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Introduction

Buchko, O., Havryliak, V., Yaremkevych, O., Konechna, R., & Ohorodnyk, N. (2019). Metabolic processes in the organism
of animals under the action of plant extract. Regulatory Mechanisms in Biosystems, 10(2), 149-158. doi:10.15421/021922

The possibility of increasing metabolism and resistance in an organism of animals under the influence of biologically ac-
tive substances of natural origin is considered in the paper. In the current study, we investigated the effect of 40% ethanolic
extract of common nettle (Urtica dioica L.) on hematologic indexes (hemoglobin concentration, erythrocytes and leukocytes
content), protein metabolism (total protein, aspartate aminotransferase (AST), alanine aminotransferase activities (ALT)), gluta-
thione metabolism (peroxidase (GP), glutathione reductase (GR) and reduced glutathione content (GSH)), antioxidant defense
systems (superoxide dismutase (SOD), catalase (CAT)), and indicators of free radical processes (lipid hydroperoxidation prod-
ucts (LHP), TBA-active products and carbonyl groups of protein (CP)) in the blood and tissues of normal and adrenalin-
stressed rats. White Wistar rats (male) with body weight 180-200 g were used in the experiments. The animals were divided
into 4 groups (control and 3 experimental), each containing 7 animals. The animals of experimental groups D» and Dj; received
40% ethanolic extract of common nettle in a dose of 5 mL/kg of body weight during 4 weeks. After 29 days of the experiment,
the animals of D, and D groups were intramuscularly administered 0.1% solution of adrenaline hydrochloride at a dose of
1 mg/kg of body weight. One day after the administration of adrenaline, the animals were decapitated under ether anesthesia.
The objects of the study were blood and homogenates of liver, heart, and kidneys of the rats. Our results have shown that adre-
naline stress causes a decrease in the concentration of hemoglobin, LHP, SOD activity and increase in activities of AST, GP,
GR, and GSH content in the blood of rats. Stress induced by adrenaline was accompanied by decrease in CP content, activities
of SOD, CAT, and increase in the glutathione chain of antioxidant defense system in the liver of the animals while in the heart
and kidneys, there was an increase in oxidative stress parameters and decrease in antioxidant enzyme activities (SOD, CAT,
GP, GR). The administration of ethanolic extract of nettle caused an increase within the physiological range in the erythrocytes
and leucocytes content, hemoglobin concentration, and normalization of protein metabolism (decrease in the activity of AST
and increase in protein concentration) in the blood of the stressed rats. The activation of the antioxidant defense system (increase
in activities of SOD, GP, CAT, GR) and inhibition of free radical processes (decrease in concentration of LHP, TBA-active
products and CP) was observed in the tissues of animals of D, and D3 groups. Our results suggested that using a complex of
biologically active substances of the common nettle ethanolic extract prevents metabolic disorders and stresses of different
etiology through the activation of the antioxidant defense system, the normalization of protein metabolism and stimulation of
hematopoiesis both in normal and stressed rats.

Keywords: Urtica dioica L.; nettle extract; adrenalin stress; rat; antioxidant system; free radical processes.

products of natural origin. Therefore, the search for new drugs for stress
correction, as well as the comprehensive use of antioxidants and pro-

Stress and its impact on various functional systems of the body has
been studied for many years and remains an important problem of mo-
dern biology and medicine. Stress is considered as a way to achieve a
resistance of the organism against the action of extreme factors of dif-
ferent origins. On the other hand, the role of stress as one of the causes
of atherosclerosis, ulcerous lesions of the mucous membrane of the
stomach and duodenum, heart and liver function impairment, immuno-
deficiency and cancer diseases is discussed in numerous studies (Gupta
et al,, 2012; Cai & Yan, 2013; Gupta et al., 2014; Rabasa & Dickson,
2016). In this regard, the problems of chemical regulation of stress and
the search for biologically active substances which have antioxidant
activity (AOA) will always be relevant and are the subject of ongoing
research by scientists around the world (Khavrona, 2015; Shkurashivs-
ka & Erstenyuk, 2015). Despite the large amount of work on the sub-
ject, there is a need for additional experimental data to expand our
knowledge about the mechanisms of action of antioxidants, especially
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ducts of natural origin as stress correctors, has of great practical impor-
tance (Mizutani & Masaki, 2014; Paidi et al., 2014; Ahn, 2017).

Medicinal plants, which represent the raw materials of Ukraine, are
the real resources of biologically active substances (BAS). The use of
environmentally safe non-traditional raw materials of plant origin, as
phytoextracts in the manufacture of food additives and drugs, allows
easy and quick elimination of the shortage of essential nutrients, im-
provement of the state of the organism against unfavourable environ-
mental factors, thereby reducing the morbidity and instead prolonging
human and animal life (Abuajah et al., 2015; Zhang et al., 2015; Yaki-
mova et al., 2015; Woo et al., 2017).

Biologically active substances of medicinal plants have advantages
over synthetic compounds because their chemical nature is similar to
compounds in the body. These substances are contained in an easily
digestible form and optimal concentrations, have higher physiological
activity, compared with synthetic analogs, are less toxic, and do not
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cause serious side effects. They have a wide range of pharmacological
activity and can be used for a long time. It is known that the best plant
antioxidants are phenols, carotenoids, ascorbic acid, and others.

It is important to note that antioxidant activity depends not only on
the quantitative but also on the qualitative composition of the biological-
ly active substances, as well as its synergistic effect, for example, flavo-
noids with ascorbic acid (Lindblad et al., 2013; Gorovaya et al., 2015;
Zagayko et al., 2017). Natural antioxidants, as a rule, suppress the reac-
tion of free radical oxidation by binding free radicals and helping in the
formation of stable chemical compounds, thereby providing optimal
conditions for metabolism and ensuring the normal growth of cells and
tissues.

