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Connection of the publication with the planned sci-
entific research.

The scientific work is a part of the research topic of 
the Department of Faculty Therapy of Uzhhorod Nation-
al University: “Combined pathology and correction of 
homeostasis disorders of Carpathian region residents, 
taking into account the action of adverse factors”, state 
registration number 0121U110808.

Introduction. 
According to WHO data in 2019, 58 million people 

have chronic hepatitis C (CHC), which leads to about 
400,000 deaths every year. HCV develops in approxi-
mately 70% of people after acute HCV infection and is 
characterized by persistent viremia and liver inflamma-
tion [1]. The persistence of HCV is primarily due to its 
ability to interfere with the host’s immune response to 
infection and inhibit apoptotic pathways, thus allowing 
continuous viral replication [2]. HCV induces hepatocyte 
oxidative stress and mitochondrial dysfunction, leading 
to a strong antioxidant response, including induction of 
metallothionein genes [3]. Continued viral replication 
also leads to a strong inflammatory response, charac-
terized by a large number of activated immune cells 
in the liver, as well as elevated levels of serum amino-
transferases and pro-inflammatory cytokines such as 
interleukin-6 (IL-6) and tumor necrosis factor α (TNF-α). 
As a result, chronic hepatocyte damage mediated by 
ineffective innate and adaptive immune responses pro-
motes liver fibrosis, ultimately leading to cirrhosis and 
hepatocellular carcinoma [2]. In general, studies show 
that chronic zinc (Zn) deficiency, which is one of the es-
sential microelements, occurs with CHC [4, 5, 6]. It is be-
lieved that as a result of HCV-mediated mitochondrial 
dysfunction, the presence of oxidative stress disrupts 
Zn homeostasis, as it is a signaling molecule and second 
messenger in redox reactions [5]. It is important that 
after the elimination of the virus after treatment with 
interferons or antiviral drugs of direct action, the level of 

Zn in blood serum increases significantly, probably due 
to the reduction of the inflammatory process in the liver 
and improvement of its absorption in the intestine [7]. 
In CHC, a decrease in the level of Zn can also be a conse-
quence of liver fibrosis, which includes various mecha-
nisms, in particular, hypoalbuminemia, damage to the 
intestinal mucosa against the background of portal hy-
pertension, and increased excretion of Zn in the urine 
through the portosystemic shunt [4, 7, 8]. However, the 
concentration of Zn in blood serum can decrease under 
the influence of inflammation even in the absence of 
hypoalbuminemia due to the influence of pro-inflam-
matory cytokines, which have been proven to play an 
important role in the homeostasis of this trace element 
[9]. Zn deficiency leads to an increase in the recovery 
time for many infectious diseases, as it plays a signifi-
cant role in immunity [10]. Zn inhibits the replication of 
viruses in vitro, in particular human immunodeficiency 
virus, rhinovirus, herpes simplex virus, respiratory syn-
cytial virus, and HCV [11]. Therefore, the question of the 
association of Zn content in blood serum with the se-
verity of inflammation and liver fibrosis in patients with 
CHC remains open.

The aim of the study.
To assess the levels of interleukins IL-1β, IL-4 and 

IL-6, TNF-α and collagen IV depending on the Zn content 
in blood serum in patients with chronic hepatitis C.

Object and research methods. 
88 outpatients with a diagnosis of CHC were under 

observation. Criteria for inclusion in the study: patients 
with a verified diagnosis of CHC who agreed to follow-
up. Exclusion criteria were: alcoholic, autoimmune, and 
toxic liver damage, cirrhosis of the liver, myocardial in-
farction in the first 6 months, diseases of the respira-
tory and gastrointestinal tract in the acute phase, de-
compensated diseases, diseases of the nervous system, 
psycho-emotional and mental disorders that prevent 
conducting this study and the patient’s decision to stop 
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participating in the study. The studied patients had no 
markers of infection with other hepatitis viruses (A, B, D, 
G, TT), highly specific markers of autoimmune hepatitis/
cross syndrome (anti-LKM-1, anti-SLA and anti-LC-1) and 
HIV infection. All patients denied the use of corticoste-
roids, non-steroidal anti-inflammatory and immunosup-
pressive drugs. The control group consisted of 30 practi-
cally healthy people.

