Psychopharmacology (2006) 186: 343-350
DOI 10.1007/s00213-005-0253-7

ORIGINAL INVESTIGATION

Cheryl A. Frye - Madeline E. Rhodes -
YogendraSinh H. Raol - Amy R. Brooks-Kayal

Early postnatal stimulation alters pregnane neurosteroids

in the hippocampus

Received: 1 April 2005 / Accepted: 18 October 2005 / Published online: 21 February 2006

© Springer-Verlag 2006

Abstract  Rationale: The progesterone metabolite 5o-
pregnane-3 -0l-20-one (3¢,5-THP) is an important mod-
ulator of the hypothalamic—pituitary—adrenal axis and
stress-induced corticosterone response. Typically, 30,5~
THP levels are increased in response to acute stress, which
may then reduce corticosterone release from the adrenals.
Early postnatal stimulation is a developmental stressor that
can produce pervasive endocrine effects. Objectives: The
present studies investigated the effects of early postnatal
stimulation on plasma progestin and corticosterone levels
and hippocampal progestin levels of rats. Methods: On
postnatal days 9 and 10, rats were either left in their home
cage undisturbed or injected intraperitoneally as a means of
early stimulation (ES). Tissues were collected on either
postnatal day 10 (6 h after last handling experience) or
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adulthood. Plasma corticosterone, progesterone, and 30,5~
THP and hippocampal progesterone and 3x,5x-THP were
measured by radioimmunoassay. Results: On postnatal
day 10, plasma, but not hippocampal, levels of progesterone
and 3a,5«-THP were significantly lower among rats
exposed to ES than control rats. These effects occurred
concomitant with a tendency for plasma corticosterone to be
higher among ES compared to control rats. In adulthood,
hippocampal 3o, 5x-THP was significantly lower among ES
vs control rats. Conclusions: Together, these data suggest
that ES may influence immediate secretion of 3x,5a-THP
and corticosterone and have pervasive effects in adulthood
on the biosynthesis and/or metabolism of progestins in the
hippocampus.
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Introduction

Behavioral and endocrine responses to acute stress are
influenced by early postnatal experience (Ader 1965;
Denenberg et al. 1963; Meaney et al. 1996). Postnatal
manipulations can have disparate effects to alter hypotha-
lamic—pituitary—adrenal (HPA) response to stress. Two
classes of postnatal manipulations, handling and maternal
separation, are commonly utilized to investigate effects on
stress-responsiveness. Handling involves removing pups
from the dam for a constant, but brief, period of time
(usually more than 2, but less than 15 min per day; Madruga
et al. 2005; Maldonado and Kirstein 2005). Much longer
periods of removal from the dam are typically referred to as
maternal separation (Madruga et al. 2005). Although these
stressors vary in the degree of disruption of factors that are
important for normal development, both can produce salient
alterations in behavioral and/or neuroendocrine stress
responses.

Handling typically reduces HPA-responsiveness. For ex-
ample, handling on postnatal days 1-21 decreases anxiety,
increases exploration, enhances emotional learning, and
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reduces corticosterone and adrenocorticotropin (ACTH) re-
sponse to acute stress as adults (Ader 1970; Levine et al.
1967; Meaney et al. 1996; Nunez et al. 1996). This chronic
early postnatal handling paradigm also results in long-term
increases in glucocorticoid receptors in the hippocampus
(Meaney and Aitken 1985). In addition, repetitive, brief
periods of early postnatal handling protect against age-related
hippocampal neuronal death and cognitive impairments
(Meaney et al. 1988). Thus, early exposure to handling stress
can have profound effects on neuroendocrine and behavioral
systems, which can persist into adulthood.