In our research, we used common nettle (Urtica dioica L.) as a
source of biologically active compounds that can potentially be used as
stress correctors. The nettle is characterized by a multivitamin, antibac-
terial, antidiabetic, choleretic, anti-inflammatory, hemostatic, and tonic
effect. It stimulates metabolism, increases the muscle tone of the internal
organs, improves the activity of the cardiovascular and respiratory sys-
tems, the liver, reduces alcohol intoxication, strengthens the mucus and
exhibits adaptogenic action (Chendey et al., 2013; Salih, 2015; Zem-
mouri et al., 2017; Namazi et al., 2018). Nettle leaves used as an anti-
microbial, antihypertensive, and anti-tumour agent (Teloa et al., 2017).

The high pharmacological properties of common nettle are deter-
mined by diverse chemical composition. This herb contains mono- and
dibasic carboxylic acids (formic, butyric, oxalic, succinic, and fumaric),
oxyacids (lactic, citric, chinic, gallic). The nettle includes the whole
range of essential and non-essential amino acids, lipids and fatty acids,
nitrogen-containing compounds, essential oils, steroids, lectins, lignans,
coumarins, histamine, pigments, vitamins By, B,, C, E, K, PP, carotene,
tannins, flavonoids, trace elements (Cu, Zn, Fe, Mg, Pb, Mn) and ma-
croelements (K, Ca, P, Na). Stems and leaves are covered with hairs
containing silicon (Kopytko et al., 2011; Ahmed et al., 2012; Salih,
2015; De Vico et al., 2018). The dry nettle preparation contains about
35% crude protein, 23% — carbohydrates, 1% — lysine, 0.32% — cystine,
0.52% — methionine (Rutto et al., 2013).

Taking into account that the nettle contains a large complex of natu-
ral antioxidants, great stocks of environmentally friendly raw materials
on the territory of Ukraine, as well as the need to select special condi-
tions for their extraction, all this leads to the development of new drugs
and nutritional supplements from the nettle extract to increase adaptive
capacity and correction of metabolic disorders in the organism of hu-
mans and animals.

In previous studies, we used water and 20%, 40%, 60%, 70%, and
90% ethanolic extracts of common nettle (Urtica dioica L.). Its radical-
absorbing capacity (RAC) was determined (Molyneux, 2004), and also
the effect of each extract on the content of TBC-active products and
carbonyl groups of proteins in rat liver homogenate in vitro was studied
(Buchko et al., 2016). As a result of our experiments, it was found that
40% ethanolic extract of nettle is characterized by high RAC, and also
that it most efficiently reduced the formation of free radical products in
vitro, which can testify to its high antioxidant activity.

Therefore, this extract was used for further studies in order to de-
termine its effect on metabolic processes in the body of rats under the
norm and stress condition.

Materials and methods

The upper part of the nettle stem was used in the experiment. Com-
mon nettle was harvested in environmentally friendly areas of Lviv
region. Plants were dried in accordance with the standard requirements
for medicinal herb preparation — in a dark, dry and ventilated place. The
dried raw material was ground in a mortar, sifted through a sieve with a
diameter of 1.5 mm and placed in an extractor. Extraction was carried
out at the temperature of 20 °C for 8 days with stirring. Water-alcohol
solution containing 40% ethanol was used as an extracting agent.
The ratio of dry nettle and extracting agent is 1:20 (m/V). After extrac-
tion, the extract was filtered and evaporated. In our studies, we used the
extract with a concentration of 2.5 mg/mL.

All experiments were conducted in a vivarium of the Institute of
Animal Biology of NAAS. Wistar male rats with body weight 180200 g
were divided into 4 groups: control (C) and 3 experimental (D, D,, Ds),
each containing 7 animals. The animals were housed under standard
laboratory conditions with free access to drinking water and feed. Expe-
riments were carried out in accordance with the requirements of Eu-
ropean Convention for the Protection of Vertebrate Animals Used for
Experimental and Other Scientific Purposes (Strasbourg, 1986) and the
national General Ethical Principles of Experiments on Animals (Kyiv,
2001). Control and experimental rats were fed a standard diet for labora-
tory animals.

The animals of the experimental groups D, and D; received 40%
nettle extract in a dose 5 mL/kg of body weight for 4 weeks. Rats of the
control group (C) and the experimental group (D)) drank an appropriate
dose of ethanol. On the 29th day of the experiment, stress was stimu-
lated in animals of D, and D; groups by intramuscular administration of
0.1% adrenaline hydrochloride at a dose of 1 mg/kg of body weight
while the rats of C and D, groups were administered an appropriate
dose of physiological saline. 24 hours after the administration of adrena-
line, the animals of the control and experimental groups were decapi-
tated under ether anesthesia.

Samples of blood, liver, heart, and kidney were collected. All pro-
cedures on tissues were carried out at 4 °C. 1% solution of heparin was
used as an anticoagulant. The blood plasma was separated by centrifu-
gation at 700 g for 15 minutes, and the erythrocytes were washed three
times with 0.150 M NaCl solution, then a suspension of cells was cen-
trifuged at 700 g for 5 min. Indicators of the antioxidant system were
determined in erythrocyte hemolysates. The tissue samples were homo-
genized (1/10, m/V) in 50 mM tris-HCl buffer (pH 7.4).

