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Determination of acute toxicity parameters...

Abstract. The basidial tree fungus Inonotus obliquus (chaga) of the order Hymenochaetales is widely
used in world medicine, as it is characterised by anti-inflammatory and antioxidant effects, and is
effective in oncological, infectious and invasive diseases, as well as in diabetes, obesity, fatigue, liver
and kidney pathologies, etc. However, the toxicological properties of chaga, which grows in Ukraine,
require scientific justification. The aim of this study was to establish the parameters of acute toxicity
of the aqueous extract of the basidial tree fungus Inonotus obliquus, which was obtained in natural
conditions in Ukraine. The study was conducted on white Wistar rats according to generally accepted
methods for conducting preclinical studies of new drugs. It was established that the median lethal
dose of the test substance for rats after intragastric administration is 8,959 mg/kg according to
the method of G. Kerber, 9,175.0 mg/kg according to the method of G. Pershin, and 9,175.0 mg/kg
according to the method of B. Shtabsky — 8,890 (6,510.1 + 11,269.9) mg/kg. According to the results
obtained, it can be stated that the extract of the basidial wood fungus Inonotus obliquus, according
to the classification of chemical substances by degree of danger (interstate standard 12.1.007-76),
corresponds to class IV, and according to the classification of substances by toxicity — class V and
the degree of toxicity “practically non-toxic substances”. The established pathoanatomical changes,
such as acute catarrhal gastritis, catarrhal-hemorrhagic or hemorrhagic enteritis, acute venous
hyperemia of internal organs, dilatation of the wall of the right ventricle of the heart, edema of the
subcutaneous tissue and skeletal muscles in the area of the right part of the scapula, manifested
themselves identically in the body of the dead rats of the experimental groups and correlated with the
dose of the studied extract. Determination of acute toxicity parameters is a prerequisite for studying
the pharmaco-toxicological properties of medicinal substances, therefore the obtained results are
promising for further preclinical and clinical studies with the aim of scientifically substantiating the
use of medicinal raw materials from Inonotus obliquus obtained in Ukraine in veterinary medicine

Keywords: chaga; preclinical studies; laboratory animals; pathological changes; pharmacological
effect

Introduction

The growing interest in the use of natural bio-
logically active substances in veterinary med-
icine, in particular those obtained from me-
dicinal mushrooms, has made this research
relevant. The extract of the basidiomycete tree
fungus Inonotus obliquus, which also grows in
Ukraine, is considered a promising agent due to
its wide range of pharmacological activity and
potential for use in the prevention and treat-
ment of animal diseases. However, the safety
and acceptable doses of this extract for animals
remain insufficiently studied, which necessi-
tates the determination of its acute toxicity as a
mandatory stage of preclinical studies.

The sterile (infertile) form of the basidi-
omycete tree fungus Inonotus obliquus of the
order Hymenochaetales is called chaga or birch
black fungus. Y. Lu et al. (2021) noted that the
most favourable conditions for its growth are
regions characterised by low temperatures.
In Ukraine, chaga also occurs in the form of
round (up to 30-40 cm in diameter) or elon-
gated, dark-coloured growths formed by hard-
ened hyphal networks of the fungus. J. Miina et
al. (2021) indicated that the main raw mate-
rial for the production of commercial goods
from I obliquus is its sterile conks, collected
in natural conditions, mainly from birch trees.
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Chaga was also obtained under experimental
conditions. For example, according to data from
PTY. Ern et al. (2023), it was grown using arti-
ficial cultivation on potato dextrose agar or by
inoculating birch trees.

It is known that chaga is characterised by
a wide range of pharmacological effects. It has
anti-inflammatory, antioxidant, antibacterial,
antihelminthic and antiviral properties, and
has a therapeutic effect in the complex treat-
ment of people suffering from diabetes, obe-
sity, cancer, liver and kidney pathologies, and
fatigue. However, the above properties of chaga
mushroom are not always scientifically proven
and are based on observations of tradition-
al folk medicine. It should be noted that the
mechanism of pharmacological action has not
been sufficiently studied. P.T.Y. Ern et al. (2023)
pointed out the need to study the influence
of various factors on the manifestation of the
pharmacological effects of I. obliquus, as well as
antagonism and synergism in the interaction
between the constituent substances of chaga
and other compounds or medicinal products.

