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Summary

The article presents the results of the study of
the combination of aminosugars — glucosamine
hydrochloride (GA h/ch) and N-acetylglucosamine —
with quercetin (Q) called Glukvamine™ as a corrector
of hepatotoxicity induced by methotrexate (MTX).
The study was conducted on a model of MTX-
induced liver damage in rats. Glukvamine™ was
studied in the dose of 82 mg/kg with daily intragastric
administration for 10 days compared to the substance
GA h/ch, which was administered intragastrically at
a dose of 50 mg/kg, and the substance of Q, which was
administered intragastrically in the dose of 20.5 mg
/kg. The efficiency of the drugs was assessed by the
general condition of the animals, the values of the
liver mass coefficient, the biochemical parameters of
the blood serum and the histological analysis of the
liver tissue. The Glukvamine™ effect on rats with
MTX-induced liver damage caused an improvement
of their general condition, recovery of the functional
state of the liver by biochemical indicators, and the
results of the histological analysis indicated a decrease
in hepatotoxicity of MTX. At the same time,
Glukvamine™ has statistically significantly exceeded
the effect of GA h/ch and Q by most parameters. Thus,
Glukvamine™ is a promising effective and safe drug
for pharmacological correction of the hepatotoxicity
of MTX.
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Souhrn

Clanek prezentuje vysledky studie kombinace
aminosacharidii glukosaminu hydrochloridu (GA h/ch)
a N-acetylglukosaminu s kvercetinem (Q) s ndzvem
Glukvamin™ ke zlep$eni hepatotoxicity vyvolané ptiso-
benim methotrexatu (MTX). Studie byla provedena na
modelu MTX-indukovaného poskozeni jater u potkand.
Glukvamin™ byl studovan v davce 82 mg/kg pfi dennim
intragastrickém podani v prubé¢hu 10 dni ve srovnani
s latkou GA h/ch, ktera byla podavana intragastricky
v davce 50 mg/kg, a latkou Q také podavané intragas-
tricky v davee 20,5 mg/kg. Uginnost pouzitych 1é¢iv
byla hodnocena podle celkového stavu zvifat, hodnot
hmotnostniho koeficientu jater, biochemickych parame-
tri krevniho séra a histologické analyzy jaterni tkané.
Utinek Glukvaminu™ na potkany s MTX-indukovaného
poskozeni jater zptisobil zlepSeni jejich celkového stavu,
dle biochemickych indikatorii obnoveni funkéniho sta-
vu jater a vysledky histologické analyzy ukazaly pokles
hepatotoxicity MTX. Zaroveti u¢inek Glukvaminu™ sta-
tisticky vyznamné prevysil efekt GA h/ch a Q u vétsi-
ny parametri. Glukvamin™ je tedy slibnym, Géinnym
a bezpeénym lé¢ivem pro farmakologickou korekei
hepatotoxicity vyvolané ptisobenim MTX.

Kli¢ova slova: glukosamin * kvercetin * Glukvamin™
hepatoprotektivni G¢inek ¢ methotrexat

Introduction

Methotrexate (MTX) is a folic acid anti-metabolite
used for the treatment of cancer (leukemia, lymphoma,
osteosarcoma) and autoimmune diseases (rtheumatoid ar-
thritis, psoriasis, Crohn’s disease, etc.)"?. However, in
addition to a wide range of clinical applications, MTX
induces serious side effects, including hepatotoxicity.
It is known that MTX has a direct cytotoxic effect on
hepatocytes, causes the development of cholestasis, and
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can also lead to fibrosis and cirrhosis of the liver®. The
mechanism of the hepatotoxic effect of MTX is due to di-
rect inhibition of dihydrofolate reductase, and it leads to
disruption of the synthesis of DNA, RNA and protein, as
well as the ability of the cytostatic to induce the oxidative
stress and activate the processes of free radical oxidation
(FRO) in membranes and other components of cells* .

Pharmacocorrection of the predicted hepatotoxicity of
MTX is a necessary component of concomitant therapy.
Currently, drugs with proven hepatoprotective activity and
a high level of evidence, in particular ursodeoxycholic
acid, preparations of amino acids (ademetionine, ornithine
aspartate, etc.) are used for this purpose. Despite the ef-
fectiveness most of these drugs can cause dyspeptic disor-
ders (nausea, vomiting, flatulence, diarrhea), the function-
al stress of the liver (ursodeoxycholic acid) significantly
worsening the delayed effects of the MTX treatment and
reducing the patients’ compliance with support therapy®.

