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The serotoninergic system and nitric oxide system were studied in spontaneously hyperten-
sive rats SHR and Wistar rats (control). The contents of serotonin, 5-hydroxyindoleacetic
acid (serotonin metabolite), L-arginine, monomethylarginine, and asymmetric and symmetric
dimethylarginines were measured in blood plasma. Serotonin content in hypertensive animals
was much higher than in Wistar rats. No interstrain differences were found in the concentra-
tion of 5-hydroxyindoleacetic acid. The concentration of asymmetric dimethylarginine in SHR
rats was higher than in Wistar rats. However, the concentration of monomethylarginine in
SHR rats was lower than in Wistar rats. Our results and published data on the serotoninergic
system indicate that SHR rats serve as a convenient model of hypertension.
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The serotoninergic system and nitric oxide (NO) sys-
tem play an important role in the pathogenesis of
atherosclerosis, arterial and pulmonary hypertension,
coronary heart disease, heart failure, and renal failure
[1,3,4,9,12]. It was hypothesized that these systems
can interact with each other [15]. There are conflict-
ing data on quantitative parameters of activity of these
systems. It is interesting to evaluate and compare the
data on control Wistar rats and spontaneously hyper-
tensive SHR rats.

Here we measured the concentrations of serotonin
(5-HT), 5-hydroxyindoleacetic acid (5-HIAA, serotonin
metabolite), and L-arginine (L-Arg, substrate for the
synthesis of NO in the reaction catalyzed by NO syn-
thase). The content of the following methylated forms of
arginine was evaluated: monomethylarginine (MMA),
asymmetric dimethylarginine (ADMA), and symmetric
dimethylarginine (SDMA). These amino acids serve as
the endogenous modulators of NO synthesis and play
an important role in the development of endothelial
dysfunction, atherosclerosis, and hypertension [1,3,6].
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MATERIALS AND METHODS

Experiments were performed on 8-month-old SHR
rats (n=12) and Wistar rats (n=9, control). The ani-
mals were obtained from the vivarium of the Institute
of Cytology and Genetics (Siberian Division of the
Russian Academy of Medical Sciences). The mainte-
nance and experimental procedures with animals were
performed in accordance with the Directives of the
European Community (86/609/EC) and approved by
the Biomedical Ethics Committee (Institute of Physio-
logy, Siberian Division of the Russian Academy of
Medical Sciences).

The methods of 5-HT and 5-HIAA assay in blood
plasma were described previously [2]. The blood was
collected in vacutainers with EDTA and centrifuged at
150g to separate the erythrocyte mass. Repeated centrif-
ugation at 5000g was performed to obtain poor plasma
and platelet pellet. After precipitation of proteins, acidi-
fied poor plasma (5 ul) was injected into a chromato-
graph. The platelet pellet was homogenized in 0.1 M
HCI. Solid components were precipitated. The superna-
tant was injected into a chromatograph. The substances
were separated in a column (2x65 mm) packed with
Nucleosil C18 sorbent (5 w). The detection was con-
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ducted using a glass-carbon electrochemical detector
equipped with a LC-4A controller (BAS) at 6 V.

The major amino acids L-Arg, MMA, ADMA,
and SDMA were isolated by solid-phase extraction on
cationic cartridges (MCX-1ml-30 mg, Waters). The el-
uate collected from cartridges was dried and dissolved
in water before chromatography. Amino acids were
derivatized with a reagent on the basis of o-phthalic
dialdehyde and mercaptopropionic acid [13]. Separa-
tion was performed on a Luna-2 column (C18, 3 u,
2x100 mm; Phenomenex) using a 10A series chro-
matograph (Shimadzu) equipped with an autoinjector
and RF-10AxI fluorescence detector. The serotonin
chromatograms were analyzed using a MultiChrome
hardware-software system (Ampersend). The amino
acid curves were analyzed using LC-solution software
(Shimadzu). The results were analyzed by nonpara-
metric methods (significance level p<0.05).

