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Abstract: Background: To study the possibilities of using phytopreparations to increase the adap-
tive capabilities of the animals on which the experiments were conducted in swimming. Methods:
100 mongrel male rats were divided into 5 groups of 20 animals in each one. For 30 days running,
the animals were immersed for 10 min in a bath with water at a temperature of +4 ◦C. In addition
to cold exposure, the animals of the first three groups were injected per os with stress protectors
30 min before the immersion in water. The rats of the first group received an inhibitor of the enzyme
gamma-butyrobetaine hydroxylase, the second group was given an extract of Eleutherococcus, and
the third group took an extract of Ligusticum wallichii. As a placebo, to control the effect of the
stress protectors, the rats of the fourth group were injected per os with 0.9% NaCl solution, and the
animals in the fifth group were not given any drugs. On days 1, 4 and 30 of the experiment, five
randomly selected animals from each group were decapitated, the heart and liver were removed, and
the activity of tissue enzymes—superoxide dismutase (SOD), glutathione peroxidase (GPO), alanine
aminotransferase (ALT), and aspartate aminotransferase (AST)—was analyzed. Results: The animals
in the control group displayed a decrease in the activity of most of the studied enzymes, increasing
from the 1st to the 30th day of the experiment. The NaCl solution had practically no effect on the
analyzed parameters. Against the use of the enzyme gamma-butyrobetaine hydroxylase inhibitor,
the activity of the enzymes did not change as compared with the pre-intervention level. On the first
day of ingestion, the effects of the Ligusticum wallichii extract were similar to those of the enzyme
gamma-butyrobetaine hydroxylase inhibitor. On the 30th day of ingestion, the effects of the Eleuthe-
rococcus extract were practically indistinguishable from those of the enzyme gamma-butyrobetaine
hydroxylase inhibitor. Conclusions: The data obtained suggest the presence of cytoprotective effects
in the two phytopreparations that are similar to the enzyme gamma-butyrobetaine hydroxylase
inhibitor. In this case, the effect of the extract of Ligusticum wallichii is more pronounced under the
acute stress conditions, and the extract of Eleutherococcus, under the chronic stress conditions.

Keywords: stress; swimming; rats; phytopreparations

Appl. Sci. 2021, 11, 6412. https://doi.org/10.3390/app11146412 https://www.mdpi.com/journal/applsci

https://www.mdpi.com/journal/applsci
https://www.mdpi.com
https://orcid.org/0000-0002-9282-5725
https://orcid.org/0000-0002-6999-9823
https://orcid.org/0000-0002-7603-6064
https://orcid.org/0000-0001-7956-7488
https://orcid.org/0000-0001-7361-9478
https://doi.org/10.3390/app11146412
https://doi.org/10.3390/app11146412
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3390/app11146412
https://www.mdpi.com/journal/applsci
https://www.mdpi.com/article/10.3390/app11146412?type=check_update&version=1


Appl. Sci. 2021, 11, 6412 2 of 11

1. Introduction

The results of numerous researches demonstrate that cold water stimulates the tissue
respiration processes [047001 4–4]. Several factors can determine differences between body
organs, including oxygen consumption, susceptibility to oxidants and antioxidant enzyme
activation, antioxidant levels, and other repair systems. The response of the muscles and
the heart to oxidative stress appears to be quite different than that of other body organs,
such as the brain and liver. This is likely to be due to the difference in mitochondrial
biogenesis and the occurrence of oxidant-induced degeneration [1].

Immersion and submersion, which are the two elements of drowning, interact with
basic physiological factors such as temperature and oxygen. However, there is little scien-
tific evidence on these mechanisms in the extreme or lethal circumstances resulting from
drowning, while few studies have reported how they interact (directly or indirectly), and
how they are influenced by autonomous protective (diving response, breath-holding, acute
hypothermia) and life-threatening (cold shock, autonomic conflict, aspiration) responses.
The theories that explain how drowning is affected by these mechanisms have remained un-
changed for decades. Based on current understanding and knowledge, it is suggested that
little is known about the pathophysiological events that are associated with drowning [2].

