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THE STUDY OF OXIDATIVE STRESS INDICATORS IN RATS WITH A
SIMULATED ACUTE HEPATITIS AND CORRECTION WITH A
THICK EXTRACT FROM REISHI MUSHROOMS

Iryna Herasymets, Liudmila Fira, lhor Medvid

The aim. To study the effect of a dry extract from reishi mushrooms on the activity of lipoperoxidation and oxidative
modification of proteins under the conditions of a simulated paracetamol hepatitis in rats.

Materials and methods. The study was performed on white male rats. The animals were divided into 10 groups, each
included 6 animals. Acute hepatitis was simulated by the intragastric administration of paracetamol in the dose of 1250
mg/kg once per day (for 2 days). Correction of the pathology induced was performed with a dry extract of reishi mush-
rooms in the dose of 100 mg/kg of the body weight. The reference drug “Silybor” was administered in the dose of 20
mg/kg of the animal body weight. On Day 3, 7 and 10 from the beginning of the lesion, rats were euthanized using sodi-
um barbamyl. The liver homogenate and blood serum were used for the studies. The activity of free radical oxidation
processes under the conditions of acute toxic hepatitis and after the introduction of corrective factors was assessed by
superoxide dismutase, catalase activity, the content of TBA-AP and OMP products.

Results and discussion. The development of acute paracetamol hepatitis in rats and damage of hepatocyte membranes
are indicated by an increase in the content of TBA-active products, products of oxidative modification of neutral and
basic proteins in the serum and liver of animals. Simultaneously, a decrease in the activity of catalase and superoxide
dismutase was observed. After correction of the pathology induced with a dry extract of reishi mushrooms a significant
increase in the activity of antioxidant enzymes, a decrease in the content of lipid peroxidation products and oxidative
modification of proteins in the serum and liver of the affected animals were observed.

Conclusions. It has been experimentally proven that the use of dry extract of Reishi mushrooms in paracetamol hepati-
tis in rats caused a significant decrease in catalase and superoxide dismutase activity, a decrease in TBA-AP, neutral
and basic 2,4-DNPH in the serum and liver of animals. The results of the research indicate an effective impact of reishi
mushrooms dry extract on the normalization of lipoperoxidation, oxidative modification of proteins and antioxidant
protection
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1. Introduction

Reishi mushroom, or bracket fungi, is an edible
medicinal mushroom. For its healing properties, known
for centuries, reishi could be called as the “king of mush-
rooms”. It has an anti-inflammatory effect, strengthens
the immune system and mental health. In Eastern medi-
cine, reishi is considered an adaptogenic plant. This
means that this fungus helps the body fight stress, such as
inflammation, exhaustion, damage to blood vessels and
hormonal failure [1, 2]. Studies confirm that reishi has
antioxidant properties that help the body fight cancer, au-
toimmune diseases and heart disease, as well as allergic
reactions and infections [3-5].

As an immunomodulator, reishi can restore hor-
monal balance, homeostasis and regulate the immune
system, which helps fight tumors. It is scientifically con-
firmed that these fungi work as a substance that normal-
izes, regulates various functions of cells and systems, in-
cluding endocrine, immune, cardiovascular, central
nervous and digestive [6, 7]. One of the most valuable
properties of reishi is the absence of any side effects af-
ter its application. Studies show that when eating reishi
mushrooms, many people experience an influx of ener-
gy, improved concentration and mood, as well as re-
duced pain, digestive problems and infectious inflam-
mation [1, 8, 9].
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The liver is one of the most important organs in
the human body. It helps remove toxins from the body,
absorb nutrients and purify the blood. Reishi mushrooms
have an adaptogenic effect, improving liver function and
preventing its diseases. They promote more efficient re-
moval of harmful substances and bacteria, as well as
strengthen the immune system. International studies con-
firm that due to its antioxidant properties, the reishi
mushroom has a hepatoprotective effect in acute inflam-
mation of the liver and blocks the immune response,
slowing down the liver [2, 10, 11].

The aim of the study is to study the effect of dry
extract of reishi mushrooms on the activity of free radical
processes and indicators of the antioxidant system under
conditions of paracetamol hepatitis in rats.

2. Materials and methods

Dry extract of reishi mushrooms (DERM) was the
subject of our research. This extract is made for the re-
search by the Department of Chemistry of Natural Com-
pounds of the National University of Pharmacy and
standardized for steroid compounds in accordance with
the requirements of the SPU.

The experiments were performed on 60 white
male rats, weighing 180-210 g, which were provided
with the standard diet of the vivarium of I. Horbachevsky
Ternopil National Medical University. The research pre-
sented in this article was conducted in 2016-2018.