Hematological parameters (number of erythrocytes and leukocytes
in the Goriayev chamber) were determined in the blood and hemoglo-
bin concentration was studied by the hemoglobin-cyanide method.
In the erythrocytes hemolysates and tissue homogenates, the activity of
superoxide dismutase (SOD, EC 1.15.1.1) was evaluated by the level of
inhibition of the rate of NBT-reduction in the presence of NADH and
phenasine methosulfate. Catalase (CAT, EC 1.11.1.6) activity was mea-
sured by monitoring formation of a stable coloured complex of hydro-
gen peroxide and molybdenum salts. Glutathione peroxidase (GP,
EC 1.11.1.9) activity was determined by the rate of glutathione oxida-
tion in the presence of tert-butyl hydroperoxide, and glutathione reduc-
tase (GR, EC 1.6.4.2) — by the rate of glutathione recovery in the pres-
ence of NADPH. Reduced glutathione (GSH) was quantified by the
interaction of SH-groups of glutathione with 5,5'-dithio-bis(2-nitroben-
zoic acid) (Vlizlo, 2012). In blood plasma and tissue homogenates, the
concentration of lipids hydroperoxides (LHP) was determined by reac-
tion with ammonium thiocyanate. TBA-active products were measured
by reaction between malonic dialdehyde and thiobarbituric acid; car-
bonyl group of proteins (CP) was evaluated by the interaction of car-
bonyl groups of amino acids with 2,4-dinitrophenylhydrazine (Vlizlo,
2012). The total protein in blood plasma was determined by the Lowry
method, and the activities of the alanine aminotransferase (ALT,
EC2.6.1.2) and aspartate aminotransferase (AST, EC 2.6.1.1) — using
the kits "Simko LTD". The absorbance values were measured on a
spectrophotometer “Unico” 1205 (USA). At the beginning and at the
end of the experiment, the rats were weighted. The clinical status and
health of animalswere monitored during the study.

The differences between the values in the control and experimental
groups were determined using the ANOVA, where the differences were
considered significant at P < 0.05 (with Bonferroni correction). The re-
sults were defined as means = standard error (x = SE).

Results

Our results showed that in the blood of rats, the hemoglobin content
was lower by 11% (P < 0.05) in comparison with control due to the
stress caused by adrenaline. In the stressed animals which received the
nettle extract, hemoglobin concentration was significantly higher in the
blood on 15% (P < 0.001) compared with rats of group D, (Fig. 1).

150 Regul. Mech. Biosyst., 2019, 10(2)



Administration of the nettle extract to the animals of groups D, and D
was accompanied by elevation of erythrocytes level by 1.3 and 1.6 times
(P < 0.001), respectively. The number of erythrocytes in the blood of
the rats of group D5 was higher by 1.4 times than in the animals exposed
to stress (P <0.001) (Fig. 2).

On the other hand, the number of leukocytes in the blood did not
differ significantly between groups, but a tendency to increase its con-
tent in the rats of group D, was observed (Fig. 3).
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Fig. 1. The concentration of hemoglobin in blood (x = SE, n="7):
* —the difference is statistically significant between control and experi-
mental animals (* — P <0.05; **—P <0.01; *** - P <0.001);

# _ the difference is statistically significant compared with animals of
experimental group D; (F — P < 0.05; #—P < 0.01; * P <0.001);
C —animals of control group; D —animals administered 0.1% solution
of adrenaline hydrochloride on the 29th day of the experiment;

D, —animals, received 40% extract of nettle for 4 weeks; D; —animals
received 40% extract of nettle for 4 weeks and were exposed to 0.1%
solution of adrenaline hydrochloride on the 29th day of the experiment
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Fig. 3. The number of leukocytes (x + SE, n=7): see Fig. 1

The administration of nettle extract on the background of adrenalin
stress caused changes in the protein metabolism of the rats. Thus, the in-
crease in concentration of total protein in the blood plasma of experi-
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mental animals of the groups D; and D, by 6% (P < 0.05) and 9% (P <
0.01) respectively was observed compared with control. The highest
protein concentration was found in the plasma of D, rats (107.1 g/L)
exposed to the nettle extract, which may indicate the activation of ana-
bolic processes in their body (Fig. 4).
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Fig. 4. The concentration of total protein in the plasma
(x£SE,n=7): see Fig. 1

The investigated substances most significantly influenced the acti-
vity of AST. At the same time, in blood plasma of rats under the action
of adrenaline (group D)), AST activity was significantly higher by 31%
compared with control (P < 0.001), while the activity of ALT in the
blood of animals of all experimental groups did not change (Fig. 5). The
administration of the nettle extract resulted in a significant decrease in
AST activity in the blood of D, rats by 38% compared with the control
(P <0.01) and by 67% compared to the stressed animals of D; group
(P <0.001). In the rats of D5 group the reduced activity of AST by 30%
was observed compared with D; group (P <0.001).
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Fig. 5. The activity of aminotransferases in the plasma:
m — aspartate aminotransferase (AST), m — alanine
aminotransferase (ALT); x + SE, n=7; see Fig. 1

It is well known that stress of any etiology causes the activation of
free radical damage to the lipid and protein components of membranes
in the body. Our results showed that the concentration of the initial
products of lipid peroxidation — lipid hydroperoxides in the plasma of
D, rats was significantly lowered by 1.6 times (P < 0.001), while in the
kidneys it increased by 18% (P < 0.05) in comparison with control
(Fig. 6). In the kidneys and heart of the same group, the content of the
final metabolites of lipid peroxidation — TBA-active products increased
significantly compared with control by 1.4 and 1.5 times (P < 0.001)
(Fig. 6, 7). In the kidneys of D, group animals, the content of carbonyl
groups of protein increased significantly by 2.5 times compared to the
control animals (P <0.001).