All patients underwent clinical and laboratory exam-
inations according to the standard of medical care for 
hepatitis C in adults. HCV was performed according to 
the 10th revision of the ICD and verified by the detec-
tion of total antibodies of the IgG class to the structural 
and non-structural proteins of HCV (antiHCV IgG +) by 
the serological ELISA method, as well as by the indica-
tion of the investigated HCV + RNA in the blood by the 
PCR method with viral load and genotyping. Testing was 
performed on a thermal cycler with a real-time PCR 
product detection system “iQ 5”, Vio-Rad, USA. General 
clinical, biochemical, serological and molecular genetic 
studies were performed in accredited laboratories: clini-
cal and diagnostic laboratories of the Regional Clinical 
Infectious Diseases Hospital in Uzhhorod and private 
laboratories “Dila” and “Astra-Dia”. The level of Zn in the 
blood serum of patients was also determined, where 
a level of 0,553-1,046 mg/L was considered the norm. 
Depending on the serum Zn level, the patients were 
divided into 2 groups: the first group included patients 
with a reduced level of Zn (n=42) and the second group 
included patients whose serum Zn level was within the 
normal range (n=46). The studied groups were homoge-
neous in terms of sex (χ2=0,386, df=1, p=0,534) and age 
(U=888, p=0,514).

The following biochemical blood parameters were 
analyzed in all patients: activity of alanine amino-
transferase (ALT), aspartate aminotransferase (AST), 
γ-glutamyl transferase (GGT), total bilirubin (TB), total 
protein (TP), albumin (Alb). The degree of liver fibro-

sis in 52,3% (46/88) of patients was determined by the 
non-invasive diagnostic method Fibro/ActiTest (con-
ducted in the accredited laboratory “Dila” according to 
the criteria proposed by the developers of the method), 
and in 47,7% (42/88) of patients by by the results of the 
method of indirect fibroelastometry of the liver (diag-
nostic device “FibroScan” 502 F01261 with sensor M 7 
70129, (Echosens, France), which was carried out on the 
basis of the Regional Clinical Infectious Diseases Hospi-
tal in Uzhhorod). Liver fibrosis was assessed using the 
METAVIR scale, and the degree of activity of the patho-
logical process was determined by the level of ALT el-
evation according to the International Classification of 
Liver Diseases (Los Angeles, 1994). In the study, Enzyme-
Immuno-Sorbent-Assay (ELISA) was used to determine 
the levels of cytokines (IL-1β, IL-4, IL-6, TNF-α) in blood 
serum on the automatic immunoenzyme analyzer 
“STATFAX” according to the recommended protocols to 
test systems DRG (USA), according to the instructions in-
cluded in the kits with reagents. The level of collagen IV 
(ColIV) in blood serum was investigated by ELISA using 
Argutus Collagen IV kits (Germany) for its quantitative 
determination, according to the instructions included in 
the kits with reagents.

The duration of CHC in 76,4% of patients was 9,8±0,3 
years on average, and in 23,6% of patients it was de-
tected for the first time. HCV 1b genotype was detected 
in all patients.

The research was carried out with the personal 
signed consent of the patients and in accordance with 
the methodological recommendations of the Declara-
tion of Helsinki (1975) with redrafting, the International 
Code of Medical Ethics (1983), the laws of Ukraine, the 
relevant provisions of the WHO, and was approved by 
the local ethics commission of the Uzhhorod National 
University (protocol №6/4 dated 09/07/2021), and all 
those who participated were informed and, as a result, 
gave their consent in the consent letter, the structure of 

which corresponded to the officially agreed 
one.

