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Abstract

When ovariectomized Fischer female rats are hormonally primed with 10 pg estradiol benzoate, a 5
min restraint experience rapidly inhibits lordosis behavior. Addition of progesterone to the hormonal
priming prevents this restraint-induced inhibition. In prior work, we reported evidence that
progesterone receptors (PR) may contribute to this protective effect of progesterone. In the current
manuscript, we provide evidence that progesterone metabolites may also contribute to progesterone’s
ability to reduce the effects of restraint. Ovariectomized female rats were hormonally primed with
10 pg estradiol benzoate followed 2 days later with 4.0 mg/kg of the progesterone metabolite,
allopregnanolone. Allopregnanolone, administered either 4 hr or 2 hr before the restraint experience,
was as effective as progesterone in reducing the lordosis-inhibitory effects of restraint. In the second
experiment, progesterone metabolism was blocked with 50 mg/kg of the 5a-reductase inhibitor,
finasteride. Surprisingly, finasteride did not prevent progesterone from reducing the effects of
restraint. In a third experiment, we tested the possibility that allopregnanolone acted through
metabolism to dihydroprogesterone. Rats were treated with allopregnanoclone or with
allopregnanolone plus the 3a-hydroxysteroid dehydrogenase inhibitor, indomethacin. Indomethacin
did not prevent allopregnanolone from reducing the effects of restraint. Mechanisms are discussed
whereby cross-talk between PR-mediated and metabolite-mediated events may converge in
producing progesterone’s attenuation of the effect of restraint.
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Introduction

In naturally cycling female rats, gonadal hormones synchronize behavioral and ovulatory
events to optimize reproductive fitness. In ovariectomized rats, estradiol can induce a subset
of the female’s reproductive behaviors, such as lordosis (Blaustein, 2008; Frye et al., 1998;
Sodersten, 1981), but (except at high doses) does not induce the full repertoire of behaviors
that characterize the naturally cycling rat with endogenous estradiol and progesterone priming
(Erskine, 1989; Mani et al., 1994b; Ogawa et al., 1994). Progesterone’s interaction with the
intracellular progesterone receptor (PR) and consequent genomic events are important for the
hormone’s facilitation of sexual behavior (Blaustein, 2008; Ogawa et al., 1994). However,
progesterone’s contribution to reproduction is not limited to this classical ligand-dependent
PR activation (Mani and Portillo, 2010; Schumacher et al., 2007; Tetel et al., 2009). Moreover,
membrane progesterone receptors also contribute to the control of reproduction by activation
of a variety of intracellular signaling cascades (Apostolakis et al., 2000; Schumacher et al.,
2007). In addition, progesterone can be metabolized by 5a-reductase into 5a-
dihydroprogesterone (5a-DHP) and then into allopregnanolone by 3a-hydroxysteroid
dehydrogenase (30-HSD) (Rupprecht, 2003; Schule et al., 2011). Of these metabolites,
considerable attention has been paid to allopregnanolone which appears to contribute to the
enhancement of female sexual behavior (Beyer etal., 1995; Frye et al., 1998; Frye and VVongher,
1999) and may, in addition, contribute to progesterone’s anxiolytic effects (Auger and Forbes-
Lorman, 2008; Frye et al., 2008; Walf et al., 2006).

Progesterone has been shown to exert anxiolytic action in a variety of animal models and, in
many cases, progesterone’s antianxiety effects have been attributed to allopregnanolone and
its positive modulation of the GABAergic system (Barbaccia, 2004; Eser et al., 2008;
Majewska et al., 1986). We have proposed that this antianxiety effect of progesterone may be
an important component of progesterone’s ability to enhance female rodent sexual behavior
(Truitt et al., 2003; White and Uphouse, 2004). Seventy-eighty percent of Fischer inbred rats
show high L/M ratios after priming with 10 pg estradiol benzoate (personal observations). This
makes the Fischer strain ideally suited for studying effects of progesterone on the sexual
behavioral response to restraint. For example, a mild 5 min restraint reduces lordosis behavior
of ovariectomized Fischer females, primed only with estradiol benzoate, while females primed
with estradiol benzoate and progesterone are unaffected by the restraint (Truitt et al., 2003;
White and Uphouse, 2004). However, it is not known whether classical intracellular PR-
mediated or nonclassical effects of progesterone are responsible for progesterone’s attenuation
of the response to restraint.