Maternal isolation typically increases later HPA-respon-
siveness (Macri et al. 2004). Maternal separation increases
vocalization of pups, as well as corticosterone secretion, and
dopamine turnover in the hypothalamus (Kehoe et al. 2000;
McCormick et al. 2002). The increase in corticosterone
produced by maternal separation on postnatal days 2-9 per-
sists until postnatal days 2630 and occurs concomitant with
elevations in whole brain levels of the progesterone metab-
olite Sa-pregnane-3-0l-20-one (3a,5x-THP) (Kehoe et al.
2000; McCormick et al. 2002). Furthermore, pups that are
separated from dams daily on postnatal days 2—6 or 15-21
show poorer learning as juveniles and more anxiety behavior
as adults (Frisone et al. 2002; Zimmerberg and Kajunski
2004). Thus, maternal separation can also have acute and
pervasive effects on neuroendocrine and/or behavioral re-
sponse to stress.

One way in which early stimulation (ES), such as
handling and/or maternal separation, may influence behav-
ioral and/or neuroendocrine response to stressors is through
effects at the y-aminobutyric acid (GABA) system. For
example, ES can alter GABA, receptor binding and
expression of GABA, receptor subunits. Repeated, pro-
longed bouts of maternal separation decrease GABA,
receptor binding (Caldji et al. 2000). As few as two short-
term episodes of ES alter stress-responsiveness and decrease
GABA, receptor 1 subunit expression in adulthood (Hsu
et al. 2003). Levels of, and/or response to, 3x,5«-THP, a
potent positive modulator of GABA 4 receptors, are altered
by stress (Barbaccia et al. 2001; Paul and Purdy 1992; Purdy
et al. 1991). Acute increases in 3x,5x-THP in the hippo-
campus produce anxiolytic, antistress, and antiseizure
effects akin to that of other GABA, receptor agonists
(Bitran et al. 1991, 1999; Finn et al. 2003; Frye et al. 2000;
Majewska et al. 1986; Rhodes and Frye 2001). 3x,5«-THP
is expressed across a variety of mammalian and amphibian
species (Barbaccia et al. 2001; Mensah-Nyagan et al. 2001).
Among rodents, 3,5«-THP is secreted as early in devel-
opment as embryonic day 18 (Kellogg and Frye 1999;
Kellogg et al. 2005). Rat pups’ distress vocalizations
produced by maternal separation on postnatal day 7 are
attenuated by 3o, 5a-THP administration (Zimmerberg et al.
1999). These findings, in conjunction with reports that
30, 5a-THP dampens HPA responses (Patchev and Almeida
1996; Patchev et al. 1996), have led to the hypothesis that
ES may have proximate and/or pervasive effects on 3,5~
THP that may underlie ES-mitigated differences in neuro-
endocrine and/or behavioral response to stress (Barbaccia et
al. 2001). Thus, the present experiment examined whether

ES produced effects on 3c,5-THP levels in the circulation
and/or hippocampus of male rats in early development and/
or later in adulthood.

Methods and materials
Animals and handling

Experiment 1 Rats were generated at the Children’s
Hospital of Philadelphia from pregnant Sprague—Dawley
dams (n=6) received on gestational day 17 from Charles
River Laboratories. Dams were housed one per cage on a
12-h light/dark cycle with free access to food and water.
After delivery, pups remained with the dam until postnatal
day 9, when females were culled from the litters. Four to
eight males from each of the six litters were randomly
assigned to receive ES or be nonmanipulated controls.
Controls were never separated from the dam. Rats exposed
to ES were either injected on postnatal day 9 with lithium
chloride [3 meq/kg, intraperitoneal (IP); six litters] or
saline (0.1 ml, IP; five litters), or not injected and were
placed in a clean cage separate from the dam for 30 min.
On postnatal day 10, all ES groups were injected with
saline and placed in a clean cage separate from the dam for
6 h. As such, there were three ES treatments: (1) removal
from the dam for 30 min on day 9, followed by removal
from the dam for 6 h on day 10; (2) saline injection and
removal from the dam for 30 min on day 9, followed by
removal from the dam for 6 h on day 10; (3) lithium
chloride injection and removal from the mother for 30 min
on day 9, followed by removal from the dam for 6 h on
day 10. Previous studies on the effects of these different
ES on GABA4 receptor subunit expression reveal each ES
produced effects similar to other ES that were different
from controls (Hsu et al. 2003). Furthermore, one-way
analyses of variance (ANOVAs) were used to ascertain if
there were any differences between the three ES manip-
ulations on any measure; there were none, and these
groups were combined. Some rats (n=2-3) from each ES
group and from the control group were killed on postnatal
day 10, while other rats were allowed to grow to adulthood
(postnatal day 90). This resulted in four groups: ES
postnatal day 10 rats (#=10), control postnatal day 10 rats
(n=20), ES postnatal day 90 (n=10), and control postnatal
day 90 rats (n=8).