S. Ghosh (2020) demonstrated that triter-
penoids found in chaga are characterised by
a wide range of biological activity. A study by
R.W. Kou et al. (2021) established the anti-in-
flammatory effect of lanostane triterpenes and
triterpenoids by inhibiting the activation of ni-
tric oxide. Particular attention was paid to the
study of biologically active substances of the
fungus that have oncoprotective properties,
such as betulinic acid. K.D. Kim et al. (2020)
found that in PC3 prostate carcinoma and
MDA-MB-231 breast carcinoma cell lines, when
comparing the antitumour activity of etha-
nol, petroleum ether, ethyl acetate, butanol
and water fractions extracted from I. obliquus,
the petroleum ether extract had the highest
cytotoxicity, which is explained by its high
triterpenoid content. S.D. Chen et al. (2021)
demonstrated a link between the antidiabetic
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properties of triterpenoids isolated from
L obliquus and their inhibitory activity against
the brush border enzyme a-glucosidase. It was
found that the use of an aqueous extract from
chaga reduces the risk of liver damage under
the influence of microcystin, as indicated by
the absence of signs of oxidative stress, while
glutathione and catalase levels remained un-
changed. P.M. Ishfaq et al. (2022), investigat-
ing molecular docking, discovered a molecular
mechanism involving the interaction of NF-
kB-NIK with ergosterol peroxide. According
to L.J. Dai et al. (2022), enzymatic analysis
and inhibition kinetics analysis showed that
polysaccharides isolated from I obliquus ex-
hibit significant inhibitory activity against
the brush border enzyme «o-glucosidase.

Despite the need for more extensive re-
search into the pharmacokinetics and phar-
macodynamics of the already known thera-
peutic properties of the basidiomycete tree
fungus I. obliquus, it is important to consider
the origin of this medicinal raw material. In
Ukraine, the toxicological and pharmacological
properties of I obliquus have not been deter-
mined, and the use of its raw materials is not
scientifically justified. In this regard, the aim
of the scientific study was to determine the
acute toxicity of the basidiomycete tree fungus
L obliquus collected in Ukraine as a prerequi-
site for further preclinical studies of samples of
this medicinal raw material. The study is rele-
vant for veterinary medicine, since establish-
ing the toxicological profile of chaga opens up
prospects for its use as an effective medicinal
product for various diseases of infectious and
non-infectious aetiology in animals and for
their prevention. Therefore, along with study-
ing the acute toxicity of chaga, an important
task was to determine, based on an analysis of
literary sources, the possible pharmacological
effects it exhibits, with a view to developing
new veterinary drugs.
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Theoretical Overview

Analysis of scientific literature indicates con-
siderable interest in the properties of the
basidiomycete fungus I obliquus, which de-
termine its pharmacological action (Fig. 1). Ac-
cordingly, these properties correlate with the
substances contained in it. Therefore, studies
of the chemical composition of I. obliquus and
the biological role of secondary metabolites

(polysaccharides, polyphenols, etc.) in the
body have become relevant.
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Figure 1. Pharmacological effects
of exposure of L. obliquus
Source: based on materials from PT.Y. Ern et al. (2023)

Scientists have actively researched complex
high-molecular compounds of polysaccharides
from chaga. For example, S.D. Chen et al. (2021)
studied the anti-inflammatory effect of polysac-
charides from I obliquus. The authors found a
significant decrease in the expression of interleu-
kin IL-17 and IFN-y mRNA and a stimulating ef-
fect on the expression of IL-4 and IL-10. K. Yan et
al. (2021) found a decrease in the expression of
tumour necrosis factor-a (TNF-a), IFN-y, IL-1B,
IL-4 and IL-6 in macrophages infected with Tox-
oplasma gondii. Immunocytochemical analysis
revealed that the inhibition of the inflammatory

response is mediated by the prevention of NF-
kB p65 translocation from the cytoplasmic space
to the nucleus. Similar results were described by
R. Sang et al. (2022), who found overexpression
of inflammatory mediators through inhibition of
excessive phosphorylation of the pro-inflamma-
tory transcription factor NF-xB p65 and inhibi-
tor IkBa in cells infected with Toxoplasma gondii.
Many scientists have studied the anti-can-
cer properties of chaga. Studies by B. Su et
al. (2020) have shown a significant reduction
in proliferation, migration and invasion, and
increased apoptosis of MG-63 and U20S os-
teosarcoma cells. The anti-diabetic effect of
chaga is also explained by the presence of
components such as polysaccharides. T. Xu et
al. (2021) found that the use of preparations
based on this mushroom increases insulin re-
sistance, restores glycogen levels in the liver,
and has an antihyperglycaemic effect. J. Yu et
al. (2020) proved in experiments on mice that
chaga polysaccharides reduce the degree of
obesity in animals kept on a diet high in fat. The
results of studies by Y.J. Chou et al. (2016) on
the effect of I. obliquus polysaccharides on the
body demonstrated their renoprotective effect
and ability to reduce fatigue in animals.
Numerous studies have been devoted to in-
vestigating the components of I. obliquus, such
as triterpenoids. Thus, L.S. Luo et al. (2021)
found that in hyperuricaemia in mice, triterpe-
noids can bind more strongly to free enzymes
than to enzyme-substrate complexes, in which
this inhibitory interaction reduces inflam-
mation. According to the work of K.D. Kim et
al. (2019), betulinic acid, isolated from chaga, as
apentacyclic triterpenoid, has biological activity
against obesity in a model of mice with HFD-in-
duced obesity. Studies by A. Peng et al. (2022)
have found that inotodiol, lanosterol and tram-
etenolic acid, extracted from I obliquus, have
a protective effect against non-alcoholic fatty
liver disease, in particular, effects against lipid
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deposition, reduction of liver weight loss, re-
duction of triglyceride content in the liver, and
restoration of unregulated alanine transami-
nase and aspartate aminotransferase levels were
observed. J. Jin et al. (2022) demonstrated that
the compound inonotuxoxide B, isolated from
L. obliquus, has anti-fibrotic activity, as it in-
hibits the expression of a-smooth muscle actin
and type I collagen. At the same time, it reduc-
es the induced expression of a-SMA mRNA by
platelet-derived growth factor-BB and activates
phosphatidylinositol 3-kinase/protein kinase
B and kinase signalling pathways regulated by
extracellular signals, thereby inhibiting the vi-
ability and activation of PDGF-BB-stimulated
hepatic stellate cells to protect against fibro-
sis. Q. Duan et al. (2022) observed the reno-
protective effects of tramethenolic acid from
I. obliquus in studies on white mice. In particu-
lar, blood urea nitrogen, creatinine, and urinary
albumin levels increased, glomerular mesangial
matrix expansion and collagen deposition de-
creased, contributing to the restoration of re-
nal function. W.T. Basal et al. (2021) found that
terpenoid compounds isolated from I. obliquus
have antiviral properties.