In a prior study, when progesterone was administered 4 hr, 60 min, or 30 min before restraint,
at least 60 min of progesterone priming were required for attenuation of the effects of restraint;
and the antiprogestin, RU486, reduced the effect of progesterone (Hassell et al., 2011). In
addition, the nonmetabolizable progestin, medroxyprogesterone (Lee et al., 1999), mimicked
the effect of progesterone. These findings were most consistent with a requirement for PR-
mediation, but these studies did not completely rule out progesterone metabolites such as
allopregnanolone since (in some cases) lordosis-facilitating effects of allopregnanolone can
also be attenuated by RU486 (Beyer et al., 1995). Furthermore, hormonal priming of
ovariectomized rats with 10 pg estradiol benzoate and a dose of progesterone as low as 25 pug
effectively prevented the effect of restraint (White and Uphouse, 2004). This requirement for
arelatively low dose of progesterone prompted us to further consider the potential contribution
of progesterone metabolites.

In the current experiments, we tested the hypothesis that progesterone metabolites, in particular
allopregnanolone, contribute to progesterone’s attenuation of the effects of mild stress. If the
progesterone metabolite, allopregnanolone, is important to this protection, the 5a-reductase
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inhibitor, finasteride (Finn et al., 2006), should prevent protective effects of progesterone and
allopregnanolone should substitute for progesterone in reducing effects of restraint. Moreover,
if allopregnanolone is indeed an effective agent, the effects of allopregnanolone should not be
blocked by treatment with the 3a-HSD inhibitor, indomethacin (Penning, 1985). Portions of
these data were presented at the Society for Neuroscience meeting in 2010.

Materials and Methods

Materials

Estradiol benzoate, progesterone, finasteride (N-tert-Butyl-3-oxo0-4-aza-5a-androst-1-en-17j3-
carboxamide), allopregnanolone (3a-hydroxy-5a-pregnan-20-one), indomethacin (1-(4-
Chlorobenzoyl)-5-methoxy-2-methyl-3-indoleacetic acid), dimethyl sulfoxide (DMSO) and
sesame seed oil were purchased from Sigma-Aldrich Chemical Co. (St. Louis, MO). Propylene
glycol was obtained from Eastman Kodak Company (Rochester, NY). Isoflurane (AErrane®)
was purchased from Henry Schein (Melville, NY). Decapicone® restrainers were from
Braintree Scientific, Inc. (Braintree, MA). Other supplies came from Fisher Scientific
(Houston, TX).

General Methods

Animals, housing and surgical procedures—Adult Fischer (F-344) female rats,
purchased from Charles River Laboratories (Wilmington, MA), were housed 2 or 3 per cage
in polycarbonate shoebox cages in a colony room maintained at 25 °C and 55% humidity, with
lights on from 12 midnight to 12 noon. Food and water were available ad lib. When 80 to 90
days of age, females were anesthetized with AErrane® and ovariectomized as previously
described (White and Uphouse, 2004). Approximately two weeks later, rats were used in the
experiments. Females were sexually naive at initiation of the experiments. All procedures were
conducted according to PHS policy and were approved by the IACUC at Texas Woman’s
University.

Restraint procedures—Restraint procedures were as previously described (Uphouse et al.,
2007). The female was placed head first into a Decapicone® so that her nose was flush with
the small opening at the tip of the cone. The base of the cone was gathered around the female’s
tail and secured tightly with tape. The process of wrapping the female required between 30 and
60 sec. The wrapped female was set aside for 5 min of restraint.

