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The effects of selective manipulations of activity of the serotonergic and
noradrenergic systems were examined in the rat model of visceral pain. It was
found that neither p-chlorophenylalanine(p-CPA)- nor N-chloro-ethyl-2,2-
-bromo-benzylamine(DSP-4)-induced strong and selective depletion of the
brain and spinal cord serotonin and noradrenaline, respectively, changed in
a significant way rat visceral pain perception. On the other hand, 8-OH-DPAT,
a full selective 5-HT

��
receptor agonist, prazosin, an �

�
-adrenoceptor anta-

gonist, clonidine, an �
�
-adrenoceptor agonist, and two �-adrenoceptor anta-

gonists: propranolol and metoprolol, dose-dependently reduced the number
of body writhes induced by intraperitoneally administered 2% solution of
acetic acid (the writhing test). The results obtained with selective receptor
ligands, DSP-4 and p-CPA, indicate that the noradrenergic and serotonergic
innervation of the central nervous system contribute in a complex way to the
animal behavior in the writhing test. The 5-HT

��
receptors and �

�
-adrenocep-

tors play an inhibitory role in the expression of rat behavior in this model of
visceral pain. On the other hand, adrenergic �

�
and �

�
receptors facilitate the

behavioral effects of the irritant agent.
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INTRODUCTION

There is little doubt left that brain serotonergic
and noradrenergic systems significantly contribute
to the processes of pain perception. Both neurotrans-
mitters modulate transmission of painful stimuli
in the spinal cord and forebrain structures [1, 3, 9].
However, the role of different serotonergic and nor-
adrenergic receptor subtypes in different models of
pain reactions is not clarified enough. This is pro-
bably due to the fact that separate mechanisms are
involved in the mediation and processing of various
painful stimuli [11]. Recently, we have shown that
intraperitoneally administered irritant (2% acetic
acid solution)-induced short lasting rat body writhes
can be selectively antagonized by antidepressant
drugs, including maprotiline (a selective noradrena-
line transporters blocker), and citalopram (a selec-
tive serotonin tranporters blocker) [4]. Moreover, it
appeared that only intracerebroventricular but not
intrathecal administration of maprotiline and cita-
lopram potently blocked the acetic acid-induced
writhes in rats [5]. These data strongly suggest that
serotonergic and noradrenergic innervation of the
brain modulate pain perception in this particular
model of visceral pain. In the present study, our
aim was to further examine this problem, using
a neurotoxin for noradrenergic neurons, and a sero-
tonin synthesis inhibitor, which induce long-lasting
decrease in the serotonergic and noradrenergic sys-
tem activity, as well as the selective agonists and
antagonists of different monoaminergic receptors.

MATERIALS and METHODS

Animals

Male Wistar rats bought from a licensed breeder,
weighing 200 ± 20 g at the beginning of the experi-
ment were used. Animals were housed five to a cage
(40 × 30 × 20 cm) under a 12 L: 12 D cycle (lights
on at 06:00 h) and at constant temperature (21°C)
in a ventilated room with tap water available ad li-
bitum. Animals used in the writhing test were de-
prived of food 24 h before experimental session.

General procedure

Drugs were administered intraperitoneally (ip).
The experiments were performed 30 min after drug
injection. Each animal received only one injection
of acetic acid solution. In the behavioral part of the

experiment, all animals received injections of acetic
acid solution 30 min after administration of an ap-
propriate drug or distilled water. Each experimental
group consisted of 7–10 animals. p-CPA was admi-
nistered ip at the dose of 150 mg/kg twice on two
following days, and behavioral testing was initiated
3 days later. DSP-4 was given at 50 mg/kg ip once,
30 min after norzimelidine (a serotonin transporter
blocker given at 20 mg/kg ip), and animal testing
commenced 7 days later. Both neurotoxins were di-
luted in a distilled water and given, in a volume of
2 ml/kg, and control groups received appropriate
amount of this solvent. The experimental procedure
was approved by the Committee of Ethics for Ani-
mal Experiments at the Medical University, War-
szawa, Poland.

