KNIHIYHA TA EKCMEPUMEHTA/IbHA MEAULUMHA / CLINICAL AND EXPERIMENTAL MEDICINE

ORCID aBTOpa Ta oro BHECOK A0 CTaTTi:
Semkovych Ya.V.: 0000-0002-8319-022X ABCPEF

Appeca gna KopecnoHAeHLi

CemkoBuny Apocnas Bacmabosuy

KHIM «IBaHOo-®paHKiBCbKa 06/1acHa AUTAYA KAiHIYHA NiKapHA»
Appeca: YkpaiHa, 76000, m. IBaHO-PpaHKiBCbK, Byl. KoHoBanbLAa 132
Ten.: 0503388506, 0968762277

E-mail: semkovych.doc@gmail.com

A — KoHUenuia pobotu Ta au3aiiH, B — 36ip Ta aHani3 gaHux, C — BigNOBIAANbHICTb 33 CTaTUYHMIA aHani3, D — HanucaHHsA cTaTTi, E — KpUTUYHKI
ornapg, F—ocTaTtoyHe 3aTBEpAKEHHSA CTATTI.

CraTtTa Hagiiwna 20.03.2022 poky
CratTa NnpuiiHATa 00 ApYyKy 15.09.2022 poKy

DOI 10.29254/2077-4214-2022-3-166-245-249
UDC 616.36-002.2:577.118
Sitkar A. D.

CHARACTERISTICS OF THE CONTENT OF ZINC, COPPER AND SELENIUM IN BLOOD

SERUM IN PATIENTS WITH CHRONIC HEPATITIS C WITH DIFFERENT BODY MASS INDEX
Uzhhorod national university (Uzhhorod, Ukraine)
siti0095@gmail.com

About 1% of the world's population is infected with the hepatitis C virus. The main clinical form of this infection
is chronic hepatitis C (CHC), which develops in an average of 70% of patients. Metabolic disorders caused by the
chronic course of HCV infection include changes in the metabolism of trace elements, in particular Zn, Cu, and Se. The
aim was evaluate the content of trace elements Zn, Cu and Se in the blood serum of patients with chronic hepatitis C
depending on sex, age and body mass index. 62 patients with a verified diagnosis of chronic hepatitis C were under
observation, in whom the level of Zn, Cu and Se in blood serum was determined. The control group consisted of 30
healthy people. It was established that serum Zn, Cu and Se levels in CHC patients do not depend on gender and BMI,
and there is no correlation with age (p>0,05). Zn deficiency was found in 19,4% (12/62) of CHC patients. The level
of Zn was statistically significantly lower in CHC patients compared to healthy people (0,649 (0,569; 0,739) mg/| vs.
0,720 (0,645, 0,835) mg/l, p=0,022). Regarding the levels of Cu and Se, no difference was found (p>0,05). Also, a
weak degree of negative correlation (p=—0,271, p=0,033) between the levels of Zn and Cu was established in patients
with CHC. The average value of the Cu/Zn ratio in patients with CHC is statistically significantly higher compared to
healthy people (p=0,002). The obtained data indicate a probable effect of chronic hepatitis C infection on the level of

Zn in blood serum, which creates prerequisites for further research.
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Connection of the publication with planned re-
search works. The scientific work is a part of the re-
search topic of the Department of Faculty Therapy of
Uzhhorod national university: “Combined pathology
and correction of homeostasis disorders of Carpathian
region residents, taking into account the action of ad-
verse factors”, state registration number 0121U110808.

Introduction. More than 71 million people, or about
1% of the world’s population, are infected with the hep-
atitis C virus (HCV) [1]. The main clinical form of this in-
fection is chronic hepatitis C (CHC), which developsin an
average of 70% of patients [2]. Liver diseases, in particu-
lar CHC, affect the digestion, assimilation, storage and
metabolism of nutrients, which can lead to vitamin and
micronutrient deficiencies and protein-energy insuf-
ficiency [3]. Metabolic disorders caused by the chronic
course of HCV infection include changes in the metabo-
lism of such trace elements as zinc (Zn), copper (Cu) and
selenium (Se), since their main metabolism takes place
in the liver [4]. There are conflicting data on the rela-
tionship between blood Zn level and HCV infection [5].
Some studies indicate a decrease in its level in CHC [5,
6, 7], while others do not confirm this connection [8].

