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1. Introduction
Juvenile idiopathic arthritis (JIA) is the most com-

mon rheumatic disease of childhood (1:1000 children). 
Methotrexate (MTX) remains the drug of choice for JIA 
treatment, despite the development and active implemen-
tation of immunobiological therapy [1]. Methotrexate is 
commonly administered orally as a single weekly dose 
during JIA treatment. MTX dosage is clearly regulated 
by modern treatment guidelines. After oral administration, 
MTX is absorbed in the proximal jejunum by the pro-
ton-coupled folate transporter (PCFT/SLC46A1), which 
transports reduced folates and MTX [2]. Major elimina-
tion route of MTX is renal excretion constitutes. First-
pass of MTX metabolism occurs in the liver, where it is 
converted to 7-hydroxymethotrexate (7-OH-MTX), which 
is major metabolite of MTX [3].

Hepatotoxicity remains one of the most common 
side effects of MTX. Slight increase in aminotransferas-
es level, hepatic steatosis, fibrosis and cirrhosis are most 
common manifestations of hepatotoxicity [4], which re-
flect the morphological features of non-alcoholic fatty 
liver disease (NAFLD). NAFLD pathogenesis associated 
with MTX treatment mostly occurs in such ways:

1) by MTX ability to enhance adenosine release 
from cultured cells, which further stimulates collagen 
production by stellate cells of the liver [5, 6].

2) MTX also interferes with the generation of me-
thionine from homocysteine. Excess homocysteine pro-
motes fat accumulation in the liver and can activate 
proinflammatory cytokines and hepatic stellate cells, 
leading to liver fibrosis [7, 8].

3) may be associated with reactive oxygen species 
generation. MTX has been shown to cause oxidative tis-
sue damage by enhancing lipid peroxidation in liver tis-
sues and reducing the activity of antioxidant enzymes [9].

Due to the significant compensatory potential of 
the liver in childhood, it is important to prevent the de-
velopment of steatosis or fibrosis in the future in these 
patients. Including the study of the risk of fibrosis is 
possible using trigger factors for its development.

Fibroblast growth factor (FGF) has shown a po-
tential effect on tissue repair and regeneration [10, 11]. 
It was originally identified as a protein capable of stim-
ulating fibroblast proliferation. It is now known that the 
group of these factors includes 22 members, of which 
FGFs perform multiple functions by binding and acti-
vating fibroblast growth factor receptors (FGFR). Fibro-
blast growth factor receptors 1, 2 and 4 are expressed in 
the liver, and FGFR4 exclusively in hepatocytes [12]. 
FGF1 and FGF2 are produced during hepatocyte repli-
cation and are mitogens for both endothelial and stellate 
liver cells [13].
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Hepatocyte growth factor (HGF) was first identi-
fied as a mitogenic protein for rat hepatocytes in 1984 
[14]. The proliferative activity of hepatocytes is associat-
ed with the level of organ-specific growth factors in the 
blood [14], the leading role among which belongs to the 
hepatocyte growth factor (HGF) [15, 16]. Hepatocyte 
growth factor is a glycoprotein that is a strong mitogen 
for hepatocytes and is involved in liver regeneration. It 
stimulates the proliferation of certain types of epithelio-
cytes, as well as vascular endothelial cells and melano-
cytes. Since its discovery, studies have identified the 
potential therapeutic activity of HGF for the treatment of 
various diseases of the liver, kidneys and lungs.

The aim was to establish the role of molecular 
cellular mechanisms of fibrotic processes in the liver in 
adolescents with juvenile idiopathic arthritis treated with 
MTX by determining the content of fibroblast growth 
factor and hepatocyte growth factor.

2. Materials and methods
A prospective controlled study was conducted in 

68 adolescents who in 2017–2019 were treated in the De-
partment of Cardiorheumatology of the State Institution 

“Institute of Child and Adolescent Health of the National 
Academy of Medical Sciences of Ukraine” with a diagno-
sis of “Juvenile Idiopathic Arthritis” (UA, ICD-X M08 
according to the International Classification of Diseases 
10th revision).

This paper complies with ethical standards and 
was approved by the Ethics Committee of the Kharkiv 
Medical Academy of Postgraduate Education on June 26, 
2020, protocol No. 2. This work was carried out in accor-
dance with the Declaration of Helsinki. Informational 
consent was obtained from all parents.

Inclusion criteria: boys and girls aged 10 to 18, 
patients with JIA (oligoarthritis and polyarthritis) treated 
with MTX and children whom MTX were prescribed, 
but they did not received it yet on the moment of this 
study were provided.