Numerous studies have established that
the antioxidant properties of the mushroom
are due to the presence of flavonoid phenols in
chaga (Abu-Reidah et al., 2021). As shown in a
review by K.A. Szychowski et al. (2021), phenol-
ic compounds are capable of actively absorbing
radicals and are characterised by their affinity
for binding with the enzyme superoxide dismu-
tase. R. Hao et al. (2023) investigated the effect
of styrylpyranone polyphenols, namely feligri-
din E, on enhancing the activity of antioxidant
enzymes.Y. Wang et al. (2021) demonstrated the
iron-reducing activity of polyphenols isolated
from I obliquus. B.S. Hwang et al. (2016) de-
scribed various methods for synthesising phe-
nolic compounds from I. obliquus, while simul-
taneously enhancing their antioxidant activity.
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Thus, the basidiomycete tree fungus
L obliquus, due to the presence of biologically
active substances in its composition, can ex-
hibit various types of pharmacological effects,
which is a prerequisite for its use for thera-
peutic or prophylactic purposes in veterinary
medicine. Such a medicinal product may have
anti-inflammatory, antioxidant, antibacte-
rial and antiviral properties, be used to treat
cancer, diabetes, obesity, liver and kidney dis-
eases, as well as to increase performance and
combat fatigue. However, the toxicological and
pharmacological characteristics are not fully
scientifically substantiated, and potential an-
tagonistic or synergistic interactions between
L obliquus and other compounds or medicinal
products have not been established. Therefore,
it is important to study the pharmacokinet-
ics and pharmacodynamics of chaga samples
obtained in Ukraine, as there is no such data
available in the scientific literature.

The aim of this study was to analyse the
main types of pharmacological action report-
ed in the literature and to assess the results
of acute toxicity tests of Inonotus obliquus
extracts obtained from samples collected in
Ukraine. The study will make it possible to in-
vestigate the toxicological and pharmacologi-
cal characteristics of Ukrainian chaga samples,
with a view to subsequently obtaining medici-
nal products with a broad spectrum of pharma-
cological action and creating new preparations
for veterinary medicine.

Materials and Methods

The research was conducted in January 2025
at the scientific laboratory “Preclinical Studies
of Medicines” of the Department of Vertebrate
Physiology and Pharmacology of the National
University of Life and Environmental Sciences
of Ukraine (Kyiv, Ukraine) in accordance with
the tasks of the initiative topic “Research of
the pharmacotherapeutic properties of new
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veterinary chemotherapeutic, anti-inflam-
matory, antidote and metabolism-regulating
agents” (state registration No. 0118U000544).

The object of the study was an aqueous ex-
tract of the basidiomycete tree fungus I. obliquus
of the order Hymenochaetales. The raw material
of the basidiomycete tree fungus I. obliquus of
the order Hymenochaetales was collected in the
Northern Polissya region (Sarny district, Rivne
region). The aqueous extract was prepared ac-
cording to the generally accepted method for
preparing extracts from plant raw materials,
which included the stages of grinding, dissolv-
ing in distilled water, and infusing for 10 days.
The acute toxicity parameters of the aque-
ous extract of the basidiomycete wood fungus
L obliquus of the order Hymenochaetales were
determined according to the methodological
guidelines (Kotsyumbas et al., 2006).

Acute toxicity was determined in white
laboratory rats aged 3.5-4.0 months and
weighing 180 g to 200 g. The animals were
kept in plastic cages in accordance with the
Regulations on the Maintenance and Use of
Animals in Scientific Research and the Educa-
tional Process (2018) at a temperature of 18-
20°C and relative humidity of 50%-55% under
natural day-night light conditions. They were
fed a complete feed mixture and had unlim-
ited access to water and food. Before the ex-
periment, the animals were kept in quarantine
for 14 days, and feeding and watering were
stopped three hours before the experiment.
The test substance was administered intragas-
trically using a probe in the form of an aque-
ous extract at a rate of 5.0 mL per rat. The dose
was calculated in mg of active substance per
1 kg of body weight.