Administration of the nettle extract was accompanied by a 1.2 times
decrease in the concentration of TBA-active products in the plasma of
D, rats, compared with control and D; group (P < 0.01), at the same
time the content of CP in the plasma of Ds rats decreased by 1.5 times
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compared with control and D; group (P < 0.05). Also, we observed the
decrease in lipid hydroperoxides by 1.3 times (P < 0.05) and CP — by
2 times (P < 0.001) in the liver of animals of D, group compared with
control. Our results have shown the increase in the carbonyl groups of
protein in the liver of rats administered the nettle extract on the back-
ground of stress by 1.8 times (P < 0.05) compared with animals of D,
group. In these animals, the decrease in lipid hydroperoxides was ob-
served by 1.5 times (P < 0.01) compared to control, and 1.6 times (P <
0.01) compared with D; group (Fig. 6-8). In the kidneys and especially

2.0

in the heart of rats, the administration of nettle extract led to the decrease
in concentration of products of free radical damage to membranes under
norm (D, group) and under stress (D; group) compared with only
stressed animals (D; group). Thus, in the kidneys of Dj rats, the lipid
hydroperoxide content decreased by16 % (P < 0.05). It was found that
in the heart of D; animals, the concentration of LHP decreased by 13%
(P <0.05), TBA-active products — by 26% (P < 0.001) in D, group, and
CP — by 1.6 times (P < 0.05) and 2.6 times (P < 0.001) respectively in
rats of D, and D5 groups (Fig. 6-8).
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The activation of free radical processes under stress is a major chal-
lenge for the antioxidant defense system in the organism. A sharp de-
crease in the enzymatic chain of the antioxidant system under the influ-
ence of adrenaline was observed in all organs of rats compared with
control animals. Thus, the activity of SOD was reduced in erythrocytes
of D; group by 1.4 times (P < 0.001), in the kidneys — by 1.3 times (P <
0.001), and in the heart — by 2 times (P < 0.001). Enzyme activity in
erythrocytes of rats which were administered nettle extract (D,) was sig-
nificantly higher than in the heart of D; animals — by 14% (P < 0.05).
Administration of nettle extract to stressed animals (group D;) was ac-
companied by increasing of SOD — activity in the kidneys by 1.2 times
(P <0.001) and in the heart —by 1.6 times (P <0.001) (Fig. 9).
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The activity of another key enzyme of antioxidant defense system —
catalase under the influence of adrenalin also significantly decreased in
the liver and heart — by 1.4 times compared to control animals (P <
0.001). The activities of CAT as well as SOD significantly increased in
the tissues of the rat administered the nettle, both in norm and under
stress, compared to the animals exposed only to adrenalin, and were
lower in the control group. Catalase activity in the kidney of the rat of
D, group was higher in 1.5 times, and in the heart of D; group — by
11%, compared to D, group (Fig. 10).

Our results showed a compensatory enhancement of the glutathio-
ne chain of the antioxidant system in response to the activation of free
radical oxidation and a decrease in the activity of such enzymes as SOD

Regul. Mech. Biosyst., 2019, 10(2)



and CAT under the stress. In erythrocytes of D; animals, there was a
tendency to increase in activities GP, GR and at the same time GSH
concentration was 1.6 times higher (P < 0.001). The administration of
adrenaline to animals of D, group was accompanied by a 28% increase
in the content of GSH in the liver (P < 0.001), in the kidneys — by
1.25 times (P < 0.001) and in heart — by 1.7 times (P < 0.001), while the
activity of the GP decreased in the heart by 38% (P < 0.001), and GR in
the kidneys — by 14% (P < 0.05) compared to the control animals. Ad-
ministration of the nettle extract to the D, group resulted in the increase
GSH content by 1.7 times (P < 0.001) in the erythrocytes, in the kidneys —
1.6 times (P < 0.001), and in the heart — 1.4 times (P < 0.001) compared
to control animals. In the kidneys of D, group, the concentration of
GSH was 1.6 times higher (P < 0.001) compared to stressed animals

(D, group) with a simultaneous decrease in GR activity in animals of
this group by 1.2 times (P < 0.05) compared with control (Fig. 11-13).

Administration of the nettle extract to rats exposed to adrenaline
led to a decrease in the activities of GP and GR in erythrocytes by 1.7
times (P < 0.001) and 1.4 times, respectively, in comparison with the
control, and compared with the stressed animals (group D,) by 2.2 times
(P <0.001) and 1.5 times (P < 0.001) respectively. The GSH content in
erythrocytes of the D; group decreased by 1.2 times compared with
stressed animals of the D; group (P < 0.001) but was higher by 1.3 times
than the control (P <0.001). In the liver of animals of D group, GP activi-
ty increased by 1.2 times (P < 0.001) compared with control and by 1.3
times (P < 0.001) compared to D, group, while the glutathione content
increased 1.4 times (P < 0.001) compared to control (Fig. 11).

2 35
-] =)
g B 30
o [=]
PR
Z25 25 I
(=] E.g
253 20
ES < i
2 4 s e FEE T
= % sookok ok ==
- 10
FHAE
5 4 shokok
i
O 4
Ervthrocytes Liver Kidney Heart
Fig. 9. The activity of superoxide dismutase (SOD, x + SE, n=7): see Fig. 1, 6
12
o
Sx 10 T I
[
SEz 8-
223
EEE O
% T 4 oIy -
o i Lid dohok
Eﬁ : - . : . - :
0 4
Erythrocytes Liver Kidney Heart
Fig. 10. The activity of catalase (CAT, x + SE, n="7): see Fig. 1, 6
= 60
o
2 3
E £ 50
£ @ |
o
= DT E—
; é E 30 seakok
= EE’J HH##H Kok
= U 20
3 7 “ #HE
v £ i
’E. - 10 =S FISIe
| % ﬂ o
. . B
Erythrocytes Liver Kidney Heart

Fig. 11. The activity of glutathione peroxidase (GP, x + SE, n=7): see Fig. 1, 6

In the heart of Dj rats, the activity of GR was 2.7 times higher than
the control and D; groups (P < 0.001), and the concentration of GSH
increased 2.5 times compared with control (P < 0.001). As can be seen
from Figures 12 and 13, in the kidneys of animals of D5 group, a signif-
icant increase in the activity of the GP compared to D, group was ob-
served, and at the same time, an increase in the content of GSH com-
pared to control by 1.5 times (P <0.001) was revealed.

