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Abstract

Background: Fatty liver disease (FLD) is classified into metabolic dysfunction-associated fatty
liver disease (MAFLD) and non-MAFLD based on the presence of metabolic abnormalities. The
pathophysiology of FLD is complex; however, oxidative stress (OS) seems to play a significant
role in its progression.

Sina Mohagheghi Objectives: This study examined o.xidative stress markers linked to FLD. .
Email: amr.mohag/hegh@yahoo. Methods: A total of 64 patients with FLD, |nc|gd|ng 38 MAFLQ a.n.d 26 non-MAFLD patients,
com respectively, were evaluated and compared with 22 healthy individuals. To assess oxidative
stress, in addition to the activities of catalase (CAT), glutathione peroxidase (GPx), and
superoxide dismutase (SOD) enzymes, total oxidant status (TOS), malondialdehyde (MDA), and
total antioxidant capacity (TAC) were measured in the serum of the participants.

Results: It was found that TOS, MDA, and TAC levels in the serum were significantly higher
in the FLD group compared to the healthy individuals. Notably, these increases were more
pronounced in the MAFLD group compared to the non-MAFLD group. Additionally, CAT and
GPx enzyme activities were significantly elevated in patients with FLD than in the control group.
The MAFLD group exhibited the highest CAT enzyme activity, while the non-MAFLD group
demonstrated the highest GPx enzyme activity. Conversely, serum SOD enzyme activity was
decreased across all studied groups, with no significant differences observed between them.
Conclusion: Patients with MAFLD and non-MAFLD exhibit an imbalance in their oxidative stress
systems. It appears that CAT and GPx enzymes probably play crucial roles in the antioxidant
defense mechanisms in these patients, respectively.
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Background

Metabolic dysfunction-associated fatty liver disease
(MAFLD) is a significant concern for 33% of the world’s
population, making it incredibly common (1). This
condition occurs because of the accumulation of fat
in the liver, which occurs in the context of metabolic
dysregulation. This condition often starts as simple
steatosis and, if untreated, may advance to metabolic
dysfunction-associated steatohepatitis (MASH) and end
stages of liver disease (2,3). The diagnosis of MAFLD
requires confirmation of hepatic steatosis through
radiological imaging techniques, along with obesity, type
2 diabetes (T2D), or metabolic abnormalities (4).

While diagnostic criteria have enhanced the accuracy
of patient diagnoses, certain individuals remain
unrecognized by these standards and are classified as
non-MAFLD patients (5). Although this group of patients

exhibits varying degrees of steatosis and typically presents
a milder form of the disease, they may experience greater
inflammation and hepatocyte ballooning compared to
patients with MAFLD (6).

The pathogenesis of MAFLD is multifactorial, involving
a variety of mechanisms, among which oxidative stress
(OS) could be important (7). Furthermore, researchers
indicated that the accumulation of fat in hepatocytes
can induce OS by disrupting the balance between the
production and scavenging of reactive oxygen species
(ROS) (8). This imbalance induces the accumulation
of ROS, leading to structural and enzyme damage and
ultimately cell death (9). Elevated generation of ROS has
been observed in patients with obesity and diabetes, which
are linked to MAFLD (7).

Liver cells have a strong antioxidant defense system
consisting of both enzymatic and non-enzymatic
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elements that help maintain ROS at physiological levels
(2). Enzymatic antioxidants primarily break down ROS,
whereas non-enzymatic antioxidants reduce oxidative
damage by contracting free radicals and non-radical
oxidizing agents (10).

This study aims to examine OS markers and the
activity of antioxidant enzymes in the serum of patients
with MAFLD, patients with non-MAFLD, and healthy
individuals.

Materials and Methods

Study Design

A total of 64 patients with fatty liver disease (FLD) were
assessed by an expert hepatologist and compared to
22 healthy controls. Based on diagnostic criteria, FLD
patients were classified into two groups, those with
MAFLD and those without MAFLD.

