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ABSTRACT

The aim of the study. To assess the possibility of correction and prevention of be-
havioral disorders in rats with metabolic syndrome using a complex phytoadaptogen 
(CPA).
Material and methods. The experiment was carried out on 30 male Wistar rats 
randomized into 3 groups: group 1 – control; group 2 – metabolic syndrome (MS); 
group 3 – treatment of metabolic syndrome using CPA. In groups 2 and 3, animals 
were on a high-carbohydrate and high-fat diet for 16 weeks. Group 3 received CPA 
for 14 days in drinking water after 16 weeks of a diet. CPA consists of official tinctures 
of Glycyrrhiza glabra, Rhodiola rosea, Acantopanax senticosus at a ratio of 1:2:1. 
Behavior was analyzed through the “open field” test using Realtimer software 
(Open Science, Russia). Data were analyzed using GraphPad Prism 8.03 software 
(GraphPad, USA).
Results. The experiment proved that metabolic syndrome is accompanied by increased 
anxiety (decreased horizontal (p = 0.017) and vertical (p = 0.017) motor activity) and fear 
(increased periods of immobility (p = 0.011)) in the open field. When corrected with a com-
plex phytoadaptogen, the time spent in the open and closed arms of the maze did not 
differ statistically significantly from the values of similar control indicators.
Conclusion. Based on the data obtained in the group 3 (no statistically significant 
differences with control) – decreased manifestations of fear and anxiety (increased 
orientation and research activity) – we can talk about the effectiveness of complex phy-
toadaptogens as an anxiolytic. The mechanisms underlying this result remain to be ex-
plored, emphasizing the role of the autonomic nervous system, leptin and ghrelin 
in behavior and the influence of complex phytoadaptogens on them.

Key words: Acanthopanax senticosus, dyslipidemia, Glycyrrhiza glabra, metabolic 
syndrome, obesity, Rhodiola rosea

For citation: Dzampaeva Zh.V., Datieva F.S., Takoeva E.A., Nartikoeva M.I. Prevention 
and correction of behavioral disorders in rats with metabolic syndrome using a complex 
phytoadaptogen. Acta biomedica scientifica. 2024; 9(1): 233-240. doi: 10.29413/
ABS.2024-9.1.23

PREVENTION AND CORRECTION OF BEHAVIORAL DISORDERS IN RATS 
WITH METABOLIC SYNDROME USING A COMPLEX PHYTOADAPTOGEN

Dzampaeva Zh.V., 
Datieva F.S., 
Takoeva E.A., 
Nartikoeva M.I.

Institute of Biomedical Researches –
Branch of Vladikavkaz Scientific
Centre, Russian Academy of Sciences
(Pushkinskaya str. 47, Vladikavkaz 362045,
Russian Federation)

Corresponding author: 
Zhanna V. Dzampaeva, 
e-mail: dzhanaeva_1991@mail.ru

Received: 01.02.2023
Accepted: 12.01.2024
Published: 26.03.2024



234234

ACTA BIOMEDICA SCIENTIFICA, 2024, Vol. 9, N 1

Experimental researches

РЕЗЮМЕ 

Цель исследования. Оценить возможность коррекции и профилактики на-
рушений поведенческой активности крыс с метаболическим синдромом ком-
плексным фитоадаптогеном (КФА).
Материал и методы. Эксперимент проводили на 30 крысах-самцах линии 
Wistar, случайным образом разделённых на 3 группы: группа 1 – контроль; груп-
па 2 – метаболический синдром (МС); группа 3 – лечение метаболического син-
дрома КФА. В группах 2, 3 животные находились на диете с высоким содержа-
нием углеводов и жиров в течение 16 недель. Группа 3 получала КФА в течение 
14 дней с питьевой водой после 16 недель диеты. КФА состоит из официальных 
настоек Glycyrrhiza glabra, Rhodiola rosea, Acantopanax senticosus в соотноше-
нии 1:2:1. Поведение анализировали с помощью теста «Открытое поле» (ОП) 
с использованием программного обеспечения Realtimer (Open Science, Россия). 
Данные анализировали с использованием программного обеспечения GraphPad 
Prism 8.03 (GraphPad, США).
Результаты. В ходе эксперимента доказано, что метаболический синдром 
сопровождается повышенной тревожностью (снижение горизонтальной 
(р  =  0,017) и вертикальной (р = 0,017) двигательной активности) и страхом 
(увеличение периодов неподвижности (р = 0,011)) в ОП. При коррекции комплекс-
ным фитоадаптогеном время пребывания в открытых и закрытых рукавах 
лабиринта статистически значимо не отличались от значений аналогичных 
показателей контроля.
Заключение. На основании данных, полученных в группе коррекции (отсут-
ствие статистически значимых отличий относительно контроля): сни-
жение проявлений страха и тревожности (повышении ориентировочно 
исследовательской деятельности), – можно говорить об эффективности 
комплексных фитоадаптогенов в качестве анксиолитика. Механизмы, лежа-
щие в основе данного результата, ещё предстоит изучить, подчёркивая роль 
вегетативной нервной системы, лептина и грелина в поведении и влияние 
на них комплексных фитоадаптогенов.

