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Oxidative stress markers are increased in non-alcoholic fatty liver
disease patients with high serum alanine aminotransferase levels
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aminotransferazy alaninowej w surowicy
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Abstract

Introduction: Non-alcoholic fatty liver disease (NAFLD) is a pathological disease that causes chronic damage in the liver
without alcohol consumption.

Aim of the research: To determine oxidative stress and inflammation statuses (NAFLD) with increased alanine aminotrans-
ferase (ALT).

Material and methods: Oxidative stress (malondialdehyde (MDA), advanced oxidation protein products (AOPP), inflamma-
tion (serum tumour necrosis factor-a (TNF-a)), interleukin-6 (IL-6), and hyaluronic acid (HA) were measured by the ELISA
method or manually. A total of 133 non-obese and non-diabetic individuals were included. Patients diagnosed with NAFLD
with normal ALT levels were included in group 1 (n = 53), and those with high ALT levels were included in group 2 (n = 35).
The control group included individuals without any known systemic disease (n = 45).

Results: We found that the serum MDA levels were significantly elevated in group 2 in comparison to the control group
(p < 0.05). However, there were no significant changes in the serum AOPP levels in any group (p > 0.05). The serum TNF-a
and IL-6 levels of group 1 and group 2 were higher than those in the control group (p < 0.05). The serum HA levels in group 2
increased significantly in comparison to the other groups (p < 0.05).

Conclusions: HA and MDA were enhanced with high ALT levels and with elevated TNF-a and IL-6 levels without high ALT
levels in NAFLD.

Streszczenie

Wprowadzenie: Niealkoholowa sttuszczeniowa choroba watroby (NAFLD) jest schorzeniem wywotujacym przewlekie
uszkodzenie watroby, ktérego przyczyna sa inne czynniki niz nadmierne spozycie alkoholu.

Cel pracy: Oznaczenie stresu oksydacyjnego i wystepowania stanu zapalnego u pacjentéw z NAFLD z podwyzszona
aktywno$cia aminotransferazy alaninowej (ALT).

Material i metody: Markery stresu oksydacyjnego (aldehyd dimalonowy (MDA) i zaawansowane produkty utleniania
biatek (AOPP)) oraz stanu zapalnego (czynnik martwicy nowotworéw o (TNF-a)), interleukina-6 (IL-6) i kwas hialuronowy
(HA)) w surowicy oznaczano testem ELISA lub metoda manualna. Do badania wiaczono ogétem 133 osoby bez nadwagi
i cukrzycy. Pacjentéw z rozpoznaniem NAFLD, u ktérych stezenie ALT byto prawidtowe, wiaczono do grupy 1. (n = 53),
natomiast chorych z NAFLD i wysokim stezeniem ALT — do grupy 2. (n = 35). Grupa kontrolna obejmowata osoby, u ktérych
nie wystepowaty zadne znane choroby ogélnoustrojowe (1 = 45).

Wryniki: Stwierdzono, ze stezenia MDA w surowicy w grupie 2. sg istotnie podwyzszone w poréwnaniu z grupa kontrolna
(p < 0,05). Nie odnotowano natomiast istotnych zmian w stezeniach AOPP w surowicy w zadnej z grup (p > 0,05). SteZenia
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TNF-oiIL-6 w surowicy w grupie 1. i 2. byty wyzsze niz w grupie kontrolnej (p < 0,05). Stezenie HA w surowicy w grupie 2.
byto istotnie podwyzszone w stosunku do pozostatych grup (p < 0,05).

Whioski: W badaniu wykazano podwyzszone stezenia HA i MDA u pacjentéw z NAFLD z wysokim stezeniem ALT oraz
podwyzszone stezenia TNF-a i IL-6 u 0s6b z NAFLD z prawidtowym stezeniem ALT.

Introduction

Non-alcoholic fatty liver disease (NAFLD) causes
chronic damage in the liver [1]. NAFLD is a pathologi-
cal condition that is seen in persons who do not drink
alcohol but are still susceptible to fat accumulating
around the liver. The pathogenesis of NAFLD is mul-
tifactorial, which explains the “two-hit” traditional
hypothesis. The first hit consists of aggregation of
fatty acids/triglycerides (TGs) in the liver and impair-
ment of insulin resistance (IR) response. The second
hit is increased oxidative stress and inflammatory
response. Eventually, two hits result in liver injury
[2, 3]. An increased serum alanine aminotransferase
(ALT) level is an indicator of NAFLD if auto-immune
diseases, viruses, and medicines are excluded. How-
ever, in some patients, despite the normal ALT levels,
these diseases may be seen in histopathology [4].

