
NEONATAL 5-HYDROXYTRYPTAMINE DEPLETION
INDUCES DEPRESSIVE-LIKE BEHAVIOR IN ADULT RATS

Wojciech Kostowski1,2,#, Pawe³ Krz¹œcik2

1Department of Pharmacology and Physiology of the Nervous System, Institute of Psychiatry and Neurology,
Sobieskiego 9, PL 02-957 Warszawa, Poland; 2Department of Experimental and Clinical Pharmacology,
Medical University of Warsaw, Krakowskie Przedmieœcie 26/28, PL 00-927 Warszawa, Poland

Neonatal 5-hydroxytryptamine depletion induces depressive-like behavior
in adult rats. W. KOSTOWSKI, P. KRZ¥ŒCIK. Pol. J. Pharmacol., 2003,
55, 957–963.

The influence of neonatal serotonergic lesion on adult behavior in lo-
comotor and depression models was studied in male Wistar rats. When
3-day-old rats were injected intracisternally with 5,7-dihydroxytryptamine
(5,7-DHT), a marked depletion of brain 5-HT was observed when animals
were killed 3 months after the treatment. Brain catecholamine content was
generally not changed by neurotoxin treatment. The behavioral consequence
of intracisternal 5,7-DHT administration to developing rats consisted in re-
duction of adult rats’ activity in the forced swimming test. Both desipramine,
and, to the lesser extent, fluoxetine, reversed 5,7-DHT-induced immobility
of animals.
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Abbreviations: DA – dopamine, 5,7-DHT –
5,7-dihydroxytryptamine, DMI – desipramine, FC
– frontal cortex, FLU – fluoxetine, FST – forced
swim test, HIPP – hippocampus, 5-HT – 5-hydroxy-
tryptamine, HVA – homovanillic acid, OFT – open
field test, SSRI – selective serotonin reuptake in-
hibitor, STR – striatum

INTRODUCTION

The monoamine hypothesis of depression which
dates from 1960s is still widely accepted, even
though it has undergone a series of modifications
over the recent two decades [6, 23, 30]. There is
mounting evidence that depressive symptoms are
associated with reduction in 5-hydroxytryptamine
(serotonin, 5-HT) neurotransmission. Reduction in
tryptophan availability to the brain impairs 5-HT
synthesis due to dependence of brain 5-HT synthe-
sis on plasma levels of tryptophan [7]. Nutritional
tryptophan depletion (e.g. diet free of tryptophan)
has been reported to cause depressive reactions in
remitted depressed patients [27, 28]. Interestingly,
the probability of 5-HT-depletion-induced exacer-
bation of depression is the highest in patients who
were treated with selective serotonin reuptake in-
hibitors (SSRIs) [14, 28]. Furthermore, therapeutic
activity of some antidepressant drugs is reduced by
the pretreatment with p-chlorophenylalanine (PCPA),
an inhibitor of 5-HT synthesis [26].

Among different animal models of depressive-
like behavior, the “immobility test” (forced swim
test, FST) is a well-defined behavioral paradigm
used to explore antidepressant drugs [20, 21]. How-
ever, several points of the possible role of brain
5-HT in mediating the anti-immobility effects in
the forced swim test remain unclear. Drugs acting
on 5-HT neurotransmission, like antidepressants
which selectively block the 5-HT uptake (e.g. flu-
oxetine, fluvoxamine, citalopram), generally did
not reduce immobility time, thus casting some
doubts on the efficacy of the blockade of 5-HT up-
take in exerting anti-immobility effect [3]. In con-
trast to 5-HT uptake inhibitors, the 5-HT releaser
fenfluramine reduced the immobility time in the
FST [20, 21]. Further, drugs which are known to
reduce serotonergic activity due to stimulation of
5-HT1A autoreceptors, e.g. [8-hydroxy-2-(di-n-pro-
pylamino)-tetralin] (8-OH-DPAT) and buspirone,
are active in the FST [9, 11, 24, 25]. Notably, direct

application of 5-HT1A receptor agonists into the
dorsal raphe nucleus (DRN) reduced immobility
time, thus suggesting antidepressive effects [3, 24].
Even more confusing is the finding that PCPA,
the inhibitor of 5-HT synthesis, or 5,7-dihydroxy-
tryptamine (5,7-DHT, the serotonergic neurotoxin)
treatment antagonized the anti-immobility action of
8-OH-DPAT [3, 24, 25]. Finally, the depletion of
5-HT stores by PCPA or 5,7-DHT did not change
the immobility time [3].