To diagnose MAFLD, it is necessary to demonstrate
the presence of fatty liver using imaging techniques, and
the patients need to be overweight/obese or have type 2
diabetes. If a patient has liver steatosis, does not meet the
previous two criteria, and is thin, he/she needs to have at
least 2 of the following 7 metabolic disorders (11):

1.  Waist circumference<102 and 88 c¢cm (for men and
women, respectively)

2. Blood pressure<85/130 mmHg or use of certain
medications

3. Triglyceride level<150 mg/dl or use of certain
medications

4. HDL-C level >40 mg/dl and 50 mg/dl (for men and
women, respectively) or use of certain medications

5. Prediabetes (fasting blood sugar 100-125 mg/dl,
2-hour blood sugar 140-199 mg/dl, or HbAlc level
4%/7-6/5)

6. HOMA-IR<2.5

7. CRPlevel <2 mg/L

A notable point regarding the diagnosis of patients
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based on MAFLD diagnostic criteria is that patients who
were not diagnosed with non-metabolic NAFLD or lean
NAFLD have fatty liver but do not have obesity, diabetes,
or metabolic disorders (4,12). Accordingly, 38 and 26
patients with MAFLD and non-MAFLD were identified,
respectively (Figure 1).

All participants’ BMI was also calculated by dividing
their weight in kilograms by the square of their height in
meters.

Inclusion criteria were being at least 18 years old and
having ultrasound-confirmed steatosis. Patients taking
steatogenic or lipid-lowering medications, as well as those
under antihypertensive treatment, were excluded from
the study (13). The study design was comprehensively
communicated to participants, and informed consent
was obtained. The current study was approved by the
Research Ethics Committee of Hamadan University of
Medical Sciences (IR.UMSHA.REC.1403.602).

Blood Collection

All participants referred to the Arad Laboratory in
Hamadan between 8 and 9 am and 5 mL of peripheral
venous blood from subjects who underwent 12 hours of
fasting was collected in a clot tube to obtain serum.

Oxidative Stress Markers Assay

Total oxidant status (TOS) was measured using the
Ferrous Oxidation Xylenol Orange (FOX) assay, which
quantifies the oxidation of Fe?* to Fe** by oxidant
compounds present in samples. In this procedure, 50
uL of serum was mixed with 950 pL of FOX reagent,
and subsequent to centrifugation, the supernatant was
assessed spectrophotometrically at a wavelength of 560
nm (14). Malondialdehyde (MDA) levels are typically
measured using thiobarbituric acid reactive substances
(TBARS) assay. In this procedure, 50 uL of serum was
added to 1 mL of TBA reagent and 4 mL of distilled

(n=89)
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Figure 1. Flow Chart of the Study
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water. The mixture was subsequently incubated in a 95 °C
water bath for 60 minutes. Subsequent to cooling, 5 mL
of butanol was introduced, and the liquid was completely
vortexed. Finally, centrifugation was performed to
separate the phases, and the absorbance of the upper
layer was measured using a fluorimeter with an excitation
wavelength set at 515 nm and an emission wavelength at
553 nm (15). The total antioxidant capacity (TAC) was
evaluated using the Ferric Reducing Antioxidant Power
(FRAP) method, which quantifies the capability of the
sample to reduce Fe** to Fe** in the presence of Tripyridyl-
s-triazine (TPTZ). In this assay, the formation of a bluish
complex (Fe** and TPTZ) allowed for the quantification
of the electron donating capacity of antioxidants. In
this procedure, 100 pL of the sample was mixed with 3
mL of FRAP reagent. The resultant color intensity was
subsequently quantified with a spectrophotometer at a
wavelength of 593 nm (16).

Enzymatic Anti-oxidant

Enzyme assays for catalase (ZB-CAT-96A), glutathione
peroxidase (ZB-GPX-96A), and superoxide dismutase
(ZB-SOD-96A) were performed utilizing ZellBio kits
(ZellBio GmbH, Germany) following the manufacturer’s
protocol. The absorbance was measured at the wavelength
recommended by the kit using a microplate reader
(MicroDigital M2, Mobi, China).