Lipid peroxidation begins by removing hydrogen
atoms contained in the a-methylene group of poly-
unsaturated fatty acid chains from the membrane
structure, as a result of the free radical effect. Lipid
peroxidation is terminated with lipid hydroperoxide
that is converted to aldehydes and other carbonyl
compounds. The level of one of these compounds,
malondialdehyde (MDA), is measured by the thio-
barbituric acid test, and this method is often used
to detect lipid peroxide levels [5]. A membrane pro-
tein that has an enzymatic function and the recep-
tor are sensitive to free radical modification. This
causes protein oxidation with cell and membrane
defects. Determination of protein carbonyl is widely
used to recognise the damage to the protein struc-
ture. Advanced oxidation protein products (AOPP)
are a marker of protein oxidation and defined as
cross-linked protein products that contain dityro-
sine. They are known as valuable markers of oxida-
tive protein modifications [6]. The oxidative stress
increases with advanced levels of NAFLD, and it is
observed that it has a role in the disease’s steatosis
and advancement into steatohepatitis [7]. Hyal-
uronic acid (HA) is a natural polysaccharide, which
is made out of the disaccharide units of glucuronic
acid and N-acetylglucosamine. It is stated that HA
may be beneficial in distinguishing people who have
non-alcoholic fatty liver disease and those who have
non-alcoholic steatohepatitis, and it is acknowledged
that HA is an important parameter for showing liver
fibrosis in chronic hepatitis [8].

TNF-a (26 kDa) is a transmembrane protein
(TNF-0) in adipocytes. TNF-a regulates many inflam-
matory and autoimmune processes. For persons suffer-
ing from obesity, the elevated level of TNF-a depends

on hyperinsulinaemia, which induces insulin resis-
tance in peripheral tissues [9]. Interleukin-6 (IL-6) is
a cytokine synthesised by mononuclear phagocytes,
vascular endothelial cells, fibroblasts, epithelial cells,
and activated T cells [10]. IL-6 is significantly correlated
with increasing visceral fat and insulin resistance, and
itindependently predicts increasing hepatic inflamma-
tion. Interleukin-6 and TNF-o are pro-inflammatory
cytokines. It is considered that TNF-a constitutes the
second hit, which is determinant in the transformation
of fatty liver to progressive disease forms [11].

Aim of the research

This study classified NAFLD patients based on
their increased ALT levels. The aim of this study was
to determine the oxidative stress and inflammation
statuses in NAFLD by examining MDA, AOPP, TNF-q,
IL-6, and HA levels. These parameters play some roles
in the pathogenesis and progression of this disease.

Material and methods

This study included a total of 133 non-obese and
non-diabetic individuals who visited clinics with
a dyspeptic symptom or for routine check-up proce-
dures. The groups were categorised based on their
serum ALT levels and ultrasonography findings. The
groups were formed as follows: patients diagnosed
with non-alcoholic fatty liver disease with normal
ALT levels as were defined as group 1 (7 = 53); patients
diagnosed with non-alcoholic fatty liver disease with
high ALT levels as group 2 (n = 35); and the control
group included individuals without any known sys-
temic disease (7 = 45). The inclusion criteria were as
follows: presence of hepatosteatosis in USG for groups
1 and 2; the presence of negative markers such as vi-
ral, autoimmune, and metabolic liver diseases; and no
ethanol intake. The exclusion criteria included dia-
betes mellitus, drugs that can lead to type 2 diabetes
(steroids), and drugs that can cause hepatosteatosis
(e.g. steroids, oral contraceptives, methotrexate, tet-
racycline, amiodarone). The serum level of ALT was
measured by using an autoanalyser in routine bio-
chemistry laboratory.

Lipid peroxidation determines the reaction that
occurs between MDA and thiobarbituric acid under
acidic conditions, and the pink-coloured product is
measuredspectrophotometricallyat532nm. MDA con-
centration was recorded in units of “nmol MDA/ml”.
The AOPP level was determined by spectrophotomet-
ric methods. Procedures were performed for chlori-
nated oxidants and crosslinking products of serum
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protein, which are oxidised by potassium iodide. Next,
the absorbance of the released chemical potassium io-
dide was immediately measured against the PBS solu-
tion at 340 nm. Chloramine-T solutions had levels of
concentration from 6.25 pmol/1 to 100 umol/l. These
figures were used in drawing a standard curve. AOPP
concentrations were found in chloramine-T equiva-
lents, measured in pmol/l units. The coefficient of
variation HA (Cusabio, catalogue no: CSB-E04805h),
TNF-a (Diasource, catalogue no: KAP 1751), and IL-6
(Diasource, catalogue no: KAP1261) serum levels of all
patients were studied by using the ELISA method.