Exclusion criteria: children with chronic patholo-
gy of the liver, gastrointestinal tract, genetic and endo-
crine pathologies.

The diagnosis “Juvenile idiopathic arthritis” was 
established in accordance with the Order of the Minis-
try of Health of Ukraine dated 22.10.2012 No. 832  

“On approval of a unified clinical protocol for medical 
care for children with juvenile arthritis”. Treatment of 
all children was carried out in accordance with the 
same order.

All adolescents underwent clinical history, labora-
tory tests and instrumental studies to verify the diagno-
sis, determined the level of enzymes that are indicators 
of cytolytic syndrome of liver damage (AST, ALT, LDH) 
and liver ultrasound.

Liver fibrosis indexes calculation was performed 
using Microsoft Excel according to generally accepted 
formulas.

APRI – AST to Platelet Ratio Index: 

[(AST/ULN AST)×100]/Platelets (109/L)],

FIB-4 score – (Fibrosis 4 Score): 

(Age×AST)/(Plts×(sqr (ALT))).

Blood adiponectin levels were determined by en-
zyme-linked immunosorbent assay using the Human 
Adiponectin ELISA kit manufactured by BioVendor.

Determination of BFGF and HGF levels in the 
blood was performed by enzyme-linked immunosorbent 
assay using Human bFGF ELISA and Human HGF ELI-
SA kits made by Elabscience.

To evaluate study results, children were divided 
into four groups according to cumulative dose received 
during JIA treatment with methotrexate. Group 1 includ-
ed adolescents with JIA who had just been prescribed 
MTX and had not yet received it (n=18), group 2 included 
patients who received CD MTX less than one gram 
(n=15), group 3 included adolescents, who received from 
1 to 3 grams of the drug (n=18), and up to 4 – adolescents 
who received more than 3 grams of MTX (n=17).

Statistical processing of the study materials was 
performed using the software package Statistica 6.0. Be-
fore statistical processing, all data were checked for nor-
mal distribution. Pearson and Spearman correlations 
were used. One-way ANOVA was used to statistically 
compare the values   of the study groups. To calculate 
statistical significance – LSD test. Differences were con-
sidered significant at p <0.05.

3. Results
68 adolescents (25 b o ys) (36.8 %) and 43 girls 

(63.2 %) were examined, with a mean age of 13.3±0.3 
years, and 23 (33.8 %) with oligoarthritis and 45 (66.2 %) 
with polyarthritis w i th complaints and objective signs 
relevant to JIA.

During data analysing most patients have follow-
ing complaints of digestive system: nausea – 28 children 
(42.1 %), belching – 2 (3.2 %), epigastric pain – 35 (51.0 %), 
pain in the pyloroduodenal area – 28 (41.4 %), pain in the 
right hypochondrium – 25 (37.7 %), abdominal pain asso-
ciated with methotrexate – in 15 (21.7 %). During abdomen 
palpation, pain in the right hypochondrium was in 27  
(39.2 %) patients, in the epigastrium – in 22 (31.9 %). In-
creased liver size obtained by palpation was detected in 50 
(73.8 %) adolescents. According to liver ultrasound in the 
group of patients who did not receive MTX, 30 (44 %) 
children showed an increase in liver size and increased 
echogenicity in 11 (16.7 %) patients. That is, according to 
ultrasound, most often the liver increase and its echogenic-
ity changes were determined before taking MTX. After 
MTX receiving, the frequency of these manifestations 
decreased by half. Thus, in the group of children who re-
ceived MTX up to 1 gram – 15 (21.4 %) children were with 
liver enlargement and 5 (6.7 %) with increased echogenic-
ity. In the group of children who received MTX from 1 to 
3 grams, there was an increase in the liver – in 15 (22.2 %) 
and an increase in echogenicity – in 4 (5.6 %). In the group 
of children receiving MTX more than 3 grams – in 14 
(20.4 %) children with liver enlargement, 8 (11.8 %) had an 
increase in echogenicity, which is almost twice more as 
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much as in previous groups. This may indirectly indicate 
the initial signs of fibrosis.

The results of determining the content of enzymes, 
adiponectin, liver fibrosis indices, fibroblast growth fac-
tors and hepatocytes are given in Table 1. 

Studied laboratory parameters analysis revealed a 
tendency to increase of BFGF level and decrease of HGF 
content in accordance with MTX accumulation, which 
may indicate a tendency of liver fibrosis and a decrease 
in the ability hepatocytes recovery. The level of cytolysis 
enzymes and adiponectin was determined within normal 
limits. According to liver fibrosis indexes APRI and FIB-
4 Score, significant changes in adolescents with the high-
est CD MTX (more than 3 g) compared with patients who 
had not yet received MTX, or the cumulative dose was 
less than 3 grams were observed.

