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Abstract

We investigated the somatic maturation of neonate rats treated during
the suckling period with citalopram, a selective serotonin reuptake
inhibitor. Groups with 6 male neonates were randomly assigned to
different treatments 24 h after birth. Each litter was suckled by one of
the dams until the 21st postnatal day. Body weight, head axis and tail
length were measured daily from the Ist to the 21st postnatal day.
Time of ear unfolding, auditory conduit opening, incisor eruption, and
eye opening was determined. Pups received 5 mg (Cit5), 10 mg
(Cit10) or 20 mg/kg (Cit20) citalopram sc, or saline (0.9% NaCl, w/v,
sc). Compared to saline, body weight was lower (24.04%, P <0.01) for
Cit10 from the 10th to the 21st day and for Cit20 from the 6th to the
21st day (38.19%, P < 0.01). Tail length was reduced in the Cit20
group (15.48%, P <0.001) from the 8th to the 21st day. A reduction in
mediolateral head axis (10.53%, P <0.05) was observed from the 11th
to the 21st day in Citl0 and from the 6th to the 21st day in Cit20
(13.16%, P <0.001). A reduction in anteroposterior head axis was also
observed in the Cit20 group (5.28%, P < 0.05) from the 13th to the 21st
day. Conversely, this axis showed accelerated growth from the 12th to
the 21stday in the Cit5 group (13.05%, P < 0.05). Auditory conduit
opening was delayed in the Cit5 and Cit20 groups and incisor eruption
was delayed in all citalopram groups. These findings show that
citalopram injected during suckling to rats induces body alterations
and suggest that the activity of the serotoninergic system participates
in growth mechanisms.
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Introduction

Selective serotonin reuptake inhibitors
(SSRI) such as citalopram have been used to
induce increased serotoninergic activity in
the brain (1,2). Experimental evidence indi-
cates that serotonin can influence embryo-

genesis and growth (3,4) presumably by act-
ing as a developmental signal (5) or as a
neurotrophic factor as well (6). Furthermore,
serotonin seems to play a role in regulating
the development of the mammalian brain
through its action on the production of self
serotonin neurons (4,7,8) and on target tis-
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sues innervated by serotoninergic neurons
(9-11). Pharmacological or nutritional ma-
nipulations during pregnancy or the suckling
period can induce drastic morphological and
functional changes in the growth and devel-
opment of the nervous system (12-16). Sev-
eral studies have shown that treatment with
SSRIreduces food intake and body weight in
rats (17,18). A hypophagic effect was ob-
served following fluoxetine administration
(19). As a consequence, the possibility ex-
ists that the use of serotoninergic agents in
the early phase of life could influence other
specific maturation processes in the body.
Therefore, it is desirable to investigate the
possible effects of manipulation of the sero-
toninergic system early in life.

The objective of the present study was to
test the hypothesis that the administration of
citalopram - a highly SSRI (20) - to rats
during the suckling period induces changes
in somatic development and in body growth.

Material and Methods

Animals

Litters obtained from dams mated to male
Wistar rats from the colony of the Nutrition
Department, Federal University of Pernam-
buco, Recife, PE, Brazil, were used in the
present study. During gestation and until the
end of the experiment, the animals were
housed in polyethylene cages. Male pups
from different mothers (N = 18) were ran-
domly divided into groups of 6 neonates 24
h after birth. Each pup was marked with
methy] violet solution on the skin for identi-
fication during the experiment. Each litter
was suckled by one of the dams until the 21st
postnatal day (birth day was considered to be
zero day). The animals were maintained at a
room temperature of 23 + 1°C, on a 12/12-h
light-dark cycle (lights from 6:00 am to 6:00
pm) with free access to ration (Labina-Purina,
Sao Lourenco da Mata, PE, Brazil) and wa-
ter.

T.C.B.). Deir6 et al.

Citalopram

The experiment was performed blind to
prevent identification of the experimental
groups. The animals of the different groups
were evaluated simultaneously. For the ex-
perimental treatment, four groups (N = 27
each) of suckling rats were distributed as
follows: three groups received citalopram:
group Cit5 (5 mg/kg, sc), group Citl0 (10
mg/kg, sc), and group Cit20 (20 mg/kg, sc),
and a control group received an equivalent
volume of saline (0.9% NaCl, w/v) sc. Dur-
ing the experiment, one neonate rat in the
Cit20 group and one in the Cit5 group died.
Therefore, 106 rats were evaluated. The time
of physical feature maturation and somatic
growth was recorded. Citalopram (H. Lund-
beck A/S, Copenhagen-Valby, Denmark),
was dissolved in saline and 1 m1/100 g body
weight was injected sc. The treatment was
applied daily from the 1st to the 21st postna-
tal day (suckling period) at 0:30-1:30 pm.