All experiments were performed in accordance with
the rules of bioethics in accordance with the “European
Convention for the Protection of Vertebrate Animals Used
for Experimental and Other Scientific Purposes” [12].

Excerpt from the minutes of the 65th meeting of
the commission on bioethics of the I. Horbachevsky Ter-
nopil National Medical University of the Ministry of
Health of Ukraine dated September 1, 2021.

Simulation of acute hepatitis is performed by ad-
ministering paracetamol intragastrically at a dose of 1250
mg/kg 1 time per day for 2 days as a suspension in 2 %
starch gel solution. Correction of the induced pathology
was performed with dry extract of reishi mushrooms,
which was administered intragastrically 2 hours before
the introduction of the toxicant and daily after the lesion
at a dose of 100 mg/kg of body weight. Silybor (manu-
factured by LLC “Pharmaceutical Company “Zdorovya”)

was chosen as a comparison drug, which was adminis-
tered according to the same scheme as the studied ex-
tract, at a dose of 20 mg/kg of rat body weight. The ani-
mals were grouped into 10 groups, each consisting of
6 animals: Group 1 — animals of intact control (IC); 2nd,
3rd and 4th — rats treated with paracetamol, 3rd, 7th and
10th days of the study, respectively (control pathology —
CP); 5th, 6th and 7th groups — affected rats, which were
injected with reishi mushroom extract at a dose of
100 mg/kg body weight, 3rd, 7th and 10th days of the
experiment, respectively (CP + DERM); the 8th, 9th and
10th groups of affected animals were intragastrically in-
jected with Silybor, 3rd, 7th and 10th days of the study,
respectively (CP + Silybor).

On the 3rd, 7th and 10th day from the onset of the
lesion, rats were euthanized using sodium barbamyl. Liv-
er homogenate and serum were examined. Blood was
taken from the hearts of animals. The activity of free rad-
ical oxidation processes in the affected rats of paraceta-
mol after the introduction of corrective factors was as-
sessed by the content of TBA-active products (TBA-AP)
[13] and products of oxidative modification of proteins
(OMP) [14, 15]. The state of the antioxidant system
(AOS) was assessed by superoxide dismutase (SOD) [16]
and catalase (Cat) activity [17].

The obtained results were subjected to statistical
processing in the program STATISTICA 12. The signifi-
cance of intergroup differences was determined using the
criterion of rank sums of Wilcoxon and Mann-Whitney test.
The results were considered reliable at p<0.05 [18, 19].

3. Results

Studies indicate the activation of free radical oxi-
dation processes under the action of paracetamol on the
body of experimental animals with dysfunction of the an-
tioxidant defence system due to intensive consumption of
protective enzymes in detoxification reactions and dis-
ruption of their synthesis.

It was found that the introduction of paracetamol
caused the activation of lipid peroxidation (LP) in serum
and liver tissue, which is confirmed by a probable
(p<0.05) increase in TBA-AP. Thus, this indicator
against the group of intact control increased in the blood
of affected animals by 2.2, 2.6 and 2.7 times on the 3rd,
7th and 10th day of the experiment (Table 1).

Table 1

The content of TBA-AP in the serum (umol/l) and liver (umol/kg) of rats affected by paracetamol, and after application
of reishi mushroom extract (M+m; n=60)

Indicators

Group of ani- 3rd day 7th day 10th day

mals blood . blood . blood )

liver liver liver
serum serum serum

IC 2.91+0.32 16.77+0.68 2.91+0.32 16.77+0.68 2.914+0.32 16.77+0.68

CP 6.51+0.37* 25.03+0.94%* 7.62+0.29%* 27.72+0.91%* 7.97 £0.25* 28.77+1.20%*
CP +Silybor | 4.75+£0.25** [21.32+0.96** | 5.33+0.56** | 22.20+1.05** | 4.88+0.35%* | 23.11+1.08**
CP +DERM | 4.07+0.33** |20.06+0.96%* | 4.98+0.28%* | 21.74+1.04** | 433 £0.26%* | 19.56+1.09%*

Note. * — probable changes between the rate of control and paracetamol-affected animals; ** — probable changes between the rate
of paracetamol-affected and treated animals
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In the liver of rats, a similar tendency was ob-
served to increase the content of TBA-AP after exposure
to the toxicant. Administration of DERM to rats with
acute hepatitis resulted in a probable reduction in serum
TBA-AP by 37 %, 35 % and 46 % on days 3, 7 and 10 of
the experiment against the affected animals, respectively.
In the liver homogenate after DERM correction, a proba-
ble (p<0.05) decrease in TBA- AP content by 20 %, 22
% and 32 % on the 3rd, 7th and 10th days of hepatitis
was observed, respectively, relative to the control pathol-
ogy. The use of Silybor as a reference drug also had a

positive effect on the studied serum and liver of animals
with hepatitis.

