et al,
1994).

Isolation and Purification of Leydig Cells
Leydig cells from 35- and 90-day-old animals were isolated ac-
cording to previously published protocols (Shan and Hardy,
1992). The immature (1.0� 106 cells/mL) or adult Leydig cells
(0.1 � 106 cells/mL) were incubated in culture medium consist-
ing of Dulbecco modified Eagle medium (DMEM)/Hams F-12
(1:1), 15 mM Hepes, 14 mM NaHCO3, and 1% bovine serum
albumin. The cells were maintained in a shaking water bath for
3 hours at 34�C. Incubations of triplicate samples were con-
ducted in medium alone (basal) or in medium plus a maximally
stimulating dose of ovine LH (100 ng/mL). At the end of 3
hours, the samples were centrifuged at 500� g and the super-
natants were analyzed for testosterone concentration by radio-
immunoassay. All testosterone values were normalized accord-
ing to the cell count that was determined using a hemacytometer.

Statistics
In each experiment, data were obtained from triplicate assays on
serum from each individual animal, and the results are expressed
as the mean� SEM. The overall experimental design was per-
formed twice to ensure that the results were repeatable. The data
were analyzed using analysis of variance followed by Newman-
Keuls multiple comparisons testing to identify significant differ-
ences between groups.

Results

Prenatal Exposure to Dexamethasone: Effects on Serum
Hormones
Treatment with 100�g DEX/kg per day during the final
week of rat pregnancy resulted in a 1-day delay of par-
turition, because control offspring were born on GD 21
and the DEX-treated offspring were born on GD 22. Pre-
natal exposure to DEX did not affect body or testis
weights in male offspring at 35 days or 90 days compared
with offspring from untreated pregnancies (data not
shown). However, DEX treatment sharply decreased ma-
ternal serum CORT (DEX, 13.33� 1.2 nm/mL vs control
121.25� 27.8 ng/mL,P � .001; Figure 1) consistent with
a negative feedback response to the high levels of cir-
culating DEX. The low levels of maternal CORT indi-
cated that the treated dams and their fetuses were pre-
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Figure 1. Serum CORT in dams and male offspring prenatally exposed
to DEX. Eighteen female Sprague Dawley rats were time-mated and
injected with either DEX (100 �g/kg · day	1, n � 9) or vehicle (controls;
saline � 0.4% ethanol, n � 9) subcutaneously on days 14–19 of ges-
tation. On day 19, tail vein blood was collected from the dam and ana-
lyzed for CORT using a specific radioimmunoassay. Immature male off-
spring from DEX-treated (n � 45) and control dams (n � 47) were taken
from each litter and killed at 35 days of age. Males from the same litter
were maintained until 90 days (adult DEX-treated n � 23, adult control
n � 24). Trunk blood was analyzed for hormone levels using a specific
radioimmunoassay. ***Denotes a difference compared with controls at P
� .001.

Figure 2. Serum ACTH levels in male offspring prenatally exposed to
DEX. Male littermates from control and DEX-treated pregnant rats were
killed on days 35 and 90. Trunk blood was analyzed for hormone levels
using a specific radioimmunoassay. ***Denotes a difference compared
with controls at P � .001.

dominantly exposed to DEX as the major circulating glu-
cocorticoid during the last trimester of gestation. Because
the half-life for DEX is approximately 9 hours (Charles
et al, 1993) and DEX treatment in this study ceased on
GD 19, direct effects of this steroid beyond parturition
are unlikely.

Male offspring from DEX-treated females had pro-
nounced changes in both serum CORT and ACTH levels
in the offspring from the two age groups (Figures 1 and
2, respectively). In the DEX-exposed immature offspring
(35 days old), serum CORT levels were significantly re-
duced (DEX, 60.67� 4.5 ng/mL vs control, 89.29� 6.7
ng/mL; P � .001) compared with controls. This finding
was associated with a decreased serum ACTH level
(DEX, 0.91 � 0.07 ng/mL vs control, 1.23� 0.12 ng/
mL; P � .001). In contrast, the adult offspring (90 days
old) exposed to DEX in utero had markedly higher serum

CORT (DEX, 81.27� 7.1 ng/mL vs control, 50.91� 5.6
ng/mL; P � .001) and circulating ACTH (DEX, 19.93�
3.41 ng/mL vs control, 12.26� 1.92 ng/mL;P � .001).