Ключевые слова: Acanthopanax senticosus, дислипидемия, Glycyrrhiza glabra, 
метаболический синдром, ожирение, Rhodiola rosea
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INTRODUCTION

Metabolic syndrome (MS) is becoming a serious 
medical and social problem worldwide. According 
to the World Health Organisation, more than 1.9 bil-
lion people are overweight [1, 2]. MS is characterised 
by insulin resistance, hyperglycaemia, dyslipidaemia, 
hypertension and obesity, and is a pro-inflammatory 
and pro-thrombotic condition. Visceral fat, a biologi-
cally active endocrine and paracrine organ, plays a key 
role in metabolic syndrome. It produces adipocyto-
kines, the main pro-inflammatory mediators: plasmino-
gen activator inhibitor-1 (PAI-1, plasminogen activator 
inhibitor-1), interleukin-6 (IL-6), tumour necrosis fac-
tor-α (TNF-α). The above cytokines contribute to low-
grade chronic inflammation, the inflammatory response 
and reduce insulin receptor sensitivity. Obesity increas-
es the risk of type 2 diabetes mellitus, cardiovascular dis-
ease associated with low intensity chronic inflammation 
and systemic endothelial dysfunction. In recent years, 
there has been growing interest in exploring the rela-
tionship between MS and psychosomatic disorders such 
as depression and anxiety. The results of studies are 
conflicting, but pro-inflammatory cytokines have been 
revealed to cause depressive disorders and depression 
itself induces eating disorders with subsequent MS for-
mation and has pro-inflammatory properties [3, 4].

In this study, we have examined a new herbal for-
mula that can be effectively used in the treatment 
and prevention of MS and obesity, a complex phytoad-
aptogen (CPA), which consists of commonly used phy-
toadaptogens: golden root (Rhodiola rosea), common 
licorice (Glycyrrhiza glabra), spiny eleuterococcus (Ac-
anthopanax senticosus). Glycyrrhiza glabra and Rhodiola 
rosea have anti-inflammatory and antioxidant effects. 
Acanthopanax senticosus has a pronounced stress-lim-
iting effect. They control stress-activated molecular 
chaperones (Hsp70), cortisol and nitric oxide (NO). Un-
der stressful conditions, adaptogens modulate the func-
tion of the pineal gland [5]. Additionally, the literature 
suggests that CPAs are able to enhance performance 
and reduce fatigue, and modulate the inflammatory re-
sponse in experiment and clinic.

THE AIM OF THE STUDY

To assess the possibility of correction and prevention 
of behavioral disorders in rats with metabolic syndrome 
using a complex phytoadaptogen.

MATERIALS AND METHODS

The experiment was performed on male Wistar rats 
(weight 330  ±  20  g; n  =  30) obtained from the Rappolo-
vo husbandry (St. Petersburg, Russia). The animals were 
housed in a room with artificial light (12/12), controlled 
temperature (21 ± 1 °C) and humidity (50–55 %). Rats were 

kept in cages (5 animals in each cage), food and water 
ad libitum.

