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Abstract

Several studies have shown the influence of the oestrous cycle on anxiety levels and the important role of progesterone in this effect. The
metabolism of this steroid hormone yields neuroactive steroids among them allopregnanolone (alloP) and allotetrahydrodeoxycorticosterone
(alloTHDOC), which bind to GABA4 receptors and have anxiolytic effects. Considering that during pregnancy there is an increase in levels of
both progesterone and its metabolites, the main objectives of this work were: (1) to assess changes in anxiety levels during pregnancy and (2) to
verify the role of alloP and alloTHDOC in this process using finasteride, an inhibitor of Sa-reductase, the enzyme responsible for their synthesis.

The results showed a significant reduction in anxiety levels on the 19th day of pregnancy, which was reversed by finasteride, suggesting a role

for alloP and alloTHDOC in the anxiolytic process.
© 2006 Elsevier Inc. All rights reserved.
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1. Introduction

Several authors have observed that female animals exhibit
different behavioural reactions to environmental stimuli depend-
ing on the phase of their oestrous cycle (Fleming and Luebke,
1981; Hard and Hansen, 1985). For instance, females in the pro-
oestrous phase, when progesterone levels are highest (Freeman,
1994), are less anxious than ovariectomized (OVX) females or
females in other oestrous phases. These differences have been
observed in several experimental models (Fernandez-Guasti and
Picazo, 1992; Marcondes et al., 2001). Moreover, clinical data
have shown mood changes during different hormonal phases of
the menstrual cycle, as well as during menopause and pregnancy
(Asher et al., 1995; Dennerstein et al., 1985; Rapkin et al., 1997;
Reid, 1985).

The main cause of these mood variations may be changes in
progesterone levels, as metabolism of progesterone yields neu-
roactive steroids, among them, allopregnanolone (alloP) and
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allotetrahydrodeoxycorticosterone (alloTHDOC) (Baulieu,
1998).

The activity of these substances in the central nervous system
(CNS) was first reported by Hans Selye (1941), who observed
anaesthetic and sedative effects of progesterone and some of its
3o derivatives. The action of these steroids is so fast that their
effects cannot be through the intracellular genomic transcription
receptor (Mellon, 1994), but electrophysiological experiments
have shown that they have a positive allosteric activity at
GABA, receptors, which are considered the most important
inhibitory receptors in the CNS (Lambert, 2000). Therefore,
these steroids may represent an important homeostatic mecha-
nism by enhancing the inhibitory activity of GABA, receptors
in response to an increased excitability of the CNS (Fritschy and
Brunig, 2003). This effect would be of particular importance to
the physiological and psychological characteristics of female
individuals, who are naturally exposed to hormonal fluctuations.

It is known that pregnant rats have a progressive increase in
plasma and cortical levels of alloP and alloTHDOC (Concas
et al., 1998, 1999), and according to Purdy et al. (1991) it is
possible that these steroids achieve physiological levels capable
of potentiating GABA receptors, and that this is reflected in
behavioural changes, such as a reduction in anxiety levels,
during this period.
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Therefore, the objectives of the present study were (1) to
verify alterations in anxiety levels of female rats during preg-
nancy and (2) to assess the possible participation of alloP and
alloTHDOC in these alterations. To achieve this, pregnant rats
were observed in a classic experimental model of anxiety—the
Elevated Plus-Maze (EPM).

The EPM has been widely used in pre-clinical studies of
anxiety because of its ethological validity, simplicity and rapid
application, and also because it does not require food/water
deprivation or electric shocks (Rodgers et al., 1997). In this
model the animals are submitted to a conflicting situation: on
one hand their fear of high, open places and on the other hand
their innate motivation to explore a new environment (Wall and
Messier, 2001).

Our hypothesis was that during pregnancy the levels of
anxiety observed in the EPM should progressively go down,
due to the increased levels of alloP and alloTHDOC. If this is
the case, then blocking alloP and alloTHDOC synthesis should
prevent, or minimize, this reduction.

The enzyme Sa-reductase is responsible for the transforma-
tion of progesterone into alloP, and for the transformation of
deoxycorticosterone, another progesterone metabolite, into
alloTHDOC (Baulieu, 1998; Schumacher et al., 2000; Stoffel-
Wagner, 2003). In 1998, Guidotti and Costa showed Sa-
reductase as a rate-limiting step for the biosynthesis of these
neuroactive steroids. Moreover Concas et al. (1998) observed
that the blockage of this enzyme with finasteride leads to a
significant reduction in alloP and alloTHDOC levels in both
brain and plasma of pregnant rats.