Knowledge of the work performed by swimming animals is critical to the interpre-
tation of the importance of the research on how drugs influence swimming performance.
Many studies in which forced swimming was used, have failed to consider, in detail, the
complex physiological readjustments occurring when animals were forced to work in water
with various temperatures. The knowledge that swimming in neutral water represents a
metabolic cost that is three-times higher than basal for some rats, does not entirely reflect
the physiological adjustment. When swimming in water at a temperature of 37 ◦C, the wa-
ter must be accompanied by a shift in the volume of blood circulating to the periphery, and
concurrent changes in cardiovascular performance. The factors that lead to exhaustion of
the animal swimming in cold or hot water may not be associated with muscular fatigue [3].

According to some studies, the exposure to cold water on the skin of athletes can
increase their performance by stimulating the processes of lipolysis [4–6].

The changes in the antioxidant defense system are tissue-specific. However, chronic
exposure to cold leads to oxidative stress, by changing the prooxidant–antioxidant balance
of this defense system, through increasing the prooxidants while depleting the antioxidant
capacities [4].

Furthermore, the changes in the analyzed components of the antioxidant defense
system, caused by prolonged exposure to low temperatures, suggest that reorganization of
its activity occurs at the molecular level. Although some studies have indicated that a 21-d
cold exposure was sufficient to induce adaptation of thermogenesis, a study demonstrated
that, in general, longer periods are required for recording changes in the antioxidant
defense system [5].

It was found that the exposure to the extended (48 h) cold (8 ◦C) led to alterations in
both the antioxidant defense system (tissue and enzyme-specific) and serum lipoprotein
profiles in rats [6].

The permanent exposure of temperature leads to certain metabolic changes caused
by hormonal deviations. Cold stimulation under conditions of substantially lower tem-
peratures induced cardiac damage, which was further aggravated by ACS; however, cold
stimulation at only 3 ◦C lower than normal temperature improved the adaptability of
broilers to ACS [7,8].

According to some scientific studies, the cold stress effects may influence the cytolysis
processes of muscle cells, by stimulating them [9,10]. It concerns, first of all, cardiomyocytes.
Some research works say that these changes occur due to the reduction in antioxidant
enzymes activity [11,12]. Some of the authors declare that the negative effects of cold stress
can be reduced by using some adaptogens. The latter was tested in athletes, with further
analysis, but has never been explored in test animals.
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Physical exercise in water with a low temperature was found to lead to changes in
the oxidant/antioxidant balance, as a result of the repeated exposure to nondamaging
mild stress factors, with greater effects of exposure compared to the physical exercise of
the same intensity, but performed in thermal comfort. Furthermore, the results obtained
lead to the conclusion that there are sex-dependent differences in the aging effects on lipid
peroxidation. It appears that female rats may be better adapted to the changes in ambient
temperature, by developing morphological, but also antioxidant, defense mechanisms,
such as increased erythrocyte SOD activity and GSH concentration, in order to restore the
pro-oxidant/oxidant balance. It was also found that, compared to females, aging male
rats had a reduced capacity to increase their metabolic response to low temperatures. It
was suggested that exposure to low temperatures is a stressor that causes the increased
pro-oxidant activity of the body, and, after taking into account an appropriate exposure
time, it can induce an adaptive response, which is especially noticeable in female rats [13].

In recent years, there has been an increasing interest in the use of herbal medicines in
sports medicine. The effect of plants is explained by their biologically active compounds,
such as polyphenols, terpenoids, and alkaloids, which have a number of physiological
effects on the body, including adaptogenicity [14,15]. The positive effect of phytoprepara-
tions on immunity is shown in [16,17]. Under the influence of phytopreparations, oxidative
stress decreases [18]. Some herbs have an analgesic effect [19].

The most commonly used phytopreparations are Ligusticum wallichii [20,21], Eleuthe-
rococcus [15,22], and others [23,24]. These drugs are widely used in traditional Chinese
and Russian medicine. The protective properties of Ligusticum wallichii in various models
are described [25–29].

There were publications about adaptogenic effects in Eleutherococcus [29–32]. There
are publications that meldonium is a stress protector, especially in cold swimming condi-
tions [33,34]. At the same time, the research results are very contradictory. Some authors call
meldonium the “gold standard” for stimulating physical performance in swimming [32,35].
Based on the above, the purpose of our work was to study the phytopreparations that
are potential to increase the adaptive capabilities of the body of experimental animals
during swimming.