Statistical Analysis

Statistical analysis was conducted using SPSS version
16.0 (Chicago, Illinois). One-way ANOVA was used
for normally distributed data, while the Kruskal-Wallis
test was used otherwise. P-values of less than 0.05 were
considered statistically significant.

Results

Characteristics of Subjects

FLD patients had a higher body mass index (BMI)
compared to healthy individuals. Furthermore, BMI
in the MAFLD group was significantly greater than in
controls and non-MAFLD patients (Table 1).

Oxidative Stress Status

In this study, an examination of OS markers revealed that
serum levels of TOS, MDA, and TAC were significantly
elevated in FLD patients compared to the control group

Table 1. Characteristics of the Study Participants

Control FLD non-MAFLD MAFLD
Subjects (n) 22 64 26 38
Gender (male) 10 38 16 22

Age (year) 36.64 [15] 42.27 [17.5] 40.85[17.75] 43.24 [16.25]
Grade (1/2/3)
BMI (kg/m?)

The results were analyzed using one-way ANOVA and Kruskal-Wallis tests.
Results are expressed as mean+SD or median [IQR] (""P<0.001 vs. control,
#7P<0.001 vs. non-MAFLD).

23/31/10 14/10/2 9/21/8

23.5+4  2825+3.9" 24.77+1.5 30.7+£3.177#%

(P<0.001) (Figure 2A).

As depicted in Figure 2B, TOS levels were significantly
higher in both MAFLD and non-MAFLD patients than
in controls, with P<0.001 and<0.05, respectively. An
increase was also noted in MDA, which was significantly
elevated in both the MAFLD group (P<0.001) and
the non-MAFLD group (P<0.05) relative to controls.
Regarding TAC, a significant increase was observed
exclusively in MAFLD patients compared to healthy
individuals (P<0.001). Although TAC also showed an
increase in the non-MAFLD group, this difference did not
reach statistical significance. No significant differences
were found in the assessed parameters between the
MAFLD and non-MAFLD groups.

Anti-oxidant Enzymes

As presented in Figure 3A, the activity levels of CAT
and GPx enzymes were notably higher in FLD patients
compared to healthy participants (P<0.001 and P<0.01,
respectively). Conversely, the activity levels of SOD in
the fatty liver group showed a decrease; however, this
difference was not statistically significant.

Further investigation revealed that CAT activity levels
were significantly higher in MAFLD and non-MAFLD
patients than in healthy individuals, with P values
0f<0.001 and<0.01, respectively. This increase was
particularly pronounced in the MAFLD group. Regarding
GPx, both patient groups showed elevated enzyme activity;
however, a significant difference was only noted in non-
MAFLD patients relative to controls (P<0.01). Moreover,
the assessment of SOD activity showed decreased serum
levels in both MAFLD and non-MAFLD patients, but
these differences were not statistically significant. Overall,
there were no significant differences found between the
MAFLD and non-MAFLD groups in the analysis of the
results (Figure 3B).

Discussion

MAFLD is linked to OS, resulting in increased attention
in past years to the effects of OS on the development
and progression of FLD (17, 18). In this case-control
study, the activity of antioxidant enzymes and serum
concentrations of markers of OS were examined in
patients with MAFLD, patients with non-MAFLD, and
healthy participants. These findings indicate that patients
with FLD, particularly those with MAFLD, exhibit a
heightened state of OS, evidenced by increased levels of
TOS and MDA concentrations. Additionally, increased
antioxidant status was observed among these patients,
reflected by increased TAC levels and CAT and GPx
activities. However, SOD enzyme activity was found to be
reduced in the FLD patients.