Currently, compounds of natural origin, which are
endo- and exogenous metabolites of the human body and,
therefore, meet safety criteria, are attracting great scien-
tific interest for solving the problem of preventing and
treating side effects of drugs with proven hepatotoxicity.
The pronounced hepatoprotective action can be achieved
due to the combination of several substances-metabolites
with a multi-vector mechanism of action aimed at pro-
tecting liver cells from damage in one drug dosage form.

The results of the numerous studies conducted at the De-
partment of Clinical Pharmacology and Clinical Pharmacy
of the National University of Pharmacy (Kharkiv, Ukraine)
have proven the feasibility of the combined use of glucosa-
mine (GA) derivatives (GA hydrochloride (GA h/ch) and
the biologically active form — N-acetylglucosamine (NAG)
with flavonoid quercetin (Q). It has been shown that the
effect of the pharmacodynamic synergism and mutual poten-
tiation of pharmacological effects is manifested when they
are used together”. Glucosamine is a natural aminosugar,
a part of biological membranes, the intercellular substance
and other components of the connective tissue of living or-
ganisms. It performs the membrane-stabilizing effect, plays
an important role in the mechanism of the hepatoprotecti-
ve action® 'V, Quercetin is one of the most common plant
bioflavonoids, an exogenous regulator of a number of me-
tabolic processes at the cellular level. Its direct antiradical
properties and the structural antioxidant function, due to
which membrane-stabilizing/cytoprotective effects are im-
plemented, are the most studied ones; thus, its protective
effect during MTX therapy will be determined' 9.

Taking into account the above the aim of our work was
to experimentally substantiate the use of the combination
of GA derivatives (GA h/ch and NAG) with quercetin
(Glukvamine™ combination) as a possible corrector of
the hepatotoxic effect of MTX in the experiment in rats.

Experimental part
Materials

The combination Glukvamine™ was used in the form
of capsules for oral administration. It contains 370 mg of

the capsule mass and has the following active ingredients
(per 1 capsule): Q — 80 mg, GA h/ch — 125 mg, NAG —
125 mg. The composition and technology were develo-
ped at PJSC SIC Borschahivskiy CPP under the supervi-
sion of A.S. Shalamay, PhD in Chemistry. The substance
of GA h/ch manufactured by Protein Chemicals (Japan)
and the substance of Q by PJSC SIC Borschahivskiy CPP
(Ukraine) were used as reference samples. Methotrexa-
te from EBEWE Pharma (Austria) was used to induce
pathology. The biochemical assays were performed using
the commercial kits of Aspartate aminotransferase (AST)
(cat. No. 10003150), Alanine aminotransferase (ALT)
(cat. No. 10003151), Alkaline phosphatase (ALP) (cat.
No. 10003197), Urea (cat. No. 10003079), Total protein
(cat. No. 10008081) manufactured by Erba Lachema
s.r.0. (Czech Republic).

Methods

Test object and its preparation

Glucosamine was used as the study object in the form of
suspension in the conditionally therapeutic dose of 82 mg/kg
intragastrically using a probe. The suspension was pre-
pared with a previous grinding of the capsule mass in
a mortar and using 0.9% sodium chloride solution for
injections (Darnitsa Pharmaceutical Company, Ukraine).

Reference object and its preparation

The reference samples of the substances of GA h/ch
and Q were administered intragastrically using a pro-
be. The substance GA h/ch was used in the form of an
aqueous solution in the conditionally therapeutic dose of
50 mg/kg. The reference sample of Q was used in the
form of a suspension in the conditionally therapeutic
dose of 20.5 mg/kg'”. The suspension was prepared with
the previous grinding of Q in a mortar and using 0.9%
sodium chloride solution for injections (Darnitsa Phar-
maceutical Company, Ukraine).

Experimental animals and grouping

Adult random-bred male albino rats with the body
weight of 170-210 g were included in the present study.
The rats (30 animals) were taken from the vivarium of
the Central Research Laboratory (National University
of Pharmacy, Kharkiv, Ukraine). The rats were housed
under conventional laboratory conditions in standard
polypropylene cages in a well-ventilated room at 25
+ 1 °C and a relative humidity 55 + 5% with a regular
12 h light/12 h dark cycle'® . The animals received
a standard diet and water ad libitum.