Correlation analysis between the studied parame-
ters revealed the following.

When studying a cohort of children with a diagnosis 
of JIA who did not receive MTX, there were statistically 
significant correlations (p<0.05) of BFGF levels with ALT 
(r=0.512), FIB-4 Score index (r=0.546), adiponectin levels 
(r=0.577). According to this information JIA potentiates the 
activity of fibrotic processes in both joints and liver. This 
effect may not cause enough liver damage, as evidenced by 
the lack of correlation with HGF, i. e. the processes of liver 
regeneration at this stage have not yet begun.

In the group of children who received CD MTX 
less than 1 gram of BFGF statistically significant correla-
tions with these indicators were not found. That is, with 
the start of MTX therapy there is a positive effect on 
liver function. Thus, the drug levels the activity of fibrot-
ic processes in both joints and liver. 

In the group of children who received MTX from 
1 to 3 grams, statistically significant negative correlation 
of BFGF and HGF was found (r=–0.648, p<0.05). Thus, 
at the same time, hepatocyte regeneration processes may 
begin and the liver still can compensate negative effects 
of JIA and MTX hepatotoxicity. That is, careful monitor-
ing of its condition is necessary to exclude the possibility 
of irreversible death of hepatocytes.

In the group of children who received CD MTX 
more than 3 grams, there was negative statistically sig-
nificant correlation of BFGF level with LDH (r=–0.649, 

p<0.05). It is possible that at this stage there is a decrease 
in the activity of hepatocyte repair which may be associ-
ated with both the severity of JIA and the manifestation 
and accumulation of toxic effects of MTX.

4. Research results discussion
We find out that monitoring of the liver condition

is extremely important during JIA treatment with meth-
otrexate to detect early signs of liver damage. JIA can 
affect the liver by involving the same mechanisms as to 
the joints, which confirmed by positive correlations be-
tween fibroblast growth factor levels and cytolysis en-
zyme activity ALT, increased FIB-4 Score liver fibrosis 
index, and adiponectin content, which is one of the mark-
ers of inflammation and steatosis of the liver, which is 
consistent with previous studies [17]. 

Starting MTX treatment, its positive effect is ob-
served, which is confirmed by the absence of statistically 
significant correlations of the studied indicators with 
both BFGF and HGF levels, which shows the prolifera-
tive activity of hepatocytes [14]. 

Reaching the CD MTX of 1 and 3 grams, there is 
an increase need of liver state studding, which is con-
firmed by the presence of a negative statistically signifi-
cant correlation of BFGF and HGF. Regulatory mecha-
nisms involvement that provoke liver regeneration when 
reaching 1 gram of the MTX indicates the inability of the 
liver to effectively perform all its functions, but it is still 
able to restore itself. Effective liver functioning increases 
the chances of further prolonged remission of the JIA, so 
it is extremely important to maintain its functioning. 
When the cumulative dose of 3 grams is reached, there is 
a tendency to decrease of HGF level, which may indicate 
a decrease in regeneration processes, which may be asso-
ciated with the severity of JIA and the manifestation and 
accumulation of toxic effects of MTX. 

Study limitations. Liver biopsy was not performed, 
and we cannot definitively exclude liver fibrosis and ste-
atosis. However, morphological study can’t be provided in 
pediatrics as a screening method which is due to its inva-
sive nature. On the other hand, the strength of our results 
is that we studied liver condition in adolescents with JIA 
without other chronic diseases and therefore they may in-
dicate the effect of MTX on liver function.

Table 1
Mean laboratory values in adolescents with JIA receiving methotrexate treatment 

Indicator 1 (0 g CD) 2 (up to 1 g CD) 3 (1–3 g CD) 4 (more than 3 g CD)

BFGF (pg/ml) 6876.4±338.1 7416.1±230.1 7212.1±253.7 7388.4±308.6

HGF (pg/ml) 202.7±20.1 163.3±11.2 182.3±26.8 171.5±11.5

ALT (U/L) 20.9±1.9 30.1±2.8*1.2 26.0±2.4 23.6±2.03

AST (U/L) 25.1±2.3 34.9±2.7*1.2 30.5±2.8 27.9±1.9

LDH (U/L) 155.7±6.4 160.9±8.9 146.6±8.4 136.6±8.2*2.4

APRI index 0.296±0.03 0.403±0.03*1.2 0.354±0.4 0.325±0.03*2.4

FIB-4 Score 0.244±0.02 0.288±0.01 0.281±0.02 0.323±0.02*1.4

Adiponectin (mcg/ml) 1.53±0.1 1.45±0.2 1.43±0.1 1.55±0.06

Note: *1,2,3,4 – statistically significant difference between groups (p<0.05)
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Prospects for further research. In the future, it is 
planned to analyse other aspects of liver dysfunction in 
patients with JIA. Parameters we studied can be used for 
timely determination of risks of irreversible pathological 
changes development of the liver during JIA treatment 
with methotrexate and timely appointment of hepatopro-
tective drugs.