To obtain preliminary information about
the range of doses close to the median lethal
dose, a preliminary study was first conducted,
involving the administration of the test sub-
stance to three rats at doses differing by an

order of magnitude. At the same time, distilled
water was administered to animals in the con-
trol group (n=3). This was followed by a detailed
study in which 100% mortality was observed
when the test substance was administered at
the maximum dose, while no deaths were ob-
served when the minimum dose was used.

The study was conducted on 36 white rats
of the Wistar breed. They were divided into 6
groups (6 animals in each) according to the
principle of analogues. The aqueous extract
was administered to the animals in the ex-
perimental groups at doses of 2,500; 5,000;
7,500; 10,000; 12,500 and 15,000 mg/kg of body
weight; the animals in the control group were
administered distilled water in a volume of no
more than 5.0 mL. The laboratory animals were
observed for 14 days, noting changes in their
clinical condition over time. The animals were
under constant supervision during the first day
after administration of the test extract, noting
behavioural characteristics, food and water in-
take, and recording symptoms of intoxication
and animal deaths.

The median lethal dose (LD, ) was calculat-
ed using the methods of G. Kerber and B. Shtaf-
sky. The method of K. Miller and M. Teinter was
used to calculate confidence limits, and based
on the results obtained, the studied substance
was classified according to its degree of danger
and toxicity (Kotsyumbas et al., 2006). Accord-
ing to G. Kerber’s method, the average lethal
dose was calculated using the formula:

LD50=LD100—E, (D
m

where LD, is the dose of the substance under
study that causes the death of all animals in
the group; d is the interval between each two
adjacent doses; z is the arithmetic mean of the
number of animals that died under the influ-
ence of two adjacent doses; m is the number of
animals in the group.
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The mean lethal dose was also calculated
using Pershin’s method, using the following
formula:

LD, =X [(a+b) (m+n)] /200, )

where a, b are the values of adjacent concen-
trations under study, mg/mL; m, n are the fre-
quencies of fatalities at corresponding concen-
trations, %.

The dependence of the mortality rate (Y)
on the dose (X) was described by a straight line
equation with a slope coefficient (a) according
to B. Shtafsky using the formula:

Y=aX+b, 3)

where b is a free member.
The corresponding values of a and b were
determined using the following formulas:

a=(Y2-Y1): (X2-X1); 4)

b=(ZY-aZX):n, 5)

where X1 and X2 are the values of the two ex-
treme doses out of the three studied doses; Y1
and Y2 are the corresponding mortality rates;
n is the number of specified (studied) doses,
which is equal to 3.
Having obtained the values of a and b, we
determined X:
X=(Y+b):a. (6)

Thus, by substituting the values of Y, which
were 50%, 84% and 16%, respectively, into the
formula, LD, LD,, and LD, were found.

Statistical processing of the obtained re-
search results was carried out using a personal
computer. According to the method of K. Miller
and M. Teinter, confidence limits were calculat-
ed with the determination of ¢ and m (Kotsyum-
bas et al., 2006). Accordingly, 26 =LD,, - LD,
then the average error of the median lethal
dose was calculated using the formula:
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20
m= = (7)
where m is the mean error of the mean value;
o is the standard deviation; N’ is the total num-
ber of individuals in groups in which at least
one animal died or survived.
After calculating the value of m, we found:

LD+mt, 8)

where t is Student’s criterion.

Inthe formulas above,the symbol misusedin
different ways depending on the method. Specif-
ically, according to G. Kerber’s method, m means
the number of animals in a group; in Pershin’s
formula, it means the frequency of fatalities (%);
and in Miller-Tainter’s method, it means the
average error of the average value. To preserve
the authenticity of the original approaches,
the symbols are given in their original form.

Scientific research involving animals com-
plied with the requirements of the European
Convention for the Protection of Vertebrate An-
imals Used for Experimental and Scientific Pur-
poses (1986) and Law of Ukraine No. 3447-1V
(2006). All necessary interventions on animals
were carried out in accordance with ARRIVE
recommendations, without violating the guide-
lines of Directive of the European Parliament
and of the Council No. 2010/63/EU (2010). The
conclusion on the conduct of research was also
approved by the Bioethics Committee of the
National University of Life and Environmental
Sciences of Ukraine, protocol No. 010/2024 dat-
ed March 28, 2024.

Results and Discussion

A preliminary study was conducted to compare
toxicity at different mushroom infusion times,
specifically examining extracts infused for
2 days and 10 days. The results showed great-
er toxicity when the extract was prepared for
a shorter period of time. For the main study,
the optimal dose range of the extract after ten
days of infusion was determined in order to
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establish the acute toxicity of L. obliquus. In the
first minutes after intragastric administration
of the extract of the basidiomycete tree fungus
L obliquus, all groups of rats showed a stress

response to the intervention. Slight agitation
followed by calming was observed. The results
of determining the acute toxicity of I obliquus
in white mice are shown in Table 1.