Therefore finasteride was used in the present study, so that the
effects of alloP and alloTHDOC could be indirectly assessed.

2. Animals, materials and methods
2.1. Animals

Adult, female, Wistar rats were obtained from the animal
facility of the Psychobiology Department at Universidade
Federal de Sao Paulo (UNIFESP). The animals were kept five to
a cage, in a temperature (22°+2 °C) and light (12 h/12 h light/
dark cycle; lights on at 0700 h) controlled room, with water and
food (Nuvilab®) ad libitum. All procedures were approved by
the UNIFESP Research Ethics Committee.

2.2. Procedures for pregnancy induction

A vaginal smear containing round cells and no leukocytes
was used to identify when females were in the proestrous phase.
They were then introduced into the home cage of a sexually
experienced male (four females per male). On the following day,
the presence of spermatozoa determined day-zero of pregnancy.

2.3. Ovariectomy procedure
The animals were pre-anesthetised with diazepam (Diaze-

pam, Cristalia — 5.5 mg/kg, i.p.) and anesthetised with keta-
mine (Ketamina, Agenor — 140 mg/kg, i.p.). After surgery, each

animal received a prophylactic pentabiotic (Pentabidtico, Fort
Dodge — 0.1 ml/animal, i.m.) and sodium diclofenac (Voltarem,
Novartis — 5 mg/animal, i.p.). All animals that underwent this
procedure rested for 15 days, to recover from surgery, before
being submitted to the behavioural test.

2.4. Treatments

Finasteride (25 mg/kg), kindly donated by Neoquimica®,
was dissolved in corn oil and ethanol (5% v/v) and sonicated for
3 min. Either this solution, or vehicle (corn oil and ethanol 5%
v/v), was administrated to the animals subcutaneously, at a
volume of 3 ml/kg, for 7 days. For the groups that would be
tested on the 19th day of pregnancy, administration began on
the 12th day, while for those that would be tested on the 7th day
of pregnancy it began from day-zero. In all cases drug
administration took place between 1800 h and 1900 h.

2.5. Elevated Plus-Maze test (EPM)

The apparatus consists of a wooden maze with two closed
arms (50 cm by 10 cm by 50 cm) and two open arms (50 cm by
10 cm) connected by an open central area (10 cm by 10 cm).
The arms are arranged such that those of the same type are
opposite each other. The maze is positioned 50 cm above the
floor and is used under artificial lighting (Pellow et al., 1985).

In the present study, the animals were placed in the EPM
room 1 day before the test, in order to habituate to the en-
vironment. During the experiment, each animal, in turn, was
carried to the apparatus in an individual cage containing wood
shavings from their home cage and placed in the central square,
facing a closed arm. They were then filmed for 5 min. This
procedure was always performed between 1200 h and 1600 h.
All animals were tested once only. The apparatus was lit by two
40 W fluorescent bulbs fixed to the ceiling above the maze.

The filmed tests were subsequently analysed following a
double-blind design. The time spent in each arm and the
frequency with which the animal visited them was quantified.
Afterwards, the percentage of time spent in the open arms
(%TOA) and the percentage of entries into the open arms
(%EOA) were calculated and considered as anxiety parame-
ters. The total number of entries into both types of arms (TE)
was considered a parameter of locomotor activity.

2.6. Experimental design

2.6.1. Experiment [

The anxiety levels of five groups of female rats were
evaluated in the EPM. Four of the groups were composed of
pregnant rats at different moments of gestation: 7th (n=14),
14th (n=22), 19th (n=16) and 21st (n=13) days of pregnancy,
and one group was composed of non-pregnant, OVX animals
(n=16).

2.6.2. Experiment II
The anxiety levels of three groups of pregnant rats under
different treatments were evaluated in the EPM. Two of the
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Fig. 1. Total number of entries into the arms of the elevated plus-maze (TE) of
ovariectomised (OVX) and pregnant rats (7th, 14th, 19th and 21st day of
pregnancy). Data expressed as mean=standard error. * Different to all the other
groups (p <0.05).

groups were on the 19th day of pregnancy. One of these was
treated with finasteride (19th day+FIN, n=12), and the other
one with vehicle (19th day+VEH, n=10). The third group was
on the 7th day of pregnancy and was treated with vehicle (7th
day+VEH, n=15). The 7th day group was used as a control in
this second experiment as it did not differ from the OVX group
in the first experiment and allowed comparison of animals in the
same physiological condition. This choice was also advanta-
geous for the animals, as they didn’t have to undergo surgery.
The behavioural test was performed 19 h after the last treatment
administration.