The study was approved by the Ethics Committee 
of the Institute of Biomedical Research – branch of the Vla-
dikavkaz Scientific Centre of the Russian Academy of Sci-
ences (Minutes No. 7 dated February 20, 2019). The study 
was conducted in accordance with the ethical standards 
established by the World Medical Association Declaration 
of Helsinki (2000).

After the adaptation period (2 weeks), the animals 
were randomly divided into 3 experimental groups: 
group  1 – control; group  2 – metabolic syndrome; 
group 3 – treatment of metabolic syndrome with com-
plex phytoadaptogen. Animals of groups 2 and 3 were 
on a high-carbohydrate high-fat diet (HCHF). The diet 
included: 175  g of fructose, 395  g of sweetened con-
densed milk, 200  g of beef fat, 155  g of powdered rat 
food, 25  g of Hubble, Mendel and Wakeman salt mix-
ture and 50  g of water per kilogram of diet. Addition-
ally, the drinking water for the MS group was supple-
mented with 25  % fructose [6]. The total feeding time 
was 16 weeks. The presence of metabolic syndrome 
in animals was confirmed by biochemical, pathomor-
phological and functional methods of study according 
to the applied experimental model [6]. Group  2 rats 
were removed from the experiment after 16 weeks 
of feeding to evaluate the progression of pathophysi-
ological changes in the metabolic syndrome. Animals 
were removed from the experiment by decapitation un-
der thiopental anaesthesia (40 mg/kg).

After 16 weeks of diet, Group 3 rats received a com-
plex phytoadaptogen for 14 days. CPA consists of 40  % 
alcoholic extracts of Glycyrrhiza glabra, Rhodiola rosea, 
Acanthopanax senticosus in the ratio of 1:2:1 respectively. 
The dose was calculated based on the average daily flu-
id intake and a factor (×10) for small laboratory animals 
(0.1 ml/100 g per day).

Behavior was recorded and calculated using com-
puter software for monitoring animal activity (Real Timer, 
Open Science, Russia) in «open-field» and «elevated plus 
maze» tests.

The «open-field» test is a square arena with sides 
equal to 100 cm and a height of 40 cm, divided into equal 
25 squares (40  ×  40  ×  30  cm3). It has been proved that 
the open field of grey colour fails to reveal intergroup dif-
ferences in animal behavior, as a specific type of stress 
behavior emerges, manifested in a mixed anxious-phobic 
state in animals regardless of their predicted resistance 
to stress [3]. Considering this, the animals in this exper-
iment were not divided into groups based on their tol-
erance to stress. Parameters assessed in the open field: 
vertical activity (number of rears), horizontal activity 
(distance expressed in squares), number of grooming 
and defecation acts.

The elevated plus maze is a plus-shaped apparatus 
with four arms connecting at right angles to each other, 
as described by Handley and Mitani. The elevated plus 
maze consists of two closed (30  ×  5  ×  30 cm3) and two 
open arms (30 × 5 × 1 cm3) perpendicular to each other 
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and connected by a central arena (5  ×  5  cm2). Closed 
arms have a high wall (16 cm), whereas open arms have 
no side wall. Rats were placed in the center platform fac-
ing the closed arm. The parameter evaluated is the total 
time spent in open and closed arms. Entry was recorded 
when the rat entered the arm with all four limbs.

On the day of testing, the rats were transported 
to the test room for 2 hours. Each rat was then placed 
in the same corner of the open-field arena and the ele-
vated plus maze; behavior was recorded for 5 min each 
in both tests. To avoid the presence of olfactory cues, 
all equipment (open field, elevated plus maze) was 
thoroughly cleaned with 20 % ethanol and then wiped 
with dry paper after each trial. The studies were con-
ducted in the time interval from 9 to 14 hours.

Data analysis was performed using GraphPad 
Prism 8.03 software (GraphPad, USA). The distribution 
of continuous variables was tested for normality using 
the Shapiro – Wilk test. Since in some cases there was 
no conformity of numerical populations to the principle 
of normality of distribution and a small number of vari-
ants in the compared groups (n  <  30), nonparametric 
block statistics was used in the work. The Kraskell – Wal-
lis criterion was used to compare independent data sets. 
The Wilcoxon criterion was used to compare dependent 
data sets. Median (25–75‰) values were given as de-
scriptive statistics because of the small number of vari-
ants in the sample. A p value < 0.05 was considered sta-
tistically significant.