Experiment 2 Rats in experiment 2 were bred and raised in
the Laboratory Animal Care Facility at SUNY-Albany
from stock from Taconic Farms (Germantown, NY). As in
experiment 1, pregnant dams were housed one per cage
with free access to food and tap water in their home cages.
However, in this experiment, a reversed 12-h light/dark
cycle was used. After delivery, both male and female pups
remained with the dam. As in experiment 1, potential litter
effects were minimized by using a few pups per litter in
each experimental condition. On postnatal day 9, male
pups from six litters were randomly assigned to be con-
trols that were never separated from the dam or exposed to



ES with saline or no injections on postnatal day 9, and
placed in a clean cage separate from the dam for 30 min.
On postnatal day 10, each ES pup was placed in a clean
arena separate from the dam for 6 h. As such, in this
experiment, there were only two ES treatments: (1)
removal from the dam for 30 min on day 9, followed by
removal from the dam for 6 h on day 10; (2) saline in-
jection and removal from the dam for 30 min on day 9,
followed by removal from the dam for 6 h on day 10. As
ANOVAs indicated that there were no differences between
the two ES conditions, they were combined. Some rats
from each group were killed on postnatal day 10, while
other rats were allowed to grow to adulthood (postnatal
day 60). This resulted in four groups: ES postnatal day 10
(n=10), control postnatal day 60 (n=7), ES postnatal
day 60 (n=10), and control postnatal day 60 (n=7).

Tissue collection for progestin measurement

Rats from each group were killed on postnatal day 10 or in
adulthood by rapid decapitation. Trunk blood was collected
and remained on ice until refrigerated centrifugation (4°C
at 3,000xg for 8 min). Serum was aliquoted and stored at
—70°C until radioimmunoassay for corticosterone, proges-
terone, and 3&,5«-THP. Brains were rapidly removed,
placed in dry ice, and stored at —70°C until the hippocam-
pus was dissected bilaterally for radioimmunoassay for P
and 3o, 5x-THP.

Radioimmunoassay for corticosterone, progesterone,
and 3«,5x-THP

Corticosterone was extracted from plasma by heating at
80°C for 30 min. Samples were incubated for 60 min at
room temperature with *H CORT [NET 182: specific
activity=48.2 Ci/mmol; New England Nuclear (NEN),
Boston, MA] and a 1:20,000 dilution of antibody (Endo-
crine Sciences: #B3-163; Frye et al. 1996; Frye and Bayon
1999). This antibody cross-reacts slightly with deoxycor-
ticosterone (approximately 4%) but not with cortisol,
aldosterone, or progesterone (<1%). Dextran-coated char-
coal was used to separate bound and free following a 15-
min incubation on ice and centrifugation at 3,000xg for
10 min. The supernatant was decanted into a glass scin-
tillation vial with scintillation cocktail. Unknowns were
interpolated from the standard curve using Assay Zap. The
minimum level of detection with the assay is 15 pg/tube,
and the inter- and intra-assay reliability coefficients were
0.05 and 0.08, respectively.