Thus, it was found that the glutathione chain of the antioxidant de-
fense system reacted most strongly to the complex effect of adrenaline
on the background of nettle extract watering in the heart of D; rats com-
pared with control animals and in those exposed only to stress. Weigh-

Regul. Mech. Biosyst., 2019, 10(2)

ing the animals at the beginning and at the end of the experiment sho-
wed the increase of live weight in the control rats and animals of two
experimental groups (D, and Ds), which were given the nettle extract
and once on the background of adrenalin stress, on an average of
43 grams for 30 days. The weight of animals exposed to stress (D)) in-
creased only by 20 grams.

Discussion

It is well known that stress, including short-term stress, the model
of which is used in our studies, is accompanied by a disorder of meta-
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bolic processes in the whole organism. Administration of adrenaline
hydrochloride to rats led to the activation of glycogenolysis and gluco-
neogenesis in the liver, as well as the inhibition of glucose utilization by
tissues and hyperglycemia (Joshi et al., 2015; Qaid, 2016; Zagayko et
al,, 2017). Hyperglycemia increases the rate of mobilization and release
of non-esterified fatty acids into the blood, which results in the enhanced
synthesis of low-density lipoproteins and their oxidative modification.
On the other hand, the utilization of excessive amounts of adrenaline
leads to the formation of adrenochrome (a product of the oxidation of
adrenaline by free radicals) and free radicals (semiquinone, etc.) with
the further intensification of oxidative damage to molecules (Gupta et
al., 2014; Shkurashivska & Erstenyuk, 2015; Rabasa & Dickson, 2016).
Our experiments have shown that free radical processes on the one
hand, and antioxidant protective mechanisms in the body of animals on
the other, under normal conditions and, especially under stress, have
tissue specificity. Our data support the idea that greater resistance to
adrenaline lesions can be found in tissues which are characterized by
active metabolic processes and the synthesis of components of the anti-
oxidant defense system (such as blood and liver) (Khavrona, 2015).

Low concentrations of LP (LHP and TBA-active products) and oxida-
tive modification of proteins (CP) with simultaneous activation of gluta-
thione chain of the antioxidant defense system in the erythrocytes and
liver of rats were detected under the action of adrenaline.

Compensatory enhancement in the functioning the glutathione sys-
tem in the liver may be due to the high metabolic activity of this organ,
which intersects the processes of metabolism of carbohydrates, fats, and
amino acids. In addition, 20% of the liver volume is mitochondria,
where a large number of active forms of oxygen are formed.

Increase in the formation of active forms of oxygen leads to intensi-
fying processes of peroxide oxidation, as opposed to activation of the
antioxidant defense system. An increase in the concentration of GSH in
red blood cells, liver, kidneys and heart under stress can be explained by
its compensatory synthesis and recovery from the oxidized form by
increased activity of GR. This enzyme depends on NADPH, whose
regeneration is enhanced when adrenaline is administered into the body
and activation of the energy metabolism in the liver and the develop-
ment of hyperglycemia occurs (Cai & Yan, 2013; Gupta et al., 2014;
Khavrona, 2015; Zagayko et al., 2017).
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Another reason for the increased activity of glutathione chain of the
antioxidant defense system in erythrocytes and liver of rats under the
influence of adrenaline is the compensation for a sharp decrease in the
activity of SOD and CAT of these tissues compared with the control.

In our studies the kidneys and heart of rats were the least resistant to
hyperadrenalemia because we found a significant increase of all products
of free radical processes and a low activity of the all antioxidant enzymes
in these tissues after administration of this hormone, which may indicate
an exhaustion of the antioxidant defense system under the influence of
adrenaline and the development of oxidative stress in these organs. Ac-
cording to the literature data, one of the reasons for a sharp decrease in
antioxidant enzyme activity in the heart and kidneys is adrenaline damage
to these tissues, which is accompanied by a decrease in the content of trace
elements — metals with variable valency (Cu, Zn, and Fe). These metals
are cofactors of enzymes of antioxidant protection; energy metabolism
and ion transport systems and can lead to their deactivation and reduction
of their synthesis (Birben et al., 2012; Khavrona, 2015).

The imbalance of the proteinase system in the blood of the animals
(a sharp increase in AST in the plasma on the background of an invaria-
ble activity of ALT) under the action of adrenalin was established.

These data may indicate necrotic damage to the myocardium caused by
the intramuscular administration of adrenaline in the applied dose and,
as a result, the release of enzymes into the blood. It is well known that
the increase in activity of aminotransferases is used in clinical trials as a
marker of cardiac lesions (Chendey et al., 2013; Gupta et al., 2014).
The decrease in the concentration of hemoglobin in the blood of rats
under the influence of stress caused by adrenalin can explain its partial
destruction, which ultimately can affect the erythropoiesis, violations of
the respiratory function of the blood and iron deficiency anemia. The lo-
wer live weight in the rats after adrenaline injection at the end of the
experiment compared with control, and especially with the animals
which received the nettle extract, may indicate a negative effect of stress
on the physiological state of their body as a whole. The decrease of
body weight in the animals exposed to stress compared with the other
groups of rats is consistent with the literature data on the adverse effects
of adrenaline on live weight (Rabasa & Dickson, 2016).