RESULTS AND DISCUSSION

Animal behavior is one way of actively adapting 
to environmental factors. The animal is stressed when 
placed in an «open-field» experimental facility, which 
is reflected in its behavior during the first 4 minutes 
of the test [3].

Rats with MS (group  2) showed a tendency 
to decrease horizontal motor activity (HMA) com-
pared to controls (group  1) within 5  min. The number 
of rears with support (vertical motor activity (VMA)) 
on the arena wall in group  2  showed statistically sig-
nificant differences relative to the control (p  =  0.017) 
(Table  1). Consequently, in metabolic syndrome, there 
is a decrease in orienting and exploratory activity 
(↓HMA and VMA). No statistically significant differenc-
es in relation to the control both GDA and VMA were 
observed during correction with complex phytoadapto-
gen; the indices were restored within the confidence 
interval of control, i.e. there was a tendency to normali-
sation of orientation-research activity.

The main significant manifestation of severe fear 
in animals with metabolic syndrome in OF was the pe-
riod of immobility, which was statistically significantly 
different from control values (p = 0.011). This fact con-
firms the presence of statistically significant differences 
of this indicator with the control in group 3 (p = 0.025). 
However, the use of CPA resulted in a statistically 

significant difference from the MS group with respect 
to periods of immobility (p = 0.014).

In the second group, the duration of grooming 
was statistically significantly different from the control 
group (p = 0.011). When CPA was corrected, statistically 
significant differences in the number of grooming acts 
to MS were observed (p = 0.017).

Analysis of the parameters of the Elevated Plus 
Maze test revealed increased anxiety and fear symp-
toms in the animals. In rats of the second group (MS) rel-
ative to controls, there was a decrease in the time spent 
in the open arm (p = 0.012), an increase in the time spent 
in the dark arm (p  =  0.043), and the number of head 
dippings (p  =  0.043) (Table  1), indicating increased 
anxiety. When corrected with a complex phytoad-
aptogen, the time spent in the open and closed arms 
of the maze did not differ statistically significantly 
from the values of similar control indicators (Table 1).

DISCUSSION

Almost all overweight patients have an eating disor-
der [4]. An understanding of the pathophysiological re-
lationships between stress, neurobiological adaptation 
and obesity is important for the development of effec-
tive prevention and correction methods.

Proceeding from the data obtained during paral-
lel testing of animals during OF and EPM, it is possible 
to speak about the effectiveness of complex phytoad-
aptogen as an anxiolytic: normalisation of indices with-
in the confidence interval of control of the test ‘open 
field’ (horizontal and vertical motor activity and pe-
riods of immobility), test ‘elevated plus maze’ (time 
of staying in open and closed arms, number of head 
dippings, defecation acts) is revealed. This indicates 
a decrease in the manifestations of fear and anxiety, 
which was expressed in the activation of orienting 
and exploratory activity.

The effectiveness of complex phytoadaptogen 
can be explained by several mechanisms, and first 
of all it is the effect of increasing adaptation to stress. 
The autonomic nervous system provides various forms 
of response to emotional stress – changes in tem-
perature, sweating, cardiovascular and gastrointesti-
nal indices, respiratory rhythmicity. In chronic stress, 
psychovegetative disorders occur. In normal stress, 
corticotropin-releasing factor is produced and even-
tually glucocorticoids are produced [7], which inhibit 
corticotropin-releasing factor secretion by a feedback 
mechanism, then the system returns to its initial state. 
Corticotropin-releasing factor reduces the synthesis 
of key neuropeptides such as brain-derived neuro-
trophic factor (BDNF). Chronic stress disrupts the feed-
back mechanism, glucocorticoids persist for a long 
time, which leads to neuronal insufficiency in brain 
structures containing glucocorticoid receptors, for ex-
ample, the hippocampus, damage to which can lead 
to a failure of adaptation of the individual under 
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subsequent stressors. Accordingly, depressive, anxiety, 
and somatoform disorders occur [7, 8].