Serum testosterone levels were altered in the DEX-ex-
posed offspring at both ages (Figure 3). At 35 days, the
prenatally exposed males had twofold lower values for
serum testosterone (DEX, 0.32� 0.04 ng/mL vs control,
0.57� 0.06 ng/mL;P � .05) and at 90 days, testosterone
levels were 1.5-fold higher in DEX-exposed males (DEX,
3.26 � 0.19 ng/mL vs control, 2.23� 0.17 ng/mL;P �
.05). Serum LH levels were not significantly different
from controls in the immature animals (DEX, 0.25� 0.08
ng/mL vs control, 0.35� 0.10 ng/mL;P 
 .37); however,
the adult male offspring from treated dams exhibited a
marked reduction in LH (DEX, 0.31� 0.09 ng/mL vs
control, 0.44� 0.11 ng/mL;P � .001; Figure 4). These
data suggest that male offspring exposed to high levels
of glucocorticoid in utero are subject to perturbations in
both the HPA and the HPG systems during fetal devel-
opment. Moreover, the alterations in steroid output fol-
lowing prenatal exposure to DEX are sustained, with be-
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Figure 3. Serum testosterone levels in male offspring prenatally exposed
to DEX. Male littermates from control and DEX-treated pregnant rats
were killed on days 35 and 90. Trunk blood was analyzed for hormone
levels using a specific radioimmunoassay. **Denotes a difference com-
pared with controls at P � .05.

Figure 4. Serum LH levels in male offspring prenatally exposed to DEX.
Male littermates from control and DEX-treated pregnant rats were killed
on days 35 and 90. Trunk blood was analyzed for hormone levels using
a specific radioimmunoassay. **Denotes a difference compared with con-
trols at P � .05.

low-normal levels in immature males at 35 days and el-
evated levels in adults at 90 days.

Prenatal Exposure to Dexamethasone: Effects on Leydig
Cell Steroidogenic Capacity
In vitro analysis of Leydig cell function indicated that age-depen-
dent changes in Leydig cell steroidogenic capacity correlated well
with changes in serum testosterone concentrations in offspring from
both age groups. Cells purified from 35-day-old DEX-exposed
males had lower rates of testosterone production under both basal
(3.81� 0.25 vs 7.37� 0.33 ng/106 cells per 3 hours, respectively;
P � .001; Figure 5) and LH-stimulated conditions (48.97� 4.2 vs
82.33� 5.2 ng/106 cells per 3 hours;P � .001; Figure 6). This
demonstrated that although LH responsiveness was intact, LH stim-
ulation did not compensate for the reduction in testosterone biosyn-
thesis observed in the immature Leydig cells. In contrast, cells iso-
lated from adult DEX-exposed males had higher rates of testoster-
one production compared with controls under basal (DEX, 27.49
� 1.7 vs control, 16.89� 0.81 ng/106 cells per 3 hours;P � .001;
Figure 5) and LH-stimulated conditions (DEX, 275.05� 10.4 vs
control, 182.96� 10.4 ng/106 cells per 3 hours;P � .001; Figure
6). Moreover, the increased steroidogenic capacity of purified adult
Leydig cells was consistent with the increased serum testosterone
values observed at 90 days. It is possible that prenatal exposure to
DEX alters gene expression for key steroidogenic components in
Leydig cells during fetal development in an attempt to oppose per-

turbations in the fetal HPA and HPG systems. The findings reported
here provide evidence that fetal compensation does occur, and that
prenatal exposure to DEX directly affects Leydig cell postnatal de-
velopment and function.

Discussion

The data presented herein support the hypothesis that male
offspring exposed to high levels of glucocorticoid in utero
exhibit sustained changes in both the HPA and HPG axes
during pubertal development and adulthood. Studies to
date suggest that the stress-induced increases in maternal
glucocorticoid during pregnancy alter genetic program-
ming of the fetus (reviewed in Langley, 1997; Weinstock,
1997; Seckl, 1998). Moreover, this developmental imprint-
ing disturbs adrenal and reproductive function in the adult
animal (Anderson et al, 1986; Kerchner and Ward, 1992;
Maneoka et al, 1997). Our experiments support this hy-
pothesis. At 35 days of age, significant reductions in serum
ACTH, CORT, and testosterone occurred in the DEX-ex-
posed males compared with control offspring at the same
age, although no significant change was observed in serum
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Figure 5. Basal testosterone production by Leydig cells in vitro. Purified
Leydig cells from 35- and 90-day old male offspring borne of DEX-treated
or control rat dams were incubated in DMEM/F12 medium at a concen-
tration of 1.0 � 106 cells/mL and 0.25 � 106 cells/mL, respectively. ***De-
notes a difference compared with controls at P � .001.

Figure 6. LH-stimulated testosterone production by Leydig cells in vitro.
Purified Leydig cells from 35- and 90-day old male offspring borne of
DEX-treated or control rat dams were incubated in DMEM/F12 medium
in the presence of ovine LH (100 ng/mL) at a concentration of 1.0 � 106

cells/mL and 0.25 � 106 cells/mL, respectively. ***Denotes a difference
compared with controls at P � .001.