Plasma and hippocampal progesterone were determined
by radioimmunoassay according to previously published
methods (Frye and Vongher 1999). Briefly, progesterone
was extracted from plasma samples by diethyl ether; the
solvent was removed using a speed drier, and samples were
resuspended in assay buffer (pH 7.4). For brains, hippo-
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campal tissue was homogenized with a glass/Teflon
homogenizer in distilled water. Steroids were extracted
from the homogenate with ether, dried down in an
evaporator drier, and the pellet was reconstituted in
trimethyl pentane (TMP) to half the homogenate volume.
Extracts were chromatographed using Celite column
chromatography. The progestin fraction was collected
using a 100% TMP wash. Fractions were dried using a
speed drier and then reconstituted in phosphate assay
buffer. Radioimmunoassay was performed using [*H] P
(NET-208, specific activity 48.4 Ci/mmol, NEN) and
antisera (P#337 from Dr. G.D. Niswender, Colorado State
University). The progesterone antibody was used in a
1:30,000 dilution and bound between 30 and 50% of [*H]
P. The standard curve was prepared in duplicate to give a
range of nine concentrations from 50 to 8,000 pg/ml, total
volume 800 pl. Incubation (4°C for 24 h) was terminated
by the addition of charcoal. Following a 15-min incubation
on ice, samples were centrifuged at 1,200xg for 10 min.
Sample concentrations were calculated using the logit-log
method (Rodbard and Hutt 1974). The minimum detectable
limit of the assay was 10 pg, and the intra-assay and inter-
assay coefficients of wvariance were 0.10 and 0.09,
respectively.

3a,5-THP was measured according to previously
established methods (Finn and Gee 1994; Frye et al
1998; Frye and Bayon 1999; Smythe et al. 1994). Briefly,
steroids were extracted from plasma samples using diethyl
ether. Steroids were extracted from homogenized brain
samples in 50% MeOH, 1% acetic acid; homogenate was
then centrifuged at 4°C, 1,200xg for 10 min. The
homogenate was filtered through Sepak cartridges and
washed with increasing concentrations of methanol (50 and
100%). Three hundred microliters of 0.1 M phosphate
assay buffer (pH 7.4) was added to test tubes containing
steroid extracts and equilibrated. The antibody, purchased
from Dr. Robert Purdy (Veterans Medical Affairs, La Jolla,
CA), is very specific to 3a,5x¢-THP (Finn and Gee 1994).
The 1:5,000 dilution of this antibody bound between 40
and 60% of [*H] 3&,5«-THP (NET-1047, 51.3 Ci/mmol;
NEN). Although there is cross-reactivity of this 3,5x-
THP antibody with 3 -hydroxypregn-4en-20-one (84%),
dihydroprogesterone (11%), its 3 isomer (7%), and P (6%),
there is negligible cross-reactivity (<2%) with pregneno-
lone and corticosterone, as well as other progestins. There
is also extensive cross-reactivity with the Sa-reduced
metabolites of corticosterone and deoxycorticosterone.
However, this antibody has been deemed suitable for
measurement of 3o,50-THP without high-performance
liquid chromatography purification (Finn and Gee 1994).
The standard curve was prepared in duplicate with a range
of nine concentrations from 50 to 8,000 pg/ml, total
volume 950 ul. Incubation at 4°C for 24 h was terminated
by charcoal separation of bound and free. Sample tube
concentrations were calculated using the logit-log method
of Rodbard and Hutt (1974), interpolation of the standards,
and correction for recovery. The minimum detectable limit
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of the assay was 50 pg. The intra- and inter-assay co-
efficients of variance were 0.12 and 0.15, respectively.

Statistical analyses

Two-way analyses of variance were utilized to examine
effects of ES and age on plasma and hippocampal steroid
concentrations. There were no differences among ES groups
(as has been previously reported) in either experiment;
therefore, these groups were combined to comprise the
handled group. The alpha level for significance was p<0.05.
Where appropriate, Fishers post hoc tests were utilized to
assess group differences.

Results
Experiment 1
Effects on postnatal day 10

Corticosterone Plasma corticosterone levels on postnatal
day 10 were altered by ES. On postnatal day 10, ES rats
had a tendency to have higher plasma corticosterone levels
than did controls [F(1,28)=3.06, P= 0.09; see Table 1].