Statistical analysis was performed in the 
Jamovi 2.2.5 program using the Mann-Whit-
ney U test, the Pearson’s chi-squared test 
with Yates’s correction for continuity and 
the Spearman correlation coefficient. The 
normality of the distribution of interval vari-
ables was assessed by the Shapiro-Wilk test. 
The assessment of the strength of the rela-
tionship between the variables was evalu-
ated according to the Chaddock scale. Mean 
values were described as M±SD and Me (Q1; 
Q3) depending on the data distribution. The 
critical level of significance was α=0,05.

Research results and their discussion. 
The examined patients had a latent 

course of CHC with the following clinical syn-
dromes and symptoms: asthenovegetative, 
dyspeptic, arthralgia, general weakness, de-
creased work capacity, periodic heaviness 
in the right hypochondrium, skin itching, 
abdominal distension, and with varying de-
grees of liver enzyme activity. Also, patients, 
especially women, who had low Zn levels 
were more likely to complain of dry and 
scaly skin, acne, hair loss, and brittle nails, 

Figure 1 – Distribution of patients (in %) depending on the liver fibrosis degree.

Figure 2 – Distribution of patients (in %) depending on the inflammatory  
process activity.
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compared to patients who had 
normal Zn levels.

The distribution of patients 
depending on the liver fibrosis 
degree and the inflammatory pro-
cess activity is shown in figures 1 
and 2, respectively.

A higher frequency of higher 
degree of fibrosis (F3-F4) was ob-
served in the group of patients 
with a reduced serum Zn level, 
compared to patients whose Zn 
level was within the normal range 
(52,5% vs. 32,6%). However, 
when constructing the conjuga-
tion tables, it was established that 
patients in the studied groups did 
not statistically significantly dif-
fer in the degree of liver fibrosis 
(χ2=3,53, df=2, p=0,171).

In 50.0% of patients of the 
II group (with a normal level of 
serum Zn), the activity of the inflammatory process ac-
cording to the levels of ALT was absent, against 26,2% 
of the patients of the I group. Between the compared 
groups, a statistically significant difference was found 
in the distribution regarding the activity of the inflam-
matory process (χ2=7,86, df=2, p=0,02). A higher fre-
quency of moderate degree of inflammation (ALT above 
5 norms) was observed in the group of patients with a 
reduced serum Zn level (23,8% vs. 6,5%).

In patients, the levels of interleukins (IL) 1β, 4, and 6, 
TNF-α, and collagen IV in blood serum were additionally 
determined. The data of laboratory studies are shown 
in table 1.

A statistically significant difference was found be-
tween the studied groups regarding the activity of ALT 
and AST, the level of total protein, cytokines and colla-
gen IV (p<0,05).

ALT activity was 1,8 times higher in the group of pa-
tients with a reduced level of Zn, compared to the group 
with a normal level of Zn (88,2 (48,4; 140,0) U/L vs. 49,7 
(35,4; 98,2) U/L, U=686, p=0,019), and the activity of 
AST is 1,6 times higher (72,1 (43,8; 120,0) U/L vs. 44,8 
(34,9; 83,6) U/L, U=695, p=0,024). On the contrary, the 
level of total protein was 4,7% lower in group I com-
pared to group II (68,6 (65,4; 75,0) g/L vs. 72,2 (67,8; 
77,3) g/L, respectively, U=687, p=0,02).

In general, the levels of pro-inflammatory cytokines 
(IL-1β, IL-6, TNF-α) were higher in the group of patients 
with reduced serum Zn levels, and the level of IL-4, on 
the contrary, was lower. It was established that in the 
I group the level of IL-1β was 1,5 times higher (30,435 
(25,29; 38,83) pg/mL vs. (18,87; 22,715) pg/mL, U=300, 
p<0,001), and the level of IL-6 by 1,4 times (18,550 
(16,440; 20,375) pg/mL vs. 13,625 (10,875; 15,380) pg/
mL, U=243, p<0,001). The level of TNF-α was higher 
by 11,7% in patients of group I compared to group II 
(145,05 (133,525; 163,825) pg/mL vs. 128,45 (111,425; 
127,025) pg/mL, respectively, U=428, p<0,001). On the 
contrary, the level of IL-4 was lower in group I by 33,0% 
compared to group II (6,045 (4,522; 7,092) ng/mL vs. 
9,02 (7,68; 10,453) ng/mL, U=293, p<0,001).

