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AbSTrAcT

The goal of the present investigation was to study the influence of taurine on the indices of 
cardiac rhythm variability and the morphofunctional changes of the supraoptic nucleus of rats 
under immobilizing stress conditions. 

To study and evaluate the cardiovascular system we implemented the method of mathematical 
analysis of the heart rhythm variability. The use of intraperitoneal administration of taurine to rats 
with destructed supraoptic nucleus during the post-stress period brings to the restoration of the 
studied indices: cardiac contraction rate, index of vegetative equilibrium, index of the regulatory 
system tension. The authors conducted morphofunctional investigations of the cellular structures in 
the prefrontal cortex of the large brain hemispheres of the rats exposed to immobilizing stress with 
the subsequent destruction of the hypothalamic supraoptic nucleus with or without taurine. 

Based on the obtained experimental data, we could suppose that in stressful situations taurine 
deficiency develops in the organism. To improve the central regulation of the cardiovascular 
system the use of taurine becomes essential, as it has a protective effect on the neurons of the 
supraoptic nucleus promoting the improvement of the functional condition of the brain, thus sta-
bilizing the cardiovascular system activity.
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tions. The nuclei of anterior hypothalamus, which 
regulate the physiological processes providing ho-
meostasis, are considered the highest integrating cen-
ter of parasympathetic reactions [Baklavajyan O., 
1995]. As known, in many pathological conditions 
hyperactivity of hypothalamic-hypophysial-adreno-
cortical system (HHAS) is recorded being related to 
its dysregulation on paraventricular (PVN) and su-
praoptic (SON) nucleus levels of the hypothalamus 
[Zelena D. et al., 2003]. More and more attention was 
and is still being paid to the mechanisms of the car-
diovascular system regulation by the limbic struc-
tures, particularly those of the hypothalamus, under 
different pathological conditions [Herman J. et al., 
2005] or upon the psychoemotional stress effects re-
sulting in different kinds of changes in its activity. 
Methods of mathematical analysis of heart rhythm 
variability (HRV) were successfully implemented to 
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introduction

Adaptation processes are among the fundamental 
properties of the living organism. Their essence is the 
self-protection of the biosystem functional state (its 
homeostasis) under inadequate environmental condi-
tions due to rearrangement of the information /inter-
action on different levels, functions, and structures. 
Anyway, the vegetative nervous system (VNS) has a 
more important role in maintaining homeostasis. 
Limbic structures of the brain (hypothalamus, 
amigdala, limbic cortex) are the central links of the 
VNS activity regulation that actively participate in 
the mechanisms of controlling the vegetative func-
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brain) were fixed for 2-3 days in 5% neutral forma-
lin, prepared on phosphate buffer. The frontal fro-
zen slices (40-50 µM) were treated according to 
the new approaches for revealing Ca²+ dependent 
acid phosphatase activity [Meliksetyan I., 2007; 
Meliksetyan I. et. al., 2008]. After irrigation the 
slices were developed in 3% solution of Nа2S and 
put into Canada balsam mounting medium for mi-
croscopy (“Sigma-Aldrich” Co. LLC, USA). Sub-
sequent shots of the preparations were carried out 
with “OPTON M-35” camera (“Carl Zeiss”, West 
Germany) through the microscope “OPTON” 
(“Carl Zeiss”, West Germany). This methodic ap-
proach is based on revealing the intracellular phos-
phorus-containing compounds of crucial impor-
tance in metabolic processes directed to the main-
tenance and spontaneous reproduction of vital sys-
tems. Besides the histochemical significance, the 
method is of definite morphological interest. 

The obtained data were processed with the help 
of Microsoft Excel electronic table. The level of 
statistical confidence of differences between com-
pared experimental data were defined with t-crite-
rion by Student. 

reSultS 

Alongside with heart rate (HR) measured in ex-
perimental animals before and after stress, 280 beats 
per minute (b/m) and 477 b/m; in 7 and 14 days with-
out taurine administration, 375 and 315 b/m, corre-
spondingly (p<0.001); and with taurine administra-
tion, 290 and 275 b/m, correspondingly (Figure 1), 
we have recorded 2 functionally important indices of 
HRV: index of vegetative equilibrium (IVE) and 
index of regulatory system tension (IRST). It should 
be noted that IVE as a rather informative index for 
revealing stress-reactions points at correlation of the 
activity in VNS sympathetic and parasympathetic 
areas. The increase of IVE level recorded before and 
after stress (554.8 conventional units (c.u.) and 
2638.6 c.u., correspondingly) (p<0.001), in 7 and 14 
days without taurine (1699 c.u. and 1313.2 c.u., cor-
respondingly) testified to the shift of the vegetative 
processes towards the dominance of sympathetic in-
fluences, which were almost normalized after the 
SON destruction during 7- and 14-day use of taurine 
(765 c.u. and 607.7 c.u., correspondingly) in the post-
stress period (Figure 2). 