2. Materials and Methods

In the experiment, 100 mongrel male rats weighing 350–400 g were used, kept on
a standard vivarium diet. The animals were kept in a suitably equipped vivarium with
sufficient lighting and ventilation in special plastic cages locked with a metal mesh. Animals
were fed dry food and drink ad libitum. During the experiment, the weight of the animals
did not change.

To simulate cold water immersion, rats were immersed in a bath with cold (t = +4 ◦C)
water daily. The amount of water was such that the animals could not reach the bottom.
The animals were forced to swim for 10 min, after which the animals were taken out, water
being removed from their hair, and placed back in the cage. The animals were immersed in
cold water once a day throughout 30 days.

The animals were randomly subdivided into 5 groups of 20 rats each. In addition to
cold exposure, the animals of the first 3 groups were injected with stress protectors 30 min
before immersion in cold water. The animals of the first group (n = 20) were injected per
os 0.15 mL of 0.5% solution of the enzyme gamma-butyrobetaine hydroxylase inhibitor
(meldonium) (Nizhpharm, Russia, Nizhny Novgorod), which was brought to a volume
of 5 mL with 0.9% NaCl solution. The animals of the second group (n = 20) were injected
per os with solution of the phytopreparation Eleutherococcus in a dose of 5 mL (Vifitech
ZAO, Russia, Moscow region). The animals of the third group (n = 20) were injected per os
Ligusticum wallichii extract (Sunrider®, USA, Torrance) at a dose of 5 mL. As a placebo to
control the effect of stress protectors, rats of the fourth group (n = 20) were injected per os
with 0.9% NaCl solution at a dose of 5 mL. Animals of the fifth group (n = 20) were not
injected with drugs (control).
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Immediately after cold exposure, 5 randomly selected rats from each group were
decapitated under ether anesthesia, in compliance with the rules of euthanasia, according
to Helsinki Declaration on the humane treatment of animals. The animals were slaughtered
on the 1st, 4th and 30th days of the experiment, which corresponds to acute, subacute and
chronic stress effects. We slaughtered the animals after the cold exposure. Also, 5 randomly
selected animals from each group were slaughtered before cold exposure to determine the
initial activity of the enzymes (Table 1). There were no differences in the weight of the
organs isolated from the animals in different groups.

Table 1. Initial activity of enzymes in groups.

SOD (µmol/min g) GPO (mmol/min g) AST (mmol/min g) ALT (mmol/min g)

Heart Liver Heart Liver Heart Liver Heart Liver

Control group 49.2 ± 8.6 337 ± 149 432 ± 131 161 ± 112 91.3 ± 36.8 115 ± 17.6 129 ± 83.8 117 ± 51.0

0.9% NaCl solution 43.5 ± 23.7 347 ± 103 419 ± 109 191 ± 132 105 ± 58.0 119 ± 90.2 162 ± 92 94.5 ± 56.3

Inhibitor of the
enzyme gamma-

butyrobetaine
hydroxylase

50 ± 17 321 ± 134 450 ± 93 217 ± 107.9 109 ± 52 105 ± 76 154 ± 117 107 ± 56

Ligusticum wallichii
extract 45.3 ± 16.4 350 ± 126 405 ± 101 232 ± 103 106 ± 47.0 103 ± 56.3 122 ± 93 98.3 ± 27.9

Eleutherococcus
extract 23.4 ± 5.7 385 ± 77.3 453 ± 86.7 241.5 ± 81.2 105 ± 63 113 ± 96 129 ± 91.9 112 ± 98

Note: in the table, the data is presented as: average ± standard deviation.

We confirm that all methods were carried out in accordance with relevant guidelines
and regulations. We confirm that all experimental protocols were approved by the in-
teruniversity ethics committee of the A.I Evdokimov Moscow State University (protocol
No. 04-17 dated 20 April 2017). The authors followed the humane treatment of animals
in accordance with the ARRIVE guidelines. All animal studies were conducted in full
conformity with the international guiding principles for biomedical research involving
animals (Geneva, 1990). Anesthesia was used to euthanize the animals after the tests.