LH. In contrast, adult males from the same DEX-exposed
litters had significantly higher serum ACTH, CORT, and
testosterone levels compared with control offspring, as well
as a significant reduction in serum LH.

The developmental change from low serum ACTH,
CORT, and testosterone in the pubertal males to high se-
rum ACTH, CORT, and testosterone in the adult male
offspring from treated dams may indicate that output from
the HPA and HPG axes was lowered due to a maturational
delay. Evidence supporting the hypothesis that prenatal
stress and its accompanying glucocorticoid excess results
in a developmental delay has been reported (Barlow et al,
1978, Weinstock et al, 1988). Although glucocorticoid
hormones are necessary for organogenesis, excessive ex-
posure to DEX during adrenal development results in de-
sensitization of the GRs and a consequent atrophy of both
the medulla and cortex in immature 35-day-old offspring
(Betito et al, 1993; Hristic et al, 1997; Manojlovic et al,
1998). Additional studies have shown that prenatal DEX
exposure delays biochemical differentiation and cardiac
development in rats. (Torres et al, 1997). The reproductive
axis is also affected; offspring from dams exposed to
DEX display a pubertal delay in development of the ex-
ternal genitalia (Smith and Waddell, 2000). These reports

support the possibility that the significant reductions in
ACTH, CORT, and testosterone and LH measured in the
present study are also due to a maturational delay in the
35-day-old males.

Because the hormonal parameters of immature males
are in developmental flux, it was necessary to conduct
measurements on 90-day-old adult rats in which these pa-
rameters are considered to be more stable and thus more
reliably indicative of sustained changes in neuroendocrine
function. The levels of circulating ACTH, CORT, and tes-
tosterone in the adult males were, interestingly, all sig-
nificantly higher compared with controls. However, the
serum LH in adult offspring from DEX-treated dams was
significantly lower compared with controls. These data
suggest that a long-term change in adrenal and testicular
steroidogenesis occurred. The increased capacity of adult
Leydig cells for testosterone biosynthesis was not due to
an overproduction of circulating gonadotropin; in fact, the
down-regulation of LH in the treated group indicates that
the negative feedback system at the level of the brain and
pituitary is intact. Conversely, the higher levels of ACTH
and CORT in the DEX-exposed offspring suggest that the
negative feedback in the HPA system has been perturbed.
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It is possible that these two findings can be interrelated
via a down-regulation of GR gene expression in feedback
target tissues such as the hippocampus, hypothalamus,
and pituitary of the HPA system as well as a reduced GR
gene expression in Leydig cells.

Numerous studies have demonstrated that the GR is
integrally involved in the negative feedback regulation of
the stress response (reviewed in Keller-Wood and Dall-
man 1984; Sapolsky, 1985). Exposure to high levels of
maternal glucocorticoid during critical windows of organ-
ogenesis could affect both the HPA and HPG by altering
the expression of GR in order to compensate for the ex-
cess levels of glucocorticoid presented to the differenti-
ating target tissues, most notably brain, pituitary, and tes-
tis (Pollard, 1985; Barbanges et al, 1996; Takahashi,
1998; Dean and Matthews, 1999). Moreover, a recent
study has shown that maternal exposure to DEX results
in a significant decrease in hippocampal GR concentra-
tions in male offspring (Levitt et al, 1996). It is possible
that this programmed reduction in GR level diminishes
the effectiveness of circulating CORT as a negative feed-
back component. This change would then blunt HPA
feedback termination of the stress response, resulting in
higher levels of circulating effector molecules, most no-
tably ACTH and CORT, as is shown in our study. In
contrast to the hippocampal studies, the effects of mater-
nal DEX on the developing hypothalamus and pituitary
have not been examined; however, exogenous cortisol has
been shown to alter GR messenger RNA in the devel-
oping ovine pituitary (Matthews, 1995).

It is possible that the effects of excess glucocorticoid
on the HPG axis during gestation also result from changes
in GR regulatory systems, particularly in the testis. It has
been shown that glucocorticoids act directly on adult Ley-
dig cells via a GR-mediated mechanism that results in
reduced testosterone synthesis (Ge et al, 1997). Moreover,
males exposed to excess glucocorticoids after reaching
adulthood experience the inhibitory actions of these hor-
mones on testicular steroidogenesis (Charpenet et al,
1981; Welsh et al, 1982; Orth et al, 1983; Orr and Mann,
1992; Orr et al, 1994). However, just as glucocorticoid
has been shown to modulate testicular function, there is
also testosterone action on the adrenal gland. Testosterone
inhibits HPA activity, thus maintaining reproductive com-
petence during chronic stress in the adult (Handa et al,
1994a,b). Interaction between the two systems is also
prominent during GDs 14 through 19, when simultaneous
differentiation of both the HPA and HPG axes occurs (Se-
talo and Nakane, 1976; Wilson et al, 1983). Because cen-
tral and peripheral homeostatic regulatory systems are be-
ing established and matched to the existing milieu at this
time, any environmental factors that significantly alter the
timing of fetal testosterone synthesis, adrenal steroid pro-
duction, or both may result in long-term endocrine chang-

