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Introduction. Current trends in scien-
tific research of complex, multifactor phe-
nomena increasingly consist in attract-
ing interdisciplinary approaches to their 
study. Schizophrenia is a multifactorial 
problem and its decision is still intractable 
using only psychiatric methods. One of 
possible decisions of this problem could 
be the attraction of these approaches, 
which can integrate possibilities to study 
the morphofunctional unity, taking into 
account unsuccessful endeavors to find 
pathognomonic body changes for this 
disorder as a whole that could be verified 
by laboratory and instrumental methods, 
generally acknowledged in medicine.

One of the approaches in study of 
mental and behavioral disorders is con-
stitutional, namely integrative-anthro-
pological approach [19]. And the most 
well founded from methodological po-
sitions classification, which is used in 
integrative-anthropological approach, is 
the three-dimensional classification of 
constitutional-morphological types. 

Besides the somatotype characteris-
tics of patients with schizophrenia, one 
of good developed clinical anthropometry 
division is the verification of somatic sex 
maturation and dysplastic constitution 
types’ [14], which have their own impact 
on disease process. At the same time, 
special importance is attached to regional 
morphological dysplasias, which reflect 
the dysontogenesis and serve as a factor 

of unfavorable schizophrenia prognosis 
[19]. Taking into account a fact that most 
of morphodysplasias are localized in cra-
nium area [5], the brain morphopatholo-
gies investigation, which in fact can find 
small brain tissue anomaly, are attached 
the special importance.

As long ago as in the middle of previ-
ous century there was a question about 
one or another small anomaly to certain 
schizophrenia subtypes. So V.M. Mikhlin 
[16] found big number of cranium dyspla-
sias using craniography of patients with 
schizophrenia, and its origin reasons he 
explained the pre-natal pathology. With 
making contrast X-ray investigation of 
20 sick people and 24 couples of their 
relatives it was pointed that patients with 
simple or paranoid forms of the disorder 
had the size increasing only of third and 
side ventricles and subarachnoid gaps. 
Later M. Zapletálek et al. [4] found strong 
atrophic brain changes at schizophrenia 
with prevalent negative symptoms, T.K.A. 
Roberts [21] found brain ventricles exten-
sion in patients with schizophrenia with 
cognitive disturbances, negative symp-
toms and chronic course of disorder. N.C. 
Andreasen et al. [2] и T.J. Crow [7] found 
that the patients with positive and nega-
tive symptoms have neuromorphological 
structural differences, for example, the 
most frequent brain ventricles expansion 
have patients with negative symptoms. 
It appeared to be a neurobiological con-

firmation of dichotomic schizophrenia 
hypothesis and contributed the develop-
ment of the dimensional approach. But 
in more later comparative studies [9, 
23] it was demonstrated that neuromor-
phological anomalies in different schizo-
phrenia subtypes have no differences. 
When non-invasive morphological im-
aging (computed tomography, magnetic 
resonance imaging) was originated, 
patients with schizophrenia comparing 
with healthy volunteers were observed 
temporal and frontal lobes changes in 
the form of a decrease in the volume 
and density of the white matter, as well 
as in other brain structures, in particular 
corpus callosum, caudate nucleus, pari-
etal and occipital lobes. During all period 
of the disease for the patients brain vol-
ume decreasing and ventricles volume 
increasing together with grey matter 
decreasing is observed, mostly in fron-
tal cortex, thalamus and cerebellum [1, 
10]. Most often patients with schizophre-
nia have widenings of brain ventricular 
system and subarachnoid spaces, and 
different disorders of the vascular sys-
tem: vascular cysts, dilated perivascular 
spaces, congenital arterial anomalies 
and impaired venous circulation signs [2, 
17]. This vascular anomaly represents 
both functional and anatomical pathol-
ogy of cerebral blood circulatory system 
and mark the current neurodegenerative 
process and congenital developmental 
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disorders. So, these and any other stud-
ies focus on searching the possible brain 
schizophrenia substrate or its particular 
clinical manifestations, but nevertheless 
there is no research works about the con-
nection of brain pathology and constitu-
tional features of the patients.