2.7. Statistical analysis

The data obtained from both experiments were analysed
using the Kolmogorov—Smirnov test for normal distribution,
and by Bartlett’s test for homogeneity of variances. Paramet-
ric tests were appropriate for all parameters analysed (Zar,
1999).

All data were analysed either by a one-way Analysis of
Variance (ANOVA) followed by Newman—Keuls post hoc test,
when appropriate, or by a one-way Analysis of Covariance
(ANCOVA), followed by a simple contrast analysis, in which
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Fig. 2. Percentage of entries into the open arms of the elevated plus-maze (%EOA)
of ovariectomised (OVX) and pregnant rats (7th, 14th, 19th and 21st day of
pregnancy). Data expressed as adjusted mean =+ standard error. ** Different to OVX
(p=<0.005). # Tends to be different to OVX ( »=0.10).
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Fig. 3. Percentage of time spent in the open arms of the elevated plus-maze
(%TOA) of ovariectomised (OVX) and pregnant rats (7th, 14th, 19th and
21st day of pregnancy). Data expressed as adjusted mean=+standard error.
*** Different to OVX ( p <0.0005).

OVX was the reference group. All significance tests were two-
tailed and performed at a 5% significance level. A p value
between 0.05 and 0.10 was considered a tendency.

In both experiments, a z-score was calculated for the pa-
rameters %TOA, %OAE and TE, and animals presenting values
outside the interval between mean+two standard deviations
were excluded from the analysis.

3. Results
3.1. Experiment 1

After the z-score calculation, the sample sizes for each group
were as follows: 7th day (n=13), 14th day (»=20), 19th day
(n=14), 21st day (n=12) and OVX (n=13).

According to the ANOVA, TE (Fig. 1) presented a significant
difference among the groups (¥ (4,67)=2.84; p=0.03), with the
21st day group presenting smaller locomotor activity than all the
other groups (OVX: p=0.01; 7th day: p=0.05; 14th day:
p=0.03; 19th day: p=0.04).

Since this parameter presented a difference, it was used as
a covariate for further statistical analysis of the %TOA and
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Fig. 4. Percentage of time spent in the open arms of the elevated plus-maze (%TOA)
of rats on the 19th and on the 7th day of pregnancy, treated with either 25 mg/kg of
finasteride (FIN) or vehicle (VEH) for the prior 7 days. The last administration
occurred 19 h before the behavioural test. Data expressed as mean+standard error.
* Different to 19th Day+VEH ( p <0.05).
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Table 1

Effects of chronic administration of finasteride on percentage of entries into the
open arms (%EOA) and total number of entries into the open and closed arms
(TE) of the elevated plus maze

%EOA TE
19th day+VEH 31.61£2.36 14.88+0.85
19th day+FIN 28.76+2.78 13.40+1.01
7th day+VEH 30.01+£1.92 14.46+1.08

Rats on the 19th or on the 7th day of pregnancy were treated with either 25 mg/kg
of finasteride (FIN) or vehicle (VEH) for the prior 7 days. The last administration
occurred 19 h before the behavioural test. Data expressed as mean+standard
error.

%EOA. This proceeding was adopted in order to obtain an
accurate and reliable analysis of the anxiety parameters (Weiss
et al., 1998).

As is shown in Fig. 2, %EOA increased during pregnancy,
peaking on the 19th day. According to the ANCOVA, there
were differences among the groups (F (4,66)=3.09; p=0.02), in
that the 19th day group visited the open arms significantly more
than the OVX group (£ (1,66)=10.51; p=0.002) and the 14th
day group showed a similar tendency (F (1,66)=3.02; p=0.09).

The %TOA parameter (Fig. 3) also presented a difference
among the groups (F (4,66)=4.53; p=0.003), in that rats on the
19th day of pregnancy showed significantly higher values than
the rats in the OVX group (F (1,66)=14.73; p=0.0003).

3.2. Experiment Il

After the z-score calculation, the sample sizes for each group
were as follows: 19th day+FIN (n=10), 19th day+VEH (n=9)
and 7th day+VEH (n=13).