Physical feature maturation

The following physical features were
observed: unfolding of the external pinnae
of both ears to the fully erect position; inter-
nal auditory conduit opening of both ears;
incisor eruption, i.e., the first visible and
palpable crest of lower incisors, and eye
opening, i.e., when any visible break in the
covering membrane of both eyes was de-
tected. The features were evaluated daily
between 10:00 and 12:00 am by the method
of Smart and Dobbing (21) during the suck-
ling period until maturation of the variable.
The maturation age of a particular feature
was defined as the day it was first observed.

Somatic growth

Somatic growth was assessed in terms of
body weight, tail length, and mediolateral
and anteroposterior head axis measurements
made from the Ist to 21st postnatal day



Selective serotonin reuptake inhibition and somatic maturation

between 1:00 and 2:00 pm as follows: body
weight was measured with a FANEM scale
(Sao Paulo, SP, Brazil) with 100 mg preci-
sion. Tail length (distance from tail tip to tail
base), length of the mediolateral skull axis
(distance between the ear holes), and length
of the anteroposterior axis of the head (dis-
tance between snout and head-neck articula-
tion) were measured with a Starret caliper
with 0.05 mm precision.

Statistical analysis

Statistical analysis was performed after
preliminary testing to identify normality of
distribution and homogeneity of variance
among the groups. Two-way ANOVA for
repeated measures (from the 1st to the 21st
day for body weight, head axis and tail length)
followed by the post hoc Tukey test were
used to compare growth indicators between
each citalopram group and the saline con-
trol. Kruskal-Wallis analysis of variance fol-
lowed by the Dunn test was used to compare
physical features between each citalopram
group and the saline control. The level of
significance was set at P < 0.05.

The experimental protocol of the study
was approved by the Ethics Committee for
Animal Experimentation of the Federal Uni-
versity of Pernambuco, and was consistent
with the National Institute of Health Guide
for Care and Uses of Laboratory Animals
(Publication No. 85-23, revised, 1985).

Results

ANOVA identified main effects of time
and treatment in addition to interaction be-
tween these factors regarding somatic growth.
For body weight, statistical analysis showed
an effect of citalopram (F; 0, = 52.9, P <
0.001), and day of life (Fy 040 = 2340.6, P <
0.001) as well as a citalopram versus day of
life interaction (Fgg o040 = 69.5, P < 0.001).
Body weight gain (Figure 1A) was reduced
from the 10th to the 21st day (24.04%, P <

1505

0.01) in Citl0 and from the 6th to the 21st
day (38.19%, P < 0.01) in Cit20 when com-
pared to saline. This lower weight gain was
more marked in the Cit20 than in the Cit10
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Figure 1. Effect of citalopram on suckling rat weight and tail length. A, Body weight from
the 1st to the 21st day of life of suckling rats treated with solutions (1 ml/100 g body
weight, sc) of citalopram: 5 mg (Cit5, N = 26), 10 mg (Cit10, N = 27) and 20 mg/kg (Cit20, N
= 26) or saline (Sal, N = 27). Comparisons were made by two-way ANOVA for repeated
measures: citalopram (F3 192 = 52.9, P < 0.001), day of life (F20 2040 = 2340.6, P < 0.001),
and citalopram versus day of life interaction (Fgp 2040 = 69.5, P < 0.001) followed by post
hoc multiple comparisons (Tukey test) between each citalopram dose and saline: *P <
0.001. Each point represents the mean values according to the dose. The asterisks indicate
the beginning of significant differences (P < 0.01) that persisted through the end of the
experiment. B, Tail length. Comparisons were made by two-way ANOVA for repeated
measures: citalopram (F3 192 = 13.7, P < 0.001), day of life (F20 2040 = 3198.0, P < 0.001),
and citalopram versus day of life interaction (Fgg 2040 = 18.7, P < 0.001) followed by post
hoc multiple comparisons (Tukey test) between each citalopram dose and saline: each
point represents the mean values according to the dose. The asterisk indicates the
beginning of significant differences (P < 0.01) which persisted to the end of the experiment
according to the dose.
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group. The Cit5 group did not differ from
saline (Figure 1A).