The aim of study is to find the conju-
gation between pathological changes of 
schizophrenia patients brain structures, 
clinical picture of the disease and its con-
stitutional and morphological features.

Materials and methods. A mor-
phometric analysis of brain magnetic 
resonance imaging of 38 patients with 
schizophrenia who were treated in the 
Department of Endogenous Disorders 
Clinic of the Institute of Mental Health 
was conducted. Europeoid race partici-
pants at the age from 18 to 60 years, who 
have the sickness catamnesis duration at 
least than 1 year, whose condition at the 
time of examination satisfied the diagnos-
tic criteria for schizophrenia according to 
ICD-10 and who were able to give written 
informed consent, were included in our 
investigation. Criteria for not including 
were presence of explicit abnormalities 
during physical investigation and neuro-
logical status, presence of concomitant 
brain injuries or other organic pathol-
ogy in anamnesis, congenital or acquired 
skeleton system injuries. Participants’ 
middle age was 39,5±11,7 years.

According to the principles, accepted in 
clinical anthropology [19], anthropometric 
investigation was made according to the 
V. V. Bunak’s methodic in V. P. Chtetsov’s 
modification for adult samples [6] with 
counting Rees-Eysenk [20], Tanner [3] 
indexes, for constitutional-morphological 
types identification (hyposthenic, mes-
osthenic and hypersthenic) and somatic 
sex maturation (andromorphy, mesomor-
phy and gynecomorphy). Neuroimaging 
was made using MRI which was car-
ried out using a Siemens MAGNETOM 
Avanto MRI scanner (Germany) 1.5 T in 
axial and sagittal projections (T2 and T1 
weighted spin echo images). The investi-
gation started with standard T2 weighted 
spin echo images to exclude pathological 
brain structure changes. A 3D-T1 gradi-
ent echo study mode (T1-mpr) was made 
for anatomical data obtaining with recep-
tion a set of slides (slice thickness 1.0 
mm). Next sequentially it was received 
4 sets of functional data (for each para-
digm) in the T2*-gradient echo mode in 
axial projection (slice thickness 3.0 mm).

Taking into account previously ob-
tained data about association of body 
build and schizophrenia symptoms lead-
ing clinical profile connection [13] and 
known data about inauspicious course 
of the disease with dominant negative 

symptomocomplex [26], the subgroup of 
patients was divided, who had negative 
symptoms on the foreground of clinical 
picture. This subgroup had PANSS verifi-
cation [12]. These patients had 28,8±6,6 
points for negative symptoms sever-
ity against 13,9±3,3 points for positive 
symptoms severity, general score was 
84,1±14,9 points. This subgroup consists 
of 14 patients (36,8%), and they addition-
ally were made a matching of brain MRI 
with their main constitutional characteris-
tics.

Statistics were made with Statistica 
8.0. The Mann-Whitney criteria was used 
to evaluate the significance differences in 
quantitative indicators. The Spearman’s 
correlation coefficient was calculated 
for evaluation of the linear dependence 
of quantitative data. The obtained data 
during analysis for the values of the cor-
relation coefficient r=0,5-1,0 with the sig-
nificance level of differences p<0,05 were 
accepted as reliable ones.

The study was made according to the 
protocol, accepted by local ethical com-
mittee of the Mental Health Research In-
stitute, Tomsk National Research Medical 
Center, Russian Academy of Sciences, 
Tomsk, Russia.

Results and discussion. Morpho-
metric analysis of schizophrenia patients’ 
brain MRI showed correlations with some 
clinical-dynamical indexes: the heredi-
tary burden, disorder duration, leading 
PANSS symptoms (Table 1).