The heart and liver were removed from the animals, a 0.2 g sample was obtained,
then tissues were crushed and homogenized in a porcelain mortar in cold conditions,
with the addition of 2 mL of a 0.5% solution of Tris–HCl buffer (pH = 7.3) and quartz
sand. The tissue homogenates were centrifuged for 15 min at 3000 rpm. In the resulting
supernatant, the activity of the following antioxidant enzymes was determined: superoxide
dismutase (SOD) and glutathione peroxidase (GPO) (set “Randox”, UK, Kearneysville), as
well as the following intracellular enzymes: alanine aminotransferase (ALT) and aspartate
aminotransferase (AST) (set of reagents CJSC “Vector”, Russia, Koltsovo, Novosibirsk).
The activity of enzymes AST, ALT, GPO was expressed in mmol/min g of tissue, and
the activity of SOD was expressed in µmol/min g of tissue. The change in the enzyme
activity related to their initial level (before the onset of stress exposure) was calculated as
a percentage.

Statistical processing of the obtained data was carried out in such programs as Excel
2007 and Statistica 13. Fisher’s method was used to compare the values expressed as a
percentage. Confidence intervals were determined on basis of calculating odds ratios (OR)
with p < 0.05.

3. Results

Under the acute stress conditions (Table 2) of the animals in the control group, there
was a decrease in the activity of SOD, GPO, AST and AST of the heart. The activity
of liver AST increased, and liver ALT decreased. In the animals treated with saline, in
general, similar changes were observed. With the use of the enzyme gamma-butyrobetaine
hydroxylase inhibitor, the activity of the enzymes did not change as compared to the intact
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level; the activity of liver AST became significantly lower than in the animals of the control
group, and the activity of heart AST, and heart and liver ALT was significantly higher.
Against the background of Ligusticum wallichii use, the changes were similar; however,
the activity of liver GPO and heart AST significantly increased as compared to the initial
level. In the group of animals that were treated with Eleutherococcus, compared with
the initial level, the activity of SOD of the heart increased, and the activity of SOD of the
liver, AST of the liver and ALT of the liver decreased. Changes in the activities of SOD
of the heart, AST of the heart, AST of the liver, ALT of the liver were multidirectional
(each drug caused its own changes) in the rats of the control group and the rats treated
with Eleutherococcus.

Table 2. Changes in enzyme activity from baseline under acute stress conditions.

Group
Group

Number

SOD GPO AST ALT

Heart Liver Heart Liver Heart Liver Heart Liver

Control group 1
71.43%

(61.33% ÷
91.23%) *

90.62%
(84.10% ÷
103.40%)

73.61%
(63.76% ÷
92.93%) *

84.62%
(76.55% ÷
100.43%)

53.85%
(42.70% ÷
75.69%) *

380.87%
(307.73% ÷
524.21%) *

37.21%
(26.40% ÷
58.39%) *

6.45%
(0.96% ÷
17.22%) *

0.9% NaCl
solution 2

74.70%
(64.98% ÷
93.75%) *

61.74%
(50.88% ÷
83.05%) *,1

74.36%
(64.60% ÷
93.50%) *

87.43%
(80.02% ÷
101.96%)

77.14%
(67.75% ÷

95.55%)

252.07%
(208.29% ÷
337.88%) *

19.89%
(10.96% ÷
37.38%) *

30.85%
(20.52% ÷
51.09%) *,1

Inhibitor of the
enzyme
gamma-

butyrobetaine
hydroxylase

3
96.00%

(91.62% ÷
104.59%) 1

92.83%
(87.07% ÷
104.14%) 2

85.60%
(77.75% ÷
100.99%)

112.90%
(104.37% ÷
129.63%)

105.16%
(99.95% ÷
115.37%)

1,2

112.42%
(104.07% ÷

128.80%)
1,2

108.27%
(101.58% ÷

121.38%)
1,2

112.74%
(104.26% ÷

129.35%)
1,2

Wallich
Ligusticum

extract
4

111.11%
(103.25% ÷

126.51%)
1,2

92.00%
(85.93% ÷
103.89%) 2

105.54%
(100.14% ÷

116.15%)
1,2

225.86%
(188.16% ÷

299.76%)
*1–3

272.50%
(224.02% ÷

367.52%)
*1–3

110.34%
(102.79% ÷

125.15%)
1,2

105.47%
(100.10% ÷

116.01%)
1,2

121.43%
(110.02% ÷

143.78%)
1,2

Eleutherococcus
extract 5

134.78%
(119.47% ÷

164.79%)
*,1–3

48.65%
(37.47% ÷

70.55%)
*,1,3,4

81.05%
(72.28% ÷
98.22%) 4

78.05%
(68.79% ÷
96.19%) 3,4

94.65%
(89.62% ÷
104.51%)