A complex phytoadaptogen can influence animal 
behavior by several mechanisms. Specifically, CPA in-
creases the production of neurohormones (endorphins, 
dopamine) in stress by modulating the synthesis of ad-
renocorticotropic hormone and cortisol in the adrenal 
glands. In addition, it has a neuroprotective effect [9, 10]. 
CPA secondary metabolites contribute to the adaptation 

of cells to stress, which is called the hormesis phenome-
non or preconditioning [10].

One other possible mechanism is related to the CPA 
reduction in the production of inflammatory mediators 
in the metabolic syndrome. TNF-α is considered as a me-
diator of insulin resistance and a regulator of energy 
metabolism in the body. TNF-α has been evidenced to af-
fect insulin receptors and glucose transport, increasing 
insulin resistance and, consequently, stimulating 

TABLE 1

CHANGE IN THE ASSESSED INDICATORS IN THE “OPEN FIELD” TEST AMONG ALL EXPERIMENTAL GROUPS

Note. Results are presented as Me (25‰; 75‰); * – to control; ** – to metabolic syndrome (p < 0.05).

Indicators Control 
(Group 1)

MS 
(Group 2)

MS + CPA 
(Group 3)

Open field

Number of crossed  
squares 58.5 (36; 65.5) 29.5 (25; 45)

p = 0.017* 45 (33.5; 53)

Number of rears without support 
on the open field wall 9 (5.5; 13) 2.5 (2; 6)

p = 0.017* 7 (3.5; 8.5)

Number of rears supported on the open 
field wall 7 (3; 8.5) 6.5 (4; 9) 5 (3; 7)

Immobility period (s) 20 (15; 32.5) 60 (45; 75)
p = 0.011*

39 (32.5; 45)
p = 0.025*

p = 0.014**

Grooming acts number 7 (3.5; 13.5) 27.5 (20; 40)
p = 0.011*

15.5 (14.5; 16)
p = 0.017**

Elevated plus maze

Time spent in open arms (s) 50.32 (37.1; 77.7) 21.83 (10.11; 32.51)
p = 0.012

37 (27.28; 49.35)
p = 0.05

Time spent in closed arms (s) 250.8 (228.3; 258.3) 272.5 (253.4; 287.9)
p = 0.043

228.8 (214.8; 245.1)
p = 0.009

Head dipping number 3 (0; 5) 0 (0; 2)
p  = 0.043* 0 (0; 0.5)

Number of defecations 3 (2; 3) 4.5 (2; 6)
p = 0.017* 0 (0; 2)

Grooming acts number 2 (2; 3) 2 (1; 3) 2 (1; 3)
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leptin secretion [5]. TNF-α increases the production 
of IL-6, which also inhibits the metabolic effects of insu-
lin by blocking insulin-dependent activation of signal-
ling transducers, insulin-induced glycogen synthesis. 
Consistent with the cytokine hypothesis, psychosomatic 
changes with increased cytokines may lead to the induc-
tion of indolamine-2,3-dioxygenase to form tryptophan 
(TRP) catabolites with subsequent decreased availability 
of TRP and serotonin (5-HT), which also increases anxiety 
and the development of depressive states [11].

TNF-α has a direct impact on the formation of insu-
lin resistance at the level of hepatocytes. Progression 
of insulin resistance increases leptin resistance. Leptin 
(«the voice of adipose tissue») regulates eating behavior 
by acting on the hypothalamic satiety center. Leptin also 
increases sympathetic nervous system tone; increases 
thermogenesis in adipocytes; inhibits insulin synthesis; 
and acts on the cell’s insulin receptor to reduce glucose 
transport. However, in MS, leptin does not fulfil its ba-
sic biological functions. The increased anxiety behavior 
in animals with MS can be explained by the development 
of leptin resistance in response to a diet rich in carbohy-
drates and fat, in particular leptin resistance in its main 
targets, the hypothalamus [12] and ventral tegmental 
area [13]. This condition possibly develops as a result 
of decreased leptin receptor gene expression accom-
panied by reduced signal transduction and/or presum-
ably reduced leptin transport into the cerebrospinal flu-
id in insulin resistance [14, 15]. It is widely recognised 
that the amygdala plays a major role in the modulation 
of anxiety, and dopaminergic receptor mechanisms play 
an important role in this modulation. To the extent that 
neurons in the ventral tegmental area are the source 
of dopamine innervation of the amygdala, it is possible 
that leptin resistance in it may underlie the anxious be-
havior observed in our experiment.