Table 1. Results of acute experiments involving the administration
of basidiomycete mushroom extract of I. obliquus to white rats

Dose, Number of animals
mg/kg b.w. in thegroup i 7
2,500 6 -
5,000 6 -
7,500 6 -
10,000 6 -
12,500 6 -
15,000 6 -

Number of animals killed

2 per day 5 15 in total %

- - - 0 0

- - 1 1 17
- - 2 2 33
- - 3 3 50
- 5 - 5 83
1 5 - 6 100

Note: the results of an acute experiment involving the intraperitoneal administration of an aqueous extract

of L. obliquus to white rats are shown
Source: developed by the authors

In rats of the sixth experimental group (at
a dose of 15,000 mg/kg body weight), symptoms
of depression appeared after 30 minutes. The
laboratory animals hunched over and moved
chaotically in the cage. After 2 hours, they
became agitated, which gradually changed to
depression, and an increase in heart rate and
respiratory rate was observed. These signs per-
sisted for some time, after which the rats as-
sumed a lying position, performing swimming
movements and slowly raising and lowering
their tails. On the second day, one animal from
the sixth experimental group died, and by the
fifth day, 100% mortality was recorded in this
group. The same results were observed in the
fifth group (the test substance at a dose of
12,500 mg/kg body weight).

In other experimental groups, most animals
gradually recovered to their physiological state,

and by day 15, no mortality was observed in the
first experimental group (test substance at a
dose of 2,500 mg/kg body weight). At the same
time, 17% mortality was observed in the second
experimental group (test substance at a dose of
5,000 mg/kg body weight), 33% mortality in the
third experimental group (test substance at a
dose of 7,500 mg/kg body weight), 50% mortality
in the fourth experimental group (test substance
at a dose of 10,000 mg/kg body weight) and
83% mortality in the fifth experimental group
(test substance at a dose of 12,500 mg/kg body
weight). Thus, toxic effects after intraperitoneal
administration to white rats are observed at dos-
es of 5,000 mg/kg body weight and above. Under
these conditions, the mortality rate in the exper-
imental groups ranged from one to six rats (Ta-
ble 2), based on which calculations were made to
determine the LD, (Table 3).

Table 2. Acute toxicity indicators of the extract
of the basidiomycete tree fungus I. obliquus in white rats

Dose, mg/kg b.w. Died/survived
2,500 0/6
5,000 1/5
7,500 2/4

Source: developed by the authors

Dose, mg/kg b.w. Died/survived
10,000 3/3
12,500 5/1
15,000 6/0

Ukrainian Journal of Veterinary Sciences. 2025. Vol. 16, No. 2
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Table 3. Toxicity indicators of the extract
of the basidiomycete fungus I. obliquus determined using the method of G. Kerber

Dose, mg/kg b.w. 2,500 5,000 7,500 10,000 12,500 15,000
Survived 6 5 4 3 1 0
Died 0 1 2 3 5 6
Z 0.5 1.5 2.5 4.5 5.5
d 2,500 2,500 2,500 2,500 2,500
zd 1,250 3,750 6,250 11,250 13,750

Note: z — arithmetic mean of the number of animals that died under the influence of two adjacent doses; d - interval
between each two adjacent doses
Source: developed by the authors

Thus, LD, was determined using formula  toxicity parameters of new medicinal sub-

(1), therefore: stances, these data were also calculated using
m=6; LD, =11,250 mg / kg; G. Pershin’s method (Table 4). Based on the
2zd=1,250+3,750+6,250+11,250+13,750=36,250;  data presented in Table 4, the results of the
LD50=LD100—EZ—r: =15,000—36'—250 = average lethal dose of the extract of the ba-
=15,000-6,041=8,959 mg/kg. sidiomycete tree fungus I. obliquus, calculated

Considering that it is recommended to using the method of G. Pershin, are as follows
use several methods to determine the acute (formula 2):

Table 4. Toxicity indicators of the extract
of the basidiomycete fungus I. obliquus determined using the method of G. Pershin

Dose, mg/kg b.w. 2,500 5,000 7,500 10,000 12,500 15,000
Observed results 0/6 1/5 2/4 3/3 5/1 6/0
Percentage of animals that died 0 17 33 50 83 100
a+b 7,500 12,500 17,500 22,500 27,500
m-n 17 16 17 33 17
(a+b)(m-n) 127,500 200,000 297,500 742,500 467,500

Note: a, b — values of adjacent concentrations studied, mg/mL; m, n — frequencies of fatalities at corresponding
concentrations, %
Source: developed by the authors

Z[(a+b)(m+n)]=127,500+200,000 + According to the data obtained from studies
+297,500+112,5000=1,750,000; onrats,using formula (3), the LD, was established
LD, = W =9,175.0 mg/kg. using the method of B.M. Shtabsky (Table 5).