We chose the common nettle for the study because it has been a
well known medicinal plant since ancient times and is widely distri-
buted in Ukraine, its collection is economically profitable, environmen-
tally justifiable, and harvesting can take place for a long time (May —
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August) without loss of useful properties of raw materials. In order to
maximally remove natural antioxidants from plant material and convert
them into an active form, it is necessary to carefully select the extractant
and extraction conditions. In our previous studies, the following regimes
of extraction for the common nettle were established: the dispersion of
the raw material particles was 1.5 mm, the ratio of the raw material:
extractant (nettle: ethanol) was 1:20, the extraction temperature was 20
°C for 8 days (Buchko et al., 2016). After extraction, filtration, and
dehydration, the extracts were used at a concentration of 2.5 mg/mL.
We did not investigate the qualitative and quantitative composition of
the obtained aqueous and 20%, 40%, 60%, 70% and 90% ethanolic
extracts of common nettle, but used literature data (Kopytko et al.,
2011; Ahmed et al., 2012; Seliya & Kothiyal, 2014). According to
studies by other authors (Gaballu et al., 2015; Jakubczyk et al., 2015;
Ghasemi et al., 2018) and our hypothesis, 90% ethanol can best remove
antioxidants such as carotenoids and chlorophyll from common nettle,
which provides high radical-absorbing activity of this extract and reduc-
es in the content of carbonyl groups of proteins in vitro studies. 70%
ethanol provides a more complete extraction of phenolic compounds
(hydroxycinnamic acids and flavonoids), which is confirmed by the
high radical-absorbing activity of this extract. 40% and 60% extracts
contain a large number of antioxidants such as organic acids and vita-
mins (in particular, ascorbic acid) that reduce the formation of TBA-
active products and CP.

Taking into account the positive effects of nettle extracts on animal
metabolism, we used 40% extract in our studies to increase the anti-
stress ability of the body. However, in the literature, there is a large
number of controversial data on this issue. So, according to studies by
Namazi et al. (2018), 70% ethanolic extract of Urtica dioica L. prevents
the occurrence of atherosclerotic lesions in the aorta rats, which is asso-
ciated with a positive effect on the lipid profile of the serum, but does
not significantly affect the state of antioxidants and manifestations of
oxidative stress. On the other hand, Mirtaghi et al. (2016) noted that
70% ethanolic extract of nettle (Urtica dioica L.) is characterized by
antibacterial and antioxidant activity, which may be due to the high
content of phenolic compounds and the presence of alkaloids, tannins,
and terpenoids in its composition, which confirms the use of this plant
for the treatment of urinary tract infections.

Johnson et al. (2013) indicate that to obtain the desired anti-inflam-
matory effect, the nettle extraction was carried out with a mixture of
water, hexane, methanol, and dichloromethane. The authors received a
more effective anti-inflammatory drug than traditional tincture of nettles
for the treatment of inflammatory disorders, especially arthritis. Salih
(2015) states that 95% of nettle extract protect the nephrons from oxida-
tive damage, due to the high content of phenols and high antioxidant
activity. Wolska et al. (2015) indicate the ability of both aqueous and
70% ethanolic extracts to increase the activity of catalase in isolated mo-
nocytes of leukemia-affected individuals, although the best effect on
enzyme activity was characteristic of ethanolic extract of nettle. The
normalization of the metabolism under the influence of polyphenols
isolated from the nettle is shown in the papers (Gtiler, 2013; Joshi et al.,
2015). Authors Bisht et al. (2017), Zagayko et al. (2017) indicate that
the anti-oxidant nettle fraction is rich in flavonoids and phenolic com-
pounds, reduces the activity of acetylcholinesterase and processes of
oxidative damage to neurons, activates the antioxidant defense system,
and therefore has a positive effect on the treatment of Parkinson’s di-
sease, type 2 diabetes, and oncological diseases.

Zemmouri et al. (2017) have established the anti-asthmatic effect of
the aqueous nettle extract, but believe that the antioxidant activity of
plant extracts is usually associated with their phenolic content. They
also pointed out that ecological conditions and differentiated geographi-
cal distribution can change the content of phenolic compounds and their
derivatives (phenolic acids, flavonoids, etc.) in plants, and thus differ in
the antioxidant power of plant preparations. Analysis of literary data
suggests that in general, after obtaining aqueous extracts, the amount of
bioflavonoids in most medicinal plants does not exceed 30% of their
content in raw materials, and after aqueous-alcoholic extraction, the
yield of bioflavonoids varied from 60% to 85%. These data confirm our
own results that the aqueous extract of the common nettle has a low

antioxidant activity. To assess the physiological state of animals and to
determine the effectiveness of the nettle extract on the organism of
animals both under the norm and under oxidative stress caused by the
action of adrenaline hydrochloride, we studied morphological parame-
ters of blood because they are very sensitive to changes occurring in
organisms, especially under the influence of various stress factors. Our
studies confirmed the hematopoietic effects of nettle, rich of microele-
ments, especially iron, zinc and copper on hemopoiesis (the number of
red blood cells increased within the physiological norm), antianemic
effects (increase of hemoglobin concentration), and stimulation of the
respiratory function of blood in non-stressed, as well as stressed rats
compared to animals that were exposed to adrenaline. The positive
effect of 40% nettle extract on hematological parameters of rats can be
explained by the effect of its components: ascorbic acid, vitamin E (a part
of the erythrocyte membranes), B vitamins and organic acids (citric, mal-
ic, succinic acids, etc.). Selenium also affects the oxygen function of he-
moglobin (Joshi et al., 2014; Joshi et al., 2015; Zemmouri et al., 2017).