In general, studies show that Zn deficiency occurs with
CHC [9]. It is believed that as a result of HCV-mediated
mitochondrial dysfunction, the presence of oxidative
stress disrupts Zn homeostasis, as it is a signaling mol-
ecule and second messenger in redox reactions [4]. In
CHC, decreased Zn levels can also be a consequence of
liver fibrosis, which involves different mechanisms. In
blood, approximately two-thirds (60%) of circulating Zn
is bound to albumin. With hypoalbuminemia, there is a
decrease in the total concentration of Zn in blood serum
[9, 10, 11]. Liver fibrosis also leads to portal hyperten-
sion, and, as a result, to damage to the intestinal muco-
sa and the formation of portosystemic shunts. The level
of Zn in the blood serum decreases due to a decrease in
its absorption by the damaged intestinal mucosa and an
increase in urinary excretion through the portosystemic
shunt [9]. Poor appetite and, as a result, malnutrition
often accompany cirrhosis of the liver, which can also
be the cause of hypozincemia [4]. In patients with CHC
at various stages of the disease, the metabolism of Cu is
disturbed, which usually leads to an increase in its level
in the blood [12]. HCV infection is associated with low
levels of antioxidants, including Se, and increased levels
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Figure 1 — Distribution of examined persons (in %) depending on BMI.

m Elderly age (60-74 years)
H Middle age (45-59 years)
B Young age (18-44 years)

cycler with a real-time PCR product detection sys-
tem “iQ 5”, Bio-Rad, USA. The control group con-
sisted of 30 healthy people (the proportion of men
—60,0% (18/30), women —40,0% (12/30), average
age — 38,4+9,68 years). All laboratory studies were
performed in the accredited laboratory “Dila”. The
level of Zn, Cu and Se in the blood serum was de-
termined. The assessment of body shape was car-
ried out according to generally accepted anthro-
pometric indicators. Body mass index (BMI) was
considered anthropometric criteria of obesity. BMI
in the range of 18,5-24,9 kg/m? was considered
as normal body weight, 25,0-29,9 kg/m? as over-
weight, >30,0 kg/m? as obesity.

The research was carried out with the personal

CHC patients Healthy people

signed consent of the patients and in accordance
with the methodological recommendations of the

Figure 2 — Distribution of examined persons (in %) depending on age.

of oxidative stress [13]. Violation of the homeostasis of
Zn, Cu and Se can increase HCV replication and liver fi-
brosis and reduce the effectiveness of antiviral therapy
[14], which determines the relevance of researching the
levels of these microelements in such patients.

Purpose of the study. Evaluate the content of trace
elements Zn, Cu and Se in the blood serum of patients
with chronic hepatitis C depending on sex, age and body
mass index.

Object and research methods. Under observation
were 62 patients with a diagnosis of CHC, who were
included in the experimental group (the proportion of
men was 56,5% (35/62), women — 43,5% (27/62), the
average age — 41,7+10,9 years). 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, liver cirrhosis,
myocardial infarction in the first 4 months, diseases of
the respiratory and gastrointestinal tract in the acute

Table 1 - Average levels of trace elements
in the blood serum of the examined persons

Declaration 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 Ne6/4
dated 09/07/2021), and all those who participated were
informed and, as a result, gave their consent in the con-
sent letter, the structure of which corresponded to the
officially agreed one.

Statistical analysis was performed in the jamovi 1.6
program using the independent Student’s t-test, the
Mann-Whitney U test, the Pearson’s chi-squared test
with Yates’s correction for continuity, the Kruskal-Wallis
test, and the Spearman correlation coefficient. The nor-
mality of the distribution of interval variables was as-
sessed by the Shapiro-Wilk test. The assessment of the
strength of the relationship between the variables was
evaluated according to the Chaddock scale. Mean val-
ues were described as M+SD and Me (Q1; Q3) depend-
ing on the data distribution. The critical level of signifi-
cance was 0=0.05.

