
Abstract 

Manipulations of the serotonin transmission during early
development induce long-lasting changes in the serotonergic cir-
cuitry throughout the brain. However, little is known on the devel-
opmental consequences in the female progeny. Therefore, this
study aimed at exploring the behavioural effects of pre- and post-
natal stimulation of the serotonergic system by 5-methoxytrypta-
mine in adolescent female rats on behavioural reactivity and anx-
iety-like phenotype. Our results show that perinatal 5-
methoxythyptamine decreased total distance travelled and rearing
frequency in the novel enviroment, and increased the preference
for the centre of the arena in the open field test. Moreover, perina-
tal 5-methoxytryptamine increased the percentages of entries and
time spent on the open arms of the elevated plus maze, with
respect to perinatally vehicle-exposed rats. Thus, perinatal stimu-
lation of serotonin receptors does not impair the functional
response to the emotional challenges in female rats, favouring the
occurrence of a stress-resilient phenotype. 

Introduction

It is well known that the exposure to traumatic events, or phar-
macological treatments, at different life stages, and especially dur-
ing the early gestational period, induces dysfunction in several
areas of the central nervous system.1-8 In particular, disturbances
in the serotonergic transmission seem to play a crucial role in the
onset of the detrimental consequences of psychopathological traits
that appear often in adolescence.9 Recent investigations show that
manipulation of serotonin (5-hydroxytriptamine or 5-HT) during
early development induce long-lasting changes in the serotonergic
circuitry throughout the brain. In this regard, maternal buspirone,
a 5-HT1A-receptor agonist, has been shown to protect against the
adverse effects of in utero stress on pain sensitivity in adult rat off-
spring, likely due to the interplay between 5-HT and neuropep-
tidergic systems involved in nociception.10-15 A number of studies
on the effects of prenatal serotonin agonists on receptor develop-
ment employed the 5-HT1/5-HT2 agonist 5-methoxytryptamine
(5-MT) and produced considerable insight into the ability of pre-
and post-natal pharmacological manipulation of 5-HT receptors to
decrease behavioural reactivity to stress in pups and facilitate
learning performance in adolescent male rats.16-19 Notably, adoles-
cence represents a vulnerable phase of development when the
serotonergic system is still maturing and the influence of the sex-
ual hormones plays a role in determining attitudes and behaviour. 

Notwithstanding, little preclinical evidence regards the conse-
quences of the perinatal manipulation of the serotonergic system
in the female progeny. Therefore the present study aimed at inves-
tigating the behavioural consequences of pre- and post-natal stim-
ulation of the serotonergic system by 5-MT. In particular, behav-
ioural reactivity to novelty, locomotor activity and anxiety-like
phenotype were assessed, in order to shed light on putative gen-
der-related peculiarities in the occurrence of psychopathological
traits associated to manipulations of the serotonergic transmission
in critical period of ontogenesis. 

Materials and Methods

Experimental procedures 
Wistar rats of both sexes (Harlan, Udine, Italy) housed with

free access to food and water were maintained on a 12 h on/off
cycle (8:00-20:00) at a constant temperature (22±2°C) and humid-
ity (55±10%). Pairs of primiparous females of 120 days of age
were mated with one male of 150 days of age. The day on which
sperm was detected in the vaginal smear was designed as gesta-
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tional day (GD) 1. Ten days before delivery 10 pregnant dam was
individually housed in sawdust-containing plastic cages (40
cm×60 cm, 20 cm in height) and randomly assigned to the gesta-
tional pharmacological exposure (n=5 per group). 

Perinatal exposure to vehicle or 5-MT was designed as fol-
lows: pregnant dams received a single daily injection of vehicle or
5-MT (1mg/kg s.c.) over GD 12-21, time in which 5-HT1A recep-
tors appear in the foetal brain. All litters born within a 2-day period
were reduced to eight pups (four males and four females), and
maintained under standard laboratory conditions. Two days after
birth, female offspring received a daily injection of vehicle or 5-
MT (0.5 mg/kg s.c.) from postnatal day (PND) 2 until PND 18,
when 5-HT1A receptors reach their maturation.19 The dosage was
reduced in order to minimise possible adverse neurotoxic effects
due to the immature metabolic system of pups. Immediately after
birth and at weaning time, no significant differences in number,
morbidity, mortality or weight were observed between the perina-
tally vehicle- and the perinatally 5-MT-exposed offspring. On
weaning time (PND 24), according to the perinatal exposure and
the postnatal acute treatments, female pups were randomly
assigned to the following two experimental groups (n=18); perina-
tal vehicle (VH) and perinatal 5-MT (5-MT). On the test day (PND
42), adolescent rats were brought into the laboratory 60 min before
the experimental sessions to acclimatize (Figure 1). The experi-
ments were carried out in a sound isolated room between 9:00 and
17:00. Animal performance was recorded on videotape and moni-
tored in an adjacent room. To ensure that rat’s behaviour was not
affected by the detection of another rats’ scent, all the devices were
thoroughly cleaned 10 min before the animal’s entry into the cages.
All the experiments were conducted in accordance with the regu-
lations of the Committee for the Protection and Use of Animals of
the University of Palermo, in accordance with current Italian leg-
islation on animal experimentation (D.L. 116/92) and the European
directives (2010/63/EU) on care and use of laboratory animals.
Every effort was made to minimize the number of animals used
and their sorrow.

