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The effects of combined administration of afobazole and 5-НТ2b/2c receptor antagonist SB-
200646A on the content of monoamines and their metabolites in brain structures of C57Bl/6 
and BALB/c mice were studied by the methods of HPLC with electrochemical detection. 
Combined administration of afobazole and SB-200646A increased the content of epinephrine 
in the striatum of BALB/c mice (to 230% of the control) and in the hippocampus of both 
mouse strains. The content of dihydroxyphenylacetic and homovanillic acids and parameters 
of dopamine metabolism in these structures were reduced. The content of dopamine in the 
hypothalamus and amygdala was elevated in C57Bl/6, but not in BALB/c mice. These fi ndings 
attest to the involvement of monoamine systems of the brain in the mechanism of afobazole 
action and suggest that the enhanced anxiolytic effect of afobazole combination with SB-
200646A can be interpreted as a positive modulation of the effect of anxiolytic determined 
by blockade of 5-НТ2 serotonin receptors.

Key Words: afobazole; mouse strains; selective serotonin 5-НТ2b/2c receptor antagonist SB-
200646A; liquid chromatography
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High prevalence of anxiety disorders in modern so-
ciety necessitates elucidation of the nature of these 
pathological states and pharmacological aspects of 
their therapy, including the mechanisms of action 
of anxiolytic drugs. Serotoninergic systems of the 
brain, in particular, functionally different serotonin 
(5-HT) receptors, attract special interest in this re-
spect. More than 15 subtypes of 5-HT receptors with 
different functional characteristics have been identi-
fi ed in the brain structures [8]. Their involvement in 
the regulation of emotional behavior is beyond doubt 
[11,13,14].

Recent data suggest that various subtypes of se-
rotonin receptors considerably contribute to the patho-
genesis of anxious states [15]. For instance, 5-HT1a 
ago nist buspirone exhibits pronounced anxiolytic ef-
fects and therefore after preclinical trials it was intro-
duced into clinical practice [4]. The 5-HT2 receptor 
family, in particular, 5-HT2a and 5-HT2c receptors, is 
also involved into anxiety development [7]. Antag-
onists of 5-HT2a receptors, e.g. ritanserin, eliminate 
anxiety symptoms in some behavioral models [6,12]. 
The blockade of 5-HT2c receptors produces similar 
anxiolytic effects and abolishes the anxiogenic effects 
of 5-HT2creceptor agonist mCPP [10]. This group in-
cludes also selective antagonist of 5-HT2b/2c receptors 
SB-200646A, the preparation that possesses potent 
anxiolytic activity [5,7,10] and produces no antide-
pressant and neuroleptic effects [9].
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Among new selective anxiolytic preparations, 
an imidazole derivative afobazole (5-ethoxy-2-[2-
(morpholino)-ethylthio]-benzimidazole dihydrochlo-
ride) deserves special attention; this preparation creat-
ed at V. V. Zakusov Institute of Pharmacology, Russian 
Academy of Sciences, differs from classical anxiolytic 
drugs (including benzodiazepine derivatives) by the 
absence of undesired side effects. It is hypothesized 
that the anxiolytic effects of afobazole is mediated 
via σ1-receptor complex that modulates dopaminergic, 
serotoninergic, and cholinergic systems of the brain 
under conditions of emotional stress reaction [2].

Published data suggest that C57Bl/6 and BALB/c 
mice considerably differ by the phenotype of the emo-
tional reaction to stress at both the behavioral and neu-
rochemical levels. For instance, we have previously 
reported selective effects of afobazole on different 
neurotransmitter systems of the brain in these mouse 
strains. This preparation in a dose of 1 mg/kg more 
markedly reduced dopamine (DA) content in BALB/c 
mice than in animals with active reaction to stress [1].

At the same time, the nature of afobazole inter-
action with the serotoninergic systems of the brain 
remains poorly studied. There are no data on the con-
tribution of various 5-HT receptor subtypes into the 
anxiolytic effect of this compound.

In the present neurochemical study, the effects of 
combined administration of afobazole and 5-НТ2b/2c 
receptor antagonist SB-200646A on the content of 
monoamines and their metabolites in brain structures 
of C57Bl/6 and BALB/c mice with different emotio-
nal reaction to stress were studied by the methods of 
HPLC with electrochemical detection.

MATERIALS AND METHODS

The experiments were performed on BALB/c and 
C57Bl/6 mice weighing 20-22 g (Stolbovaya nursery, 
Russian Academy of Sciences) maintained under stan-
dard vivarium conditions with 12-h day-night regimen 
and free access to water and food. 5-HT2b/2c antagonist 
SB-200646A (N-(1-methyl-1H-indol-5-yl)-N’-3-pyr-
idinyl urea hydrochloride; Sigma) was administered 
in a dose of 10 mg/kg and afobazole (Department of 
Chemistry, Institute of Pharmacology), Russian Aca-
demy of Medical Sciences) in a dose of 5 mg/kg. Both 
substances were dissolved in 0.9% NaCl and injected 
intraperitoneally. Controls received 0.9% NaCl. The 
substances were injected 60 min before decapitation.