Research results and their discussion. The average
age of the examined patients with CHC was
41,7+10,9 years, healthy people — 38,419,68

years. The proportion of men among CHC pa-

tients was 56,5% (35/62), women — 43,5%
(27/62), among healthy people - 60,0%

(18/30) and 40,0% (12/30), respectively. The

Indicator CHC patients Healthy people |[Reference values
Zn 0,649 (0,569; 0,739) |0,720 (0,645; 0,835) |0,553-1,046 mg/|
Cu 1,04 (0,883; 1,23) 0,935 (0,837; 1,13) | 0,7-1,4 mg/!
Se 0,0775 (0,0622; 0,0958) | 0,090 (0,0708; 0,10) | 0,046-0,14 mg/I

phase, decompensated diseases, diseases of the ner-
vous system, psycho-emotional and mental disorders
that prevent conducting this study and the patient’s
decision to stop participating in the study. The studied
patients had no markers of infection with other hepati-
tis viruses (A, B, D, G, TT) and HIV infection. All patients
denied the use of corticosteroids, non-steroidal anti-
inflammatory and immunosuppressive
drugs. HCV was performed according to
the 10th revision of the ICD and verified

distribution of examined persons depending
on BMI is shown in figure 1, depending on age
—in figure 2.

No statistically significant difference was found be-
tween the groups depending on age (t=1,42, df=90,
p=0,16), sex (x>=0,104, df=1, p=0,747) and BMI (x?>=2,29,
df=2, p=0,319). Thus, both groups were homogeneous
in terms of BMI, sex and age.

The obtained data of laboratory studies on the levels
of trace elements in blood serum are shown in table 1.

Table 2 — Levels of trace elements in blood serum

(in mg/l) depending on sex

by the detection of total antibodies of
the 1gG class to the structural and non- Group Male Female p-value

. ; Zn | 0,640 (0,561;0,738) 0,652 (0,587; 0,749) |U=455, p=0,809
structural proteins of HCV (antiHCV IgG CHC
+) by the serological ELISA method, as | patients |-<Y 1,03 (0,895, 1,21) 1,05(0,8851,25) |U=460, p=0,865
well as by the indication of the investi- Se [0,0780 (0,0625; 0,0995) |0,0770 (0,0615; 0,0880) [U=405, p=0,338
gated RNA HCV + in the blood by the PCR Healthy Zn 0,765 (0,645; 0,847) 0,708 (0,658; 0,810) |U=91,5, p=0,498
method with viral load (VL) and genotyp- | people |_CY | 0:905 (0,823; 1,06) 0,960 (0,918; 1,15)  |U=92,0, p=0,511
ing. Testing was performed on a thermal Se |0,0895 (0,0663; 0,0965) | 0,0950 (0,0818; 0,103) |U=76,0, p=0,182
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It was found that in 19,4% (12/62) of patients
with CHC, the serum Zn level was low, and the
lowest value was 0,405 mg/l. When comparing | 1.05
the studied groups, it was established that the
level of Zn was statistically significantly lower in | 0.95
patients with CHC, compared to healthy people
(0,649 (0,569; 0,739) mg/l vs. 0,720 (0,645; 0,835) | 0.85
mg/I|, respectively; U=654, p=0,022). The detected
levels of Cu and Se in the examined persons did | 0,75
not exceed the normal limits, and no statistically
significant difference was established between the | 0,65
groups regarding the level of Cu (U=712, p=0,069)

and Se (U=757, p=0,149). 055
Intragroup comparison of trace element levels
depending on sex is shown in table 2. 045

The obtained data showed that the average
levels of trace elements in patients with CHC, both | (35
in men and in women, were almost at the same

B CHC patients B Healthy people

1013
0985

0,452

0,405

Normal weight Overweight Obesity

level and did not statistically significantly differ
(p>0,05).

Figure 3 — Serum Zn level (in mg/l) depending on BMI.

Serum Zn levels were lower in CHC patients
compared to healthy people in both normal weight
and overweight and obesity. However, the level of
Zn did not statistically significantly differ depend- | 35
ing on BMI both in patients with CHC (x?=0,423,
df=2, p=0,809) and in healthy people (x?=3,93, | 1.25
df=2, p=0,140) (figure 3).