Open field test
Rats were first tested in an open field arena. Locomotor activ-

ity and behavioural reactivity in a novel environment were meas-
ured into a dimly illuminated (100 lx) chamber with an automatic
video-tracking system, Any Maze (Ugo Basile, Italy). The appara-
tus consisted in a Plexiglas square box (44×44×20cm). The system
produces a quali-quantitative mapping of the motor patterns.
Different parameters were measured simultaneously: total distance

travelled, rearing frequency and central zone Preference. Each
experimental session lasted 5 min. 

Elevated plus-maze test
Rats were tested into a mean light intensity (100 lx) illuminated

chamber. The elevated plus maze was made from dark grey PVC and
consisted of a plus-shaped platform elevated to a height of 70 cm
above the floor. Two of the opposing arms (55×10 cm) were closed
by 40 cm-high walls (closed arms) whereas the other two arms had
no walls (open arms). All four arms were connected at the centre by
10×10 platform. At the beginning of each session, rats were placed
in the centre of the maze facing one of the open arms. The number
of entries and the time spent on the open and closed arms were
recorded by using the ANY MAZE Video Tracking System, for 5
min. Entries were scored when all the four paws entered into each
single arm. Results were expressed as percentage of entries and time
spent on the open arms/open+closed arms.

Statistical analysis
Open field test: locomotor activity evaluation was conducted

performing a two-tailed Student’s t-test for unpaired measures on
total distance travelled. Behavioural reactivity to novelty was
analysed by performing a two-tailed Student’s t-test for unpaired
measures on rearing frequency and central zone Preference.

Elevated plus maze: the analysis of the anxiety-like behaviour
was carried out using a two-tailed Student’s t-test for unpaired meas-
ure on the percentage of the entries in the open arms/the entries in
the open and closed arms, and as the percentage of the time spent on
the open arms/the time spent on the open and closed arms.

Results
Open field test

Female rats were first tested in an open field arena at PND 42
in order to assess whether perinatal exposure to 5-MT-induced dif-
ferences in the measured parameters: total distance travelled, rear-
ing frequency and central zone Preference compared to perinatally
vehicle-exposed rats. Statistical analysis by a two-tailed Student’s
t-test for unpaired measure showed that perinatal exposure to 5-
MT reduced total distance travelled (t=3.830, df=34; P=0.0005)
and rearing frequency (t=2.999, df=34; P=0.0050) and increased
central zone Preference (t=2.276, df=34; P=0.0293) compared to
perinatally vehicle-exposed offspring (Figure 2).
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Figure 1. Timeline showing days and time on which treatment and behavioural testing were conducted. 5-MT: 5-methoxytryptamine,
EPM: elevated plus maze, GD: gestational day, OF: open field, PND: postnatal day, VH: vehicle.
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Elevated plus-maze test
Female rats were tested in elevated plus maze at PND 48 in

order to evaluate the effects of perinatal exposure to 5-MT on anx-
iety-like behaviour, expressed as the preference for the open arms.
Statistical analysis by a two-tailed Student’s t-test for unpaired
measure showed that perinatal exposure to 5-MT increased the per-
centage of the time spent on the open arms/the time spent on the
open and closed arms (t=2.999, df=34; P=0.0050) and the percent-
age of the entries in the open arms/the entries in the open and
closed arms (t=3.830, df=34; P=0.0005) compared to perinatally
vehicle–exposed offspring (Figure 3).