The ANOVA revealed differences among the groups in %TOA
(F (2,29)=4.58; p=0.02). As can be seen in Fig. 4, the
19th day+FIN group spent significantly less time in the open
arms than did the 19th day+ VEH group (p=0.03), their result
being no different to the 7th day+VEH group.

There were not significant differences among the groups in
either TE (F (2,29)=0.50; p=0.60) or %EOA (F (2,29)=0.33;
p=0.70), which values are presented in Table 1.

4. Discussion

The aims of this work were to verify alterations in anxiety
levels during pregnancy in rats, and to assess the participation of
alloP and alloTHDOC on these alterations.

The results of the first experiment, which evaluated the
anxiety levels of OVX and pregnant females on the 7th, 14th,
19th and 21st days of gestation, showed a significant decrease in
locomotor activity on the 21st day of pregnancy. This was
probably a result of the natural weight increase provoked by the
advanced stage of gestation. In relation to the anxiety pa-
rameters, %TOA and %EOA, the results evidenced a progres-
sive reduction in the anxiety levels of pregnant rats, which
achieved statistical significance on the 19th day, and disappeared
on the 21st day of pregnancy. These behavioural data are in
accordance with our hypothesis, as the cortical levels of alloP

and alloTHDOC increase during pregnancy, peaking on the 19th
day, before returning to control (oestrous) values on the 21st day
(Concas et al., 1998, 1999). Our results are also in agreement
with those of Neumann et al. (1998), who observed a decrease in
anxiety, assessed through the EPM, on the 19th day of preg-
nancy. On the other hand, Bitran et al. (1991) did not observe
differences between 19-day-pregnant and OVX rats, using the
same model. The disagreement in these results could be related
to the different conditions used in their study, as the plus-maze
test was conducted in the dark phase of the light—dark cycle and
immediately after a 5-min exposure to an open field. Also, the
small numbers of animals used (OVX=5; 19th day=6) may
have been a contributory factor. Another possible, although less
probable, explanation could be related to the fact that in Bitran’s
study the animals used where Long—Evans, whereas in both the
present study and Neumann’s Wistar rats were employed.

Results similar to ours were also found by Picazo and
Fernandez-Guasti (1993) using the conditioned defensive
burying behaviour test. These authors evaluated females on
the 7th, 14th and 21st days of pregnancy, and observed a de-
crease in experimental anxiety on the 14th day of gestation when
compared to OVX animals; this effect being reverted on the 21st
day of pregnancy. The only difference to our results is that
Picazo and Fernandez-Guasti (1993) detected a significant
decrease in anxiety levels starting on the 14th day of pregnancy
whereas we only detected this on the 19th day. However, this
may simply be related to different sensitivities of the exper-
imental models adopted, as the defensive burying behaviour test
seems to show a greater sensitivity to positive modulators of the
GABA 4 receptor than the EPM. For example, it is able to detect
anxiolytic effects in doses as low as 0.5 mg/kg of diazepam in
rats (Treit etal., 1981), whereas in the EPM doses of between 1.0
and 2.0 mg/kg are generally used (Pellow et al., 1985).

Molina-Hernandez et al. (2002) also observed a decrease in
anxiety levels on the 14th day of pregnancy, using an operant
conflict model (Hascoet et al., 1994). However, models based
on punishment through electrical shock are open to the criticism
that the alterations in the animals’ sensitivity to painful stimuli
could influence the results. Fillingim and Ness (2000) demon-
strated increased release of P-endorphin during pregnancy,
corroborating data from Dawson-Basoa and Gintzler (1998)
who observed increased analgesia in pregnant rats. Thus these
observations suggest that decreased pain sensitivity during
pregnancy could be confused with decreased anxiety in punish-
ment-based models. On the other hand, it has been demonstrat-
ed that morphine does not have an effect on the defensive
burying behaviour, indicating that this test really is selective to
anxiolytic drugs (Treit, 1985). In any case, the results obtained
in the first experiment of this study, using the EPM, a model that
does not involve electric shocks or food/water deprivation, left
no doubt about the anxiolytic effect of pregnancy.