It was also established that the level of collagen IV 
in the serum of patients with a reduced level of Zn was 

higher by 18,9%, compared to the group of patients 
with a normal level of Zn (182,90 (135,225; 227,00) μg/L 
against 148,35 (127,00; 198,675) μg/L, U=714, p=0,036).

During the analysis of relationships between labo-
ratory indicators, an average degree of negative cor-
relation was found between the levels of Zn and IL-1β 
(ρ=–0,542, p<0,001), an average degree of negative cor-
relation between the levels of Zn and IL-6 (ρ=–0,556, 
p<0,001) and a moderate degree of negative correlation 
between Zn and TNF-α levels (ρ=–0,476, p<0,001). On 
the contrary, a moderate positive correlation was es-
tablished between the levels of Zn and IL-4 (ρ=0,485, 
p<0,001). Also, a moderate negative correlation was 
found between serum Zn and collagen IV levels (ρ=–
0,379, p<0,001) (table 2).

The investigated pro-inflammatory cytokines were 
positively correlated with the activity of aminotransfer-
ases. Thus, IL-1β was weakly correlated with ALT and 
AST activity (ρ=0,288, р=0,007 and ρ=0,219, р=0,04, re-
spectively), and there was a moderate relationship be-
tween IL-6 and ALT and AST activity (ρ=0,348, p<0,001 
and ρ=0,30, p=0,004 respectively). A moderate correla-
tion was also found between the level of TNF-α and the 
activity of ALT and AST (ρ=0,456, p<0,001 and ρ=0,363, 
p<0,001, respectively). On the contrary, a weak negative 
correlation was established between the level of IL-4 
and the activity of ALT and AST (ρ=–0,294, p=0,005 and 
ρ=–0,283, p=0,008, respectively). In addition, weak de-
grees of correlation were found between GGT activity 
and cytokine levels, namely positive with IL-6 (ρ=0,270, 
p<0,011) and TNF-α (ρ=0,295, p=0,005) and negative 
with IL-4 (ρ=–0,348, p=0,037).

Serum collagen IV was also positively correlated 
with GGT activity (ρ=0,374, p<0,001), ALT (ρ=0,213, 
p=0,046), AST (ρ=0,365, p<0,001) and total bilirubin 
level (ρ=0,408, p<0,001), and negatively with the albu-
min level (ρ=–0,483, p<0,001).

In our study, a significant difference was found be-
tween groups both in terms of aminotransferase activ-
ity and cytokine levels (p<0,05). It was found that the 
activity of ALT, AST and the levels of pro-inflammatory 
cytokines (IL-1β, IL-6, TNF-α) were higher in the group 
of patients with a reduced serum Zn level, and the level 

Table 1 – Average values of the studied laboratory indicators

Indicator Group I
(n=42)

Group II
(n=46)

Control
(n=30)

Zn 0,494 (0,440; 0,531)*# 0,710 (0,629; 0,839) 0,720 (0,645; 0,835)

TB 13,7 (11,1; 15,6) 12,8 (10,1; 19,5) 14,0 (9,4; 17,7)

GGT 46,3 (25,3; 85,3) 33,0 (20,3; 53,5) 34,0 (24,1; 41,1)

ALT 88,2 (48,4; 140,0)*# 49,7 (35,4; 98,2)^ 25,4 (11,9; 32,2)

AST 72,1 (43,8; 120,0)*# 44,8 (34,9; 83,6)^ 22,7 (14,8; 25,9)

TP 68,6 (65,4; 75,0)* 72,2 (67,8; 77,3) 69,2 (64,1; 76,0)

AL 37,3 (32,6; 44,3) 41,7 (37,5; 44,5) 40,7 (36,9; 43,4)

IL-1β 30,435 (25,29; 38,83)*# 20,32 (18,87; 22,715)^ 0,49 (0,335; 0,945)