Testing for sexual receptivity—Sexual behavior testing, as previously described
(Uphouse et al., 1992), was initiated within 1 to 3 hr after colony lights off. Experimenter
visibility was aided by red lighting. In a pretest for sexual receptivity, females were placed into
the home cages of sexually experienced Sprague-Dawley male rats. Sprague-Dawley males
are more sexually active than Fischer males (personal observations) and, therefore, more
suitable for the testing procedures we use. The mounting behavior of Fischer males is slower
than that of Sprague-Dawley males so that L/M data cannot be readily acquired for each of the
required testing intervals. After the female was placed into the male’s cage, behavior was
monitored for 10 min or until the male had accomplished 10 mounts; rats with a pretest lordosis
to mount (L/M) ratio of 0.7 or higher were used to examine the effects of restraint. Immediately
after the 5 min restraint, rats were placed again in the male’s cage and sexual behavior was
monitored for 15 consecutive min. L/M ratios, lordosis quality and proceptivity (hopping and
darting), as previously described (White and Uphouse, 2004), were recorded. The L/M ratio
was computed as the number of lordosis responses to the male’s mounts divided by the number
of mounts by the male. Lordosis quality was scored on a scale of 1 to 4. A lordosis response
with minimal arching of the back was given a quality score of 1.0; an increased angle of the
back’s arch was scored as 2.0. Complete arching of the back was scored as 3.0 and an
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exaggerated response, accompanied by elevation of the female’s front feet, was scored as 4.0.
A female was scored as proceptive when she showed at least one hop/dart sequence within a
test interval.

Statistical procedures—Data were evaluated in two separate ways. First, pretest effects of
treatment for all animals were evaluated with univariate ANOVA (when multiple groups were
included) or Student’s t-test (when only two groups were included in the experiment). This
procedure was performed to determine if treatments had influenced sexual behavior prior to
the restraint experience. Only rats with a pretest L/M ratio >0.7 were then included in the
restraint procedures. The pretest behavior of this subset of females was used as the pre-restraint
profile for comparison to post-restraint data. For effects of restraint, the L/M ratios, lordosis
quality scores, and number of mounts by the male were grouped into the pre-restraint interval
and five-min intervals after restraint; data were then evaluated by repeated measures ANOVA
with time after restraint as the repeated factor. Post-hoc comparisons were made with Dunnett’s
test for within group time comparison to the pre-restraint interval or with Tukey’s test for
comparison between groups, within time interval. Proceptive behavior was compared with Chi-
Square procedures. Statistical analyses were conducted with SPSS 17 for Macintosh or SPSS
15 for PC. Independent pair-wise comparisons were performed manually (Zar, 1999). An alpha
level of 0.05 was required for rejection of the null hypothesis.

Specific Experiments

Experiment 1: Effects of allopregnanolone on the response to restraint—
Ovariectomized rats were hormonally primed with 10 pg estradiol benzoate (EB) (in sesame
seed oil; s.c.; 0.1 ml/rat) 53-54 hr before restraint. Such hormonal priming of ovariectomized
Fischer females produces high levels of lordosis, but females remain vulnerable to the effects
of restraint (White and Uphouse, 2004). Allopregnanolone (4 mg/kg in sesame seed oil, 1 ml/
kg, s.c.) was injected 2 or 4 hr before restraint. The dose and timing for allopregnanolone was
selected on the basis of prior experiments where the metabolite was effective in increasing
lordosis behavior or male preference in ovariectomized, EB-primed rats (Frye et al., 1998;
Picazo and Fernandez-Guasti, 1995). An additional group of rats (E-vehicle) received a sesame
seed oil injection either 2 hr or 4 hr before restraint and data were combined for analysis.

After the pretest for sexual behavior, rats with a pretest L/M ratio of at least 0.7 were restrained
for 5 min, returned to the male’s cage, and tested for 15 consecutive min. Pretest data for this
subset of rats was defined as their pre-restraint data for comparison to behavior after restraint.