1,4

25.08%
(15.39% ÷

44.08%)
*,1–4

9.69%
(3.07% ÷
22.65%)

*,1,3,4

91.99%
(85.92% ÷
103.89%)

1,2,4

Notes. Here and below p < 0.05; *—differences from the initial level of enzyme activity; 1–4—differences from the level of enzyme activity
in animals of the corresponding group; results present as odds ratios with p < 0.05 interval.

Under subacute stress conditions (Table 3) in the animals of the control group, the
activity of SOD and GPO decreased both in the heart and the liver. In this case, the activities
of AST and ALT in both the organs increased; however, the increase in AST activity occurred
to a greater extent. The introduction of a saline solution practically did not change these
parameters, in comparison with the animals of the control group. When the enzyme
gamma-butyrobetaine hydroxylase inhibitor was administered, the activities of all the
enzymes, except for liver GPO, were indistinguishable from the intact (pre-intervention)
level. In the animals of this group, the activities of all the enzymes, except for liver ALT,
significantly differed from the rats of the control group: SOD and GPO upward, and heart
AST and ALT downward. The effects of the Ligusticum wallichii extract were generally
indistinguishable from the enzyme gamma-butyrobetaine hydroxylase inhibitor, except
for the activities of SOD and ALT of the heart, which were lower against the background
of a phytopreparation, compared with a synthetic inhibitor. In the group of animals that
received the Eleutherococcus extracts, an increase in the activity of SOD of the heart was
observed, in comparison with the rats that were given the enzyme gamma-butyrobetaine
hydroxylase inhibitor. The effects of two phytopreparations differed in their influence on
the activity of SOD, GPO and AST of the heart.
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Table 3. Changes in enzyme activity from baseline under conditions of subacute stress.

Group
Group

Number
SOD GPO AST ALT

Heart Liver Heart Liver Heart Liver Heart Liver

Control group 1
69.39%

(59.08% ÷
89.59%) *

36.16%
(25.41% ÷
57.21%) *

19.91%
(10.98% ÷
37.41%) *

41.24%
(30.24% ÷
62.82%) *

558.24%
(445.15% ÷
779.91%) *

183.48%
(155.80% ÷
237.72%) *

485.27%
(388.59% ÷
674.77%) *

127.19%
(114.04% ÷
152.96%) *

0.9% NaCl
solution 2

44.58%
(33.46% ÷
66.36%) *

43.85%
(32.75% ÷
65.59%) *

32.36%
(21.90% ÷
52.86%) *

43.98%
(32.88% ÷
65.73%) *

407.62%
(328.44% ÷
562.81%) *

198.82%
(167.47% ÷
260.25%) *

424.31%
(341.36% ÷
586.89%) *

165.96%
(142.56% ÷
211.81%) *

Inhibitor of the
enzyme
gamma-

butyrobetaine
hydroxylase

3

110.00%
(102.58% ÷

124.54%)
1,2

97.20%
(93.50% ÷
104.43%)

1,2

84.00%
(75.80% ÷
100.07%)

1,2

117.97%
(107.68% ÷

138.15%)
*1,2

105.46%
(100.10% ÷

115.98%)
1,2

87.58%
(80.20% ÷
102.03%)

1,2

96.46%
(92.32% ÷
104.56%)

1,2

111.46%
(103.47% ÷
127.13%) 2

Ligusticum
wallichii extract 4

86.67%
(79.07% ÷
101.56%)

2,3

82.86%
(74.43% ÷
99.37%) 1,2

92.67%
(86.85% ÷
104.09%)

1,2

125.43%
(112.80% ÷

150.18%)
*1,2

95.00%
(90.13% ÷
104.55%)