Progesterone There were significant differences between
groups in plasma progesterone levels on postnatal day 10.
Rats that received ES had significantly lower plasma
progesterone levels compared with control rats on post-
natal day 10 [F(1,28)=10.29, P=0.003; see Fig. 1, left].
There were no differences between groups in hippocampal
progesterone levels on postnatal day 10 [F(1,28)=0.96,
P=0.34].

3a,5a-THP Early stimulation significantly lowered plasma
3a,5a-THP levels on postnatal day 10. Rats exposed to ES
had significantly lower plasma 3o,5¢-THP levels com-
pared with controls on postnatal day 10 [F(1,28)=15.86,
P=0.0004; see Fig. 1, right]. There were no statistically
significant effects of ES on hippocampal 3o,5«-THP levels
when measured on postnatal day 10 [F(1,28)=2.06,
P=0.16].

Effects in adulthood

Corticosterone There were no significant effects of ES on
postnatal days 9 and 10 to alter plasma corticosterone

Table 1 Plasma corticosterone levels on postnatal days (PND) 10
and 90 of control or ES rats in experiment 1

Control ES
PND 10 PND 90 PND 10 PND 90

1.9£0.2 3.6+£2.7 5.1+£1.2°

*Tendency for difference from controls (P=0.09)

Corticosterone (pLg/dl) 1.5+1.0
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Fig. 1 Plasma progesterone (left panel) and 3o, 5x-THP (right
panel) levels of control (black bar) and ES rats (striped bar) when
measured on postnatal day 10 in experiment 1. *Indicates significant
difference from controls (p<0.05)

levels on postnatal day 90 [F(1,16)=0.59, P=0.45; see
Table 1].

Progesterone There was no significant effect of ES on
plasma progesterone levels on postnatal day 90 [F(1,16)=
1.99, P=0.17]. However, the ES group had apparently
lower plasma progesterone levels (14+3 ng/ml) on postnatal
day 90 than did controls (23+6 ng/ml). There were also no
differences between groups in hippocampal progesterone
levels on postnatal day 90 [F(1,16)=0.89, P=0.36].

3a,5a-THP Although there were no effects of ES on
plasma 3x,5«-THP levels on postnatal day 90 [F(1,16)=
0.008, P=0.99; Fig. 2, left], there were significant
decreases in hippocampal 3«,5¢-THP levels of rats
exposed to ES [F(1,16)=6.99, P=0.02; see Fig. 2, right].
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Fig. 2 Plasma (left panel) and hippocampal 3x,5x-THP (right
panel) levels of control (black bar) and ES rats (striped bar) when
measured on postnatal day 90 in experiment 1. *Indicates significant
difference from controls (»p<0.05)



Table 2 Plasma corticosterone levels on PND 10 and 60 of control
or ES rats in experiment 2

Control ES
PND 10 PND 90 PND 10 PND 90

Corticosterone (pg/dl) 2.0£1.4 4.842.0 4.0+1.4 5.7+1.6

Experiment 2
Postnatal day 10

Corticosterone There were no significant effects of ES on
corticosterone levels on postnatal day 10 [F(1,15)=0.95,
P=0.34; see Table 2].

Progesterone Plasma progesterone levels on postnatal
day 10 were altered by ES. There was a tendency for rats
exposed to ES to have lower plasma progesterone levels
compared with controls [F(1,15)=4.04, P=0.06; sce
Fig. 3, left]. There were no effects of ES to alter levels
of progesterone in the hippocampus on postnatal day 10
[F(1,15)=0.29, P=0.59].

3a,5a-THP Exposure to ES altered plasma levels of
3a,5x-THP on postnatal day 10. Rats exposed to ES had
significantly lower plasma 3x,5«-THP than did controls
[F(1,15)=7.88, P=0.01; see Fig. 3, right]. There were no
significant effects of ES on levels of 3a,5¢-THP in the
hippocampus on postnatal day 10 [F(1,15)=0.63, P=0.44].