Not only lipid, but also protein components of
membranes undergo peroxidation processes, which
causes changes in enzyme activity, disruption of nu-
cleic acid synthesis and accumulation of toxic meta-
bolic products.

The results of the study of OMP showed that in
the serum and liver of rats after their defeat by paraceta-
mol there is an increase in the content of 2,4-DNPH of
neutral and basic nature (Table 2).

Table 2

Neutral 2,4-DNPH content (umol/g protein) in the serum and liver of paracetamol-affected rats and after application of
reishi mushroom extract (M+m; n=60)

Group of ani- Indicators
mals 3rd day 7th day 10th day
blood liver blood liver blood liver
serum serum serum
IC 0.032+0.005 0.075+0.005 | 0.032+0.005 0.075+0.005 0.032+0.005 0.075+0.005
CpP 0.079+0.007* | 0.121£0.007* | 0.089+0.005* | 0.137+0.007* | 0.095+0.004* | 0.148+0.007*
CP + Silybor | 0.060+0.008 | 0.101+0.006 | 0.061+0.006** | 0.100+0.007** | 0.050+0.005** | 0.103+0.005%**
CP + DERM 0.057£0.007 ]0.093+£0.007**| 0.05020.006** | 0.082+0.009** | 0.042+0.004** | 0.086=0.009**

Note. * — probable changes between the rate of control and paracetamol-affected animals; ** — probable changes between the rate

of paracetamol-affected and treated animals

As can be seen from Table 2, the content of 2,4-
DNPH of neutral character in the serum of the affected
animals increased by 2.5, 2.8 and 3.0 times, respectively,
on the 3rd, 7th and 10th day of the experiment on intact
animals. A similar tendency to increase observed in the
liver of experimental animals. After correction of the test
extract determined a probable decrease in the content of
2,4-DNPH neutral in serum on the 7th day of hepatitis, in

the liver of experimental animals reduction was observed
on the 3rd day of the experiment. The content of 2,4-
DNPH of the main character (Table 3) probably in-
creased in the serum of rats at all times of the study
(p<0.05). In the liver of rats after paracetamol infection,
the content of 2,4-DNPH of the main nature by the end
of the experiment increased 2.8 times compared to the
group of animals of control pathology.

Table 3

The content of 2,4-DNPH of the main nature (umol/g protein) in the serum and liver of rats affected by paracetamol,
and after application of Reishi mushroom extract (M+m; n=60)

Group of ani- Indicators
mals 3rd day 7th day 10th day
blood liver blood liver blood liver
IC 0.011£0.002 0.037+0.003 0.011+£0.002 0.037+0.003 0.011£0.002 0.037+0.003
CpP 0.039+£0.005*|  0.080+0.004* 0.053+£0.005* | 0.095+0.008* | 0.063+£0.004* | 0.104+0.009*
CP +Silybor |0.034+0.003 0.067+0.006 0.035+£0.004** | 0.054+0.004** | 0.032+0.003** | 0.052+0.005**
CP +DERM |[0.026+0.004 | 0.050+0.004** | 0.022+0.004** [ 0.044+0.006** | 0.018+0.004** | 0.043+0.005**

Note. * — probable changes between the rate of control and paracetamol-affected animals; ** — probable changes between the rate

of paracetamol-affected and treated animals

The correction with DERM caused a decrease in
the content of 2,4-DNPH of the main character in the se-
rum and liver of rats against the affected animals, the val-
ues of which were almost close to the level of intact ani-
mals. The use of the comparison drug was also effective.

Under its influence, the content of 2,4-DNPH of
the main character in the serum of the liver of animals
with hepatitis decreased by 71 % and 59 %, respective-
ly, on the 10th day of the experiment against the affect-
ed animals.

The body's protective mechanism that prevents
the development of oxidative stress is the antioxidant

system. Catalase (Cat) and superoxide dismutase (SOD)
play a key role in regulating the level of free radicals, in-
cluding reactive oxygen species.