It is known that protein metabolism involves the coordination, re-
gulation, and integration of most chemical transformations in the body.
The emergence and spread of excitation, muscle contraction, oxygen
transport, blood properties, immune protection, the transmission of he-
reditary information, etc., is associated with proteins. In addition, pro-
teins are a source of energy (Oltjen et al., 2013).

For a better understanding of the mechanisms of adaptation that oc-
cur in animals in response to adverse factors on the background of the
introduction of biologically active substances of natural origin, the de-
termination of the intensity of protein metabolism has an important role,
in particular the processes of transamination — the inverse transfer of
amino groups between amino acids and ketoacids, which is carried out
using aminotransferases. AST and ALT are enzymes that act on the
intersection of protein, hydrocarbon and fat metabolism. In veterinary
and humane medicine, the determination of the activity of aminotrans-
ferases in serum is proposed as a sensitive test for the permeability of
hepatocyte membranes and cardiomyocytes in the case of liver and
heart damage by exogenous or endogenous toxins (Khariv, 2016).

The increase in the concentration of total protein in the plasma of an-
imals which was watered by nettle extract can be explained by the fact that
the nettle includes amino acids, citric, formic, silicic acids, which, together
with ascorbic acid and flavonoids, increase energy metabolism, oxidation-
reduction and anabolic processes in the body. The decrease in the activity
of AST to the control level, both in the stressed animals and the rats which
were watered by only the nettle extract, indicates a normalization of the
balance between the synthesis and degradation of protein in the whole
organism. According to the literature data, these changes are associated
with the positive effect of plant polyphenols (Zagayko et al.,, 2017). The
activation of protein synthesis in the rats, administered 40% nettle extract,
is consistent with the increase in live weight in these groups of animals,
and this is also a confirmation of the positive effect of the nettle extract on
the general physiological state of the organism compared with stress-
exposed animals.

The increase in the live weight of animals which were given the
nettle extract during the experiment are consistent with the results of
other authors who showed a mass increase in rats during treatment with
aqueous extract (Juma et al., 2015) and adding 3% nettle to the diet of
sick fish (De Vico et al., 2018), which may indicate the activation of
anabolic and immune processes in the body through the action of the
nettle component.

It is known from literature data that there are two mechanisms for
controlling oxidative stress — the synthesis of an antioxidants of the
organism, that are formed in the body (endogenous way) and the intro-
duction of food or additives (exogenous way) (Gupta et al., 2014; Hea
et al., 2017). The antioxidant defense system, which includes endogen-
ous and exogenous antioxidants, controls and maintains the stationary
level of free radical processes in the body and oxidant-antioxidant equi-
librium. The antioxidant reactions in the protective mechanisms are the
leading and most powerful chain, since they prevent not only the deve-
lopment of free radical reactions, the accumulation of superoxide anions
and peroxides, but also support the high activity of oxidation-reduction
processes, provide for the elimination of final oxygen metabolites with
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their involvement in energy metabolism and activation of synthetic pro-
cesses (Cai & Yan, 2013; Rabasa & Dickson, 2016). Data on the func-
tioning of the antioxidant defense system, depending on the physiologi-
cal state of the organism, should be taken into account when ensuring
the preservation and protection of the health of animals and humans.
The ratio of indicators of the antioxidant system and the intensity of
peroxidation processes is an objective criterion for assessing the anti-
oxidant status and is recommended for timely detection of oxidative
stress in the body.

The antioxidant defense system in the organism is represented by
enzymatic and non-enzymatic chains. The enzymatic component in-
cludes SOD and CAT, which act as an initial chain of protection against
superoxide radicals and hydrogen peroxide, respectively. The terminal
enzymatic component is glutathione chain — GP and GR that protect
from both hydrogen peroxide and organic hydroperoxides. GR provides
the regeneration of glutathione from an oxidized form into a recovered
state, while glutathione, as an acceptor of the active forms of oxygen, is
capable of inhibiting free radical oxidation (Khavrona, 2015). GSH with
lipoic acid, L-arginine, coenzyme Q,o, melatonin, uric acid, bilirubin,
metal-containing proteins, transferrin, and others belongs to non-enzy-
matic endogenous antioxidants, which are produced during the process
of metabolism in the body. Exogenous antioxidants are compounds that
are not synthesized in the body and should enter the body with food or
supplements. They include vitamin E, vitamin C (for humans and gui-
nea pigs), carotenoids, trace elements (selenium, manganese, and zinc),
flavonoids, omega-3, and omega-6 fatty acids, etc.

It is shown that food antioxidants are involved in the detoxification of
active forms of oxygen (Choi et al., 2012; Gupta et al., 2012) and help
endogenous antioxidants in the neutralization of oxidative stress. Natural
antioxidants exhibit their protective effect in a complex manner, therefore
the decrease in the content of one leads to a violation in the whole system
of antioxidant defense. The deficiency of both endogenous and exogenous
antioxidants is one of the causes of numerous chronic and degenerative
pathologies since each of them is a substance unique in terms of its struc-
ture and antioxidant function and indispensable in the processes of en-
hanced generation of free radicals (Birben et al., 2012). In this aspect, the
study of antioxidant properties of phytoextracts in the body under stressful
conditions of different etiologies will always be relevant.