Table 5. Toxicity indicators of the extract
of the basidiomycete tree fungus I. obliquus determined using the method of B.M. Shtabsky

Y X
33,3 7,500
50 10,000
100 12,500

Y=183,3 2X=30,000

Note: Y — percentage of mortality, X — dose
Source: developed by the authors

Ukrainian Journal of Veterinary Sciences. 2025. Vol. 16, No. 2
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Thus, according to calculations using for-
mulas (3)-(8), the parameters of the median
lethal dose of the test substance for intra-
gastric administration to rats, calculated us-
ing the method of B.M. Shtabsky, were LD =
= 8,890 (6,510.1+11,269.9) mg/kg.

The studies have established that the
LD, of the test substance for rats after intra-
gastric administration is 8,959 mg/kg accord-
ing to the method of G. Kerber, 9,175.0 mg/kg
according to the method of G. Pershin, and
8,890 (6,510.1 + 11,269.9) mg/kg according to
the method of B. Shtafsky. These data allow
us to conclude that the extract of the basidi-
omycete fungus I obliquus, according to the
classification of chemical substances by degree
of danger, corresponds to hazard class IV, and

according to the classification of substances by
toxicity, it corresponds to class V and degree of
toxicity “practically non-toxic substances” (Kot-
syumbas et al., 2006).

During the pathological autopsy of rats from
experimental groups that died during the study
of the acute toxicity of the extract of the basidio-
mycete tree fungus I obliquus, it was established
that the carcasses of animals had no external
damage, natural openings were closed, there were
no secretions, visible mucous membranes were
pale pink in colour, dry with a bluish tint, and the
hair coat had no visible changes. The pathologi-
cal and anatomical changes in the experimental
groups of animals (Fig. 2) were identical and dif-
fered only in the intensity of the changes, which
correlated with the dose of the test substance.

Figure 2. Pathological and anatomical changes in rats of experimental groups according to the
determination of acute toxicity of the extract of the basidiomycete tree fungus L. obliquus

Source: authors’ photos

Acute catarrhal gastritis, catarrhal-haem-
orrhagic or haemorrhagic enteritis (Figs. 2a, 2b
and 2e), acute venous hyperaemia of the liver
(Fig. 2d), kidneys and spleen, protein dystrophy
of the liver, dilatation of the right ventricular
wall of the heart, oedema of the subcutaneous

tissue and skeletal muscles in the right shoulder
blade area (Fig. 2¢), hyperaemia and oedema of
the lungs. The changes detected in animals of
all experimental groups indicate the presence
of poisoning by a substance that entered the
body through the alimentary tract.
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Thus, the results obtained confirm the
acute toxicity parameters of the extract of the
basidiomycete tree fungus I obliquus and the
pathological changes in the body of laborato-
ry animals under such exposure. The studies
conducted are a prerequisite for the next stage
of preclinical research and the creation of new
highly effective herbal remedies for veterinary
medicine. After all, a number of modern sources
of medical literature confirm the wide range of
pharmacological effects.

No results of studies on the acute toxicity of
chaga have been found in the literature, either
in Ukraine or abroad. A more relevant area of re-
search worldwide is the study of the properties
of the constituent substances of I. obliquus with
aview to their use for therapeutic or prophylac-
tic purposes, and the improvement of methods
for obtaining extracts from natural and artifi-
cial chaga. S. Javed et al. (2019) demonstrated
the anti-inflammatory activity of chaga using
methanol as a solvent for its extraction and
found a reduction in histamine-induced TNF-«
in RAW 264.7 macrophages by more than 90%.
In the next stage of research, evaluation of the
methanol extract in a mouse microcirculation
model revealed its ability to influence vasodi-
lation, which is observed during inflammation.
W. Alhallaf & L.B. Perkins (2022) found that
L obliquus extracts, especially those obtained by
accelerated ethanol/water extraction and hot
water soaking of powdered chaga, are capable
of significantly inhibiting NO, TNF-«, IL-6, and
IL-1B generation in RAW 264.7 macrophages,
indicating the anti-inflammatory ability of the
extract under study.

S.S. Tsai et al. (2017) found that extracts of
L obliquus have anti-cancer properties and ex-
tracts from chaga obtained as a result of fermen-
tation in a liquid state exhibit antiproliferative
effects on the HCT-116 cell line through acti-
vation of the mitochondrial apoptotic pathway
by enhancing the expression of proapoptotic
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gene mRNAs and increasing the Bax/bcl-2 ratio.
K. Ryu et al. (2017) found that after 14 days of
oral administration of methanol extracts, there
was a suppression of lung tumour formation
and metastasis in C57BL/6 mice that had been
injected with B16F10 melanoma cells. S. Arata et
al. (2016) demonstrated significant inhibition of
tumour development in a mouse lung carcino-
ma model under the influence of chaga extract
by reducing tumour vascularisation. At the same
time, the importance of body temperature in
inhibiting tumour growth was indicated, as con-
tinuous measurement of the body temperature
of mice showed that consumption of I obliquus
extract prevented a decrease in the body temper-
ature of mice with LLC implants.