Serum Cu levels were slightly higher in CHC pa-
tients compared to healthy people in both normal | 1,05
and overweight and obesity. However, the level
of Cu did not statistically significantly depend on
BMI either in patients with CHC (x?>=0,147, df=2, 0.85
p=0,929) or in healthy individuals (x?>=1,34, df=2,
p=0,512) (figure 4). 0.75

Se level was higher in CHC patients only in the
overweight subgroup (figure 5). However, similar
to the levels of Zn and Cu, both in patients with | 055
CHC (x?=3,071, df=2, p=0,215) and in healthy

B CHC patients B Healthy people

0,710 o700

0580

Normal weight Overweight Obesity

people (x*=4,02, df=2, p=0,134) no statistically sig-
nificant relationship was found between BMI and

Figure 4 — Serum Cu level (in mg/l) depending on BMI.

serum Se levels.

It was established that there is no statistically
significant relationship between the levels of trace
elements and age in both groups (tables 3 and 4). | 0.13
However, a weak degree of negative correlation
(p=—0,271, p=0,033) was found between the levels
of Zn and Cu in patients with CHC. 0.11

The average value of the Cu/Zn ratio in the
group of patients was 1,59 (1,38; 1,95), in the |0.10
group of healthy people — 1,25 (1,09; 1,54) and
was statistically significantly higher in patients
with CHC (U=566, p=0,002). 0,08

In CHC, in general, there is a decrease in the
level of Zn [9]. Thus, according to the results of the
study by Pourhassan et al. 2015 [6], serum Zn lev- 0.06
els were significantly lower in patients with CHC | ~
(but not cirrhosis) compared to controls. In a study | 0.05
by Guo et al. 2012 [7], a difference was established

0.14

0,12

0,09

0.07

B CHC patients B Healthy people
0130

0,122

0,1
0097
,096

08
00 0,089
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0,054

0,051

0048
Normal weight

0048 0,048
Overweight

Obesity

in the concentrations of Zn and Cu in the blood
plasma of patients with chronic HCV infection
compared to the control group, in particular, Zn
levels were significantly lower in subjects with HCV, but
Cu levels, as well as the Cu/Zn ratio, were significantly
higher. In other studies, Zn levels were lower and Cu lev-
els were higher in CHC patients compared to controls

Figure 5 — Serum Se level (in mg/l) depending on BMI.
[15]. Interestingly, according to the results of the study
by Suda et al. 2019 [16] Zn deficiency was observed in
27 (87,1%) patients with CHC, despite a good functional
state of the liver. In our study, the level of Zn was statisti-
cally significantly lower in patients with CHC, compared

ISSN 2077-4214. Bichuk npo6nem bionorii i megnuunm — 2022 — Bun. 3 (166) / Bulletin of problems in biology and medicine — 2022 - Issue 3 (166)

247



KNIHIYHA TA EKCMEPUMEHTANIbHA MEAMLUUHA / CLINICAL AND EXPERIMENTAL MEDICINE

Table 3 - Correlations between age and levels
of trace elements in patients with CHC

Table 4 — Correlations between age and levels
of trace elements in healthy people

to healthy people, and Zn deficiency was observed in
19,4% (12/62) of patients. This indicates a likely effect of
chronic HCV infection on serum Zn levels.

The metabolism of Cu and Zn is closely related in the
liver. Excessive Zn intake can lead to Cu deficiency due
to metallothionein-mediated inhibition of intestinal Cu
absorption [2]. In our study, a negative correlation of
these trace elements was found, which indicates their
antagonism in certain metabolic pathways both in nor-
mal and liver diseases [12]. Also, the Cu/Zn ratio was
statistically significantly higher in CHC patients, prob-
ably due to lower Zn levels in this group compared to
healthy controls.

Regarding trace elements Cu and Se, there are much
fewer clinical studies, compared to Zn, regarding their
association with chronic HCV infection [4]. In our study,

Age Zn Cu Se Age Zn Cu Se
[ - p -
Age Age
P - P -
7n p -0,121 - n p 0,040 -
p 0,350 - p 0,832 -
p 0,065 -0,271 — p 0,342 0,151 -
Cu Cu
p 0,616 0,033 - p 0,064 0,425 -
Se p 0,081 -0,016 0,077 - se p -0,051 -0,030 -0,085 -
p 0,530 0,899 0,551 - p 0,787 0,877 0,656 -

the detected levels of Cu and Se in the examined per-
sons did not exceed the reference values, and no statis-
tically significant difference in the levels of these trace
elements was established between the groups.