IL-4 6,045 (4,522; 7,092)*# 9,02 (7,68; 10,453)^ 0,245 (0,172; 0,318)

IL-6 18,550 (16,440; 20,375)*# 13,625 (10,875; 15,380)^ 0,855 (0,453; 1,100)

TNF-α 145,05 (133,525; 163,825)*# 128,45 (111,425; 127,025)^ 3,3 (2,23; 4,57)

ColIV 182,90 (135,225; 227,00)*# 148,35 (127,00; 198,675)^ 83,7 (74,5; 96,4)
Notes: * – statistically significant difference between I and II groups, # – statistically signifi-

cant difference between I and control groups, ^ – statistically significant difference between II 
and control groups.
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of IL-4, on the contrary, was lower. It was also estab-
lished that Zn was negatively correlated with the levels 
of IL-1β (ρ=–0,542, p<0,001), IL-6    (ρ=–0,556, p<0,001) 
and TNF-α (ρ=–0,476, p<0,001). On the contrary, there 
was a moderate positive correlation between Zn and 
IL-4 levels (ρ=0,485, p<0,001). In addition, the studied 
pro-inflammatory cytokines were positively correlated 
with the activity of aminotransferases, and the frequen-
cy of moderate degree of inflammation was higher in 
the group of patients with a reduced level of serum Zn, 
compared to patients with a normal level of Zn (23,8% 
vs. 6,5%).

The obtained data echo the studies of a number of 
scientists who proved that Zn deficiency contributes 
to a decrease in the population of cytotoxic T cells, a 
decrease in the activity of natural killer cells and a Th1 
regulatory response [5, 12]. In particular, dietary Zn re-
striction leads to a decrease in the levels of IL-2 and in-
terferon γ (γ-IFN), but does not affect the Th2 cytokines 
IL-4 and IL-10 [5, 13].

Our results complement the data of other scientists, 
who proved that Zn deficiency is associated with oxida-
tive stress and activation of macrophage-monocytes, 
presumably due to the dysregulation of the Th1 clone, 
leading to an increase in the generation of pro-inflam-
matory cytokines, such as IL-1β, IL-6, IL-8 and TNF-α, 
and to decrease the generation of γ-IFN [14, 15].

It has been shown that disruption of Zn homeo-
stasis associated with oxidative stress and inflamma-
tion can enhance HCV replication and liver fibrosis [16, 
17], which is consistent with the data obtained in our 
previous study [18]. Other scientists have shown that 
serum Zn level is an independent prognostic factor of 
the overall survival of patients with CHC, an indicator 
of the functional state of the liver and the degree of fi-
brosis [19, 20]. The results of research by Omran et al. 
2017 [21] showed that serum Zn levels were negatively 

correlated with the degree of liver fibrosis and were sig-
nificantly lower as fibrosis progressed. The level of Zn 
also decreases with the progression of liver fibrosis in 
patients with CHC. Kang et al. 2015 [22] found that Zn 
at a concentration of 200 µM can significantly inhibit 
the proliferation and activity of the liver stellate cell line 
LX-2, which is responsible for the synthesis of collagen in 
the liver, including the processes of fibrogenesis. In the 
experiment, it was established that Zn deficiency leads 
to increased synthesis of liver collagen in rat models 
[23], and according to Attallah et al. 2021 [24] Zn defi-
ciency may promote hepatic stellate cell activation and 
collagen production, exacerbating liver fibrosis.

According to the data of our study, it was established 
that the level of serum collagen IV in the group of pa-
tients with a reduced level of Zn was higher by 18,9%, 
compared to the group of patients with a normal level 
of Zn (182,90 (135,225; 227,00) μg/L vs. 148,35 (127,00; 
198,675) μg/L, p=0,036). A higher frequency of higher 
degree of fibrosis (F3-F4) was observed in the group of 
patients with a reduced serum Zn level, compared to 
patients whose Zn level was within the normal range 
(52,5% vs. 32,6%). A moderate negative correlation 
was also found between serum Zn and collagen IV lev-
els (ρ=–0,379, p<0,001). This indicates the association 
of serum Zn level with collagen IV as a direct marker 
of fibrosis [25] in the studied patients, and thus the as-
sociation of Zn with the process of fibrogenesis in the 
liver, as shown in our previous study [18]. The obtained 
data agree with the data of Kang et al. 2015 [22], who 
showed that Zn inhibits the proliferation and synthesis 
of collagen in hepatic stellate cells, and also promotes 
apoptosis of hepatic stellate cells and reduces the level 
of type IV collagen [23].