Drugs

The following drugs were used: p-chlorophenyl-
alanine (p-CPA, Sigma, USA), N-chloroethyl-2,2-
-bromobenzylamine (DSP-4, RBI, USA), 8-OH-
-DPAT (Sigma, USA), ritanserin (RBI, USA),
MDL 72222 (RBI, USA), propranolol (Polfa, Po-
land), metoprolol (Astra, Sweden), clonidine (Sig-
ma, USA), prazosin (Sigma, USA). The drugs were
dissolved in distilled water and given ip in a vol-
ume of 2 ml/kg, 30 min before injection of an irri-
tant and behavioral testing.

Writhing test

The writhing test was used to measure the chan-
ges in nociceptive threshold to the chemical stimu-
lus. Each animal deprived of food 24 h before the
experimental session, was injected ip with 0.5 ml of
2% aqueous solution of acetic acid and placed in an
individual container (40 × 30 × 20 cm) for observa-
tion. The number of writhes was counted during
a 60-min observation period. A writhe was defined
as stretching of the hind limbs accompanied by
a contraction of the abdominal muscles. The injec-
tion of 2% acetic acid caused self-limiting reaction,
which disappeared without any visible damage to
animal within 1 h after injection. Control rats which
received appropriate amount of distilled water (ip)
did not show any spontaneously occurring body
writhes [4]. All animals received injections of ace-
tic acid solution, 30 min after administration of an
appropriate drug or distilled water.
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Biochemical analysis

Biochemical analysis of brain concentration of
monoamines and their metabolites was performed
in neurotoxin (DSP-4)-, and p-CPA-pretreated ani-
mals two days after the end of behavioral experi-
ments, i.e. 7–10 days after administration of p-CPA
or DSP-4. The animals were killed by decapitation,
their brains were quickly removed and the whole
brain (without cerebellum) and the spinal cord
(segments from C I,C II to Th VIII, Th IX) were
dissected. The samples of the collected tissue were
stored frozen at –70°C. The biochemical analysis
was performed using high performance liquid chro-
matography with electrochemical detection, as de-
scribed in detail previously [10].

Statistical analysis

The data are shown in relative values (as the
antinociceptive effect). Antinociceptive effect was
expressed as a percentage decrease in the number
of writhes observed in the drug-treated animals
compared to the mean number of writhes in the
control irritant-treated group (mean number of
writhes in the control group minus the number of
writhes in the drug-treated group, divided by mean
number of writhes in the control group, and multi-

plied by 100). Mean number of writhes in the con-
trol group was regarded as 0% of antinociception;
0 writhes meant 100% of antinociception. Because
of nonparametric distribution of the results, beha-
vioral data were analyzed with help of Kruskal-
-Wallis ANOVA (median test), followed by Mann-
-Whitney U-test as a post-hoc. Where appropriate,
the significance of differences between means was
determined by two-tailed Student’s t-test for inde-
pendent values (biochemical data). A p-value less
than 0.05 was considered significant. Statistical
analysis was performed on a raw, not transformed
results.

RESULTS

Pretreatment of rats with p-CPA caused very
strong and selective decrease in the concentration
of serotonin and its metabolite, 5-HIAA, in the rat
brain and spinal cord (Tab. 1). Similarly, DSP-4
produced less potent but still highly significant and
selective depletion of noradrenaline in the brain
and spinal cord (Tab. 1).

Pretreatment of rats with either p-CPA or DSP-4
did not cause, however, any statistically significant
changes in rat behavior in the writhing test (Fig. 1).
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Table 1. The effects of neurotoxins: p-CPA and DSP-4 on the concentration of monoamines and their metabolites in the brain and spi-
nal cord

Structure/treatment (ng/g) n NA 5-HT DA HVA 5-HIAA

Brain

Control 10 446.9 ± 68.3 228.3 ± 13.6 1278.6 ± 37.3 181.2 ± 20.2 134.6 ± 3.5

p-CPA 2 × 150 mg/kg 10 462.3 ± 30.0 33.5 ± 6.2* 1270.0 ± 56.1 176.9 ± 22.0 0.0 ± 0.0*