Conclusions. Significantly lower levels of Zn are reg-
istered in patients with CHC compared to healthy peo-
ple, and 19,4% of patients are found to be deficient. This
indicates a probable influence of chronic HCV infection
on Zn content in blood serum. Also, it was established
that serum Zn, Cu and Se levels in CHC patients do not
depend on sex and BMI, and there is no correlation with
age.

Prospects for further research is to study the pos-
sibility of correcting Zn deficiency in blood serum in pa-
tients with CHC.
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XAPAKTEPUCTUKA BMICTY LIMHKY, MIAI 1 CENEHY B CUPOBATLII KPOBI Y XBOPUX HA XPOHIYHWUW FENATUT
C 3 PI3BHUM TPOPONNOINYHUM CTATYCOM
Citkap A. A.
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Pe3stome. Bcmyn. MoHag 71 maH nogen, abo 6amM3bko 1% HaceneHHa CBiTy iHdiKoBaHi Bipycom renatuty C.
OCHOBHOO K/iHiYHOWO dopmoto aaHoi iHdeKLil € xpoHiuyHui renatnut C (XIC), wo dopmyeTbcs B cepeaHbOMy
B 70% xBopux. MopyweHHA 06MiHy pe4yoBUH, 3ymoB/ieHe XPOHiYHUM nepebirom HCV-iHdeKuii, BKAOYaE i 3MiHK
B MeTaboniami MikpoenemeHTiB, 30Kpema UMHKY (Zn), migi (Cu) Ta ceneHy (Se), OCKiNbKM iX OCHOBHWMI 0BMIH
BifOyBa€eTbCA came B neviHui. MopyLeHHA romeocTasy AaHUX MIKPpOe/IeMEHTIB MOXe NocuatoBaTth pennikauito HCV
i $ibp0o3 NeyviHKM Ta 3HWUKYBATU eEKTUBHICTb MPOTMBIPYCHOT Tepanii, Lo i 3yMOB/IOE aKTya lbHICTb AOCAIAKEHHSA
PiBHIB AaHUX MIKpPOeseMeHTIB Y Takux XBopux. Memoro 6ocnidnceHHA byno OLiHUTM BMICT MmikpoenemeHTis Zn, Cu
Ta Se B cnmpoBaTLi Kposi y xBopux Ha XI'C 3an1eXHo Bif CTaTi, Biky Ta TpodonoriyHoro ctatycy. O6 ekm i memodu
docnionceHHA. MNif cnocTepekeHHAM 3HaxXoAMAMCb 62 nauieHTn 3 BepudikoBaHMM giarHo3om XIC y AKMX BU3HaYa-
n piseHb Zn, Cu Ta Se cMpoBaTKM KpoBi. KOHTponbHY rpyny cknaam 30 NnpakTMYHO 340pOBMX OCib. Pesyabmamu.
CTaTUCTMYHO BipOrigHOT Pi3HMLI MiXK LOCAIAKYBAaHUMM FPyNammM 3aneHO Big, Biky (p=0,16), ctati (p=0,747) Ta IMT
(p=0,319) BusABNEHO He Byno, TOBTO BOHM ByM OAHOPIAHI WOoA0 TPODONOrIYHOro CTaTycy Ta y CTaTeBO-BiKOBOMY
acnekTi. Yactka xBopux Ha XIC, y AKUX piBeHb Zn CMPOBATKM KPoBi BYB HMX4Ye HOpmM, cTaHoBuna 19,4% (12/62).
PiBeHb Zn 6yB CTaTUCTUYHO BipOrigHO MeHLWKI y xBopux Ha XI'C, y nopiBHAHHI i3 3a0posumu (0,649 (0,569; 0,739)
mr/n npotu 0,720 (0,645; 0,835) mr/n; p=0,022). BussneHi pisHi Cu Ta Se y o6cTexyBaHMX 0Ci6 He BUXOANAN 338 MeXKi
HOPMM, Ta MiXK TPynamm He BCTaHOB/IEHO CTaTUCTUYHO BiporiaHoi pisHuLi woao pisHA Cu (p=0,069) Ta Se (p=0,149).
Y xBopux Ha XIC cepefgHi piBHI MiKpoenemMeHTIB AK y Y0/I0BIKiB, TaK i B KiIHOK 3HAaXO4M/IUCb MaMKe Ha ogHOMY
piBHi 1 CTaTUCTUYHO BiporigHO He Biapi3HAAMch (p>0,05). PiBHi A0CNiAKYBaHUX MIKPOEEMEHTIB He 3a/1exKanu Big,
TpodONOriYHOro cTaTycy Ta He KopentoBaan 3 Bikom y o6ox rpynax (p>0,05). Y xBopux Ha XI'C 3HaliaeHO cnabkuii
CTYnNiHb HeraTMBHOI Kopensauii (p=—0,271, p=0,033) mix pisHAMYK Zn Ta Cu. CepeaHe 3HaYeHHsA cniBBigHoLWeHHA Cu/
Zn y rpyni xBopux 6yn10 CTaTUCTUYHO BipOrigHO BULLMM MOPIBHAHO i3 3g0posBumun (p=0,002). BucHosku. OTpumMaHi
OaHi BKa3yloTb Ha MMOBIpHUIA BNIMB XpoHiYHOT HCV-iHdeKLii Ha piBeHb Zn CMPOBAaTKKU KPOBI, LLLO CTBOPIOE Nepeay-
MOBM ANA NOAANbLINX AOCNIAMKEHD.