Conclusions. 
It was established that in patients with CHC with a 

reduced level of Zn, the activity of the inflammatory 

Table 2 – Correlation matrix of the studied laboratory indicators
Zn IL-1β IL-4 IL-6 TNF-α Col IV TB GGT ALT AST TP Alb

Zn
ρ —
p —

IL-1β
ρ –0,542 —
p <0,001 —

IL-4
ρ 0,485 –0,305 —
p <0,001 0,004 —

IL-6
ρ –0,556 0,315 –0,447 —
p <0,001 0,003 <0,001 —

TNF-α
ρ –0,476 0,385 –0,137 0,281 —
p <0,001 <0,001 0,204 0,008 —

Col IV
ρ –0,379 0,115 –0,137 0,152 0,199 —
p <0,001 0,287 0,203 0,157 0,063 —

TB
ρ –0,097 –0,052 0,007 0,152 0,143 0,408 —
p 0,369 0,630 0,951 0,159 0,184 <0,001 —

GGT
ρ –0,178 0,115 –0,222 0,270 0,295 0,374 0,381 —
p 0,097 0,286 0,037 0,011 0,005 <0,001 <0,001 —

ALT
ρ –0,217 0,288 –0,294 0,348 0,452 0,213 0,230 0,676 —
p 0,043 0,007 0,005 <0,001 <0,001 0,046 0,031 <0,001 —

AST
ρ –0,245 0,219 –0,283 0,300 0,363 0,365 0,393 0,688 0,835 —
p 0,021 0,040 0,008 0,004 <0,001 <0,001 <0,001 <0,001 <0,001 —

TP
ρ 0,264 0,036 0,148 –0,189 –0,048 –0,080 –0,050 –0,013 0,111 –0,107 —
p 0,013 0,742 0,167 0,078 0,654 0,459 0,642 0,905 0,301 0,321 —

Alb
ρ 0,343 –0,031 0,120 –0,142 –0,105 –0,483 –0,293 –0,101 –0,009 –0,201 0,439 —
p 0,001 0,772 0,264 0,187 0,332 <0,001 0,006 0,351 0,935 0,061 <0,001 —
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process according to the levels of ALT and AST is signifi-
cantly higher compared to patients with a normal level 
of Zn, and is positively correlated with the levels of pro-
inflammatory cytokines. The content of IL-1β and IL-6 is 
significantly higher (by 1,5 and 1,4 times, respectively, 
p<0,001) in patients with CHC with reduced Zn content, 
and the level of IL-4 is lower (by 33,0%, p<0,001), com-
pared to patients with a normal Zn level. A higher fre-
quency of a higher degree of fibrosis (F3-F4) was found 
in patients with CHC with a reduced level of Zn, com-

pared to patients in whom the level of Zn was within the 
normal range (52,5% vs. 32,6%).

The established moderate negative correlation 
between Zn and collagen IV serum levels (ρ=–0,379, 
p<0,001) confirms the importance of zinc as a direct sign 
of fibrosis in patients with CHC.