A connection was found at p<0.05 be-
tween the leading domain in the positive/
negative symptoms dichotomy frame-
work and the either absence or presence 
of brain dyscirculatory foci. If the negative 
disorders prevail in the clinical picture the 
dyscirculatory foci are observed more 
often than with positive symptoms. Their 
appearance has a typical morphological 
pattern, revealed by magnetic resonance 

imaging (Fig.).
As the picture shows, the expansion 

of perivascular spaces and single dyscir-
culatory foci up to 2-5 mm are visualized 
in the white matter supratentorially and 
in the area of the brain legs. Also impor-
tant is that the patient has brain ventri-
cles extension in their intact form. Their 
body sizes are 9-10 mm. The third ventri-
cle’s size is 12 mm. In the periventricular 
zones edema is determined. In addition, 
there was revealedan intermediate sail 
cyst 23x8 mm. Cerebellum subarachnoid 
space is extended irregularly. The large 
brain convexital furrows are deepened a 
few. The pituitary gland is flattened. An-
other pronounced brain changes were 
not found. A bilateral nonexudative sinus-
itis is a contributing factor.

This picture of patient’s brain MRI with 
negative abnormalities in the foreground 
illustrates the connection of symptoms 
with the dyscirculatiory foci presence. 

The established dyscirculatory ditur-
bances can be a reflection of the dys-
trophic and degenerative processes in 
the brain associated with the disorder. 
According to neuroimaging data these 
disorders are recorded more often for 
schizophrenia patients with severe nega-
tive symptoms [2] and combined with liq-
uordynamics and all components of the 
cerebral circulation disturbances. They 
can also be attributed to dysontogenesis 
manifestations, which, as we have al-
ready mentioned above, are more often 
observed in more severe schizophre-
nia course with the persistent negative 
symptom complex development. This 
data confirm previous investigation re-
sults, that showed that MRI signs of brain 
abnormalities in schizophrenia are asso-
ciated both with the current pathological 
process and have inborn features [22, 
24].

Besides, the brain dyscirculatory dis-

Table 1
Correlation between schizophrenia patient’s brain mri

with basic clinical-dynamical indexes

MR-parameter Clinical-dynamical indexes
HB DD LS

The presence of dyscirculatory foci –0,0350 0,2691 –0,3549*
Ventricular expansion 0,1178 –0,1994 0,0948
The symmetry of the lateral ventricles 0,1130 –0,2317 0,3013
Left lateral ventricle size (mm) 0,0646 0,1199 –0,0814
Right lateral ventricle size (mm) 0,1303 0,1491 –0,0248
The third lateral ventricle size (mm) 0,0260 0,2941 –0,1716
Periventricular edema 0,2639 0,1997 –0,0781
Subarachnoid space of the big hemispheres –0,0434 0,1236 –0,0686
Subarachnoid space of the cerebellum –0,0073 –0,1050 –0,1250
The presence of cysts –0,0544 0,0712 0,0260

Note: * data with significance p<0,05; HB – hereditary burden; DD – disorder duration; LS – 
leading symptoms (positive/negative).
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turbances in patients with schizophrenia 
can be caused by long period antipsy-
chotic drugs reception, which reduce 
the blood pressure, but there is a data 
[8], that by additional magnet-resonance 
investigations the vascular pathology 
features were also discovered by both 
first-sick patients and patients who had 
irregular antipsychotic therapy. In previ-
ous study [17, 25] in 10% patients with 
schizophrenia were identified brain de-
velopment abnormalities, correlated with 
brain stem, cerebellum and pituitary and 
with hemodynamic disorders at these 
brain areas, blood flow decreasing at the 
dorsolateral cortex of schizophrenia pa-
tients with a leading negative symptomo-
complex, and other neuromorphological 
disorders, predominantly the expansion 

of the brain ventricles with the decreasing 
of its weight and longitudinal size.

Taking into account previously expli-
cated data a morphometric analyses of 
schizophrenia patients’ brain MRI with 
negative disorders prevalence according 
their basic constitutional characteristics 
was made (Table 2).