KnouoBsi cnoBa: xpoHiuHuiA renatut C, MiKpOeNeMeHTH, LIUHK.

CHARACTERISTICS OF THE CONTENT OF ZINC, COPPER AND SELENIUM IN BLOOD SERUM IN PATIENTS WITH
CHRONIC HEPATITIS C WITH DIFFERENT BODY MASS INDEX

Sitkar A. D.

Abstract. Introduction. More than 71 million people, or about 1% of the world’s population, are infected with
the hepatitis C virus. The main clinical form of this infection is chronic hepatitis C, which develops in an average of
70% of patients. Metabolic disorders caused by the chronic hepatitis C infection include changes in the metabolism
of trace elements, in particular zinc (Zn), copper (Cu) and selenium (Se), since their basic metabolism takes place
in the liver. Violation of the homeostasis of these trace elements can increase hepatitis C virus replication and liver
fibrosis and reduce the effectiveness of antiviral therapy, which determines the relevance of researching the levels
of these trace elements in such patients. The aim. Evaluate the content of trace elements Zn, Cu and Se in the blood
serum of patients with chronic hepatitis C depending on sex, age and body mass index. Materials and methods. 62
patients with a verified diagnosis of chronic hepatitis C were under observation, in whom the level of Zn, Cu and Se
in blood serum was determined. The control group consisted of 30 healthy people. Results. There was no statistically
significant difference between the studied groups depending on age (p=0,16), sex (p=0,747) and body mass index
(p=0,319), i.e. they were homogeneous. The proportion of patients with chronic hepatitis C in whom the serum Zn
level was below normal was 19,4% (12/62). The level of Zn was statistically significantly lower in patients with chron-
ic hepatitis C compared to healthy people (0,649 (0,569; 0,739) mg/I vs. 0,720 (0,645; 0,835) mg/l; p=0,022). The
detected levels of Cu and Se in the examined persons did not exceed the normal limits, and no statistically significant
difference was established between the groups regarding the level of Cu (p=0,069) and Se (p=0,149). In patients with
chronic hepatitis C, the average levels of trace elements in both men and women were almost at the same level and
did not differ statistically significantly (p>0,05). The levels of the studied trace elements did not depend on the body
mass index and did not correlate with age in both groups (p>0,05). A weak degree of negative correlation (p=—0,271,
p=0,033) was found between the levels of Zn and Cu in patients with chronic hepatitis C. The average value of the
Cu/Zn ratio in the group of patients was statistically significantly higher compared to the healthy people (p=0,002).
Conclusions. The obtained data indicate a probable effect of chronic hepatitis C infection on the level of Zn in blood
serum, which creates prerequisites for further research.
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