Brain structures (frontal cortex, hypothalamus, 
amygdala, striatum, and hippocampus) were isolated 
on ice, frozen in liquid nitrogen, and weighed. Before 
neurotransmitter assay, the samples were homogenized 
in a Tefl on-glass homogenizer in 20 volumes of 0.1 n 
HClO4 in the presence of dihydroxybenzylamine (0.5 

nmol/ml) as an internal standard. The samples were 
centrifuged at 10,000 rpm for 10 min. The content of 
monoamines and their metabolites was measured by 
HPLC with electrochemical detection on a LC-304T 
chromatograph (ВАS, West Lafayette) with a Repro-
Sil-Pur ODS analytic column (C18, 100×4 mm, 3.3 μ; 
Dr.Maisch) [1]. The data were processed statistically 
using Student t test.

RESULTS

The content of monoamines and their metabolites 
(Table 1) in brain structures of control mice was 
taken as 100% in further experiments. In C57Bl/6 
mice, afobazole considerably increased DA content 
in the hypothalamus and amygdala and reduced the 
complex parameters of utilization, the ratios of di-
hydroxyphenylacetic and homovanillic acids to DA 
(DOPAC/DA and HVA/DA)refl ecting the rate of DA 
degradation to metabolites DOPAC and HVA in the 
same structures and in the striatum (Table 2). In 
BALB/c mice, DA content increased in the amyg-
dala. We also detected a decrease in the content of 
serotonin metabolite 5-hydroxyindoleacetic acid (5-
HIAA) and 5-HIAA/5-HT ratio in the frontal cortex 
and amygdala of C57Bl/6 mice. A similar decrease 
in the latter parameter was observed also in the stria-
tum of BALB/c mice. The content of DOPAC and 
DOPAC/DA and HVA/DA ratios also decreased in 
the striatum and amygdala.

SB-200646A had practically no effect on mono-
amine content and metabolism in all studied brain 
structures in both mouse strains. The exclusions were 
an increase in HVA content in the amygdala and 
DOPAC in the striatum of C57Bl/6 mice and an in-
crease in DOPAC/DA ratio in the hippocampus of 
BALB/c mice.

Combined administration of afobazole and SB-
200646A increased the content of epinephrine in the 
striatum and hippocampus of both mouse strains; in 
the striatum of BALB/c mice, this parameter increased 
to 230% of the control. The content of DA, DOPAC, 
and HVA and the values of DA metabolism parameters 
in these structures decreased. Interestingly, DA content 
in the hypothalamus and amygdala of C57Bl/6 mice 
increased (the latter to 200% of the control), while in 
BALB/c mice these changes were absent.

These results are diffi cult to interpret due to the 
absence of published data on neurochemical mecha-
nisms of SB-200646A action, in particular, on its ef-
fect on various neurotransmitter systems of the brain. 
Only the results of in vivo electrophysiological studies 
of have been published [3]. The SB-200646A-induced 
increase in the content of DOPAC in the striatum of 
C57Bl/6 mice, i.e. in the structure containing axons 
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of dopaminergic neurons lying in the substantia nigra, 
agrees with enhanced impulse activity of striatal and 
ventral tegmental neurons [3]. The observed effect can 
also be a result of enhanced DA release into synaptic 
cleft upon stimulation of its synthesis. No effects of 
SB-200646A on DOPAC concentration was observed 
in BALB/c mice. Combined administration of afoba-
zole and SB-200646A was followed by a decrease in 
DOPAC content in the striatum of both mouse strains. 
This is most likely related to the inhibitory effect of 
afobazole on monoamine oxidases A and B [2]. More-
over, increased level of norepinephrine can be a result 
of activating effects of SB-200646A on its synthesis, 
which leads to accumulation of this neurotransmitter 
in the striatum of both mouse strains. Interestingly, 
the observed effect was more pronounced in BALB/c 
mice characterized by more pronounced behavioral 
reaction to the stress stimulus. The above data suggest 
the existence of a relationship between the degree of 
the stress reaction and norepinephrine content in the 
striatum. No signifi cant effects on activity of the se-
rotoninergic system were observed except the increase 
in 5-HT and 5-HIAA in the hippocampus of BALB/c 
mice, which can be interpreted as an activating infl u-
ence of SB-200646A.

The results of our neurochemical experiments 
agree with the results of our previous behavioral el-
evated plus-maze experiments: combined adminis-
tration of SB-200646A and afobazole considerably 
potentiated the anxiolytic effect of the latter in both 
mouse strains (data not shown). Our fi ndings attest 
to the involvement of the monoamine systems of the 
brain into the mechanism of afobazole action and sug-
gest that the enhanced anxiolytic effect of afobazole 
combination with SB-200646A previously observed in 

behavioral experiments can be interpreted as a posi-
tive modulation of the anxiolytic effect determined by 
blockade of 5-НТ2 serotonin receptors.
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