Previous studies on MAFLD have shown variable
results. For instance, Zakaria et al (19,20) established
an animal model of MAFLD in rats and reported an
increase in MDA levels in the liver tissues of the MAFLD
group compared to the control, which aligns with the
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Figure 2. Oxidative Stress Markers. (A) Serum levels of oxidative stress markers in FLD patients (n=64) compared to the controls (n=22). (B) Serum Levels
of oxidative stress markers in non-MAFLD patients (n=26) and MAFLD patients (n=38) compared to controls (n=22). Results are expressed as mean +SEM
(*P<0.05 and ***P<0.001 vs. control)
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Figure 3. Antioxidant Enzymes Activities. (A) Serum levels in FLD patients (n=64) compared to controls (n=22). B. Serum levels in non-MAFLD patients (n=26)
and MAFLD patients (n=38) compared to controls (n=22). Results are expressed as mean+SEM (**P<0.01 and ***P<0.001 vs. control)
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findings of this study. One mechanism by which OS
contributes to hepatic steatosis is the disruption of
lipid metabolism, which is particularly vulnerable to
damage by ROS. ROS-induced lipid peroxidation lead
to the production of MDA as a downstream product of
this damage (21). Increased levels of MDA can further
exacerbate steatosis and contribute to the severity of the
disease by interfering with the secretion of very low-
density lipoprotein (22). Additionally, the products of
lipid peroxidation are implicated in the progression of the
disease to steatohepatitis (23). Furthermore, studies have
demonstrated that elevated MDA levels can stimulate the
expression of the Fas ligand gene in hepatocytes, thereby
enhancing the production of inflammatory cytokines
via the NF-xB pathway, which increases the risk of
liver fibrosis (24). Conversely, they observed a decrease
in TAC levels in the liver tissues of the MAFLD group,
alongside reduced activity levels of the CAT, GPx, and
SOD (19,20), which is in contrast with the findings of
this study. Asghari et al (9) found elevated serum MDA
levels in FLD patients compared to healthy individuals,
corroborating our findings. Their study further indicated
areduction in serum TAC in patients with FLD compared
to controls. They also investigated antioxidant enzymes in
erythrocytes and reported that the activity levels of SOD
and GPx were elevated in these patients; however, the
increase in GPx activity was not statistically significant.
Another study reported that plasma levels of TOS and
MDA were increased in patients with FLD compared
to controls (8), which aligns with the findings of this
study. Additionally, this study noted an increase in the
activities of SOD and GPx enzymes in patients with
FLD; however, CAT enzyme activity was found to be
decreased. Notably, no significant changes in plasma
TAC levels were observed. Additionally, researchers
categorized patients with FLD into two groups: early
and advanced stages (8). It was observed that the activity
level of GPx was higher in the early stage compared to
the advanced stage, although this difference was not
significant. Notably, patients in the early stage of FLD can
be considered somewhat representative of non-MAFLD
patients, which is consistent with the results obtained
in this study. In general, according to past studies, an
increase in the levels of oxidant factors is associated with
a corresponding increase in antioxidant enzyme activity,
reflecting a compensatory physiological response to
mitigate these conditions (9). Although most previous
studies reported decreased TAC levels in patients, this
study found an increase in TAC. The possible reason for
this observation could be the compensatory response of
the body to OS and increased production of antioxidants.
Dietary factors and consumption of antioxidant-rich
foods could also be responsible for this, as patients are
likely to follow a strict diet due to their disease. Regarding
the reduced activity levels of SOD, we hypothesize that
the mechanisms underlying OS in patients with FLD may
initially disrupt the production or function of this enzyme.

However, further studies are necessary to explore this
relationship in greater detail. These results appear to be
dependent on the type of sample analyzed. For instance,
OS markers measured in liver samples from patients with
FLD consistently demonstrate decreased activity or levels
across all examined data. In contrast, analyses of other
sample types, such as blood, plasma, and serum, reveal
that antioxidant levels are often elevated in the majority
of FLD cases (25). It is noteworthy that OS can serve
both as a cause and a consequence of FLD (26). However,
further studies are needed to establish a definitive causal
relationship regarding this phenomenon.

Conclusion

Patients with MAFLD and non-MAFLD exhibit an
imbalance in their oxidative systems, which is more
pronounced in those with MAFLD. Furthermore, given
the greater increase in GPx enzyme activity in non-
MAFLD patients than in MAFLD, it can be inferred that
this enzyme plays a more significant role in this group.
Additionally, the ease of measuring OS markers in the
serum of patients with FLD, as opposed to their liver
tissue, presents an advantage that facilitates the use of
these tests in clinical settings.
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