Under conditions of paracetamol hepatitis in rats,
a probable decrease in SOD activity in the serum and liv-
er of animals against control was observed (Tab. 4),
which indicates a weakening of the enzymatic protection
of cells from reactions of free radical oxidation of lipids.
Inhibition of SOD activity may be due to depletion of the
enzyme reserve due to its more intensive use to neutral-
ize free radicals, the formation of which is enhanced in
acute hepatitis.
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Table 4

Superoxide dismutase activity in serum and liver (mcat/g protein) of rats affected by paracetamol and after application
of reishi fungi extract (M+ m; n=60)

. Indicators
Grourgacl): ant- 3rd day 7th day 10th day
blood serum liver blood serum liver blood serum liver
IC 62.40+1.76 52.08+1.66 62.40+1.76 52.08+1.66 62.40+1.76 52.08+1.66
CP 43.72+1.73% 39.49+1.85*% | 41.33+1.15% 37.42+1.89* 40.07+1.10%* 37.86+1.18%*
CP + Silybor 48.04+2.86 41.28+1.57 | 50.86+2.36** 43.36+2.25 52.94+1.55%* | 44.81+]1.89%*
CP + DERM | 52.46+1.77*%* 44.61+1.86 54.66+1.85%* 45.93+]1.97** 56.26+£1.36%* | 47.32+2.00**

Note: * — probable changes between the rate of control and paracetamol-affected animals; ** — probable changes between the rate

of paracetamol-affected and treated animals

After application of DERM SOD-activity in-
creased in the blood of rats by 20 %, 32 % and 40 % on
the 3rd, 7th and 10th day of the experiment against the
affected animals, respectively. With the use of the com-
parison drug, a probable increase in enzyme activity in
the serum of rats was observed by 23 % and 32 % on the
7th and 10th day of the study.

Regarding the SOD activity in the liver homoge-
nate of rats affected by paracetamol, on the 10th day of
the study it decreased almost 1.4 times against the con-
trol group. Following administration of DERM to ani-
mals, the enzyme activity was likely to increase on day

7 of the animal experiment with hepatitis (CP). With
the use of Silybor, positive changes in SOD activity
were observed on the 10th day of the experiment
(p<0.05).

Because SOD utilizes reactive oxygen species
with the formation of hydrogen peroxide, it is important
for cell viability to balance SOD and the enzyme that ox-
idizes hydrogen peroxide, catalase.

Defeat of animals with paracetamol leads to a
probable decrease in catalase activity in the serum and
liver of rats on the 3rd day of the study against the intact
group (Table 5).

Table 5

Catalase activity in the serum (mcat/l) and liver (mcat/kg) of rats affected by paracetamol, and after application of reishi
mushroom extract (M+m; n=60)

i Indicators
Grounp:a(?: ant- 3rd day 7th day 10th day
blood liver blood liver blood liver
IC 4.43+0.36 7.16+£0.22 4.43+0.36 7.16+£0.22 4.43+0.36 7.16+£0.22
CP 1.71£0.17%* 3.24+0.31* 1.60+£0.11%* 3.05+0.28* 1.41+0.18* 2.86+0.36*
CP + Silybor | 2.03+0.26 4.20+0.30 2.90+0.26%* 4.9440.39%* 3.1140.18%* 5.5440.50%*
CP + DERM | 2.54+0.28 5.21£0.19%* 3.53+0.15%* 5.85+0.30%** 3.65+0.27%* 6.20+0.41%*

Note: * — probable changes between the rate of control and paracetamol-affected animals; ** — probable changes between the rate

of paracetamol-affected and treated animals

Under conditions of correction of the induced pa-
thology of DERM and the comparison drug, a tendency to
increase the catalase activity of blood serum and liver of rats
in animals with acute untreated hepatitis was observed.

4. Discussion of research results

The development of many pathological conditions
occurs by a free radical mechanism, which at the cellular
level is characterized by increased production of free radi-
cals, among which a special place belongs to the active
forms of oxygen (AFO) [20]. AFOs could cause lipid perox-
idation (LP) and disrupt the bilayer arrangement of mem-
brane lipids, accompanied by inactivation of membrane-
bound receptors and enzymes, increase tissue permeability.
Most lipid peroxidation products are able to inactivate cellu-
lar proteins by blocking or breaking bonds [21].

To determine the content of one of the indicators of
LP, TBA-AP, we studied in the serum and liver of rats af-
fected by paracetamol. Throughout the study, there was a
progressive increase in TBA-AP content in both tissues, the
maximum values of which were recorded on the 10th day of

Biological research

the experiment. Our experimental data are consistent with
the results of studies by other authors, which showed that
paracetamol poisoning activates the processes of free radical
oxidation in animals [21, 22].

It is known from the literature that under condi-
tions of oxidative stress and excessive generation of
AFO, processes of uncontrolled modification of proteins
develop, which cause their fragmentation, denaturation,
and the formation of primary amino acid radicals, which
then interact with neighbouring amino acid residues. In
general, a rather complex picture of the damaging effect
of AFO on protein macromolecules is created. All this
leads to the loss of proteins of their biological activity
and disruption of metabolic, in particular regenerative
processes [20].