Little information exists about the subsequent
behavioral alterations induced when developing
neonatal rats are treated with 5-HT neurotoxin. No-
tably, neonatal 5,7-DHT treatment produces a marked
5-HT denervation in the cerebral cortex [22]. In line
with this notion, our previous study showed that
neonatal intracisternal administration of 5,7-DHT
resulted in a marked depletion of 5-HT in different
brain areas [15]. Therefore, the present study was
performed to investigate the effect of treatment of
newly born rats with 5,7-DHT on their subsequent
behavior in adult period of life in the FST and the
open field test (OFT).

MATERIALS and METHODS

Animals and 5,7-DHT administration

Timed pregnant Wistar rats obtained from li-
censed breeder (HZL, Warszawa, Poland) were sin-
gly housed in transparent plastic cages containing
wood chip bedding material. The animals were
housed at 22–24°C, under a 12-h alternating light-
dark cycle (light on at 7.00) and 60% relative hu-
midity. They were allowed free access to food (Ba-
cutil, Poland) and tap water. The ages of new born
animals were determined by checking for births
every day (at 08:00, 14:00 and 22:00 h). Each litter
contained 6–10 pups. At 3 days after birth pups
were pretreated with desipramine (DMI, 20 mg/kg
ip, base form) followed 30 min later by an intracis-
ternal injection of 70 �g of 5,7-DHT (base form),
dissolved in 0.1% saline solution of ascorbic acid
in the volume of 2 �l on each side. Solvents were
delivered with a flow rate of 1 �l/20 s. Sham-
lesioned control rats (SHAM LESION) received
the DMI injection and appropriate volume of ve-
hiculum instead of the neurotoxin. Intracisternal in-
jections were performed under ether anesthesia.
Additional control group (INTACT) consisted of
intact rats (i.e. those that did not undergo the anes-
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thesia and icv injection, but were injected only with
saline at 3 days after birth). The details of the pro-
cedure were described previously by us [15]. Dams
were maintained with the litters until 28 days of
age when they were transferred to group cages and
housed divided by sex (3–4 animals per cage, only
male rats were used for this study) under standard
laboratory conditions as described above. Animals
were submitted to behavioral tests at 3 months of
age (the OFT followed 3 days later by the FST)
and, after completing the experiments, were killed
and their brains were biochemically analyzed.

Treatment of the animals in the present study
was in accordance with the respective Polish and
European regulations and was approved by the lo-
cal Ethics Committee.

Forced swim test

The FST was conducted essentially as de-
scribed by Porsolt et al. [21] and was in accordance
with the procedure used in our laboratory [16].
Briefly, rats were placed individually in a glass cy-
lindrical water tanks (diameter 18 cm, height 40
cm) containing lukewarm water (25°C) to a height
of 15 cm. They were removed after 15 min, dried
and placed in their home cages (pre-test session).
Twenty-four hours later (test session), the rats were
exposed again to the conditions outlined above and
a total time of activity (swimming, climbing, div-
ing, jumping, intensive forepaw treading) over the
5 min period was recorded. DMI (10 mg/kg) and
fluoxetine (FLU, 10 mg/kg) were dissolved in dis-
tilled water and administered ip 3 times before test-
ing (24, 5 and 1 h) in a volume of 1.0 ml/kg. Con-
trol groups received appropriate volume of physio-
logical saline (0.9% NaCl).