Discussion and Conclusions

The present study investigated in adolescent female rats the con-
sequences of the perinatal pharmacological manipulation of the
serotonergic system by a non-selective 5-HT receptor agonist, 5-MT,
on behavioural reactivity and anxiety-like behaviour measured by
the open field test and the elevated plus-maze, two well-validated
unconditioned state anxiety models in rats.20-23 Our results show
that, when exposed for the first time to the novel environment, peri-
natally 5-MT-treated female rats displayed lower exploratory activi-
ty in the open field than vehicle-treated counterparts: this was shown
by reduced total distance travelled and rearing frequency. However,
rats did not avoid the central zone of the open field, which is usually
perceived as anxiogenic. Indeed, perinatally 5-MT-exposed female
rats displayed an increased preference for the centre of the arena,
where they spent longer time than perinatally vehicle-treated con-
trols. Notably, when rats are tested for the first time in the open field,
they commonly show high behavioural reactivity towards the new
environment. Both total distance travelled and rearing frequency are
generally increased, indicating an initial escape behaviour.24 At the
same time, rats exhibit low exploratory activity in the centre of the
arena, reflecting avoidance of an unprotected anxiogenic environ-
ment. This behaviour is reversed when rats show a low emotional
response to stressful conditions or they are treated with anxiolytic
drugs: this results in decreased total distance travelled and rearing
frequency, together with a preference for the centre of the arena.24,25

When tested in the elevated plus maze, perinatally 5-MT-treated
females displayed an increase in the percentage of entries and time
spent on the open arms, compared to perinatally vehicle-exposed

rats. The elevated plus maze represents a valid behavioural model to
study the emotional response of animals. An avoidance or a prefer-
ence for the unprotected stressful open arms are respectively
ascribed to an increase or a reduction in state anxiety. Indeed, anxio-
genic drugs increase the avoidance of the open arms, while anxiolyt-
ic drugs reduce it.26 Therefore, the high values in the percentage of
entries and time spent on the open arms of the elevated plus maze,
observed in perinatally 5-MT-exposed rats, suggest a lower emotion-
al response to the stressful environment than perinatally vehicle-
exposed rats. This evidence appears to be consistent with what
observed in the open field test confirming a reduced emotional
response during non-aversive stress-related behavioural
tasks.17,18,27,28 Moreover our data are in agreement with previous
experiments showing that prenatally 5-MT-treated male rats dis-
played reduced stress reactivity, anxiety- and depression-like behav-
iour. Altogether, our evidence indicates that perinatally 5-MT expo-
sure does not exert gender-related phenotypes in adolescence.

Notably, central serotonergic system is involved in the patho-
physiology of anxiety and in the pharmacological response to anx-
iolytic drugs. Preclinical models of anxiety show that drugs able to
reduce serotonergic function decrease fearful behaviour and dis-
play anxiolytic-like effects in rats.29 The effects of serotonin on the
physiological and behavioural responses to stressful stimuli seem
to be dependent on the receptor subtype where it acts upon. Among
the multiple subtypes of receptors for serotonin in the brain, 5-
HT1A receptor plays a major role in the regulation of serotonin
neuronal activity and it is a critical mediator of the neuroendocrine
responses to stress. 5-HT1A receptors are located both postsynap-
tically and presinaptically, the latter mediating the anxiolytic
effects.29 Moreover, 5-HT1A receptor is the earliest serotonin
receptor subtype which appears during the brain development,
both in humans and in rodents.30

Although the mechanism underlying 5-MT effects that we
report in this study remains to be further elucidated, we currently
favour the hypothesis that perinatal exposure to 5-MT does not
deteriorate the functional response of 5-HT1A receptors. An imbal-
ance between pre- and postsynaptic 5-HT1A signalling, in favour
of the anxiolytic-like signal transduction, might be responsible for
the stress-resilient phenotype observed as a result of the perinatal
5-MT exposure.17

Further studies will explore the molecular mechanisms by
which serotonin elicits its effects on brain development in both
genders.
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Figure 2. Open field test. Effects of perinatal 5-MT exposure on total distance travelled (TDT), rearing frequency (RF) and central pref-
erence (CP) of the arena. Each value represents the mean±S.E.M. of eighteen rats. ***P<0.001, **P<0.01, *P<0.05 vs perinatally vehi-
cle-exposed rats.
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Figure 3. Elevated plus maze test. Effects of perinatal 5-MT expo-
sure on percentage of entries and time spent on the open arms.
Each value represents the mean±S.E.M. of eighteen rats.
***P<0.001 vs perinatally vehicle-exposed rats.
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