The research was conducted in accordance with the
EU Directive 2010/63/EU on compliance with the laws,
directives and administrative regulations of the EU coun-
tries on the protection of animals used for scientific pur-
poses®. The study design was approved by the Bioeth-
ics Commission of the National University of Pharmacy
(Protocol No. 12 of December, 17, 2014).

All animals were randomly divided into 5 experimen-
tal groups as follows:
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* group 1 — intact control (healthy animals receiving the
combination orally, n = 6)

* group 2 — control pathology (untreated animals receiv-
ing the combination orally (n = 6)

* group 3 — animals with the control pathology treated
with GA h/ch orally in the dose of 50 mg/kg (n = 6)

* group 4 — animals with the control pathology treated
with Glukvamine™ orally in the dose of 82 mg/kg
(n=6)

* group 5 — animals with the control pathology treated
with Q orally in the dose of 20.5 mg/kg (n = 6)

Study design

Animals received the test samples daily for 10 days.
GA h/ch was administered in the dose of 50 mg/kg co-
rresponding to the effective dose by the hepatoprotective
action?”. Glukvamine™ was administered in the dose of
82 mg/kg corresponding to the effective dose in our
preliminary studies'”. Q was administered in the dose of
20.5 mg/kg corresponding to the dose of Q in the combi-
nation of Glukvamine™ studied. Animals in the groups of
the intact control and the control pathology received an
equivalent volume of 0.9% sodium chloride solution for
injections (Darnitsa Pharmaceutical Company, Ukraine).

MTX in the dose of 20 mg/kg in the form of a soluti-
on for injection was administered once intraperitoneally
to all groups of animals, except rats of the intact cont-
rol, on the background of the introduction of objects (on
the 8" day of the study)?. In 3 days after the simulation
of pathology in rats (10 days after administration of the
drugs) the hepatoprotective effect of the samples studied
was assessed. Further, rats were taken out of the study
in order to obtain their liver and blood for biochemical
assays and histological examinations.

Preparation and storage of biological samples

At the end of the experiment, rats were euthanized
under anesthesia with ketamine/xylazine (75/10 mg/kg,
i.p.)*. Animals were weighed; the liver was removed
and weighed. Blood samples were collected from the in-
ferior vena cava and centrifuged at 1500 g at +4 °C for
10 min using an Eppendorf 5702R refrigerated centrifuge
(Eppendorf, Germany). All biological samples were fro-
zen and stored at —80 °C.

Evaluation of the liver mass coefficient N. K.

The liver mass coefficient (LMC) was determined by
the ratio of the weight of the liver to the weight of the
animal and expressed in %%*.

‘1;1‘411:7 = (Qnél;iver/g‘éi

animai

) x 100 %

where M, is the mass of the liver, M is the mass of
the animal.

Evaluation of biochemical parameters N. K.

To evaluate the parameters, biochemical assays were
performed using commercial kits of the company Lachema
(Czech Republic) and an Express Plus automatic biochemi-

cal analyzer (Bayer Diagnostics, Germany). The content of
substances reacting with thiobarbituric acid (TBA) — TBA-
-reactive products (TBA-RP) in the blood serum was de-
termined by the reaction with TBA?. The activity of ASAT
and AIAT in the blood serum of animals was found by the
Reitman-Frankel reaction. The activity of ALP in the blood
serum of animals was determined by the reaction with 4-ni-
trophenylphosphate. The content of total protein was deter-
mined by the biuret reaction. The concentration of urea was
studied by the reaction with diacetylmonooxime.

Histological analysis N. K.

All samples were fixed in 10% formalin solution,
dehydrated in high-strength alcohols, embedded into
paraffin. Tissue sections were stained with Hematoxy-
lin-Eosin (HX&E). The micropreparations were exami-
ned using a Granum L3003 microscope (Granum, Chi-
na-Ukraine), photomicrography of microscopic images
was performed using a Granum DCM 310 digital camera
(Granum, China-Ukraine). The photos were processed
on a Pentium 2,4 GHz computer using the Toup View
program. The morphological studies were carried out at
the premises of the Central Research Laboratory of the
National University of Pharmacy under the supervision
of senior researcher Y.B. Larianovska, PhD in Biology.

Statistical analysis N. K.