OMP is an early marker of cell damage during
free radical oxidation and a trigger for the destruction of
lipids, nucleic acids and other molecules under the influ-
ence of oxidative stress [15].

An experimental study of OMP showed that in the
serum and liver of rats after their defeat with paracetamol
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there is an increase in the content of 2,4-DNPH of neutral
and basic nature. This may be due to the interaction of
proteins with reactive oxygen species, with their subse-
quent modification. When comparing the indicators of
lipoperoxidation with the indicators of oxidative modifi-
cation of proteins, there was a tendency to increase them
after the defeat of paracetamol. This confirms the rela-
tionship and interdependence of these processes in the
development of pathological conditions, which is given
in other experimental works [21, 22].

One of the reasons for the activation of lipoperox-
idation and oxidative modification of proteins in pathol-
ogy may be a violation of the body's antioxidant defence
system, which controls the passage of all free radical re-
actions and ensures the normal functioning of the body
and its vital functions.

The most powerful natural antioxidant and en-
zyme of the first link of anti- radical protection is SOD,
so the indicators of its activity indicate the depth of tissue
damage and metabolic disorders under the influence of
oxidative stress. The decrease in the activity of this en-
zyme in blood serum may be due to the fact that parace-
tamol induces free radical oxidation processes, which can
change the conformation of the apoenzyme by binding
sulfhydryl groups and oxidative modification of the ac-
tive center of holoenzyme [15, 23]. The results of the
study indicate a significant decrease in enzyme activity
on the 7th and 10th day of development of paracetamol
hepatitis [10].

Inhibition of SOD activity, apparently, may be
due to significant depletion of the pool of enzymes due to
their increased use to neutralize free radicals, the produc-
tion of which is significantly intensified in animals under
the influence of paracetamol.

On the other hand, it is known about the direct ef-
fect of reactive oxygen species on the degree of oxidation
of metal ions in the active centers of enzymes, which
causes inhibition of their functioning [20]. Another rea-
son for the decrease in superoxide dismutase activity
may be the accumulation of hydrogen peroxide, which is
a superoxide dismutase inhibitor [23].

Infection of animals with paracetamol caused a
decrease in catalase activity in serum and liver, which
may be associated with depletion of the body's defence
systems that maintain homeostasis, as well as impaired
liver protein-synthesizing function in animals affected by
the toxicant. The obtained data are consistent with the
literature [21, 24], which shows that one of the reasons
for the decrease in enzyme activity may be the degrada-
tion of free and membrane-bound endoplasmic reticulum
ribosomes, which are responsible for protein synthesis.

Decreased catalase activity in rats contributes to
the accumulation of a toxic product of dismutation of su-
peroxide anion radical - hydrogen peroxide and indicates
rapid depletion of the antioxidant defence system under
conditions of toxic damage to the body, which leads to
damage of enzyme molecules by peroxidation products.
This is confirmed in our experiments.

Study limitation. There is a need to use drugs with
antioxidant properties under these conditions. Promising
in this regard is the study of the pharmacological activity
of extracts from reishi fungi.

There are insufficient data in the literature on the
membrane-protective, sorbent and antimicrobial proper-
ties of reishi fungi, therefore, this is the subject of our
further research.

Prospects for further research. The obtained ex-
perimental data provide a basis for further study of dry
extract of reishi mushrooms for introduction into practi-
cal medicine and pharmacy, which will expand the ar-
senal of antioxidants and hepatoprotective agents, in-
crease the effectiveness of prevention and treatment of
pathological conditions that activate oxidative processes
in the body.

5. Conclusions

Intragastric administration of paracetamol to animals
has been shown to cause an increase in the content of lipid
peroxidation products and oxidative modification of pro-
teins — TBA-AP, 2,4-dinitrophenylgidazones, against the
background of reduced SOD — and catalase activity in the
serum and liver of animals against the control group. During
the correction of toxic hepatitis DERM and the reference
drug, a probable decrease in the content of TBA-AP, 2,4-
dinitrophenylgidazones and an increase in superoxide dis-
mutase and catalase activity was observed in animals that
were not treated.

Correction of simulated hepatitis in case of DERM
administration against the comparison drug has a more pro-
nounced positive effect on reducing the intensity of LP and
OMP processes, as well as increasing the activity of SOD
and catalase in the serum and liver of animals. This indi-
cates the antioxidant properties of the studied extract and de-
termines the feasibility of its use in the treatment of liver
disease.
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