RESULTS

Before the study, plasma samples were stored in a
freezing chamber for several days. The freezing-de-
frosting procedure led to partial disintegration of plate-
lets and release of additional amounts of 5-HT into the
plasma. We evaluated the total concentration of 5-HT
and 5-HIAA per 1 ml plasma and platelets.

5-HT concentration in spontaneously hypertensive
animals was much higher than in control specimens
(1873157 and 90669 ng/ml, p=0.0005). No differ-
ences in 5-HIAA concentration were found between
animals of these strains (30.4+3.1 and 25.5+4.0 ng/
ml, respectively, p=0.34). The 5-HIAA/5-HT ratio (the
parameter reflecting the intensity of serotonin metabo-
lism) was different in these rats (p<0.01).

Table 1 shows the concentrations of amino acids
in blood plasma of SHR and Wistar rats. Insignificant
differences were revealed in the contents of L-Arg and
SDMA. Plasma MMA concentration in hypertensive
rats was much lower than in control animals. The con-
tent of ADMA in plasma samples from hypertensive
animals was higher than in the control. Some param-
eters of NO regulation also differed in these animals
(Mann—Whitney test). The L-Arg/MMA ratio in SHR

and Wistar rats was 281.7 and 113.8, respectively
(p<0.01). The ADMA/SDMA ratio in animals of these
strains was 2.27 and 1.53, respectively (p<0.001).

Control animals were characterized by a strong
correlation between the ADMA/SDMA ratio and 5-HT
concentration (r=-0.82, p=0.007). Moreover, a corre-
lation was found between the contents of MMA and
5-HIAA (r=0.79, p<0.02). A significant correlation
was revealed between the concentrations of MMA and
5-HIAA in hypertensive rats (r=0.59, p<0.05). The
concentrations of MMA and SDMA correlated with
the content of 5-HT (r=0.64, p<0.03; and r=-0.65,
p<0.03, respectively).

It should be emphasized that plasma 5-HT con-
centration in hypertensive rats was 2-fold higher than
in control animals. Previous studies showed that the
content of 5-HT in patients with essential hypertension
is below normal [14]. Some models of hypertension in
rats are also characterized by reduced parameters of
the serotoninergic system (as differentiated from SHR
rats) [10]. By activity of the serotoninergic system,
SHR rats constitute a specific population of experi-
mental animals.

Published data indicate that MMA and ADMA are
competitive antagonists of NO synthase that reduce the
bioavailability of NO [8]. Previously, it was believed
that SDMA does not play a role in the regulation of
NO. Recent studies showed that SDMA can inhibit
transmembrane transport of arginine, thus reducing
bioavailability of the substrate for enzymatic synthesis
of NO [5].

The concentration of MMA in human blood is one
order of magnitude lower than the content of ADMA.
Hence, MMA is often used as an internal standard
[13]. We showed that the concentration of MMA in
rat plasma is similar to that of dimethylarginines. The
increase in ADMA concentration in SHR rats is one of
the major causes of hypertension [11]. The results of
our study indicate that MMA should be considered as
an inhibitory factor of NO synthesis. However, ADMA
plays the major role in the development of hyperten-
sion (Table 1).

Reciprocal influence of the serotoninergic system
and NO-regulating system manifests in the relation-

TABLE 1. Concentrations of L-Arg and Methylarginines in Blood Plasma of SHR and Wistar Rats

Group L-Arg MMA ADMA SDMA
Wistar, n=9 58.0£16.6 0.52+0.01 0.23+0.02 0.15+0.01
SHR, n=12 84.0+6.6* 0.35+0.04* 0.29+0.01* 0.13+0.008*

p=0.12 p=0.003 p=0.013 p=0.22

Note. *Significant differences from Wistar rats (control).
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ship between platelet function and concentration of
L-Arg in the blood. For example, platelet aggregation
induced by oxidized lipoproteins is accompanied by
the release of 5-HT. This process is inhibited by argi-
nine [7]. In our experiments, this interaction probably
manifests in a strong correlation between the ADMA/
SDMA ratio and 5-HT concentration in control animals.
This correlation was not found in hypertensive rats.
This work was supported by the Russian Founda-
tion for Basic Research (grant No. 08-04-00832a).
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