The results obtained were processed by descriptive sta-
tistics and presented as the mean + standard error of the
mean (M % SE). Statistical differences between groups
were analyzed using the Student’s t test?®. The computer
software used included IBM SPSS Statictics v. 22 (IBM
Corp.) and MS Excel 2016 (Microsoft Corp.). The level
of statistical significance was considered as p < 0.05.

Results

The experimental data obtained indicate the hepato-
toxic effect of MTX, which is consistent with the litera-

%

3.80
OIntact control
3.60
3.40 BMTX
3.20 -
3.00 BGA h/ch
2.80
2.60 BGlukvamine
2.40
2,20 @Q
2.00

Fig. 1. The liver mass coefficient in rats with MTX intoxication
under the effect of Glukvamine™ and reference objects of GA
h/ch and Q (n = 30)

*significant relative to the intact control group (p < 0.05)
**significant relative to the control pathology group (p < 0.05)
esignificant relative to the reference object of Q (p <0.05)
sssignificant relative to the reference object of GA h/ch

(p <0.05)

n — the number of animals in the experiment
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ture data>?”. The LMC in the group of animals receiving
MTX probably increased by 1.2 times compared to the
intact group (Fig.1). In the absence of significant changes
in the body weight of animals, such changes in the indi-
cator are due to an increase in the liver mass, which can
be caused by the development of hemodynamic disorders
and congestions in the parenchyma of the organ®”-®.

As can be seen from the table, the introduction of the
samples studied reduced the toxic effect of MTX. LMC
in the group of animals that received Glukvamine™
against the background of MTX significantly decreased
relative to the control pathology group (by 1.1 times),
and this indicator significantly differed by the severity of
changes from that in the groups of reference samples. In
the groups of animals receiving reference samples of GA
h/ch and Q, no significant changes were observed com-
pared to the control group by the value of LMC.

The literature data analysis shows that the mechanism
of MTX toxic action is based on the free-radical oxida-
tion (FRO) induction and increased membrane permea-
bility??. The results of the experiment showed that the
process of lipid peroxidation was activated in animals
with MTX-induced intoxication; it was evidenced by
a significant increase in the content of TBA-RP in the
blood serum by 2.1 times relative to the intact group
(Table 1).

There was also a significant increase in the activity of
indicator enzymes of cytolysis and cholestasis: the activ-
ity of AST increased by 1.4 times, ALT — by 2.1 times,
and alkaline phosphatase (ALP) — by 2.1 times relative
to the group of intact animals (Table 1). Against the
background of lipid peroxidation activation and hyper-
enzymemia, protein metabolism disorders were observed

in animals of the control pathology group — a significant
decrease in the total protein content relative to the intact
group (by 1.2 times) and an increase in the urea concen-
tration (by 1.3 times) in the blood serum of animals. It
generally indicates the predominance of protein catabo-
lism processes due to the mechanism of MTX hepatotox-
icity with oxidative modification of proteins and accumu-
lation of toxic metabolic products®-3?,

The analysis of biochemical indicators in the groups
of animals studied revealed a positive dynamics towards
leveling the toxic effect of MTX. Administration of Gluk-
vamine™ and the reference samples of GA h/ch and Q
to rats suppressed FRO initiated by MTX. It was shown
by a significant decrease in the level of the blood serum
TBA-RP by 1.3, 1.3 and 1.2 times, respectively, relative
to the control group of animals (Table 1). All the samples
studied also prevented the development of cytolysis and
cholestasis to varying degrees on the background of
MTX toxicity (Table 1). In groups of rats that received
Glukvamine™ and the reference sample of GA h/ch on
the background of MTX the ALT activity significantly
decreased by 1.8 times relative to the control patholo-
gy group and almost reached the same activity as in the
group of intact animals (Table 1). The ALT activity in the
group of animals that received the reference sample of
Q on the background of MTX significantly decreased by
1.6 times relative to the control group, but did not reach
the intact values. Administration of Glukvamine™ and
the reference samples to animals on the background of
MTX-induced intoxication also led to a significant de-
crease in the activity of the AST enzyme in the blood
serum of rats: in the group of Glukvamine™ — by 1.4
times, and in the groups of GA h/ch and Q — by 1.3 times

Table 1. The impact of the study objects on the biochemical parameters of the blood serum of rats with methotrexate intoxication

(M +SE, n = 30)
. MTX +
Test indicators Intact control MTX MTX + GA h/ch T MTX +Q
Glukvamine