Statistical analysis

SPSS (Statistical Package for the Social Sciences)
version 18.0 was used to analyse the data, which
were obtained and tabulated. Shapiro-Wilk test was
used to test the parametric test conditions. The data
showed non-parametric test conditions according to
the Shapiro-Wilk test. Consequently, the Mann-Whit-
ney U test, which is a non-parametric test, was chosen
to compare two independent groups. In all statisti-
cal analyses, the significance level was accepted as
p < 0.05. Correlation analyses were performed using
Spearman’s correlation test.

Results

Table 1 shows the mean and standard deviation
values of the demographic variables, and Table 2
shows the mean and standard deviation values for the
biochemical variables of all groups.

The mean ages of the control, group 1, and group 2
were 34.75, 56.28, and 45.06, the mean body mass in-
dex (BMI) values of these groups were 22.57, 23.36, and
24.25 kg/m?, and the mean ALT levels of these groups
were 17.71, 22.96, and 72.91, respectively (Table 1).

The serum MDA levels increased significantly in
group 2 (high level of ALT) in comparison to the con-
trol group (p = 0.012), while there was no significant
difference between group 1 (low level of ALT) and
group 2 (p > 0.05). There were no significant chang-
es in the AOPP levels amongst the groups (p > 0.05).
The serum TNF-a levels in groups 1 and 2 were sig-
nificantly higher than those in the control group
(p = 0.01 and p = 0.011, respectively). However, there
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Table 1. List of mean levels of demographic characters
of the all groups

Parameter Control group  Group 1 Group 2
(n = 45) (n=53) (n = 35)
Age 34.75 56.28 45.06
BMI 22.57 23.36 24.25
ALT [IU/1] 17.71 22.96 72.91

N — number of patients, BMI — body mass index, ALT — alanine ami-
notransferase.

was no significant difference between groups 1 and 2
(p > 0.05). A significant change in the serum IL-6 lev-
els was also found amongst all groups (p = 0.001). The
serum IL-6 levels increased significantly in groups 1
and 2 in comparison to the control group (p = 0.01 and
p = 0.001, respectively), and the values in group 2 were
significantly higher than those in group 1 (p = 0.001).
A significant rise of HA levels was measured in group
2 in comparison to the control group and group 1
(p =0.002 and p = 0.038, respectively) (Table 2).

On other hand, according to the Spearman’s cor-
relation test results, the MDA and AOPP levels in-
creased simultaneously. There was a strong correla-
tion between the MDA and AOPP levels (1> = 0.422,
p < 0.01). There was also a strong correlation between
the TNF-a and IL-6 levels (> = 0.422, p < 0.01) (Table 3).

Discussion

Major metabolites (glucose, fatty acids, and cho-
lesterol) play a key role in the well-being of the liver.
Obesity as a result of poor dietary habits leads to in-
creased insulin resistance of the peripheral tissues,
which causes an accumulation of fat in the liver [12—
14]. As a result of this, NAFLD may spread [14-17].
NAFLD is a disorder that is frequently found within
blood abnormalities. Younossi et al. [18] determined
high aminotransferase enzyme levels in the US gener-
al population, measured at 1% to 9%, and the majority
of patients who were diagnosed with hypertransami-
nasaemia had levels at 3% to 5% and reported symp-
toms of NAFLD. NAFLD is generally associated with
insulin resistance, which leads to type 2 diabetes and
obesity. Ghamar-Chehreh et al. [19] reported that, in
NAFLD, increased levels of ALT were not correlated

Table 2. List of mean + standard deviation levels and the coefficient of variations biochemical values of all groups.