Within the subgroup of patients with 
leading negative symptoms, there were 
found significant associations between 
the brain magnetic resonance imaging 
data and the main constitutional morpho-
phenotype indexes. Particularly, a di-
rect correlation was found between the 
patients’ constitutional-morphological 
type and the expansion of the big hemi-
spheres subarachnoid space (p<0,05) 
and the reverse correlation between 
the Tanner index and the expansion of 
the cerebellum subarachnoid space (p 
<0,05). These found correlations rep-
resent that the morphophenotypical 
shift towards hypersthenia in a negative 
symptom complex of schizophrenia is 
associated with an extended subarach-
noid space in the cerebral hemispheres. 
The shift of somatic sexual maturation to 
gynecomorphy in this domain is associ-
ated with the expansion of the cerebel-
lum subarachnoid space. A direct cor-
relation between the presence of cysts 
with a constitutional-morphological type 
(p<0,01) and the reverse with the Rees-
Eysenk index (p<0,001) shows that for 
people of hypersthenic body type with 
negative symptoms complex the forma-
tion of cysts is more characteristically. For 
the examined patients, they were located 
in the cortex and the white matter of the 
left frontal lobe, on the anterior of the left 
temporal lobe surface, on the convexi-
tal of the right temporal lobe surface, in 
the posterior cranial fossa, intermediate 
sail, in the cerebellum left hemisphere. At 

the same time, the localization of cysts, 
typical of a negative symptom complex, 
being confirmed at the level of statistical 
regularities, was not found.

Conclusions. The collected data rep-
resent the cysts and dyscirculatory foci 
are observed more often with negative 
disturbances than with positive domain. 
This can be associate with dysontogen-
esis impact on schizophrenia severity. 
Also, the correlation was found between 
hypersthenic somatotype and expanding 
of the subarachnoid space of big brain 
hemispheres and gynecomorphy with 
cerebellum subarachnoid space expand-
ing. The results of the study represent 
the role of constitution in schizophrenia 
clinical dynamics, they show its role with 
brain pathology and can be basis of early 
prognose for negative disorders. Due to 
opportune proper treatment it can help to 
improve care efficacy for this disorder.

This study is limited by using standard 
MRI for routine clinical practice. Lately, 
patients with schizophrenia are mainly 
examine with the functional MRI [18]. 
In addition, great emphasis is placed 
for longitudinal neuroimaging studies 
to identify the dependencies of these 
brain changes during treatment by vari-
ous modern antipsychotics [11], and also 
during the remission formation [15]. How-
ever, our results are important for testing 
the hypothesis about the relationship of 
cerebral pathology with clinical and con-
stitutional features of patients with schiz-
ophrenia.

The study was carried out with the 
financial support of grants: RSF18-15-
00053 “Search of peripheral markers 
associated with impaired myelination of 
the brain and pathogenesis of schizo-
phrenia” in part of including of brain MRI 
examination with the results interpreta-
tion, and RSF18-15-00011 “Schizophre-
nia combined with metabolic syndrome: 
clinical-constitutional factors and mo-
lecular markers” in part of constitutional-
morphological examination with the data 
interpretation.
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Introduction. Adaptation providing 
the body balance control in response 
to the changes in the external and 
internal environment is one of the main 
properties of living beings. The decline in 
adaptive skills or overstrain of adaptation 
mechanisms caused by pathogenic 
affects results in the development 
of pathological states due to the 
dysregulation of adaptive mechanisms 
manifested as so named “civilization 
diseases”. Among dysmetabolic and 
desadaptative pathologies are: chronic 
heart insufficiency, cerebral circulatory 
insufficiency and especially the 
combination of the heart and brain vessel 
pathologies, dysfunction of central and 
peripheral neuroendocrine systems [17; 
16]. To increase the resistance of the 
body to adverse health impact the various 
groups of medicinal means are used; 
among them adaptogens having the wide 
spectrum of pharmacological effects and 
increasing the resistance of the body to 
adverse exposure are commonly used. 
Their capability to regulate the hormone-

mediated influence and lipid peroxidation 
plays a leading role in the mechanism of 
their effect [15; 19]. 