The results of our study showed that the administration of the nettle
extract to the animals resulted in a reduction in the content of free radi-
cal oxidation of lipid and protein molecules in blood plasma and tissue
homogenates in rats. Thus, the concentration of LHP, TBA-active pro-
ducts and CP in plasma, and especially in the liver, heart, and kidney of
rats in the D, group, was lower than in stress-exposed animals and, even
somewhere, was lower than in the control. The high antioxidant activity
of the 40% nettle extract in the animal body can be explained by the fact
that both water and fat-soluble natural antioxidants were extracted from
the nettle. From literature data, it is known that there is a functional
connection between ascorbic acid and plant polyphenols in a living or-
ganism (Kaledaite & Bernatoniene, 2011; Spatafora & Tringali, 2012).
Both of these ingredients are contained in the nettle in large quantities.
When these compounds in a sufficient amount enter into the body, poly-
phenols are stabilized with ascorbic acid, or stable polyphenolic comp-
lexes that are formed due to the binding of metal ions (which are also
numerous in the nettle) inhibit the catalytic oxidation of ascorbic acid.
Thus, ascorbic acid regenerates phenolic antioxidants by increasing
their concentration, and in turn, ones protect it from oxidative damage
(Choi et al., 2012; Lindblad et al., 2013; Carr & Lykkesfeldt, 2017).

According to this scheme, ascorbic acid interacts with the main an-
tioxidant metabolite of the organism — GSH. Our studies have shown
that ascorbic acid, being a natural antioxidant, is a powerful reducing
agent and stabilizer of SH-groups of thiols, enzymes, and glutathione.
On the other hand, the permanent intake of ascorbic acid in erythrocytes
occurs due to the release of oxidized form of ascorbate (dehydroascor-
bic acid) from the plasma, and the restoration of which occurs due to the
presence of the recovered forms of pyridine coenzymes and GSH in the
cells (Paidi et al., 2014; Khavrona, 2015). Taking into account that the
ascorbic acid molecule contains polar and nonpolar groups, it can inte-

ract with both glutathione (tripeptide) and lipid antioxidants (o-tocophe-
rol, phenols), and restores them and enhances antiradical activity.

The basis of the glutathione redox cycle consists of three amino
acids, two of which — glutamic acid and glycine are contained in the
nettle, which explains the high concentration of GSH in red blood cells
and tissues of rats, exposed to the studied extract in the norm, and on the
background of stress. Stable high levels of glutathione, as well as the
presence in the nettle of a trace element such as Se, which is part of the
active center of the GP, can be explained by the activation of this en-
zyme in the rat body under the influence of the nettle extract.

There were no changes in the catalase activity of erythrocytes be-
tween stressed and control rats because the hydrogen peroxide which is
formed after dismutation of the superoxide anion radical by SOD was
removed by normal (physiologically sufficient) levels of CAT, with the
direct involvement of high content of reduced glutathione, since it is the
main protector from the toxic effects of H,O,.

It was noted above; biologically active substances included in the
40% nettle extract positively influenced the glutathione chain of the an-
tioxidant defense system. This can be explained by the high activity of
GP, GR and GSH content and low concentration of LHP, TBA-active
products and CP in the blood and tissues of D, group compared with
adrenaline stressed rats and somewhere with control. Increasing the
activity of SOD and CAT, especially in the kidneys and heart of rats
under the influence of the nettle is connected with trace elements such
as Cu, Zn, and Fe. It is well known that these microelements are in-
cluded in the active centers of the mentioned enzymes, activating their
synthesis and functioning,

The low activity of the enzymatic chain of the antioxidant defense
system in the blood and tissues of the rats of D; group on the back-
ground of the lower level of oxidative stress products relative to the
control can be explained by the reduction of metabolites of the free radi-
cal-reactions under the influence of the nettle extract antioxidants.
In these conditions, there is no need for activating the antioxidant de-
fense system in the organism.

Thus was revealed the activation of anabolic processes, the norma-
lization of metabolism, stimulation of hemopoiesis, and the inactivation
of products of free radical reactions in the blood and tissues of rats,
which is related to the chemical composition of nettle which contains a
complex of biologically active substances with high antioxidant activity.
These are primarily polyphenolic compounds (flavonoids), chloro-
phylls, vitamins C and E, quercetin, carotenoids, amino acids (glutamic
acid and glycine), organic acids and trace elements, which are cofactors
of antioxidant enzymes SOD, GP, and CAT. This powerful complex of
natural antioxidant substances suppresses the oxidative stress caused by
the exposure to adrenaline, binds and restores free radicals, neutralizes
it, breaking the chain of free radical reactions. These biologically active
compounds provide transformation of free radicals into stable chemical
compounds; prevent the destruction of cell membranes, thus developing
optimal conditions for the metabolism and growth of the organism as a
whole. On the other hand, the administration of nettle extract to control
and stressed animals promotes activation of its own antioxidant system,
which is important for enhancing the resistance and adaptive capacity of
the organism in a critical situation.

Conclusion

The administration of nettle extract in the norm, and especially un-
der the influence of stress, stimulates erythropoiesis and hemoglobin
synthesis, normalizes protein metabolism, inhibits free radical processes
and increases endogenous antioxidant defense reserves in blood and
tissues of rats. The positive effect of nettle watering to stress-exposed
animals is the normalization of homeostasis and increasing adaptive
mechanisms in the whole body. Administration of 40% nettle extract to
rats led to the suppression of the formation of active forms of oxygen,
reduction of their subsequent pathogenic effects and stimulated its own
antioxidant defense system in the body. Therefore, our results give an
opportunity to argue for the use of nettle (Urtica dioica L.) in the proph-
ylaxis and treatment of stress states.
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