For tail length (Figure 1B), statistical
analysis showed a main effect of citalopram
(F3100 = 13.7, P < 0.001) and day of life
(Fa0.2040 = 3198.0, P < 0.001) in addition to
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Figure 2. Effect of citalopram on suckling rat mediolateral skull axis length and distance
between snout and head-neck articulation. A, Mediolateral skull axis from the 1st to 21st
day of life of suckling rats treated with solutions (1 ml/100 g body weight, sc) of citalopram:
5 mg (Cits, N = 26), 10 mg (Cit10, N = 27) and 20 mg/kg (Cit20, N = 26) or saline (Sal, N =
27). Comparisons were made by two-way ANOVA for repeated measures for citalopram
(F3,102 = 23.8, P < 0.001) and day of life (F2p,2040 = 1622.1, P < 0.001) and citalopram
versus day of life interaction (Fgg 2040 = 15.3, P < 0.001) followed by post hoc multiple
comparisons (Tukey test) between each citalopram dose and saline. The asterisks indicate
the beginning of significant difference in the Cit10 group (P < 0.05) and Cit20 group (P <
0.001) that persisted to the end of the experiment. B, Distance between snout and head-
neck articulation. Comparisons were made by two-way ANOVA for repeated measures:
citalopram (F3 102 = 16.1, P < 0.001), day of life (Fpp2040 = 2770.6, P < 0.001), and
citalopram versus day of life interaction (Fgp 2040 = 14.7, P < 0.001) followed by post hoc
multiple comparisons (Tukey test) between each citalopram dose and saline. The asterisks
indicate the beginning of significant differences for Cit20 (P < 0.01) and Cit5 (P < 0.05) that
persisted to the end of the experiment.
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an interaction between citalopram and day
of life (Fg9 040 = 18.7, P <0.001). A reduced
growth of tail length was observed in the
Cit20 group from the 8th to the 21st day
(15.48%, P < 0.01); however, the Cit10 and
Cit5 groups did not differ from the saline
control.

ANOVA showed an effect of citalopram
(F3100 = 23.8, P < 0.001) and day of life
(Fa00040 = 1622.1, P < 0.001), as well as an
interaction between citalopram and day of
life (Fgpo040 = 15.3, P < 0.001) on the
mediolateral head axis. A reduction in
mediolateral head axis growth was observed
from the 11th to the 21st day in the Citl0
group (10.53%, P < 0.05), and from the 6th
to the 21st day in the Cit20 group (13.16%, P
< 0.001) compared to the saline control.
Moreover, the reduced growth of this axis
was more marked for the 20 mg dose than for
the 10 mg dose (Figure 2A).

There was also a significant change in
growth of the anteroposterior head axis
length. There were effects of citalopram
(F3,102=15.1, P <0.001), day of life (Fy) 049
= 2770.6, P < 0.001) and interaction be-
tween citalopram and day of life (Fg 040 =
14.7, P <0.001). In the Cit20 group a reduc-
tion of this axis occurred from the 13th to the
21st day (5.28%, P < 0.01), whereas the
growth was accelerated from the 12th to the
21st day in the Cit5 group (13.05%, P <
0.05). There was no difference for the Cit10
group (Figure 2B).

Physical features

For physical feature maturation (Table
1), Kruskal-Wallis analysis indicated sig-
nificant changes in auditory conduit opening
(H=10.59, P <0.05) and incisor eruption (H
=19.33, P < 0.01) in the citalopram groups.
Multiple comparisons of these features
among treatment groups (Dunn test) showed
that auditory conduit opening was delayed in
the Cit5 (P < 0.05) and Cit20 groups (P <
0.05). Incisor eruption was delayed in the
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Cit5 (P<0.05), Citl0 (P <0.01) and Cit20 (P
< 0.05) groups. It is noteworthy that a wide
variation (11-18 days for auditory conduit
opening and 10-17 days for incisor eruption)
was observed in the Cit20 group but not in
groups receiving the lowest citalopram doses
or saline. For eye opening and ear unfolding
there was no significant difference.