es. For example, exposure to excess glucocorticoid in
utero results in reduced levels of testosterone and LH in
the male fetus (Ward and Weisz, 1980, 1984; Salisbury
et al, 1989). In contrast, adult male offspring from re-
straint-stressed dams had a significantly higher level of
serum testosterone, whereas LH levels remained relative-
ly constant (Ward et al, 1996). Moreover, the adult off-
spring from the restraint-stressed dams also exhibited a
marked tendency to display lordosis (Ward, 1972), al-
though the effects on copulatory response were less clear
(Ward et al, 1994). The increased lordosis potential (Ward
et al, 1994) was, surprisingly, associated with a signifi-
cantly higher serum testosterone level in adult males
(Ward et al, 1996). These studies suggest that decreased
fetal LH and testosterone levels in response to excess glu-
cocorticoid exposure during development may in part be
predicates of a change in target tissue sensitivity in the
adult offspring. Our data support this model because, de-
spite high levels of circulating CORT in adult males from
DEX-exposed dams, the serum testosterone levels were
significantly higher compared with controls. The expected
down-regulation of testosterone by CORT was not ob-
served, and this finding suggests that the responsiveness
of the Leydig cell to circulating glucocorticoid was di-
minished. It is possible that an in utero reduction in tes-
ticular GR gene expression leads to a consequent decrease
in GR-mediated inhibition of Leydig cell steroidogenesis
and higher levels of circulating testosterone in the adult.

Although it is possible that the effects of glucocorticoid
on testicular steroidogenesis may operate indirectly at the
level of the brain and pituitary gonadotropes, studies have
shown that the reduction of testosterone in stressed adult
animals exposed to high circulating CORT has not been
associated with consistent changes in LH concentrations
(Pollard et al, 1980; Orr and Mann, 1990; Srivastava et
al, 1993). In fact, various forms of chronic stress have
been shown to decrease (Tache et al, 1980), increase
(Briski et al, 1984), or have no effect (Charpenet et al,
1982) on serum LH levels in the male rat despite the
suppression of circulating testosterone. In our study, the
negative feedback system between serum testosterone and
LH appears to be operating in the DEX-exposed adult
offspring because the high levels of testosterone were as-
sociated with the expected lowering of LH. These find-
ings suggest that prenatal exposure to DEX may act di-
rectly on components regulating testosterone biosynthesis
in the differentiating Leydig cells rather than at higher
centers of the HPG axis. In order to determine whether
the steroidogenic response in the prenatally exposed off-
spring was a result of a sustained change in Leydig cell
function, we examined the capacity for testosterone bio-
synthesis in Leydig cells isolated from the 35- and 90-
day-old males. Following short-term 3-hour culture, tes-
tosterone production in cells isolated from the immature
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offspring was lower under both basal and LH-stimulated
conditions. In contrast, Leydig cells isolated from the
adult littermates were capable of producing significantly
higher levels of testosterone. These data demonstrate that
Leydig cell steroidogenic capacity had been directly af-
fected by prenatal exposure to DEX.

Our results suggest that the HPA axis is in part altered
at the level of the brain and pituitary, because the high
levels of ACTH and CORT indicate a reduction in neg-
ative feedback. Moreover, the HPG axis appears to be
affected primarily at the level of testicular Leydig cells
because serum testosterone levels are significantly higher
than in controls even though the negative feedback on LH
is maintained. It is possible that the GR regulatory sys-
tems may be central to the observed output in circulating
steroids. Currently, this hypothesis is being explored in
our laboratory. Studies designed to investigate the post-
natal effects of prenatal exposure to DEX are important
because this steroid is used clinically as a therapeutic in
women at risk for preterm labor and delivery. However,
the long-term consequences of prenatal exposure to this
glucocorticoid have not been thoroughly investigated. Our
study demonstrates that high levels of maternal glucocor-
ticoid perturb the steroid output from both the HPA and
HPG axes. More specifically, we have shown that the ef-
fects of DEX on Leydig cell steroidogenesis in utero per-
sist into postnatal development. Unlike the transient ef-
fects experienced following adult exposure to stress levels
of glucocorticoid, prenatal exposure exerts a sustained
perturbation in male steroidogenesis.
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