Parameter Control group (n = 45)
MDA [nmol/ml] 1.65 +0.69

AOPP [umol/I] 37.35 £16.71

IL-6 [pg/ml] 17.92 +5.27
TNF-o. [pg/ml] 4.55 +3.05

HA [ng/ml] 0.48 +0.37

Group 1 (n = 53) Group 2 (n = 35)

1.89 +0.97 2.04 £0.67°
40.73 £16.65 42.14 £17.07
21.09 +6.94* 32.24 £38.84¢

5.86 +2.71° 6.20 £3.24°

0.5+0.32 0.6 £0.35b¢

n — number of patients, %significance p < 0.05; difference between control group and group 1, *significance p < 0.05; difference between
control group and group 2, significance p < 0.05; difference between group 1 and group 2.
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Table 3. Correlation analyses among the parameters

MDA AOPP TNF-a. IL-6
MDA r 1 0.42 - -
p - 0.001* - -
n 130 130 - -
AOPP r 0.42 1 = =
p  0.001* = = =
n 130 130 = =
TNF-aa  r - - 1 0.254
p - - - 0.004*
n - - 130 130
IL-6 r — — 0.254 1
p = = 0.004* =
n = = 130 130

*Significance correlation at the 0.01 level.

with dyslipidaemia but showed a correlation with
insulin resistance. In livers with progressed damage,
reduced hyaluronate receptors of sinusoidal endo-
thelial cells induce high HA levels. Serum HA levels
are a predictor of the progression of hepatic fibrosis.
Accordingly, determining serum HA is a good mark-
er to help diagnose hepatic fibrosis [20]. Suziki et al.
[21] and Pawitpok et al. [22] reported that serum HA
and ALT levels increase together, and that the disease
changes from steatosis to fibrosis.

According to our results, the serum HA levels in
this study significantly increased (p < 0.05) in group 2
in comparison to the control group and group 1. It
was concluded that elevated ALT levels may induce
HA without diagnosis of fibrosis in NAFLD. Logu-
ercio et al. [23] stated that inflammation parameters
such as TNF-o and IL-6 increased significantly, along
with the insulin resistance in NAFLD patients who
had abnormally high serum ALT levels. In parallel
to this, Jang et al. also showed increased ALT levels
with inflammation markers [24]. Nevertheless, Wong
et al. [25] did not mention any change reagrding an
increase in ALT levels with TNF-o and IL-6. In this
study, the TNF-a and IL-6 levels increased signifi-
cantly in groups 1 and 2 in comparison to the control
group (p < 0.05). The IL-6 levels of group 2 were also
measured, and it was noticed that they significantly
increased in comparison to group 1 (p < 0.05). These
results suggested that NAFLD may trigger a high level
of inflammation, whereas increases in the ALT levels
did not stimulate inflammatory parameters. In other
words, these findings showed that TNF-a and IL-6
levels increased together (p < 0.01).

The levels of lipid peroxidation products are im-
portant in determining steatosis. Araya et al. [26] re-
ported that the serum MDA levels increased signifi-
cantly in comparison to the control group of steatosis
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and non-alcoholic steatohepatitis (NASH) patients,
but there was no significant correlation in the serum
ALT levels between these groups. Kumar et al. [27]
reported that the serum levels of MDA were signifi-
cantly higher among NAFLD patients with raised ALT
levels in comparison to the control groups. Mousavi
et al. [28] found similar results in a rat model. There
was a contradiction between these studies in terms
of the ALT levels. According the results in this study,
while there were significantly increased serum MDA
levels in group 2 in comparison to the control group,
we did not find any significant difference with group 1.
This result showed that elevated ALT levels in NAFLD
may increase lipid peroxidation. Protein damage oc-
curs as a result of oxidative stress, as well as lipid per-
oxidation, in a fatty liver. There are a few studies in
the literature on the AOPP levels in fatty liver disease.
Nevertheless, different protein carboxylation and
oxidation products were reported to increase [26, 29].
Araya et al. [26] observed that protein carboxylation
increased significantly in the control group of NAFLD
and NASH patients, but they could not measure any
significant correlation between these groups. Videla
et al. [29] showed that protein oxidation increased sig-
nificantly in NAFLD patients in comparison to NASH
and the control group. In our study, it was not possible to
observe the significance of the differences of the AOPP
levels of groups 1 and 2 in comparison to the control
group (p > 0.05). However, there were strong positive
correlations between MDA and AOPP (p < 0.01). Both
MDA and AOPP levels increased together in NAFLD.

Conclusions

This study showed that HA and MDA were en-
hanced with high ALT levels and on elevated TNF-a
and IL-6 levels without high ALT levels in NAFLD.

HA and MDA levels may be used as valuable mark-
ers for the diagnosis of NAFLD. Further studies are
needed to clarify high ALT levels and biochemical pa-
rameters in the pathogenesis of NAFLD.
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