Spinal cord

Control 10 247.0 ± 20.3 178.8 ± 12.4 77.6 ± 13.2 3.0 ± 3.0 104.8 ± 9.5

p-CPA 2 × 150 mg/kg 10 228.9 ± 13.6 15.6 ± 4.0* 56.2 ± 9.0 0.0 ± 0.0 3.0 ± 3.0*

Brain

Control 6 611.5 ± 74.0 968.9 ± 49.0 1985.5 ± 140.0 150.5 ± 39.0 418.3 ± 26.0

DSP-4 8 254.8 ± 83.0* 1120.0 ± 286.0 2170.0 ± 416.0 206.0 ± 62.0 469.3 ± 182.0

Spinal cord

Control 6 449.8 ± 122.0 471.7 ± 69.0 60.5 ± 1.2 n.d. 173.3 ± 33.0

DSP-4 8 125.5 ± 54.0* 426.5 ± 101.0 49.8 ± 11.0 n.d. 174.6 ± 44.0

Data are shown in ng/g of wet tissue as the mean ± SD. n – number of animals. n.d. – not detected. * – different from the control at
p < 0.001



The number of writhes in the control groups varied
from 20 ± 4 to 47 ± 8 (the mean ± SEM).

8-OH-DPAT inhibited in a dose-dependent way
rat pain-stimulated behavior (H[3,N=24] = 10.9, p <
0.01). This effect reached the statistically significant
level after the drug dose of 1.0 mg/kg (p < 0.05).
Neither ritanserin nor MDL 72222 changed in a sig-
nificant way the number of writhes (Fig. 2).

In case of adrenergic receptor ligands, all exami-
ned drugs significantly inhibited the effect of an ir-
ritant on rat behavior (prazosin, H[3,N=23] = 10.2,
p < 0.05; 5.0 mg/kg, p < 0.05; clonidine, H[3,N=24]
= 12.7, p < 0.01, 0.025 mg/kg, p < 0.05, 0.05 mg/kg,
p < 0.01; propranolol, H[3,N=22] = 8.01, p < 0.05,
15.0 mg/kg, p < 0.05; metoprolol, H[3,N=23] = 10.9,
p < 0.05, 15.0 mg/kg, p < 0.05) (Fig. 3).

DISCUSSION

It appeared that neither p-CPA- nor DSP-4-in-
duced strong and selective depletion of the brain
and spinal cord serotonin and noradrenaline con-
centration, respectively, changed in a significant
way rat visceral pain perception. This finding is
unexpected in the light of available literature data
on the role of monoamines in nociception, and the
effects of selective serotonergic and noradrenergic
receptor subtype agonists and antagonists, as shown
in the present paper. However, there are some pos-
sible explanations of this phenomenon. Firstly, there
are reports indicating that the model of visceral
pain induced by ip administration of an irritant
agent, differs in many respects (anatomical and
pathophysiological) from the other behavioral mo-

dels of sensitivity to the painful stimuli [11]. Un-
fortunately, the literature data on the mechanisms
and regulation of visceral pain are very scarce [cf.
MEDLINE database 1966–2001]. Secondly, it has
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Fig. 1. The effect of neurotoxins: p-CPA and DSP-4 on rat be-
havior in the writhing test. Data are shown in relative values as
the percentage of antinociception (see Materials and Methods).
The number of rats in the groups varied from 8–10

Fig. 2. The effect of selective serotonergic receptor ligands on
rat behavior in the writhing test. Data are shown in relative va-
lues as the percentage of antinociception (see Materials and
Methods). The number of rats in the groups varied from 8–10.
* – different from the control, i.e. animals pretreated with 2%
acetic acid at p < 0.05



been shown that noradrenergic and serotonergic in-
nervation of the brain cannot be treated as a whole,
as the separate parts of both neurotransmitter sys-
tems (e.g. pre- vs. postsynaptic regulatory mecha-
nisms, and the different receptor subtypes) play di-
vergent and sometimes opposite roles in the regula-
tion of pain transmission along the pathway from
the peripheral receptors to the sensory cortex [1, 9].
Therefore, because both neurotoxins depleted uni-
formly and to a similar extent noradrenaline and se-
rotonin in the brain and spinal cord, they were not
able to cause any significant effects in the writhing
test.