Effects in adulthood

Corticosterone There were no significant effects of ES on
corticosterone levels at postnatal day 60 [F(1,15)=0.11,
P=0.74; see Table 2].
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Fig. 3 Plasma progesterone (lefi panel) and 3o, S-THP (right
panel) levels of control (black bar) and ES rats (striped bar) when
measured on postnatal day 10 in experiment 2. *Indicates significant
difference from controls (p<0.05). “Indicates a tendency to be
different from controls (p=0.06)
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Fig. 4 Plasma (lefi panel) and hippocampal 3o, 5-THP (right
panel) levels of control (black bar) and ES rats (striped bar) when
measured on postnatal day 60 in experiment 2. *Indicates significant
difference from controls (p<0.05)

Progesterone There were no effects of ES to alter plasma
progesterone levels on postnatal day 60 [F(1,15)=0.01,
P=0.92]. There were also no effects of ES to alter levels
of progesterone in the hippocampus on postnatal day 60
[F(1,15)=0.01, P=0.99].

3a,5a-THP Plasma 3x,5x-THP on postnatal day 60 was
altered by ES. Rats exposed to ES had significantly lower
plasma 3x,5«-THP levels than did controls [F(1,15)=
6.95, P=0.02; see Fig. 4, left]. Levels of 3x,5«-THP in the
hippocampus were significantly altered on postnatal
day 60 by ES. Rats exposed to ES had significantly
lower 30, 50-THP levels than did controls [F(1,15)=12.11,
P=0.01; see Fig. 4, right].

Discussion

Results of the present studies supported our hypothesis that
progestin levels would be altered immediately following
ES, and that these alterations would persist into adulthood.
On postnatal day 10, there was a pattern for plasma cor-
ticosterone to be increased in ES, compared with control
rats. Plasma progesterone and 3x,5x-THP were decreased
in rats exposed to ES compared with controls on postnatal
day 10. As adults, rats exposed to ES had significantly
lower hippocampal 3x,5-THP levels than did controls.
Together, these data suggest that acute ES can have per-
vasive effects on neuroendocrine parameters.

Results of the present studies confirm and extend prior
reports that ES can alter 3o,50-THP secretion. Previous
data from our laboratory have shown that maternal sep-
aration increases whole brain 3x,5a-THP, perinatally and
up to postnatal day 30 (Kehoe et al. 2000; McCormick et al.
2002). Here, we show that ES produces lower levels of
progesterone and 3o, 5«-THP in plasma on postnatal
day 10. While we previously saw differences in whole
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brain levels of 3x,5«-THP produced by maternal separa-
tion, here, there were no differences in the levels of 3,5~
THP in the hippocampus of rat pups on postnatal day 10 that
had been exposed to ES. However, whole brain neuroen-
docrine measures do not reveal if there were increases or
decreases in specific areas. Indeed, endogenous levels of
3a,5-THP vary significantly between central nervous
system sites (Frye and Bayon 1999). Furthermore, in the
previous report, rats were exposed only to maternal sep-
aration, which typically increases response to stress,
whereas the ES paradigm that we used here also involves
handling which can decrease response to stress. Findings
from the present studies also extend our findings with ma-
ternal separation to reveal decreases in levels of 3o, 5«-THP
in the hippocampus of adult rats exposed to ES. Thus, our
present data extend these prior reports to suggest that ES can
have effects on 3x,5a-THP secretion that may be site
specific and pervasive.

The present data support previous reports that early
stressors can produce proximate increases in corticoste-
rone. On postnatal day 10, plasma corticosterone tended to
be increased in rats exposed to ES compared with controls.
Previous reports have shown that socially isolated rats
show increased plasma corticosterone levels in response to
acute restraint stress (Kehoe et al. 2000; McCormick et al.
2002). Daily injections of an endotoxin on postnatal days 3
and 5 produce elevated ACTH and corticosterone levels in
adulthood (Nilsson et al. 2002). Thus, the present data are
consistent with other models demonstrating that acute
postnatal stimulation increases HPA reactivity.