Expressed changes were revealed in the IRST 

monitor the regulatory systems of the organism and 
allowed to characterize the correlation of sympa-
thetic and parasympathetic activity of the VNS 
[Bayevski R. et al., 1984; Bayevski R., 1999]. On the 
base of HRV mathematical analysis and some other 
methods “Elephis” automatized computerized sys-
tem was worked out for complex monitoring of the 
functional state of the brain; the system was intended 
for the investigations both in norm and in different 
pathologies [Gevorkyan E. et al., 1996; Gevorkyan E., 
2003]. The mentioned system was also implemented 
in the present investigation, the aim of which was to 
study the influence of taurine on the HRV indices and 
morphofunctional changes of SON in rats under im-
mobilizing stress conditions. It should be noted that 
taurine is one of the five amino acids essential for nor-
mal activity of the organism [Azuma J. et al., 1985].

Material and MethodS

The experiments were conducted in white labo-
ratory male rats (n=30), weighing 200-220 g. The 
experimental animals were divided into 2 groups. In 
the first group the influence of the SON destruction 
on the HRV indices in the post-stress period was 
evaluated without taurine, whereas in the second 
group – with taurine administration. Immobilization 
of the animals for 5 hours was carried out in the 
dorsal position with the fixation of the extremities. 

The electrocardiograms (ECGs) of the animals 
were registered in the 2nd standard lead with silver 
electrodes attached to the corresponding extremities 
with the help of “Elephis” system on the base of the 
personal computer connected with electrocardio-
graph (“BAINTRONICS”, the Netherlands). The 
unilateral electrolytic destruction of SON with anode 
current in rats anesthetized with intraperitoneally 
(i/p) administered 35 mg/kg Nembutal was realized 
through bipolar concentric electrode according to the 
coordinates of the stereotactic atlas [Paxinos G., Wat-
son C., 2005]. Computer registration of ECG was 
conducted in alert animals before and soon after im-
mobilization; then unilateral destruction of SON was 
carried out. The ECGs were registered on the 7th and 
14th days of the post-stress period without taurine 
and under daily use of 50 mg/kg i/p taurine (“Liqvor-
pharmaceuticals” CJSC, Armenia). 

For histochemical investigations the corre-
sponding areas of the brain (pyramidal and poly-
morphic layers of the prefrontal cortex of the 
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dynamics: increase of the index after stress. The 
IRST before exposure made 510.5 c.u., while after 
stress it amounted 2038.5 c.u. (p<0.001). The 
changes maintained up to day 14: 1240.4 c.u. and 
1114.9 c.u., correspondingly (Figure 3). The regis-
tered high significance of IRST indicated to the 
tension of the VNS functioning and the continuing 
prevalence of the sympathetic influence up to the 
14th day of the post-stress period. A different pic-
ture was observed in animals with destructed SON 
and taurine administration in the post-stress period 
during 7 and 14 days (602.9 c.u. and 457.2 c.u., 
correspondingly) (p<0.001) (Figure 3). As obvi-
ous, at taurine administration a tendency to HR, 
IVE, IRST indices normalization was observed al-
ready on the 7th day, and by the 14th day their al-
most complete restoration occurred which testified 
to the positive protective influence of taurine.

Morphofunctional investigations on the cellular 
structures of pyramidal and polymorphic layers of 
the prefrontal cortex of brain in rats, which were 
exposed to immobilizing stress with subsequent 
destruction of the hypothalamic supraoptic nu-
cleus, revealed interesting degenerative changes.

The cells in the external granular layer (Figure 
4B) greatly differ from those of the pyramidal 
(Figure 4C) and polymorphic (Figures 4D-4E) lay-
ers of the brain with significantly expressed cen-
tral chromatolysis. Thus, in pyramidal cells (Fig-
ure 4C) with moderate phosphatase activity the 
direction of the short processes is not impaired, 
unlike the degenerative pyramidal cells of the ce-
rebral cortex of immobilized rats in which the di-
rection of their processes is completely impaired. 

It should be noted that in the present model of 
neurodegeneration we also revealed blood vessels 
with numerous pericytes heavily stained by acid 
phosphatase (Figure 4F-H): a phenomenon, which 
morphologically proves the angiogenesis process 
in the affected tissue. Thus, in the prefrontal cortex 
of the cerebral hemisphere of the rat brain obvious 
participation of pericytes is shown in the forma-
tion of new branches of capillaries (Figure 4H).