Experiment 2: Effects of finasteride on the response to restraint—Ovariectomized
rats were hormonally primed with 10 pg EB followed 48 hr later with 50 ug progesterone or
sesame seed oil. This dose of progesterone exceeds the minimal dose required to protect against
the effect of restraint (White and Uphouse, 2004) and was used to optimize potential effects
of the 5a-reductase inhibitor. Injections were given s.c. in a volume of 0.1 ml/rat. Two hr prior
to injection with progesterone, rats were injected with either N-(2-methyl-2-propyl)-3-oxo0-4-
aza-5a-androst-1-ene-17f3-carboxamide (finasteride; dissolved in propylene glycol) or the
propylene glycol vehicle. Finasteride was administered s.c. at a dose of 50 mg/kg in a volume
of 1 ml/kg body weight. Under similar conditions, this dose of finasteride has been shown to
alter measures of sexual behavior and to reduce brain levels of allopregnanolone (Frye et al.,
1998). EO-vehicle rats were injected with sesame seed oil instead of progesterone and with
propylene glycol instead of finasteride and were included as a positive control. Four to six hr
after the progesterone (or sesame seed oil) injection, rats were pretested for sexual behavior.
Only rats with a pretest L/M ratio of at least 0.7 continued in the experiment. These rats were
restrained for 5 min and immediately placed back into the male’s cage for 15 consecutive min.
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Experiment 3: Effect of indomethacin on the response to allopregnanolone—
Ovariectomized rats were hormonally primed with 10 ug EB 53-54 hr before restraint. Two hr
before restraint, rats were injected with 4 mg/kg allopregnanolone as in experiment 1. One to
two min before injection with allopregnanolone, rats were injected s.c. with 6 mg/kg
indomethacin (in 10% DMSO/ 90% propylene glycol; 1 ml/kg) or the DMSO/propylene glycol
vehicle. Procedures with indomethacin were based on earlier studies (Avitsur and Yirmiya,
1999; Beyer et al., 1999). After the pretest for sexual behavior, rats with an L/M ratio of at
least 0.7 were restrained for 5 min and then tested for 15 consecutive min.

Experiment 1: Effects of allopregnanolone on the response to restraint

Behavior during the pretest—A total of 40 rats were used in the experiment. Relative to
E-Vehicle rats, allopregnanolone slightly, but significantly, increased L/M ratios in the pretest
(F2,37 = 6.08, p<0.005) and increased the proportion of rats that showed proceptivity (Chi
square = 6.18, df = 2, p<0.05) (See Table 1).

Effects of restraint—Rats hormonally primed with EB and vehicle showed a decline in
lordosis behavior after restraint and allopregnanolone prevented this decline (Figure 1; Three
E-Vehicle rats had L/M ratios in their pretest that were below 0.7 and were excluded from the
study of restraint.). There were significant effects of treatment (F, 33 = 10.36, p<0.001), time
after restraint (F3 g9 = 7.45, p<0.001), and the time by treatment interaction (Fg g9 = 2.25,
p<0.05). Group differences resulted from lower L/M ratios after restraint in E-Vehicle-treated
rats relative to both groups of allopregnanolone-treated rats. E- Vehicle-treated rats were
significantly different from their pre-restraint interval at every interval after restraint (Dunnett’s
(99,4 2.10, p 0.05) and were different from both allopregnanolone groups at every interval after
restraint (Tukey’s ggg 3>3.40, p<0.05). Allopregnanolone-treated rats never differed from their
pre-restraint values.

Restraint reduced the proportion of E-Vehicle rats showing proceptivity and this was partially
attenuated by allopregnanolone (Chi square = 6.42, df = 2, p<0.04; Table 1). However, since
such a small proportion of E-Vehicle rats showed proceptivity before restraint, restraint may
simply have amplified this pre-restraint group difference.

Lordosis quality (F3 g6 = 3.58, p<0.02) and mounts (F3 192 = 19.67, p<0.001) declined
significantly with time, but no other effects were significant. The mean + S.E. lordosis quality
for rats treated with EB and vehicle or with EB and allopregnanolone 2 or 4 hr before restraint,
respectively, were 2.67 + 0.08, 2.89 + 0.11 and 2.87 £ 0.08. Mean * S.E. number of mounts
per test interval, respectively, were 8.07 £ 0.53, 7.5 £ 0.51 and 6.59 + 0.71.

Experiment 2: Effects of finasteride on the response to restraint

Behavior during the pretest—A total of 53 rats were used in the experiment. Whether or
not rats received finasteride, progesterone slightly increased L/M ratios (F3 39 = 4.72, p<0.02),
lordosis quality (F2 50 = 3.99, p<0.025), and proceptivity (Chi square = 8.98, df = 2, p<0.02)
(Table 2). There were no differences between rats given progesterone and vehicle and those

given progesterone and finasteride.