Open field test

The OFT procedure was in accordance with the
procedure described previously in our laboratory
[2]. The apparatus consisted of four dimly lit (10
lux), computer-controlled cages (60 × 60 × 40 cm;
COTM, Bia³ystok, Poland), transected by two per-
pendicular, co-planar arrays of 16 infra-red photo-
cells located 3 cm above floor level to measure for-
ward locomotion (ambulation). The forward loco-
motion was defined as the distance (in inches)
travelled by the rat during the 30 min session. The
test was performed on naive animals (i.e. not ha-
bituated initially to the apparatus). The cages were
carefully cleaned between the recordings. The test

sessions were conducted between 14:00 and 17:00 h.
DMI and FLU were dissolved in distilled water and
administered ip 3 times before testing (24, 5 and
1 h, i.e. similarly as in the FST test) in a volume of
1.0 ml (control groups received saline).

Neurochemical analysis

Biochemical procedures were similar to those
described previously by us [15, 29]. One week after
the experiment has been completed, the rats were
killed by decapitation using a guillotine, their
brains were removed, placed on a cooled plate, dis-
sected and immediately frozen at –80°C until the
time of neurochemical analysis. The following brain
structures were taken for the analysis: frontal cortex,
striatum and hippocampus. Frozen tissue sections
were homogenized in 15 volumes of ice-cold 0.05 M
perchloric acid supplemented with an internal stan-
dard. Homogenates were centrifuged (15 000 × g),
filtered through 0.22 �m membranes (Millipore,
Milford MA, USA) and contents of 5-HT, dopa-
mine (DA), 5-hydroxyindole acetic acid (5-HIAA),
3,4-dihydroxyphenylacetic acid (DOPAC), and ho-
movanillic acid (HVA) were assessed using a liquid
chromatography with electrochemical detection
HPLC system (Shimadzu, Japan). The HPLC sys-
tem consisted of a Shimadzu LC-9A pump, with
a programmable flow rate, equipped with a 20-�l
injection loop (Rheodyne, CA). Separation of mo-
noamines and their metabolites was carried out on
a Nucleosil 7C-1B column 250 × 4 mm (Macherey-
Nagel, Germany) thermostated at 32°C in a Shima-
dzu CTO-6A column oven. An electrochemical de-
tector (Shimadzu L-ECD-6A) was set at +0.8 V po-
tential vs. calomel reference electrode. The mobile
phase consisted of citric acid (7.5 g/l), Na2HPO4 ×
2H2O (5 g/l), EDTA Na2 × 2H2O (10 mg/l), octa-
ne-sulfonic acid (180 mg/l) and methanol (12.5%
v/v). The flow rate was programmed from 1.0 to
1.2 ml/min over 18 min for each analytical run. The
mobile phase was continuously gassed with he-
lium. Integration of the chromatograms was per-
formed with a Shimadzu C-R4AX Chromatopac-
computing integrator. Dihydroxybenzylamine was
used as an internal standard.

Chemicals

The following compounds were used: 5,7-dihy-
droxytryptamine creatinine sulfate (purchased from
RBI, Natick, Ma 01760, USA), desipramine hydro-
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chloride (DMI, Sigma/RBI, St. Louis, MO 68178,
USA) and fluoxetine hydrochloride (Sigma/RBI).

Statistical analysis

Statistical analyses were performed using Sta-
tistica software package. The data from the beha-
vioral experiments were evaluated using two-way
analysis of variance (ANOVA) followed by un-
paired t-test. The data acquired in biochemical ex-
periment were analyzed using unpaired t-test.

RESULTS

Table 1 presents the effect of early postnatal
5,7-DHT treatment on the concentrations of mo-
noamines and their metabolites. The 5-HT contents
were reduced in all structures tested, the decrease
being the most pronounced in the hippocampus.

Thus, a significant lesion effects on 5-HT and
5-HIAA contents were observed in the frontal cor-
tex (FC) (p < 0.01), striatum (p < 0.01) and hippo-
campus (p < 0.01) as compared with control SHAM
LESION and INTACT groups. On the contrary, the
neonatal treatment with 5,7-DHT did not induce re-
duction in concentrations of DA and their metabo-
lites HVA and DOPAC (data not shown) The con-
tents of noradrenaline were also unaffected in all

brain areas investigated (data not shown). The only
exception was a reduction in striatal DA and HVA
concentrations.