The antidiabetic properties of chaga ex-
tracts have been established. Thus, Z. Zhang et
al. (2021) proved that administering extracts in
doses of 250 mg/kg and 500 mg/kg to C57BL/6
mice with type 2 diabetes led to improved blood
glucose levels and insulin resistance, increased
glycogen levels in the liver and cholesterol, and
decreased total cholesterol, triacylglycerols and
cholesterol. S. Chen et al. (2022) describe that
treatment of HFD+STZ-induced diabetic mice
with L obliquus at a dose of 150 mg/kg signifi-
cantly improved the pathological condition of
fatty liver infiltration and fatty degeneration
of its cells, reducing the accumulation of lipid
droplets in the liver. X. Ye et al. (2022) found that
treatment with I obliquus improved the func-
tional status of other affected organs in diabetic
mice, including the kidneys, pancreas, and colon.

The renoprotective effect of chaga has
been established. K.H. Chiang et al. (2023)
reported the renoprotective effect of etha-
nol-ethyl acetate extracts of I obliquus on ne-
phropathic mice, where the extracts were able
to effectively reduce blood creatinine and urea
nitrogen levels, improve glomerular atrophy
and interstitial accumulation. J. Glamoclija et
al. (2015) demonstrated the bacteriostatic




Determination of acute toxicity parameters...

and bactericidal activity of alcohol and wa-
ter extracts of I obliquus against all studied
Gram-positive and Gram-negative bacterial
strains, with Staphylococcus aureus and Ba-
cillus cereus being the most sensitive to the
extracts. A. Milyuhina et al. (2021) found that
although aqueous extracts of I obliquus have
antibacterial properties, the activity of the ex-
tracts is enhanced after microwave irradiation.

The results obtained are a prerequisite for
preclinical and clinical studies of chaga sam-
ples obtained in Ukraine, with the aim of its sci-
entifically based use in veterinary medicine for
various pathologies in animals or for preventive
measures. Such studies are extremely promis-
ing given the potential for creating veterinary
herbal remedies based on chaga, the possi-
bility of their use in the prevention of animal
diseases; their introduction into feed as a nu-
traceutical; minimising the need for antibiotic
therapy in veterinary medicine; creating new
combinations of dietary supplements based on
L obliquus for animals of various species.

Conclusions

This article is devoted to the analysis of the
results obtained from the study of the acute
toxicity of the extract of samples of the ba-
sidiomycete tree fungus I obliquus obtained
in Ukraine (Rivne region). Preclinical studies,
namely the establishment of the parameters of
acute toxicity of the aqueous extract of chaga
on laboratory animals, are a prerequisite for
the experimental study of the toxicological and
pharmacological properties of Ukrainian cha-
ga samples with the subsequent production of
medicinal products with a wide range of phar-
macological effects. The creation of new highly
effective veterinary herbal preparations for the
treatment and prevention of diseases in various
animal species will be of great importance in
practical veterinary medicine and in ensuring
the well-being of livestock.

The acute toxicity of the aqueous extract
of I. obliquus was calculated using various gen-
erally accepted methods for preclinical studies
of new substances. It was established that the
LD of the studied substance forrats after intra-
gastric administration is 8,959 mg/kg accord-
ing to the method of G. Kerber, 9,175.0 mg/kg
according to the method of G. Pershin, and
8,890 (6,510.1 + 11,269.9) mg/kg according to
the method of B. Shabsky. Therefore, the ex-
tract of the basidiomycete tree fungus Inono-
tus obliquus, according to the classification of
chemicals by degree of danger, corresponds
to hazard class IV, and according to the clas-
sification of substances by toxicity, class V
and degree of toxicity “practically non-toxic
substances”. The pathological changes ob-
served were identical in the bodies of dead
rats from different experimental groups and
depended on the amount of the test substance
administered. Acute catarrhal gastritis, ca-
tarrhal-haemorrhagic or haemorrhagic en-
teritis, acute venous hyperaemia of the liver,
kidneys, spleen, protein dystrophy of the liver,
dilatation of the right ventricular wall of the
heart, oedema of the subcutaneous tissue and
skeletal muscles in the right shoulder blade
area, hyperaemia and oedema of the lungs
were observed.

The determination of acute toxicity of
Inonotus obliquus extract allowed classifying
the studied substance as low-hazard (hazard
class IV) and practically non-toxic (toxicity
class V). The obtained LD, values indicate a
high safety profile of the extract under condi-
tions of intragastric administration. The toxi-
cological testing conducted is a necessary
prerequisite for further stages of preclini-
cal development of a medicinal product for
veterinary use and can be used for scientific
justification of the safety of raw materials for
pharmaceutical use in the livestock industry.
Further research will be aimed at conducting
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the next stages of preclinical and clinical
studies to study the pharmacokinetics and
pharmacodynamics of the active substances
of I. obliquus in order to scientifically substan-
tiate the use of medicinal raw materials from
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AHoranig. Basugianbauit mepeBumit rpu6 Inonotus obliquus (uara) mopsuaky Hymenochaetales
HIMPOKO BMKOPUCTOBYETHCSI Y CBITOBIV MeOULIMHI, OCKIJIbKM XapaKTepU3y€eThCs MTPOTU3ATIATbHOIO
i aHTMOKCUTAHTHOIO AisSIMU, BUSIBJISIE €(DeKTUBHICTh 32 OHKOJIOTIUHMX, iHGEKIiiHUX Ta iHBa3itHMX