Effects of restraint—Eleven rats were excluded from analysis of restraint because of either
low pretest L/M ratios or the absence of mounts after restraint (Table 2). For the remaining

rats, restraint significantly reduced L/M ratios of EO-Vehicle rats and progesterone protected
against the effect of restraint (Figure 2). Finasteride did not prevent this protection from taking
place. There were significant effects of hormonal treatment (F1 39 = 14.46, p<0.001), time after
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restraint (F3 117 = 20.18, p<0.001) and their interaction (Fg 117 = 5.55, p<0.001). L/M ratios of
EO-Vehicle-treated rats were different from their pre-restraint values at each test interval after
restraint and were different from the other two groups at each post-restraint interval (Tukey’s
(117,4>4.05, all p<0.05). L/M ratios of EP rats (whether treated with vehicle or finasteride)
were never different from their pre-restraint ratios and never differed from each other (all p >
0.05).

Prior to restraint, fewer EO-Vehicle rats showed proceptivity than rats treated with either EP-
Vehicle or EP-Finasteride (Table 2), but group differences narrowly escaped statistical
significance (Chi square =5.53, df = 2, p<0.063). There was no evidence for group differences
after restraint (Chi square, p > 0.05).

There were no significant effects of treatment on lordosis quality (all p > 0.05); however, quality
could not be assessed for 3 EO-Vehicle rats due to the absence of lordosis behavior in at least
one time interval following restraint. For the remaining rats, the mean + S.E. lordosis quality
scores per interval for EO-Vehicle, EP-Vehicle, and EP-Finasteride rats, respectively, were
2.54 +0.06, 2.68 £ 0.06, and 2.81 + 0.01. Similarly, although there was a time-dependent
decline (over all groups) in the number of mounts received per interval (F3 132 = 22.03,
p<0.001), the number of mounts did not vary significantly across treatment groups; and there
was not a significant interaction between number of mounts and time after restraint (all p >
0.05). The mean + S.E. number of mounts per interval for EO-Vehicle, EP-Vehicle, and EP-
Finasteride rats, respectively, were 6.81 £ 0.69, 8.43 + 0.50 and 7.0 £ 0.40.

Experiment 3: Effect of indomethacin on the response to allopregnanolone

Since finasteride did not reduce effects of progesterone on restraint while allopregnanolone
effectively substituted for progesterone, the third experiment was designed to examine the
possibility that allopregnanolone’s effect resulted from its metabolism to dihydroprogesterone.

Behavior during the pretest—Twenty-one rats were used. There were no group
differences in pretest, L/M, lordosis quality or proceptivity (all p > 0.05, Table 3).

Effects of restraint—Three rats did not receive sufficient mounts after restraint and were
not included in the ANOVA for effects of restraint. For the remaining rats, there was no
evidence that indomethacin reduced allopregnanolone’s ability to protect against the effects of
restraint. There were no treatment effects on L/M ratios, lordosis quality, or proceptivity (all
p > 0.05). Average pre- and post-restraint L/M ratios are shown in Table 3.

Discussion

The major objective of these experiments was to test the hypothesis that progesterone
metabolites such as allopregnanolone contribute to progesterone’s ability to reduce the
lordosis-inhibiting effects of 5 min restraint. Treatment of estradiol benzoate-primed
ovariectomized rats with allopregnanolone clearly reduced effects of restraint. Because
allopregnanolone can be metabolized via 3a-hydroxysteroid dehydrogenase to
dihydroprogesterone, which can bind to the PR (Rupprecht, 2003; Rupprecht et al., 1993), the
effect of indomethacin was critical in interpreting the protective effect of allopregananolone.
Indomethacin inhibits 3a-hydroxysteroid dehydrogenase (Penning, 1985) and can reduce
lordosis-facilitatory effects of allopregnanolone (Beyer et al., 1999). However, no effects of
indomethacin were evident in the current experiment. Although we cannot rule out the
possibility that the dose of indomethacin was too low, we attribute the absence of an effect of
indomethacin as suggestive evidence that allopregnanolone, rather than dihydroprogesterone
binding to the PR, was responsible for protection against the effects of restraint.
Allopregnanolone does not interact with the intracellular PR (Raynaud et al., 1974; Smith et
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al., 1974) so these findings are consistent with the possibility that progesterone metabolites
can protect against the effects of mild stress. Such metabolites do not, however, appear to be
essential for progesterone’s protection because finasteride did not attenuate the effects of
progesterone. The dose of finasteride used in the current experiment has been previously shown
to reduce brain levels of allopregnanolone (Frye et al., 1998) but we cannot exclude the
possibility that some allopregnanolone was produced, even in the presence of finasteride.