The effects of neonatal 5,7-DHT treatment on
OFT and FST performances are shown in Figures 1
and 2. Rats treated neonatally with 5,7-DHT were
less active (i.e. more immobile) than SHAM LESION
animals when assessed in the FST (F(2,29) = 10,84,
p < 0.001) and INTACT group (p < 0.001). On the
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Table 1. Levels of brain monoamines and their metabolites in different brain regions of 5-HT-depleted (5,7-DHT LESION), sham-
operated (SHAM LESION) and control intact (INTACT) rats

Monoamines groups and
brain areas

5-HT DA 5-HIAA HVA

INTACT

FC 426.5 ± 104 63.7 ± 40 351.2 ± 42 45.7 ± 15

HIPP 365.0 ± 29 17.0 ± 12 490.7 ± 56 28.5 ± 6

STR 607.2 ± 83 18170.7 ± 161 635.7 ± 67 1338.2 ± 74

SHAM LESION

FC 399.0 ± 41 66.3 ± 14 512.3 ± 33# 62.6 ± 26

HIPP 350.7 ± 56 16.3 ± 3 557.6 ± 63 58.6 ± 18

STR 706.2 ± 44 8957.7 ± 954 610.0 ± 92 1581.1 ±164

5,7-DHT LESION

FC 201.6 ± 66* 78.2 ± 8 172.3 ± 38* 41.6 ± 9

HIPP 45.9 ± 9* 30.2 ± 16 60.5 ± 12* 20.7 ± 7

STR 2.3 ± 36* 4515.0 ± 466* 217.3 ± 39* 1020.9 ± 60*

* p < 0.05 vs. SHAM LESION, # p < 0.05 vs. INTACT. Data represent concentrations of monoamines and their metabolites expressed
as nanograms per gram of tissue, (mean values + SEM). FC – frontal cortex, HIPP – hippocampus, STR – striatum, 5-HT – serotonin,
DA – dopamine, 5-HIAA – 5-hydroxyidoleacetic acid, HVA – homovanillic acid
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Fig. 1. Open field test. The locomotor activity measured in
inches (vertical scale) of 5,7-DHT-lesioned and control rats
measured for 5 and 30 min (cumulative data). Mean values from
8–12 rats ± SEM



other hand, general activities measured in the OFT
were similar among the groups of rats (Fig. 1).

The effects of DMI and FLU on FST activity
in control and 5,7-DHT-treated rats are shown in
Figure 2. DMI markedly increased (F(2,71) = 21, 08,
p < 0.01) activity in both control (SHAM LESION
and INTACT) and 5,7-DHT-pretreated rats. In con-
trast, FLU failed to increase the activity of control
animals while produced slight but significant
(p < 0.05) anti-immobility effect only in the rats
pretreated neonatally with 5,7-DHT.

DISCUSSION

The present study was performed on the prem-
ise that investigation of behavioral responses in
adult rats treated with 5,7-DHT during early post-
natal period, might help to better understand the
role of 5-HT system in depression. As indicated by
neurochemical data, neonatally 5,7-DHT-lesioned
rats had decreased 5-HT and 5-HIAA levels in se-
veral brain areas, such as the frontal cortex, stria-
tum and hippocampus. The most significant deple-
tion, however, was observed in the hippocampus
thus suggesting that the structure adjacent to the
ventricle was particularly affected by the neuro-
toxin.

The concentrations of DA and its metabolites
remained generally, unaffected. The only exception
was the reduction of striatal DA and HVA concen-
trations in 5,7-DHT group. This phenomenon may

reflect the possible interactions between 5-HT and
DA neurons as suggested by some authors [19, 31].
Our finding indicates that the neurotoxic effect on
5-HT neurons was stable in course of time, thus
showing that no substantial regeneration of neurons
took place. These biochemical data agree with our
previous results [15] and are in concert with find-
ings by others [4, 5, 17].