Discussion

The present results show that chronic
administration of citalopram during the criti-
cal neonatal period of rat brain development
induces changes in growth. In general the
drug impaired somatic growth and physical
body maturation. As observed for body
weight, increasing doses of citalopram re-
sulted in equivalent growth alteration of tail
and head. Regarding craniofacial develop-
ment, the heads of the animals became longer
with the lowest citalopram dose, narrower
with the middle dose and both shorter and
narrower with the highest dose. Therefore,
the head suffered a shape distortion during
development that was dependent on the dose
of citalopram. The sensitivity of vertebrate
head growth to epigenetic manipulations has
been well demonstrated (22,23). Changes in
the craniofacial skeleton of developing rats
submitted to a low protein diet were shown
by Miller and German (24). Some of these

changes consisted of shortening of skull di-
mensions, a result similar to that experi-
enced by the animals receiving 20 mg
citalopram in the present study. It is note-
worthy that early protein malnutrition such
as studied by Miller and German (24) is
known to increase brain serotonin (5-HT)
levels (13). Therefore, it is appropriate to
consider the delayed development of the
structures inside the skull (auditory conduit)
and face (lower incisors) observed in the
present study, because the delays might be
associated with reduced head growth. Fur-
thermore, the interaction between citalopram
and time indicates that the highest citalopram
dose caused not only a reduction of body
weight gain and of tail growth, but also that
these reductions in rats receiving 20 mg
began earlier than in animals receiving the
two lowest doses. These changes are impor-
tant because they indicate the existence of
growth mechanisms in body tissues which
are sensitive to the dose of citalopram. Since
this drug increases serotonin release (20) we
suggest that serotoninergic mechanisms may
be responsible for the effects of citalopram.

In addition, there is evidence that SSRI
and some serotoninergic agonists also in-
crease 5-HT release not only in neuronal
tissues (10,11,25) but also in non-neuronal
tissues (26,27). Interestingly, serotonin has a
trophic action on the differentiation of sev-

Table 1. Maturation (in days) of the physical features of suckling rats treated with citalopram from the 1st to

the 21st day of life.

Physical features Saline (N = 27) Citalopram (mg/kg)

5 (N = 26) 10 (N = 27) 20 (N = 26)
Ear unfolding 0(1-4) 0 (2-6) 3.0 (2-4) 3.0 (2-5)
Auditory conduit opening 120(11 14) 130(12 14)* 12.5(12-14) 13.0(11-18)*
Eruption of the lower incisors 12.0 (9-13) 13.0 (12-14)* 12.0(11-15)* 12.0(10-17)*
Eyes opening 14.0 (12-15) 14.0 (12-16) 14.0 (12-14) 14.0 (12-17)

Kruskal-Wallis analysis of variance followed by the Dunn test were used to compare physical features
between each citalopram dose and the saline control group. A significant change in auditory conduit opening
(H=10.59, P < 0.05) and incisor eruption (H = 19.33, P < 0.01) was observed in the citalopram groups. Data

are reported as median and range (in parentheses).
*P < 0.05 compared to control.
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eral tissues during the prenatal and postnatal
periods (27,28) by acting as a neurotrophic
factor (6). Some studies on mouse embryo
cultures treated with serotonin suggest an
improved development of serotoninergic cells
in the nervous tissue and of cells of the nasal
prominence, epithelium covering the eye,
optic vesicle, and oral cavity (10,29-33).
These findings indicate that serotonin plays
arole in the control of the epithelial-mesen-
chymal interactions during craniofacial mor-
phogenesis (26). Serotoninergic treatment
also caused malformation of both nerve and
bone structures of mouse embryos (10). Sev-
eral of these events begin in the second week
of life and the first serotoninergic neurons
appear as early as on the 12th to the 14th day
of gestation (29). Therefore, during suckling
the tissue may be able to respond to the
challenge with citalopram. Moreover, a
trophic role of 5-HT in the formation of
craniofacial structures, including the matu-
ration of the tooth germ, has been reported
(28).

Our findings support the data in the lit-
erature because the delayed tooth eruption
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observed in the citalopram groups. How-
ever, the participation of citalopram in this
maturation process appears to be complex
since the highest dose induces a wider varia-
tion of the physical feature than the lowest
doses. On the other hand, the possibility
exists that the effects observed in this experi-
ment may be induced by the action of 5-HT
on anorectic mechanisms and not by a direct
action of 5-HT on tissues. In fact, it has been
well documented that hypophagia induced
by citalopram reduces body weight in adult
rats (17,34) and body weight gain in young
rats (16). Therefore, in the present experi-
ment we could not rule out that the hypopha-
gia induced by citalopram and the resulting
malnutrition were capable of causing growth
disorders in animals that received citalopram.

We conclude that citalopram adminis-
tered during the period of rapid brain devel-
opment causes important morphological body
alterations. These data support the view that
growth mechanisms are highly susceptible
to the manipulation of the serotoninergic
system during this period.
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