In this connection, it seems advisable 
the use of adaptogens of plant origin 
which have a systemic action on the 
body manifesting antioxidant, anti-
inflammatory, psychotropic, cardio-
protective and other effects due to 
the synergism of biologically active 
substances [6; 7; 17; 18; 19].

At the Institute of General and 
Experimental Biology SB RAS the 
dry extract has been derived from the 
complex plant remedy consisting of the 
aerial part of Serratula centauroides (L.), 
leaves of Bergenia crassifоlia (L.) Fritsch, 
Rosa davurica Pall., Inula helenium 
L., Echinacea purpurea (L.) Moench. 
Previous experiments have shown that 
the given complex plant remedy has the 
marked actoprotective activity increasing 
physical endurance in rats due to 
optimization of the energy metabolism 
[2], as well it manifests anti-stress and 
anti-depressive effects in chronic stress 

[9].
The aim of the study is to estimate 

the antioxidant activity of the adaptogenic 
plant remedy in model systems in vitro.

Material and methods of 
investigation. The subject of the study 
was the complex plant remedy in the form 
of the dry extract consisting of Serratula 
centauroides (L.), Bergenia crassifоlia 
(L.) Fritsch, Rosa davurica Pall., Inula 
helenium L., Echinacea purpurea (L.) 
Moench.

The method of the dry extract 
obtaining involves the extraction of the 
powdered plant material by 30-70% ethyl 
alcohol, concentration and drying in the 
vacuum set [12]. 

The membrane stabilizing activity of 
the tested remedy was estimated in the 
models of peroxide and osmotic hemolysis 
with the 1% erythrocyte suspension 
(Er/m). The peroxide hemolysis of 
erythrocytes was induced by Fenton 
reagent [22] and osmotic hemolysis – 
by adding of the distilled water into the 
incubation medium [4]. The tested plant 

A.A. Toropova, B.A. Muruev, Ya.G. Razuvaeva, 
I.G. Nikolaeva, A.G. Mondodoev
ANTIOXIDANT ACTIVITY OF A 
ADAPTOGENIC PLANT REMEDY 
IN MODEL SYSTEMS IN VITRO

ABSTRACT
The antioxidant activity of the dry extract from the complex plant remedy has been studied in model systems in vitro. The complex plant remedy 

includes the following species of medicinal plants: Serratula centauroides (L.), Bergenia crassifоlia (L.) Fritsch, Rosa davurica Pall., Inula helenium 
L., Echinacea purpurea (L.) Moench. It has been established that the plant remedy under study inhibits the oxidation of the biological substrate 
preventing from the destruction of β – carotene (IC50=24.3 µg/ml) and yolk lipoproteids (IC50=65.8 µg/ml) and having membrane stabilizing effect 
in peroxide (IC50=0.97 µg/ml) and osmotic hemolysis (IC50=0.11µg/ml) of erythrocytes. The complex remedy manifests the radical binding activity 
for 2,2-diphenyl-1- picrylhydrazyl (DPPH˙) (IC50=61.4µg/ml), superoxide anion-radical (IC50=28.6 µg/ml), nitrogen oxide (IC50=55.3 µg/ml), also for 
Fe2+ (IC50=639.3 µg/ml). The marked antioxidant activity of the tested remedy is due to the complex of biologically active substances (flavonoids, 
tannins, polyphenolic compounds, phenol carbonic acids, ecdysteroids, etc.) contained in its components.

Keywords: plant remedy, adaptogens, Serratula centauroides (L.), Bergenia crassifоlia (L.) Fritsch, Rosa davurica Pall., Inula helenium L., 
Echinacea purpurea (L.) Moench., membrane stabilizing activity, 2.2-diphenyl-1- picrylhydrazyl, superoxide anion-radical, nitrogen oxide.
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