Ukrainian Journal of Veterinary Sciences. 2025. Vol. 16, No. 2



https://doi.org/10.3389/fendo.2022.1103972
https://doi.org/10.1021/acsomega.0c01566
https://doi.org/10.1016/j.jep.2021.113963
https://orcid.org/0000-0002-0149-7923
https://orcid.org/0000-0002-6174-1377
https://orcid.org/0000-0003-2757-9668
https://orcid.org/0000-0002-4178-0352
https://orcid.org/0009-0004-1778-2958

Derkach et al.

XBOPO6, a TAKO3X 32 IIyKPOBOTO J1iabeTy, OKUPiHHS, BTOMU, TATOJIOTii MMeuiHKM i HUpoK Toio. [TpoTe,
TOKCMKOJIOTiUHI BJIaCTMBOCTI yary, sika pocTe Ha TepuTopii YKpaiHu, MOTpe6GyIOTb HAYKOBOTO
06GIpyHTYBaHHS. MeTOI0 1IbOTO JOCTiIKeHHS 6Y/I0 BCTAaHOBJIEHHSI TapaMeTPiB rOCTPOi TOKCUYHOCTI
BOJIHOTO eKCTPaKTy 6as3uiaabHOroiepeBHororpubalnonotus obliquus,ikuii omep>kaHo BIIPUPOTHUX
yMoBax YKRpainu. [JoCIimKeHHS TPOBeIeHO Ha 6iix mrypaxJiinii Wistar 3rigHo 3arayibHONPUITHATIX
METOIMK TPOBEAEHHS MOKIIHIUHMX JOCTIIKeHb HOBMX JIiKApChbKMX 3ac06iB. BCTaHOBJIEHO, LIO
cepenHs cMepTelbHa [03a JOCIIIKYBaHOI PEUOBMHM [Jis1 LIYpiB 3a BHYTPilIHbOILTYHKOBOTO
BBeIEHHS CTaHOBUTb 3a Meromom I. Kep6epa — 8959 mr/kr, 3a Metomom I. IlepimmHa —
9175,0 mr/kr, a 3a MeTomoM B. llITa6ehkoro — 8890 (6510,1 + 11269,9) Mr/KT. 3TigHO 3 OTPUMaHUMU
pesyabTaTaMiu MOKHA CTBEPIKYBaTM, 1[0 eKCTPaKT 6a3uIialbHOrO JepeBHOTO rpuba Inonotus
obliquus srigHO 3 KIacudikallielo XiMiuHMX PeUOBMH 3a CTyrieHeM HebGe3IeyHOoCTi Binmoimae IV
KJIacy, 32 TOKCUMYHICTIO — V KJIacy i CTyNeHI0 TOKCUYHOCTI — «IIPAaKTUYHO HETOKCUYHI PEYOBUHM».
BcraHoBieHi maTosioroaHaTOMiYHI 3MiHM, TaKi SIK TOCTPUIT KaTapaJbHUI racTPUT, KaTapaabHO-
remMopariuHmii abo remMopariuyHmii €HTEepUT, TOCTpa BEHO3HA TillepeMis BHYTPIIIHiIX OpraHiB,
IuIaTallisi CTiHKY TpaBOTO NIIYHOUYKA Ceplisd, HAGPSK MiAIIKipHOI KIITKOBMHM Ta CKeJeTHUX
M’SI13iB B TiISTHIII TTpaBOi YaCTUHM JIOTIATKY, MTPOSIBJISIUCS iTEHTUYHO B OpraHi3mi 3armbimx mypis
JOCTiIHUX TPYI Ta KOPEeTIoBaau 3 JI030I0 JOCTIAKyBaHOTO eKCTpakTy. Bu3HaueHHsT MapaMepiB
roCTpoi TOKCUMYHOCTI € MepemLyMOBOIO JisI BUBUEHHS (hapMaKO-TOKCUKOJIOTIYHUX BJIACTUBOCTEN
JIiKapChbKMX PEUOBMH, TOMY OTPMMAaHi pe3yJabTaTy € MepCHeKTUBOI0 s HACTYITHMUX MOKITiHIUHUX
Ta KIHIYHUX JOCTiIKeHb i3 MeTOI0 HAyKOBOTO OOGTPYHTYBAHHS 3aCTOCYBaHHS y BeTepUMHAPHiit
MeIMIMHi TikapcbKoi cupoBuHM 3 Inonotus obliquus, omepskaHoi Ha TepuTopii YKpainu

KnrouoBi ciioBa: yara; JOK/IiHIUHI OCTimKeHHs; 1a00paTOPHi TBapMHM; IIaTOJIOrO0aHATOMIUHI
3MiHM; hapmaxosnoriyHa Jis
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