On the other hand, the selective 5-HT04 recep-
tor agonist, 8-OH-DPAT, potently and in a dose-de-
pendent way inhibited rat behavior stimulated by
pain. This receptor subtype is found in a great
quantity in the dorsal horns of the spinal cord, and
it is localized there mostly at the postsynaptic sites
[7]. 5-HT04 receptors are also present in the other
brain structures, including raphe nuclei, at both pre-
and postsynaptic sites [7, 8]. Their stimulation by
selective agonists was reported either to enhance or
inhibit the reactions to pain, depending on animal
model of pain perception [7]. Our data clearly indi-
cate that in the model of visceral pain, selective
stimulation of 5-HT04 receptors produces potent
and analgesic-like effect. Because of the peripheral
route of 8-OH-DPAT administration, it is difficult
to reconcile whether the effect of 5-HT04 receptor
agonist was due to the decrease in 5-HT system ac-
tivity (presynaptic inhibition), or it was secondary
to its postsynaptic action. Importantly, 8-OH-DPAT
action appeared selective, independent of the changes
in rat locomotor activity or the behavioral symp-
toms of serotonin syndrome, as no other alterations
in animal behavior were observed (unpublished ob-
servations). In case of 5-HT!4#!� and 5-HT2 recep-
tor antagonists, ritanserin and MDL72222, respec-
tively, some tendency to decrease the rat’s percep-
tion of pain was present. However, it did not reach
the statistically significant level.

As far as noradrenergic system was concerned,
all examined noradrenergic receptor ligands dose-
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Fig. 3. The effect of selective noradrenergic receptor ligands on
rat behavior in the writhing test. Data are shown in relative val-
ues as the percentage of antinociception (see Materials and
Methods). The number of rats in the groups varied from 8–10.
The results different from the control, i.e. animals pretreated
with 2% acetic acid at * p < 0.05; ** p < 0.01



-dependently antagonized pain perception. The ma-
jority of experimental data indicate that at the spi-
nal and supraspinal levels of the central nervous
system, noradrenergic neurons significantly contri-
bute to the processes of pain perception and trans-
mission [1, 2, 9]. In this respect, the �!-adrenocep-
tors have been repeatedly shown to play a crucial
role. In many preclinical models clonidine, an
�!-adrenoceptor agonist, was shown to exert the
more potent analgesic effect than morphine did [1,
2, 9]. Importantly, the population of �!-adrenocep-
tors in the dorsal horn of the spinal cord constitute
more than 80% of all adrenergic receptors found in
this region of the central nervous system [6, 8, 9].
The analgesic-like effects of �!-adrenergic receptor
agonist are probably due to the inhibition of the
release of different pain mediators, secondary to
stimulation of inhibitory �!-adrenoceptors, localized
on descending terminals of excitatory systems [9].
Similar analgesic-like effect was present after ad-
ministration of �0-adrenoceptor antagonist (prazo-
sin), and two �-adrenoceptor antagonists (propra-
nolol and metoprolol – a selective �0-adrenoceptor
antagonist).

These data indicate that in the writhing model
of visceral pain, both, serotonergic and noradre-
nergic systems play a modulatory role for the ex-
pression of behavioral effects of an irritant agent.
5-HT04 serotonergic receptors as well as �0-, �!-
and �0-adrenoceptors significantly contribute to the
mechanisms controlling rat behavior in this par-
ticular animal model of nociception. The 5-HT04

receptors and �!-adrenoceptors exert an inhibitory
influence. On the other hand, adrenergic �0 and �0

receptors facilitate the behavioral effects of an irri-
tant agent. These findings throw more light on the
central processes of pain regulation, and may help
to better characterize the mechanisms of analgesic
action of antidepressants, which selectively modu-
late the activity of noradrenergic and serotonergic
neurons.
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