5. Conclusions
1. Nausea, pain, and tenderness on palpation in the 

right hypochondrium were observed in 40 % of adoles-
cents with JIA treated with methotrexate. Liver enlarge-
ment was detected on palpation in 2/3 of patients.

2. Ultrasound of the liver in 44 % of adolescents 
with JIA showed its increase before treatment, and its 
decrease in almost half of patients on treatment. 

3. The level of cytolysis enzymes (ALT, AST and 
LDH) in adolescents with JIA remained within normal 
limits, but with increasing cumulative dose of methotrex-

ate there is a significant increase in liver fibrosis indices 
APRI index and FIB-4 Score.

4. With the accumulation of methotrexate, there 
was a tendency to increase the activity of fibrosis, which 
was confirmed by an increase in BFGF levels against the 
background of inhibition of liver regenerative capacity, 
as evidenced by a decrease in HGF.

5. Monitoring of liver fibrosis is appropriate at all 
stages of JIA treatment, but is most appropriate when 
reaching a cumulative dose of 1 and 3 grams.

Thus, timely and adequate treatment of JIA with 
methotrexate prevents irreversible changes in the liver, 
but dynamic monitoring of its functioning and early 
detection of signs of organ fibrosis is appropriate for 
timely correction of therapy. 
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1. Introduction
Millions of years living organisms seen only with

the «familiar cues» of the environment, as the basis on 
which in evolution formed their functional relationships 
with the outside world, and between organs and cells of 
the organisms themselves were the chemical and physical 
factors that are strictly conform to the composition and 
level of specific terrestrial environment: chemical com-

position of seawater, where life began, atmospheric gases, 
temperature fluctuations, light, atmospheric pressure, 
levels of natural radiation, etc. At the same time, on its 
basis, mechanisms of neutralization and excretion of a 
substance foreign to it were formed. All this ensured the 
effective functioning and reproduction of organisms and 
their adaptation to the changing conditions of existence 
due to fluctuations in climate and other factors, the 
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STUDY OF THE EFFECT OF THE XENOBIOTIC HORMONE ON THE REPRODUCTIVE 
FUNCTION OF RATS

N. Kononenko, A. Minukhin, V. Chikitkina

The aim is to study the effect of the xenobiotic of Nonylphenol on functional and morphological indices of the 
reproductive system of males of rats.
Materials and methods. Experimental modelling of gonadotoxic effects of the xenobiotic was performed by in-
halation of Nonylphenol at a concentration of 500 mg/m3 for 30 days, 5 days a week, 5 hours a day in conditions 
of the seed chamber. Male rats ejaculate were obtained by the method of electrostimulation seed tubercle in the 
mucous membrane of the rectum. The number of sperm in the ejaculate and their mobility were determined in the 
Hemocytometer 1, 7, 14 and 30 days after the start of the experiment. Macroscopic study of the testes included the 
assessment of external signs of damage, the determination of the mass and length of the testes. 
Results. It is established that the introduction of Nonylphenol to rats males leads to a gradual dynamical reduction 
of the total number and the number of mobile forms of sperm cells compared to intact animals. At the end of the 
experiment the number of mobile forms of sperm was 2.1 times below the original data. Long-term effect of Non-
ylphenol has also led to a significant decrease of body weight growth, which confirms its high toxicity. In the study 
found that intoxication in Mature rats Nonylphenol were significant changes in the reproductive system, which is 
primarily characterized by decreased weight of the testes and the appendages of the testis, and changes in linear 
dimensions of the bodies downward. These violations indicate a feminizing effect of this hormone-like xenobiotic 
and its role in the development of male infertility.
Conclusions. Quantitative and qualitative parameters of the ejaculate of sexually mature male rats can serve as a 
valid criterion for adaptive and maladaptive processes occurring in the organism under the influence of the xeno-
biotic. In conditions of prolonged exposure to Nonylphenol (within 30 days) the changes in mass of the testes and 
reduce their linear dimensions
Keywords: Nonylphenol, reproductive system, gonads, spermatogenesis
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