1,2

82.76%
(74.31% ÷
99.31%) 1,2

61.68%
(50.81% ÷

82.99%)
*,1–3

111.37%
(103.41% ÷
126.97%) 2

Eleutherococcus
extract 5

147.83%
(129.02% ÷

184.68%)
*,1–4

90.27%
(83.64% ÷
103.26%)

1,2

65.36%
(54.72% ÷

86.21%)
*,1,2,4

114.63%
(105.48% ÷

132.58%)
*,1,2

92.08%
(86.04% ÷
103.92%)

1,2

87.46%
(80.05% ÷
101.97%)

1,2

95.16%
(90.35%

104.57%)
1,2,4

95,92%
(91,49% ÷
104.59%)

1,2

Notes. Here and below p < 0.05; *—differences from the initial level of enzyme activity; 1–4—differences from the level of enzyme activity
in animals of the corresponding group; results present as odds ratios with p < 0.05 interval.

In chronic stress conditions (Table 4), one can speak of a violation of the processes of an-
tioxidant cells protection against the background of increasing processes of cytolysis. In this
case, the inhibitor of the enzyme gamma-butyrobetaine hydroxylase, as in the case of acute
and subacute stress, has a protective effect. Under chronic stress conditions, the effects of
the Eleutherococcus extract are more similar to those of the enzyme gamma-butyrobetaine
hydroxylase inhibitor than the Ligusticum wallichii extract. Apparently, Ligusticum wal-
lichii extract is more cytoprotective against hepatocytes than cardiomyocytes, as evidenced
by an increase in the AST/ALT ratio of the heart against the background of the decrease in
this ratio for the liver.

Table 4. Changes in enzyme activity from baseline under conditions of chronic stress.

Group Group
Number

SOD (µmol/min g tissue) GPO (mmol/min g
tissue) AST (mmol/min g tissue) ALT (mmol/min g tissue)

Heart Liver Heart Liver Heart Liver Heart Liver

Control group 1
42.86%

(31.79% ÷
64.55%) *

32.95%
(22.44% ÷
53.55%) *

4.63%
(0% ÷

13.84%) *

40.92%
(29.92% ÷
62.47%) *

623.08%
(495.42% ÷
873.28%) *

267.83%
(220.42% ÷
360.74%) *

479.07%
(383.78% ÷
665.84%) *

183.41%
(155.75% ÷
237.62%) *

0.9% NaCl
solution 2

32.53%
(22.05% ÷
53.06%) *

50.11%
(38.93% ÷
72.03%) *

10.26%
(3.47% ÷
23.55%) *

29.84%
(19.61% ÷
49.90%) *

463.81%
(371.96% ÷
643.84%) *

192.31%
(162.52% ÷
250.70%) *

693.37%
(549.94% ÷
974.49%) *

239.36%
(198.52% ÷
319.41%) *

Inhibitor of the
enzyme
gamma-

butyrobetaine
hydroxylase

3

116.00%
(106.37% ÷

134.88%)
1,2

114.33%
(105.28% ÷

132.07%)
1,2

96.40%
(92.23% ÷
104.56%)

1,2

112.90%
(104.37% ÷

129.63%)
1,2

119.73%
(108.86% ÷

141.03%)
*,1,2

101.74%
(98.76% ÷
107.57%)

1,2

97.64%
(94.24% ÷
104.29%)

1,2

110.19%
(102.70% ÷

124.88%)
1,2

Ligusticum
wallichii extract 4

115.56%
(106.08% ÷

134.14%)
1,2

56.00%
(44.90% ÷
77.76%) *,3

115.25%
(105.87% ÷

133.62%)
1.2

216.81%
(181.23% ÷

286.56%)
*,1–3

270.00%
(222.09% ÷

363.90%)
*,1–3

158.13%
(136.69% ÷

200.15%)
*,1.3

51.70%
(40.53% ÷

73.60%)
*,1–3

547.96%
(437.17% ÷

765.10%)
*,1–3

Eleutherococcus
extract 5

126.09%
(113.26% ÷

151.22%)
*,1,2

97.30%
(93.67% ÷
104.40%)

1,2,4

94.77%
(89.79% ÷
104.53%)

1,2

104.88%
(99.82% ÷
114.79%)

1,2,4

97.82%
(94.56% ÷
104.22%)

1–4

91.09%
(84.72% ÷
103.58%)