In some cases, allopregnanolone’s positive effects on lordosis behavior have been seen within
510 30 min of intravenous (i.v.) or intracranial (i.c.) treatment (Beyer et al., 1995; Kubli-Garfias
and Whalen, 1977) leading to speculation that allopregnanolone’s lordosis facilitation is
mediated by rapid neurotransmitter events such as its positive modulation of the GABAA
receptor (Frye and Vongher, 1999; Frye et al., 2006). In other cases, longer-term effects have
been reported (Beyer et al., 1995; Gonzalez-Flores et al., 2006) and these effects may be
blocked by RU486 (Beyer et al., 1995; Gonzalez-Mariscal et al., 1989). Therefore, it has been
suggested that allopregnanolone can facilitate lordosis behavior through mechanisms that may
include indirect activation of PR (Beyer et al., 1995; Gonzalez-Flores et al., 2010; Gonzalez-
Flores et al., 2006). In the current studies, allopregnanolone was given s.c. 2 or 4 hr before
restraint. In preliminary experiments, when estradiol-primed, ovariectomized females were
injected with allopregnanolone 30 min before restraint, there was no evidence of protection
against effects of the 5 min restraint (personal observations). Therefore, allopregnanolone’s
protective action appears to require mechanisms beyond its rapid modulation of
neurotransmitter function. However, since in many studies showing rapid effects of
allopregnanolone investigators have utilized i.c. or i.v. administration, we cannot rule out a
contribution of some of these rapid effects to the protective action of allopregnanolone in the
current study.

Ligand-independent activation of PR, originally suggested as a mechanism for facilitatory
effects of dopamine receptor agonists on lordosis behavior (Mani et al., 1994a), is an important
pathway through which many signaling molecules may lead to activation of PR
(Boonyaratanakornkit et al., 2008; Boonyaratanakornkit et al., 2001; Gonzalez-Flores et al.,
2006) and has been suggested as a mechanism whereby reproductive events can be adaptively
synchronized to environmental changes. Mechanisms mediating such PR effects include post-
translational modification of PR or steroid receptor coactivators that are mediated through
activation of, for example, PKC, PKA, or Src kinase/MAPK (Ballare et al., 2003;
Boonyaratanakornkit et al., 2007; Li and Shang, 2007; Mani and Portillo, 2010; McKenna and
O'Malley, 2002; Quiles et al., 2009; Tetel et al., 2009).

Allopregnanolone has been reported to activate PKA (Gonzalez-Flores et al., 2006; Mani et
al., 2000) and MAPK (Etgen and Acosta-Martinez, 2003; Frye and Walf, 2008) and can
increase Src kinase dependent Ca2* influx (Blackmore, 2008). Of relevance to the current
findings is that allopregnanolone’s facilitation of lordosis can be blocked by PKC inhibitors
(Gonzalez-Flores et al., 2006) or MAPK (Gonzalez-Flores et al., 2004). Therefore,
allopregnanolone may reduce the effects of restraint stress by activation of intracellular
signaling events that then modulate PR action.

Such an indirect activation of PR by allopregnanolone would be consistent with the findings
reported by Hassell et al. (2011) that implicated the PR in progesterone’s attenuation of the
effects of restraint and by the current findings that allopregnanolone could substitute for
progesterone but that finasteride did not block progesterone’s protective effect. Therefore, the
collective findings implicate PRs in progesterone’s ability to protect against the lordosis-
inhibiting effects of restraint on lordosis behavior. However, they also illustrate the potential
for both ligand-dependent and ligand-independent PR-mediated responses in protecting against
the effects of restraint. Given the importance of female reproductive behavior to survival of
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the species, such redundancy in protection against the lordosis-inhibiting impact of mild stress
is not surprising. In fact, it is most likely that classical PR-mediated, nonclassical PR-mediated,
as well as progesterone-mediated effects on neurotransmitter function, synchronously
modulate the behavioral responses to mild stress.