Another peripheral hormone that plays an im-
portant role in the regulation of homeostatic nutrition 
is ghrelin. As discussed above in relation to leptin, 
ghrelin has recently been implicated in stress-induced 
changes in eating and behavior. Activation of ghrelin 
signalling pathways in response to chronic stress has 
been evidenced to be a homeostatic adaptation that 
helps individuals cope with stress, but at the expense 
of increased caloric intake. Catecholamines secreted 
in response to stress appear to directly stimulate ghrelin 
cells. Like leptin, ghrelin is an efficient modulator of me-
solimbic dopaminergic chains [8].

From the third side, chronic low-intensity in-
flammation leads to increased oxidative and nitrosa-
tive damage to neurons, pancreatic and endothelial 
cells. Inflammatory and nitrosative (O&NS, oxidative 
and nitrosative stress) pathways are linked in a vi-
cious circle in which immune-inflammatory reactions 
deplete endogenous antioxidant stores and reactive 
oxygen intermediates (ROI) activate proinflammato-
ry promoter genes through intracellular signalling 
cascades such as mitogen-activated protein kinases 
(MAPKs) and NF-kB; in addition, there is an alteration 

of insulin-producing cells in the pancreas and an in-
crease in insulin resistance [16].

We can therefore observe a number of overlap-
ping pathophysiological mechanisms contributing 
to the development of behavioural disorders in chron-
ic low-intensity inflammation against the background 
of MS, which accounts for the obtained positive effects 
of complex phytoadaptogen acting at the central (cen-
tral nervous system), systemic (hormonal regulation) 
and cellular levels.

The complex phytoadaptogen inhibits transcrip-
tion factors – NF-κB (nuclear factor kappa-light-chain-
enhancer of activated B cells), receptor activator 
of nuclear factor kappa-B (RANK, receptor activator 
of nuclear factor κ B)), and FOXO3, a key transcrip-
tion factor regulating the cellular response induced 
by oxidative stress - which results in neurons adapt-
ing to stress. Glycyrrhizin, a constituent of Glycyrrhiza 
glabra, reduces oxidative stress by inhibiting the 5’-ad-
enosine monophosphate-activated protein kinase 
(AMPK) and transcriptional NF-κB pathways and acti-
vating AMPK/NRF2 (nuclear factor erythroid 2-related 
factor 2) signalling [17-19].

Acanthopanax senticosus increases the activity 
of antioxidant enzymes - superoxide dismutase, glu-
tathione peroxidase, catalase - in the liver, thereby re-
ducing the accumulation of ROIs [18]. The most wide-
ly known plant-derived antioxidant is Rhodiola rosea, 
which enhances the endogenous antioxidant enzymat-
ic response. Administration of Rhodiola rosea extract 
inhibits the activity of proline dehydrogenase (PDH) 
and glucose-6-phosphate dehydrogenase (G6PDH, glu-
cose-6-phosphate dehydrogenase). Rhodiola rosea ex-
tract and its main biologically active substance, tyrosol, 
increase the activity of superoxide dismutase, which 
leads to a decrease in the content of free radical oxida-
tion products during adipogenesis [20]. In combination, 
phytoadaptogens modulate and potentiate the effects 
of each other, which provides their protective effect.

CONCLUSION

The results substantiate the idea that a diet high 
in carbohydrate and fat induces a metabolic syndrome 
in rats, which contributes to behavioral impairment 
in the form of impaired orienting and exploratory ac-
tivity and increased anxiety. Further studies are needed, 
however, to identify the mechanisms underlying the be-
havioral changes in leptin resistance that may underlie 
the anxious behavior observed in our experiment. Bio-
logically active substances of complex phytoadaptogen 
can be a promising addition to the correction of anxiety, 
depressive disorders in metabolic syndrome, affecting 
both through the autonomic nervous system and cen-
tral structures - targets of leptin and ghrelin, and as pro-
tectors of neurons and peripheral tissues from oxidative 
and nitosative stress, eliminating resistance to insulin, 
reducing the release of cytokines.
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