1,2,4

107.96%
(101.40% ÷

120.80%)
1,2,4

100.16%
(99.26% ÷
101.94%)

1,2,4

Notes. Here and below p < 0.05; *—differences from the initial level of enzyme activity;1–4—differences from the level of enzyme activity in
animals of the corresponding group.
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4. Discussion

An increase in AST activities in relation to ALT, which was observed in the rats of the
control group under acute stress conditions, may be a sign of damage to myocardial cells.
In a number of studies, these enzymes have been used to study the adaptive capabilities of
rats in swimming conditions [31–33], as well as with other intense physical activities [34].
The use of these enzymes is due to the fact that intense physical activity can stimulate
cytolysis [32].

At the same time, against the background of the enzyme gamma-butyrobetaine hy-
droxylase inhibitor use, such changes did not occur, which makes it possible to interpret
its action as cardioprotective. The effect of Ligusticum wallichii extract under acute stress
conditions is, in many respects, similar to the enzyme gamma-butyrobetaine hydroxylase
inhibitor, that is, this phytopreparation can also be considered as a cardioprotector under
acute stress conditions. The mechanism of such influence remains open. So, it was found
that the extracts of Ligusticum wallichii can protect the brain from ischemia, due to dock-
ing [35]. It cannot be excluded that the cardioprotective properties of the extracts have the
same mechanism. However, this phenomenon needs further study.

Under subacute stress in the rats of the control group, a decrease in the activity of
antioxidant enzymes may indicate a violation of oxidative stress processes. An increase
in the activities of ALT and AST, in comparison with the initial level, may be a sign of
cells destruction both of liver and myocardium. At the same time, due to the increase in
the AST/ALT ratio, an assumption can be made about the predominant destruction of
myocardial cells. The enzyme gamma-butyrobetaine hydroxylase inhibitor neutralizes
these negative changes. At the same time, the effects of two plant extracts explored in
the work practically did not differ from the enzyme gamma-butyrobetaine hydroxylase
inhibitor. Thus, it can be assumed that, under subacute stress conditions, the enzyme
gamma-butyrobetaine hydroxylase inhibitor, as well as the extracts of Ligusticum wallichii
and Eleutherococcus, have a cytoprotective effect. It should be noted that for extracts of
Ligusticum wallichii under stress, antioxidant effects are described [36]. The mechanism
of the influence of Eleutherococcus may be associated with the stimulation of muscle
workability [37].

In chronic stress conditions, one can speak of a violation of the processes of antioxidant
cells protection against the background of increasing processes of cytolysis. In this case,
the inhibitor of the enzyme gamma-butyrobetaine hydroxylase, as in the case of acute
and subacute stress, has a protective effect. Under chronic stress conditions, the effects of
Eleutherococcus extract are more similar to those of the enzyme gamma-butyrobetaine hy-
droxylase inhibitor than the Ligusticum wallichii extract. Apparently, Ligusticum wallichii
extract is more cytoprotective against hepatocytes than cardiomyocytes, as evidenced by
an increase in the AST/ALT ratio of the heart against the background of the decrease in
this ratio for the liver. The mechanism of such influence, in our opinion, does not differ
from that in conditions of acute stress. For example, the adaptive effects of a number of
plant extracts on isolated brain cells have been shown to be related to the regulation of
RNA activity. Thus, at least 88 of the 3516 genes that are regulated by adaptogens were
closely associated with adaptive stress response and adaptive stress response signaling
pathways (ASRSP), including neuronal signaling associated with corticotropin-releasing
hormone, mediated by cAMP, protein kinase A. The extracts have influenced many genes
that play a key role in modulating adaptive homeostasis, indicating their ability to alter
gene expression to prevent disorders that are caused by stress and aging [38].

It should be noted that the decrease in the activity of the antioxidant enzymes SOD
and GPO, under cold stress for eight weeks (chronic cold stress), was previously described
for rat erythrocytes [39]. A similar effect during the year, activated SOD in the tissues
of the myocardium and inhibited GPO [40]. Apparently, not only the duration of cold
exposure is important, but also the analyzed tissue in which the activity of the antioxidant
enzymes occurs. For example, swimming for eight weeks led to the activation of SOD in
the brain [41]. In our study, we analyzed SOD and GPO in the liver and the heart, allowing
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us to assume a relationship between a decrease in the activity of antioxidant enzymes and
the activation of cytolysis processes, which are indirectly evidenced by enzymes such as
ALT and AST, as well as their ratio. It should be noted that the set of enzymes studied by
us in this work is used in a number of studies, to determine the degree of adaptation of
rats to physical exertion [32–34]. The ratio of enzyme activity also shows the endurance of
animals and their fitness [42].