The fact that this effect takes some time to appear could be
considered surprising, as concentrations as low as 10 nM of
alloP have been shown to increase GABA responses in
synaptoneurosomes (Morrow et al., 1987) and cultured neurons
(Harrison et al., 1987). However, in vivo, it has been demon-
strated that the anxiolytic effect of alloP is associated with
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gonadal hormonal status in female rats (Laconi et al., 2001).
During pregnancy, steroids other than alloP and alloTHDOC are
increased, and this hormone milieu could account for the
absence of anxiolysis early in pregnancy. It could also be argued
that the GABA 4 receptor plasticity may be involved in this time
course, as there is an increase of these receptors in the brain
during pregnancy, which peaks on the 19th day. On the other
hand, there is a concomitant decrease in the activity of these
receptors and in the amount of y2L subunit expressed (Concas
et al., 1999), which could counteract the increased stimulation
of GABA , receptor. Finally, it’s worth mentioning that, in non-
pregnant animals, continuous exposure to progesterone or alloP
actually increases anxiety, an effect that is reverted following
6 days of treatment (Gulinello et al., 2001). This anxiety in-
crease is associated with an increased expression of the a4
subunit of the GABA 4 receptor. Therefore it is possible that, in
early pregnancy, this subunit switch is also present, counter-
acting other physiological changes with potential anxiolytic
effects. Clearly, further studies will need to be carried out in
order to address these points. However, what the first exper-
iment of the present study does make clear is that pregnancy
has an anxiolytic effect in rats, which can be observed on the
19th day of pregnancy on the EPM.

The participation of the neuroactive steroids alloP and
alloTHDOC on the anxiolysis process was indirectly investi-
gated in the second experiment, which used a finasteride
administration regime able to decrease the cortical concentra-
tions of alloP and alloTHDOC of pregnant females to levels
comparable to those of females in oestrous (Concas et al.,
1998). The results showed that, on the 19th day of pregnancy,
females under finasteride treatment explored the EPM open
arms significantly less than the control females on the same day
of pregnancy, and as much as the females on the 7th day of
pregnancy. This means that the anxiolytic effect of pregnancy,
observed in the first experiment, was blocked by finasteride.
The brain and/or plasma levels of alloP and alloTHDOC were
not directly measured in the present study, but it can be can
inferred, by the finasteride regime employed, that the anxiolytic
effect of pregnancy was blocked concomitantly with the
reduction of alloP and alloTHDOC levels.

The physiological importance of anxiety reduction during
pregnancy remains unknown, but it is possibly a protection in
case of stressful situations, capable of inhibiting the female
reproductive system (Chrousos et al., 1998) through a prolonged
activation of the Hypothalamus—Pituitary—Adrenal (HPA) sys-
tem. In this case, the GABAergic activity enhancement,
mediated by alloP and alloTHDOC, could minimize deleterious
consequences of the HPA axis activation.

Neumann et al. (1998) observed that the HPA axis goes
through a period of low responsivity to acute stress during
pregnancy, presenting smaller corticosterone and ACTH
(Adrenocorticotrophic Hormone) release in response to intra-
venous administration of CRH (Corticotrophin Releasing
Hormone) on the 19th day of gestation. These results might
have been observed as a consequence of the inhibitory activity
of neuroactive steroids on the functioning of the HPA axis
(Patchev et al., 1996).

Moreover, other studies have shown that the protective
properties of neuroactive steroids during pregnancy may not
only be in the CNS, as GABA 4 receptors have also been found
in the ovaries (Erdo and Lapis, 1982; Schaeffer and Hsueh,
1982), placenta (Erdo et al., 1985) and uterus (Erdo, 1984). In
the case of the uterus, GABAergic activation inhibits contrac-
tion (Majewska et al., 1989), thus high levels of alloTHDOC
could potentiate this inhibitory effect during pregnancy, in order
to guarantee the complete intrauterus development of the foetus.
In parallel, the activity of high levels of alloP at GABA,
receptors in the supraoptic nucleus keeps oxytocin secretion low
during pregnancy, preventing contraction of the uterus. Before
parturition, both the drop in alloP levels and the consequent
decrease in GABA, receptor sensitivity to alloP allow the
timely release of oxytocin (Brussaard and Koksma, 2003;
Koksma et al., 2003). Therefore, the drop in progesterone
levels, as well as its metabolites, on the 21st day of pregnancy
(Concas et al., 1998) could be an important factor to parturition,
promoting the birth of the offspring.

Summing up, the present study provides evidence of
the anxiolytic effect of pregnancy and the important role
that alloP and alloTHDOC may have in this process. Al-
though the mechanism of action of these steroids is still to
be clarified, it is highly possible that the GABAergic system
is involved.
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