Prospects for further research. 
An active inflammatory process and progression of 

liver fibrosis associated with Zn imbalance may aggra-
vate the course of CHC, which requires further pathoge-
netic justification.
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ЦИТОКІНОВИЙ ДИСБАЛАНС ТА РІВЕНЬ КОЛАГЕНУ IV У ХВОРИХ НА ХРОНІЧНИЙ ГЕПАТИТ С З РІЗНИМ ВМІС-
ТОМ ЦИНКУ

Дербак М. А., Сіткар А. Д.
Резюме. Вступ. Постійна реплікація вірусу гепатиту С призводить до сильної запальної відповіді, що ха-

рактеризується великою кількістю активованих імунних клітин у печінці, а також підвищеними рівнями сиро-
ваткових амінотрансфераз і прозапальних цитокінів, таких як інтерлейкін-6 (ІЛ-6) та фактор некрозу пухлин α 
(ФНП-α). Як наслідок, хронічне пошкодження гепатоцитів, опосередковане неефективною імунною відповід-
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дю, сприяє розвитку фіброзу печінки. Загалом дослідження показують, що при ХГС виникає стійкий дефіцит 
цинку (Zn). Внаслідок опосередкованої HCV мітохондріальної дисфункції, наявність окислювального стресу 
порушує гомеостаз Zn. При ХГС зниження рівня Zn також може бути наслідком фіброзу печінки. Концентрація 
Zn у сироватці крові може знижуватися і через вплив прозапальних цитокінів, які, як доведено, відіграють 
важливу роль у гомеостазі даного мікроелемента. Тому питання асоціації вмісту Zn у сироватці крові із вираз-
ністю запалення та фіброзом печінки у хворих на ХГС залишається відкритим. 

Мета дослідження. Оцінити рівні інтерлейкінів ІЛ-1β, ІЛ-4 і ІЛ-6, ФНП-α та колагену IV залежно від вмісту 
Zn у сироватці крові у хворих на хронічний гепатит C. 

Об`єкт і методи дослідження. Під спостереженням знаходились 88 пацієнтів з верифікованим діагнозом 
ХГС у яких визначали рівні Zn, інтерлейкінів ІЛ-1β, ІЛ-4, і ІЛ-6, ФНП-α та колагену IV у сироватці крові. Залеж-
но від рівня Zn сироватки всі пацієнти були розподілені на 2 групи: І група – пацієнти зі зниженим рівнем Zn 
(n=42), ІІ група – пацієнти, з нормальним рівнем Zn (n=46). 

Результати. Вища частота помірного ступеню запалення (АлАТ вище 5 норм) спостерігалась у групі хво-
рих зі зниженим рівнем Zn сироватки (23,8% проти 6,5%, р=0,02) Активність АлАТ була у 1,8 разів вища у групі 
пацієнтів із зниженим рівнем Zn, порівняно із групою з нормальним рівнем Zn (р=0,019), а активність АсАТ у 
1,6 разів вища (р=0,024). Встановлено, що у І групі рівень ІЛ-1β був у 1,5 разів, а рівень ІЛ-6 у 1,4 рази вищим 
(р<0,001), а рівень ІЛ-4 – нижчим на 33,0%, порівняно з ІІ групою (р<0,001). Показано, що Zn негативно коре-
лював із рівнями ІЛ-1β (ρ=–0,542, р<0,001), ІЛ-6 (ρ=–0,556, р<0,001) та ФНП-α (ρ=–0,476, р<0,001). Напроти, 
між рівнями Zn та ІЛ-4 була позитивна кореляція помірного ступеня (ρ=0,485, р<0,001). Також встановлено, 
що рівень колагену IV у сироватці хворих І групи був вищим на 18,9%, порівняно із ІІ групою (р=0,036). Знайде-
но помірну негативну кореляцію між рівнями Zn та колагену IV сироватки  (ρ=–0,379, р<0,001). Більшу частоту 
вищого ступеня фіброзу (F3-F4) спостерігали у групі хворих зі зниженим рівнем Zn сироватки, порівняно з 
хворими, у яких рівень Zn був у межах норми (52,5% проти 32,6%).

Висновки. Встановлено, що рівень Zn сироватки у хворих на ХГС пов’язаний із активністю запального про-
цесу та рівнями цитокінів. Показано кореляцію між рівнями Zn та колагену IV сироватки та більшу частоту ви-
щого ступеня фіброзу (F3-F4) у хворих зі зниженим рівнем Zn сироватки, порівняно з хворими, у яких рівень 
Zn був у межах норми (52,5% проти 32,6%). Отже дисбаланс Zn та його асоціація з активним запальним про-
цесом та прогресуванням фіброзу печінки потребує подальших патогенетичних обґрунтувань.