The present findings that on postnatal day 10, circulating
3,5¢-THP was decreased and corticosterone was in-
creased, imply that reductions in 3o,5a-THP secretion
may underlie elevations in corticosterone. Although we
cannot attribute causal effects of altered 3,5x-THP levels
on corticosterone levels from the present data, previous
reports show that the administration of 3&,5«-THP sig-
nificantly attenuates elevation of plasma ACTH and serum
corticosterone following exposure to emotional stress
(Patchev et al. 1996). The reduction in 3«,5x-THP observed
in the present study is consistent with the idea of reduced
GABA, receptor function altering stress-responsiveness.
Previous reports have demonstrated that perinatal stress
results in decreases in GABA, receptor «l subunit ex-
pression (Hsu et al. 2003), which can reduce 3«,5x-THP’s
ability to elicit a GABA response (Brussaard et al. 1997).
Thus, effects of ES on 3a,5a-THP and GABA 4 receptors in
the hippocampus may have salient effects on later stress-
responsiveness.

3a,5¢-THP may be an important endogenous homeo-
static modulator. In adults, 3x,5¢-THP is increased fol-
lowing exposure to acute cold-water swim, shock, ether, and/
or carbon dioxide (Barbaccia et al. 2001; Paul and Purdy
1992; Serra et al. 2000). These effects of stress on 3,5~
THP secretion reduce HPA responses. This attenuation of the
HPA may enable organisms to return to homeostasis more

quickly (Barbaccia et al. 2001; Frye 2001; Mensah-Nyagan
et al. 2001; Patchev and Almeida 1996; Paul and Purdy
1992). Our data that 3a,5«-THP in the hippocampus is
decreased long after handling (postnatal days 60 and 90) are
congruent with prior results, suggesting that stress responses
and/or neuroendocrine responses in adulthood are altered by
early stressors. Although in the present study one might
expect that corticosterone would have been increased
concomitant with decreased 3a,5«-THP, it is important to
note that rats were not stressed in adulthood prior to tissue
collection, which may have produced only basal levels,
thereby minimizing potential differences in adulthood. Ex-
amination of stress-induced elevations in corticosterone and
3a,50-THP may have been necessary to observe other
patterns of responses. Despite this limitation, our present
data suggest that an underlying factor for disturbances in
behavioral and HPA responses to stress may be decreased
3a,5«-THP levels in the hippocampus produced by ES.

Results of the present studies are intriguing; however,
there are limitations that require careful consideration of
the data. First, as discussed above, adult rats were not
stressed prior to tissue collection. As such, it is not possible
to definitively ascertain whether the observed reductions in
30,50-THP were due to altered HPA activity. Second,
most of the measures replicated from experiment 1 to
experiment 2, despite differences in research sites, per-
sonnel, rat strains, light cycle, and animal husbandry.
However, in experiment 1, there were no differences in
plasma 3a,5-THP in adulthood; whereas in experiment 2,
there were significant decreases in plasma 3,5«-THP.
Although it is possible that this discrepancy may be due to
the lack of some of the ES groups in experiment 2, this
seems unlikely given that the more salient ES were
omitted. Finally, while it is intriguing that ES may have
some effects on HPA-responsiveness by altering neuro-
steroid production, it is not possible from the present data
to determine the direction of effects or which of these
factors influences the other.

In summary, the present data suggest that ES can alter
pregnane neurosteroids in the hippocampus, and that this
effect can persist into adulthood. These are compelling data
that suggest that progestins in the hippocampus may
underlie stress-responsiveness. These are intriguing data
that further our knowledge about the involvement of
progestins in the neurobiology of stress and lay the
groundwork for future research to elucidate putative sub-
strates for progestins effects on stress. Notably, early
experiences that result in enhanced stress-reactivity in-
crease risk for illness in adulthood, including various
affective disorders, diabetes, autoimmune disorders, and
coronary heart disease (Chrousos and Gold 1992; Heim et
al. 1997; Higley et al. 1991; McEwen and Stellar 1993;
Seckl and Meaney 1994). Thus, understanding the mech-
anisms by which early stressors may influence neuro-
endocrine responses that mediate subsequent responses to
stress is important.
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