TBA-RP of blood 0.30 +0.02 0.63 +0.02* 0.48 +£0.05%/**| .49 % 0.05%/** 0.54 + 0.04%/**
serum (umol/L)
ALT

0.20 + 0.02 0.42 + 0.03* 0.24 +0.03%* 0.23 +£0.03%* 0.26 + 0.01%/%*
(mmol/hxL)
AST

0.52 +0.02 0.74 + 0.01* 0.56 +0.01%* 0.54 +0.03%* 0.59 + 0.01%/%*
(mmol/hxL)
ALP

1.51£0.12 3.14+0.12% 1.78 £ 0.05%/*%|  1.63 +0.09%%/* 1.89 % 0.09%/%*
(umol/sxL)
(Tg"/ti‘; protein 86.34 + 0.45 73.45+0.49% | 7891+ 0.57%/*%% | 79.08 +£0.63%/**/4 7420+ 0.34*
Urea 5144022 6.65+ 0.25% 6.24 + 0.14* 6.08 + 0.17%/%* 6.11 % 0.11%/%%
(mmol/L)

*significant relative to the intact control group (p < 0.05)
**significant relative to the control pathology group (p < 0.05)
ssignificant relative to the reference object of Q (p < 0.05)

n — the number of animals in the experiment
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relative to animals in the control pathology group (Table
1). The AST activity in the groups of Glukvamine™ and
the reference sample of GA h/ch did not significantly dif-
fer from the similar value in the intact group.

Against the background of the toxic effect of MTX the
combination of Glukvamine™ studied showed the ability
to reduce the phenomena of cholestasis, which manifest-
ed in reduction of the ALP activity by 1.9 times in the
control group of animals. In addition, the ALP activity
in this group of animals significantly differed from that
in the group of the Q reference sample and did not sig-
nificantly differ from the intact group. Under the effect of
the reference samples of GA h/ch and Q the ALP activity
significantly decreased by 1.8 and 1.7 times, respectively,
compared to the group of rats treated with the cytostatic,
but did not reach the values of the group of intact ani-
mals. On the background of MTX-induced intoxication
the combination studied also reduced hypoproteinemia
and within certain limits normalized the concentration
of urea in the blood serum of the treated rats (Table 1).
The total protein content in the blood serum of animals
that received Glukvamine™ on the background of MTX
significantly increased by 1.1 times compared to the con-
trol group of rats, and this indicator significantly differed
from that in the group of the Q reference sample. In the
group of the GA h/ch reference sample the total protein
content significantly increased by 1.1 times compared to
the control group of rats, while in the Q group it did not

significantly differ from that in the control group of an-
imals.

In animals that received Glukvamine™ and the Q ref-
erence sample on the background of MTX the urea con-
centration significantly decreased by 1.1 times (p < 0.05)
relative to the control pathology group. In the group of
rats that received the reference sample of GA h/ch the
urea concentration did not significantly change compared
to the control group. It should be noted that in any of the
rat groups the urea concentration did not reach the value
of the group of intact animals.

The macroscopic examination of livers from the intact
control group showed a normal red-brownish, smooth
and shiny appearance. On the contrary, livers obtained
from the MTX-induced damage group were enlarged and
yellowish. Most of livers taken from the Glukvamine™
group had a normal color and appearance like in the in-
tact control group, while most of livers from protective
groups GA h/ch and Q showed a normal color, but were
somewhat enlarged.

The microscopic examination of the samples of liver
tissues of the intact control showed the normal hepatic
architecture. Each hepatic lobule consisted of anasto-
mosing radially distributing hepatocytes. Hepatocytes
were of characteristic shape and size with well-defined
boundaries, the cytoplasm was acidophilic, evenly col-
ored, optically dense, and did not contain inclusions.
The nuclei of hepatocytes were normochromic, centrally

Fig. 2. Photomicrographs of samples of liver tissues of intact control rats (4), rats treated with MTX (B,
C): a focus of hepatocyte necrosis (B) (% 250), vacuolar degeneration of hepatocytes (C) (HX&E * 200)

Fig. 3. Photomicrographs of samples of liver tissues of rats treated with Glukvamine™ (A), GA h/ch
(B) and Q (C): A — the normal arrangement of hepatocytes, B, C — small foci of hepatocyte necrosis
(HX&E % 200)
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located and contained 1, sometimes 2 nucleoli. Kupffer
cells were common. The hepatic portal tracts were seen
at the periphery of the lobule. Portal tracts had branches
of the portal vein, hepatic artery and bile duct (Fig. 2A).