It should be noted the enzyme gamma-butyrobetaine hydroxylase inhibitor is often
used to enhance physical performance. An increase in sports performances has been shown
in athletes [28] and test animals [43,44] who are under the influence of this drug; however,
its use for athletes has been currently prohibited by WADA [45]. One of the arguments
for the ban was the long-term persistence of the active substance in human tissues [46]. It
should be noted that the drug was developed in the former USSR and was used for a long
time to stimulate physical performance. The correctness of the organization of clinical trials
of the drug is discussed [47]. Despite the ban on the use of the drug in people in sports, the
study of its neuroprotective effects continues [48].

In testing rats, the enzyme gamma-butyrobetaine hydroxylase inhibitor has a cytopro-
tective effect against toxic effects [49]. The hepatoprotective and cardioprotective properties
of the compound have been shown [50]. The cardioprotective effects of drugs have been
described in modeling experimental myocardial ischemia [51]. In experimental ischemia of
the central nervous system, the enzyme gamma-butyrobetaine hydroxylase inhibitor has
antioxidative and neuroprotective effects [46,52].

The mechanisms of drug action are not fully explored, and its pharmacokinetics
are highly variable [53], which complicates the practical use of the enzyme gamma-
butyrobetaine hydroxylase inhibitor. Therefore, there is a constant search for other adap-
togens, including those on a plant basis. For example, in rats swimming, an increase
in the activity of antioxidant enzymes is shown under the influence of Chrysanthellum
americanum extract [54].

Earlier, it was found that Eleutherococcus had an anti-ischemic effect on test ani-
mals [55]. Under chronic stress exposure of rats, the extracts of this plant normalized the
homeostasis parameters [56]. It was shown that a complex phytopreparation, containing
Eleutherococcus, had a cardioprotective effect [20]. Unfortunately, a large number of pub-
lications on Eleutherococcus are written in Russian, and are not available to the general
scientific community. Therefore, a separate review was published on the analysis of the
Russian-language literature on this phytopreparation [25], which may contribute to the
wider use of Eleutherococcus in experimental and clinical studies.

Ligusticum wallichii is traditionally used in Chinese medicine. A systematic review
of animal research revealed antioxidant, cytoprotective, and other properties of extracts
of this plant [14]. The effect of Ligusticum wallichii preparations on the expression of
Toll-like receptors in rat hepatocytes has been shown [57]. When modeling myocardial
ischemia, the extracts of this plant have an antioxidant effect [58]. However, for one of the
active compounds isolated from the plant, tetramethylpyrazine, long-term side effects on
the myocardium have been described. First of all, arterial hypertension and tachycardia
develop, and myocardial blood supply deteriorates.

In conclusion, we note that pilot studies began to appear in the literature, on the
use of phytopreparations of athletes to improve adaptive abilities and improve physical
performance [59]. Research on the adaptive effects of plant extracts continues [26]. In many
studies, the authors pay special attention to the study of the molecular mechanisms of
adaptation development [60]. It is likely that further research in this direction will increase
the evidence base for the effectiveness of herbal medicines.

5. Conclusions

In general, the data obtained suggest the presence of cytoprotective effects in two
phytopreparations that are similar to the enzyme gamma-butyrobetaine hydroxylase in-
hibitor. At the same time, the effect of the Ligusticum wallichii extract is more pronounced
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under acute stress conditions, and the effect of the Eleutherococcus extract, under chronic
stress conditions. With subacute stress, the effects of both the phytopreparations are similar.
The data obtained in this work provide a basis for studying the effectiveness of using
phytopreparations as adaptogens under stress conditions.
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as a building-up body resistance factor inducing adaptive changes in the oxidant/antioxidant status. Scand. J. Clin. Lab. Investig.
2013, 73, 315–325. [CrossRef] [PubMed]
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