In another series of experiments in rats exposed 
to stress and destruction of hypothalamic SON we 
studied the influence of neuroprotective compound 
taurine on the process of supposed restoration of 
neurons of pyramidal and polymorphic layers of 
the cerebral hemisphere prefrontal cortex. Accord-

ing to data obtained, all the pyramidal cells were 
of normal form and size, in the cytoplasma lead 
phosphate sediment of middle size was evenly lo-
calized, and cell nuclei had central disposition. 
The processes of pyramidal cells, likewise the 

Figure 3. Index of regulatory system tension changes in sup-
raoptic nucleus destruction in the post-stress period with-
out (group I) and with taurine (group II) administration. 
NoTeS:    control,     stress,     day 7,     day 14

Figure 1. Heart rate changes in supraoptic nucleus de-
struction in the post-stress period without (group I) 
and with taurine (group II) administration. NoTeS:     

control,     stress,     day 7,     day 14.

Figure 2. Index of vegetative equilibrium changes in supra-
optic nucleus destruction in the post-stress period with-
out (group I) and with taurine (group II) administration. 
NoTeS:    control,     stress,     day 7,     day 14

Group I Group II

Group I Group II

Group I Group II
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Figure 4. Morphofunctional changes of cellular structures in the prefrontal cortex of the cerebral brain (A-E) and 
Meynert nucleus (F-H) of rats exposed to 5-hour immobilizing stress with consequent destruction of the hypotha-
lamic supraoptic nucleus. A) the place of supraoptic nucleus destruction (the arrow tips). B) cells in the external 
granular layer significantly differ from the cells of the pyramidal (C) and polymorphic (D, E) layers of the brain 
with expressed central chromatolysis. In pyramidal cells (C) with moderate phosphatase activity the direction of 
short processes are not impaired. F-H) blood vessels (stars) with heavily stained pericytes (white arrows) are 
demonstrated. G) the pericytes’ participation in the process of new capillary branch formation (black arrows) is 
shown. Scale: 25 x (A); 63 x (F); 100 x (B-E); 1000 x (G, H).



39

The New ArmeNiAN medicAl JourNAl, Vol.8 (2014), No 1, p. AZNAuryAN A.v. et al.35-40

Figure 5. Restoration of neurons of pyramidal (A-C) and polymorphic (D-F) layers of the cerebral hemisphere pre-
frontal cortex of brain in rats exposed to 5-hour immobilizing stress and hypothalamic supraoptic nucleus de-
struction with the consequent influence of taurine. A-C) all the pyramidal cells are of normal form and size, in 
the cytoplasma lead phosphate sediment is evenly localized. The pyramidal cell processes, likewise the norm, are 
upright directed to the molecular layer. D-F) in the polymorphic layer around some hypertrophic cells tissue 
edema (asterisks) is demonstrated. Scale: 100 x (A); 1000 x (B-F).

norm, were directed upright to the molecular layer 
(Figure 5A-C). However, in polymorphic layer 
around some hypertrophic cells the edema of tis-
sue was demonstrated (Figure 5D-F).

diScuSSion 

The main link of HHAS dysregulation in all 
forms of depression is the changed activity of hy-
pothalamic neurons synthesizing corticoliberin 
and vasopressin, whereas their deficiency or ex-
cessive secretion results in post-stress pathology 
development [Ihrasher T., Brouen C., 2000]. In our 
experiments, the insufficient secretion of vaso-

pressin due to the impairment of SON probably 
brought to the disturbance of water-salt balance 
because of which expressed tension occured in the 
organism that was testified by HRV indices. 

Long-term use of intraperitoneal introduction of 
taurine in rats with destructed SON in the post-
stress period brings to restoration of these indices. 
However, activation of the HHAS central link in 
stress is defined by the participation of not only the 
hypothalamus, but also by other structures of the 
limbic system of the brain (amygdaloid body, cornu 
Ammonis, medial prefrontal cortex, etc.). Taurine, 
as one of the 5 amino acids essential for the brain, 
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probably makes up for the developed dysfunction of 
SON of the hypothalamus and other links of the lim-
bic structures in stress situations. It is important to 
note that there are rather convincing data, which 
demonstrate the role of taurine as an active osmo-
regulator, which is especially important for neurons 
of the brain [Huxtable R., 2010]. According to some 
data, the release of taurine into the extracellular 
space in the hypothalamus has a protective effect on 
neurons [Sha D. et al., 2009]. 

As follows from morphological data (Figure 
4-5), under the influence of taurine regeneration of 
pyramidal and polymorphic layers of the prefron-
tal cortex of the brain is obvious. It does not only 
concern the structural restoration of the brain neu-
rons. Changes of acid phosphatase activity, i.e. the 

degree of nervous structure staining intensity, as 
well as the localization of lead phosphate sediment 
in the affected and regenerative neurons are of no 
less importance. Taking into account data obtained, 
we assume that under the influence of neuropro-
tective taurine the regulation of cellular homeosta-
sis takes place that brings to the survival of ner-
vous structures. 

Based on the experimental data we can suppose 
that taurine deficiency develops in the organism in 
stress situations and to improve the central regula-
tion of the cardiovascular system it is necessary to 
use taurine, which has a protective effect on SON 
neurons, promoting the improvement of the func-
tional state of the brain and in this way stabilizing 
the cardiovascular system activity.