The samples of liver tissues of rats exposed to meth-
otrexate showed signs of local hemodynamic disorders,
and it confirmed the increase of LMC. Erythrocyte stasis
and thrombosis were observed in the collecting veins and
in the surrounding sinusoidal capillaries. The inflamma-
tory cell infiltrations were detected around the region of
portal triads. The foci of hepatocyte necrosis of different
sizes were seen quite often (Fig. 2B). Vacuolar degen-
eration of hepatocytes of varying severity was observed
(Fig. 2C). The number and size of areas of extramedul-
lary hematopoiesis was increased. Activation of Kupffer
cells and their small proliferates was observed, and it was
a marker of the excess antigen elimination. The prolifera-
tion of the bile ductules was observed.

There was a marked improvement of liver tissues when
examining the liver samples in the Glukvamine™ group.
Dystrophic changes in hepatocytes and foci of cell ne-
crosis were not observed (Fig. 3A). Congestion of col-
lecting veins and blood vessels of the triads was normal.
The number of binucleated hepatocytes was significantly
increased. The number of areas of extramedullary hema-
topoiesis was decreased. The inflammatory cell infiltra-
tions were not observed. Kupffer cells remained in an
activated state, but cell proliferation was not seen.

Significant hemodynamic disorders and dystrophy of
hepatocytes of the samples of liver tissues in the GA h/ch
group were not observed. The inflammatory cell infiltra-
tions were not observed. The number of areas of extra-
medullary hematopoiesis was decreased. However, small
foci of hepatocyte necrosis in different places were ob-
served. The number of binucleated hepatocytes was not
increased. Kupffer cells were activated (Fig. 3B).

There was a weak vacuolar degeneration of hepatocytes
in 50% samples of liver tissues in the Q group. Small foci
of hepatocyte necrosis and moderate inflammatory cell
infiltrations were observed. Kupffer cells were activated.
The number of binucleated hepatocytes was decreased
(Fig. 3C).

Discussion

Hepatotoxicity is caused by the impact of various
pathogenic factors (chemical, biological, etc.) and is
manifested by degeneration of liver cells, necrosis and
changes in the main functions of the liver. Thus, hepa-
totoxicity is one of the serious side effects of the MTX
treatment with a cytostatic of the antimetabolite group of
folic acid antagonists®!. After distribution in tissues, high
concentrations of MTX in the form of polyglutamate are
found in various organs (and in particular, in the liver)
where the cytostatic can be retained for several weeks or
even months. Studies of many scientists suggest that the
occurrence of toxic effects in relation to the liver is due to
the activation of cytostatic processes of FRO, oxidative
modification of proteins, nucleic acids and the accumula-

tion of toxic metabolic products®> "D, Since the hepa-
totoxic effect of MTX can be a significant limiting factor
for its clinical use, today it is of interest to search and
study drugs with hepatoprotective properties to reduce
the negative effect of cytostatics on the liver. This study
evaluated the effect of the combination of derivatives of
GA with Q called Glukvamine™ on MTX-induced hep-
atotoxicity in rats.

The analysis of the data shows that under the effect
of a single intraperitoneal administration of MTX in the
dose of 20 mg/kg a full-scale picture of the experimental
intoxication corresponding to the known literature data
develops in rats'® 273D, Lethality was not observed in the
control pathology group of rats, but the condition of the
animals was quite severe as evidenced by their lack of
mobility, loss of appetite, and the occurrence of diarrhea.
Against the background of the introduction of MTX there
was an increase in LMC (1.2 times (p < 0.05), which in-
dicated the development of dystrophic and necrobiot-
ic processes in the parenchyma of the organ’V. As it is
known, the mechanism of MTX-induced hepatotoxicity
plays an important role in increasing the level of reactive
oxygen intermediate (ROI) and free radicals as a result
of oxidative stress and activation of the process of lipid
peroxidation. Since TBA-RP is one of the end products
of the process of lipid peroxidation, its content was used
as a marker to determine the extent of tissue damage. Un-
der the effect of cytostatics the content of TBA-RP in
the blood serum increased by 2.1 times (p < 0.05), and
it confirmed the activation of the process of lipid perox-
idation> 2”3V, The development of distinct hyperfermen-
temia against the background of the MTX administration
(the AST activity increased by 1.4 times, ALT and ALP —
by 2.1 times (p < 0.05)) indicated the structural integrity
disturbance of the liver®*3?. Disorders of metabolic pro-
cesses against the background of the toxic effect of MTX
with a predominance of decomposition processes were
reflected by a decrease in the total protein content by 1.2
times and an increase in the urea concentration by 1.3
times (p < 0.05). These changes are obviously associated
with the disturbance of protein structures and formation
of protein adducts with ROI under the effect of MTX, as
well as with the manifestation of the nephrotoxic action
of the cytostatic (the loss of protein by the renal route
is possible)®”. Administration of MXT caused a marked
deterioration of the histological architecture of the liver
tissue compared to the intact control group. There were
histological changes in the samples of liver tissues, such
as inflammatory cell infiltration, vacuolar degeneration
of hepatocytes, foci of hepatocyte necrosis, activation of
Kupffer cells, proliferated bile ductules'®2®.