Interestingly, early postnatal neurotoxin-induced
5-HT depletion decreased significantly active be-
havior, i.e. increased immobility of adult animals in
the FST. Thus, under baseline conditions, the acti-
vity of 5,7-DHT-lesioned rats was substantially
lower than that of both groups of control (SHAM
LESION and INTACT) animals. The mechanism
responsible for this phenomenon remains to be ex-
plained. It is to be noted, as evidenced by OFT
study, that decreased activity in the FST was rather
unlikely due to reduced general locomotion (hy-
pokinesia) in 5,7-DHT-treated rats. Notably, neona-
tally 5,7-DHT-treated rats showed reduced DA and
HVA striatal concentrations. Thus, one may sup-
pose that diminished activity of rats in the FST was
due to striatal DA deficiency, however, this result
disagrees with the unaffected activity of animals in
the OFT. Notably, depletion of brain 5-HT has been
reported to desensitize the brain DA receptors [1,
18]. For example, locomotor stimulating effect of
DA agonist, quinpirole, was lower in the 5-HT-de-
pleted rats after the icv administration of 5,7-DHT
than in the sham-lesioned controls. This finding may
suggest a postsynaptic D-2 receptor subsensitivity
in the 5-HT-depleted rats [18].

Antidepressants, such as DMI and FLU reversed
depressive-like behavior of 5,7-DHT-treated rats in
the FST; the effect of DMI was, however, more evi-
dent. Notably, activity of control rats was unchan-
ged (INTACT) or even slightly not significantly)
reduced (SHAM LESION) by FLU while DMI in-
creased the activity both 5,7-DHT-treated and con-
trol animals. Thus, 5-HT-depleted and control rats
showed difference in their behavioral response to
FLU in the FST. While inactive in SHAM LE-
SIONED and INTACT rats, FLU was able to in-
crease significantly activity of 5,7-DHT-lesioned
animals.

Almost all the literature data reporting the role
of 5-HT neurons in behavioral responses of animals
in various models of depression were obtained
from animals in their adult life. The available data
show that icv administration of 5,7-DHT (1–3 weeks

ISSN 1230-6002 961

NEONATAL 5-HT LESION AND DEPRESSION

0

20

40

60

80

100

120

140

INTACT SHAM 5,7-DHT

a
c
ti

v
it

y
(s

)

SALINE

DMI

FLU

#

Fig. 2. Forced swimming test. The activity of rats lesioned with
5,7-DHT and control rats. Effect of desipramine (DMI) and
fluoxetine (FLU) on the activity of 5,7-DHT-lesioned and con-
trol groups. * p < 0.05, ** p < 0.01 vs. respective saline, # p <
0.05 vs. respective control group (SHAM) receiving saline
(mean values ± SEM from 8–10 rats)



before test) failed to influence behavior of animals
in the FST [3, 8, 10]. Furthemore, it has been re-
ported that selective 5-HT uptake inhibitors such as
FLU, citalopram and zimelidine did not influence
immobility of rats in the FST ([3], but see also
[13]). Sertraline was the only 5-HT uptake inhibitor
which caused a reduction in immobility, but sur-
prisingly, this effect was not antagonized by deple-
tion of brain 5-HT caused by 5,7-DHT [8].

Our result, therefore, indicates that neonatally
5,7-DHT-lesioned rats show increased sensitivity
to anti-immobility effect of FLU. The exact mecha-
nism of this phenomenon remains unclear at pres-
ent, one possible explanation we propose, is that
neonatal 5-HT depletion resulted in adaptive chan-
ges in postsynaptic 5-HT receptors and/or adaptive
changes in other neurotransmitter systems which
influence the activity of 5-HT neurotransmission.

Literature data concerning the effect of 5-HT
depletion on animal behavior in depression models
are relatively modest. Interestingly, the anti-immo-
bility effect of low doses of 8-OH-DPAT was re-
duced in the rats whose brain 5-HT concentrations
had been decreased by PCPA or 5,7-DHT [3, 11].
Also, PCPA has been reported to prevent the acti-
vating effects of FLU in the mouse FST [12].

In conclusion, we propose that the neonatal le-
sion of 5-HT neurons might be considered as a tool
for looking into the neuronal mechanisms that may
underlie the ethiology of depression.
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