Ключові слова: хронічний гепатит С, цинк, запалення, цитокіни, фіброз.

CYTOKINE IMBALANCE AND COLLAGEN IV LEVEL IN CHRONIC HEPATITIS C PATIENTS WITH DIFFERENT ZINC 
CONTENTS

Derbak M. A., Sitkar A. D.
Abstract. Introduction. Continuous replication of hepatitis C virus leads to a strong inflammatory response char-

acterized by a large number of activated immune cells in the liver, as well as elevated levels of serum aminotrans-
ferases and pro-inflammatory cytokines such as interleukin-6 (IL-6) and tumor necrosis factor α (TNF-α). As a result, 
chronic damage to hepatocytes mediated by an ineffective immune response contributes to the development of 
liver fibrosis. In general, studies show that chronic zinc (Zn) deficiency occurs in chronic hepatitis C (CHC). As a result 
of HCV-mediated mitochondrial dysfunction, the presence of oxidative stress disrupts Zn homeostasis. With CHC, a 
decrease in the level of Zn can also be a consequence of liver fibrosis. The concentration of Zn in blood serum can 
also decrease due to the influence of pro-inflammatory cytokines, which have been proven to play an important role 
in the homeostasis of this trace element. Therefore, the question of the association of Zn content in blood serum 
with the severity of inflammation and liver fibrosis in patients with CHC remains open. 

The aim. To evaluate the levels of interleukins IL-1β, IL-4 and IL-6, TNF-α and collagen IV depending on the con-
tent of Zn in blood serum in patients with chronic hepatitis C. 

Materials and methods. 88 patients with a verified diagnosis of CHC were under observation, and the levels of 
Zn, interleukins IL-1β, IL-4, and IL-6, TNF-α, and collagen IV in blood serum were determined. Depending on the 
serum Zn level, all patients were divided into 2 groups: Group I – patients with a reduced level of Zn (n=42), Group 
II – patients with a normal level of Zn (n=46). 

Results. A higher frequency of moderate degree of inflammation (ALT above 5 norms) was observed in the group 
of patients with a reduced serum Zn level (23,8% vs. 6,5%, p=0,02). ALT activity was 1,8 times higher in the group of 
patients with a reduced level of Zn, compared to the group with a normal level of Zn (p=0,019), and the activity of 
AST is 1,6 times higher (p=0,024). It was found that in group I, the level of IL-1β was 1,5 times higher, and the level of 
IL-6 was 1,4 times higher (p<0,001), and the level of IL-4 was lower by 33,0%, compared to II group (p<0,001). It was 
shown that Zn was negatively correlated with the levels of IL-1β (ρ=–0,542, p<0,001), IL-6 (ρ=–0,556, p<0,001) and 
TNF-α (ρ=–0,476, p<0,001). On the contrary, there was a moderate positive correlation between Zn and IL-4 levels 
(ρ=0,485, p<0,001). It was also established that the level of collagen IV in the serum of patients of the I group was 
higher by 18,9% compared to the II group (p=0,036). A moderate negative correlation was found between serum Zn 
and collagen IV levels (ρ=–0,379, p<0,001). A higher frequency of higher degree of fibrosis (F3-F4) was observed in 
the group of patients with a reduced serum Zn level, compared to patients whose Zn level was within the normal 
range (52,5% vs. 32,6%). 

Conclusions. It was found that serum Zn level in patients with CHC is related to the activity of the inflammatory 
process and cytokine levels. A correlation between serum Zn and collagen IV levels and a higher frequency of a high-
er degree of fibrosis (F3-F4) in patients with a reduced serum Zn level compared to patients with a normal Zn level 
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(52,5% vs. 32,6%) were shown. Therefore, Zn imbalance and its association with an active inflammatory process and 
the progression of liver fibrosis require further pathogenetic justifications.

Key words: chronic hepatitis C, zinc, inflammation, cytokines, fibrosis.
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