The results of the study indicate that under the effect
of Glukvamine™ the manifestations of MTX-induced
hepatotoxicity in rats were reduced. The general condi-
tion of animals that received Glukvamine™ improved:
the rats did not lose the desire to eat, drink and did not
differ in appearance, behavior from the animals of the
intact group, and they did not have diarrhea in contrast to
the control group. Administration of Glukvamine™ con-
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tributed to the reduction of congestion in the liver paren-
chyma as evidenced by a decrease in LMC by 1.1 times
(p < 0.05). A probable decrease in the level of the blood
serum TBA-RP by 1.3 times indicated the inhibition of
the activity of the process of lipid peroxidation against
the background of the experimental combination intro-
duction. Administration of Glukvamine™ reduced the
cytolytic processes and phenomena of cholestasis, and it
was reflected by a significant decrease in the activity of
the corresponding marker enzymes (AST — by 1.4 times,
ALT — by 1.8 times and ALP — by 1.9 times). A prob-
able decrease in hypoproteinemia and normalization of
the urea concentration relative to the control pathology
group indicated the restoration of liver metabolic func-
tions under the effect of the combination. The treatment
with Glukvamine™ improved the structural and func-
tional state of the liver. There was a decrease in dystro-
phic changes and foci of necrosis, an increase in activity
of regeneration processes in the liver.

Compared to the reference samples of Q and GA h/ch
groups by the value of LMC, a number of the biochemi-
cal parameters (ALP activity, urea concentration and to-
tal protein content), as well as the results of histological
analysis, the use of Glukvamine™ was more effective.
The hepatoprotective activity of Glukvamine™ under
conditions of the toxic effect of MTX can be attributed
to the antioxidant, anticytolytic, membrane-stabilizing,
anabolic, and anti-inflammatory action. This is due to the
properties of its individual active components — deriva-
tives of GA and Q.

According to the results of the studies previously con-
ducted at the Department of Clinical Pharmacology and
Clinical Pharmacy of the National University of Pharma-
cy (Kharkiv, Ukraine) it has been found that when taken
orally amino sugars (GA h/ch and NAG) increase the
bioavailability and enhance the prolongation of the phar-
macokinetic profile of Q (the absorption intensity of Q
increases by 2.5 times compared to the pure substance).
It has been also proven that there is no pharmaceutical
interaction between derivatives of GA and Q, which exc-
ludes irreversible chemical interaction between them. In
addition, the combination of Glukvamine™ is safe due to
the harmlessness of its monocomponents”.

Therefore, all the above data and the research results
substantiate the feasibility of further study of Glukvami-
ne™ as an effective and safe agent for correcting the he-
patotoxic effects of MTX.

Conclusion

The introduction of Glukvamine™ has a pronounced
protective effect in relation to the rat liver under conditi-
ons of MTX-induced intoxication. The hepatoprotective
effect of Glukvamine™ statistically significantly exceeds
the similar effect of the reference samples (GA h/ch and
Q) under conditions of MTX-induced intoxication in
rats. The results obtained serve as an experimental sub-
stantiation for further in-depth preclinical study of the
pharmacodynamics and pharmacology of safety of Gluk-

vamine™ as a modifier of the toxic effect of MTX to opti-
mize the support therapy during the treatment of diseases
accompanied by excessive cell proliferation.

Conflict of interest: none.
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