We have previously suggested that 5 min restraint, by increasing release of 5-HT, leads to dual
activation of 5-HTq 5 receptors (which inhibit lordosis behavior) and 5-HT5 receptors (which
facilitate lordosis behavior and attenuate inhibitory effects of 5-HTq A receptor agonists)
(Maswood et al., 1996; Uphouse, 2000; Uphouse et al., 2003). We have suggested that such
dual modulation of sexual behavior would enhance the female’s overall fitness. Continuation
of sexual behavior in the presence of a predator (such as an owl passing over) would likely
reduce the female’s probability of surviving. However, it would be beneficial for the female
to return to mating should the predator leave the environment.

The lordosis-inhibitory effect of 5-HTq A receptors appear to include inhibition of cAMP-
mediated events (Uphouse et al., 2000); and the ability of a 5-HT> receptor agonist to attenuate
5-HT1a receptor-mediated lordosis inhibition is attenuated by inhibition of PKC (Selvamani
et al., 2007). Effects of progesterone and/or its metabolite, allopregnanolone, modulate these
same signaling events. Progesterone treatment reduces extracellular 5-HT (Farmer et al.,
1996) and attenuates 5-HT1a-receptor-mediated inhibition of lordosis (Truitt et al., 2003).
Progesterone also increases cCAMP (Mani et al., 2000) and inhibition of PKA attenuates
progesterone’s facilitation of lordosis behavior (Gonzalez-Flores et al., 2006). Lordosis-
facilitating effects of allopregnanolone are less vulnerable to PKA inhibition (Gonzalez-Flores
et al., 2006) but may, instead, involve PKC (Frye and Walf, 2008; Gonzalez-Flores et al.,
2006) and/or potentiation of the GABAergic system (Frye et al., 2006) which has also been
reported to attenuate inhibitory effects of 5-HT 4 receptors on lordosis behavior (Guptarak et
al., 2004). Therefore, the collective evidence is consistent with the occurrence of considerable
cross-talk among progesterone’s multiple signaling cascades and its ability to attenuate effects
of mild stress on female rat sexual behavior.
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Figure 1.

Effects of allopregnanolone on the response to restraint

Ovariectomized rats were injected with 10 ug EB and restrained 53-54 hr later.
Allopregnanolone (4 mg/kg in sesame seed oil, s.c.) was injected 4 hr [E-ALLO (4 hr)] or 2
hr [(E-ALLO (2 hr)] before restraint. Additional rats (E-VEHICLE) were injected with sesame
seed oil instead of allopregnanolone. After a pretest (PRE) for sexual receptivity, rats were
restrained for 5 min and immediately tested for 15 consecutive min. N’s for E-VEHICLE, E-
ALLO (2 hr) and E-ALLO (4 hr), respectively, were 14, 7, and 15. Data are the mean £ S.E.
L/M ratios for each of the test intervals. * Indicates significant differences from the pretest L/
M ratio. ** Indicates significant differences between rats primed only with EB and those primed
with EB and allopregananolone administered either 2 or 4 hr before restraint (all p<0.05).
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Figure 2.

Effects of finasteride on the response to restraint

Ovariectomized rats were hormonally primed with 10 pug EB and injected 48 hr later with 50
ug progesterone (EP) or the sesame seed oil vehicle (EO). Two hr prior to injection with
progesterone, rats were injected with finasteride (dissolved in propylene glycol) or the
propylene glycol vehicle. Finasteride was administered s.c. at a dose of 50 mg/kg in a volume
of 1 ml/kg body weight. N’s for EO-Vehicle, EP-Vehicle and EP-finasteride, respectively,
were 7, 15 and 20. Four to six hr after progesterone, rats were pretested for sexual behavior,
restrained for 5 min, and immediately tested for 15 consecutive min. Data are the mean + S.E.
L/M ratios for each of the test intervals. * Indicates significant differences from the pretest L/
M ratio. ** Indicates significant differences between EO-Vehicle rats and those primed either
with EB and progesterone or with EB and finasteride (all p<0.05).
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