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ABSTRACT
Objective: The objective of this study is to investigate blood nuclear factor κB (NF-κB), apelin, lipid peroxide product; thiobarbituric acid (TBA)
malonaldehyde (MDA), monocyte chemoattractant protein-1 (MCP-1), B-cell lymphoma 2 (Bcl2), and paraoxonase (PON1) levels in patients with
non -alcoholic fatty liver disease (NAFLD) in a trail to correlate the significance of these biomarkers in the diagnosis and initiation of NAFLD patients.

Methods: A total of 32 patients with NAFLD and 45 healthy controls were enrolled in the study. Apelin levels were measured along with, NF-κB, MCP1,
MDA, Bcl2, and PON1 were detected.
Results: Significant increase in serum NF-κB, MDA, MCP1, and apelin levels in NAFLD patients with percentages increase 1031.23, 293.02, 165.93, and
120 %, respectively, while significant reduction in PON1 and BCl2 levels with percentages decrease 54.58 and 79.03 %, respectively, were detected
as compared to control. A significant correlation was found between serum concentration of the measured biomarkers with the incidence of NAFLD.

Conclusions: It could be concluded that patients with NAFLD have significantly increased circulating apelin, NF-κB, and MDA levels as compared
to healthy control subjects while significant reduction in BCl2 and PON1 levels were recorded. Besides, the NAFLD status is tightly attributed to the
existence of insulin resistance and oxidative stress.
Keywords: Apelin, Adiponectin, Non-alcoholic fatty liver disease, Nuclear factor-κB, Monocyte chemoattractant protein-1, Bcl2, Paraoxanse1.
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INTRODUCTION
Non-alcoholic fatty liver disease (NAFLD) is a condition connected
with various metabolic disorders [1]. The hepatic tissue is subjected to
signals from other tissues organ, comprising adipose tissue, the gut, and
its microbiota [2], involving a wide range of hepatic damage, extended
from simple steatosis to steatohepatitis [3]. NAFLD can develop to
non‑alcoholic steatohepatitis (NASH) in 12–40% of conditions. NASH
can be recognized by the finding of ballooning of hepatocyte, apoptosis,
inflammatory infiltration, and deposition of collagen. The patients with
NASH (15%) will develop cirrhotic liver.
The mechanism of liver damage is not only the reason of fibrosis; but
also apoptosis has been demonstrated, since it is considered as one of
the great significant characteristics of NAFLD [4]. In addition, it has
been found that Bax and caspase-3 are enhanced by cholesterol [5],
which may be principle proteins for apoptosis; however, the p53
and Bcl-2 expression in steatotic cells did not elevate by cholesterol,
speculating remarkable function for the mechanisms of cell death in
hepatocytes [6].

Long-term exposure of mice to a high-fat diet (HFD) stimulates steatosis
of hepatic tissue, altering the proteomes of liver mitochondria [7].
Dysfunction of mitochondria may be produced by reactive oxygen
species (ROS) which suppress the respiratory chain and integrity of
mitochondrial DNA participating in toxicity of organelle, inhibition
of fatty acid (FA) oxidation and increase in lipid peroxidation [8].
Hepatic steatosis may be attributed to an increase in FA, glucose,
lipotoxicity, or insulin resistance (IR), and it stimulates lipid synthesis
(de novo mechanism) [9]. Moreover, peroxisome proliferator-

activated receptor γ causing an elevation in uptake of cellular free FA,
more than the characteristic mechanism of hepatic lipid export and
catabolism, supposing an adipogenic process of liver cells [10]. The
presence of steatosis is closely associated with chronic inflammation
of hepatic tissue, an effect mediated by signaling pathway activation of
Ikκ-b/nuclear factor κB (NF-κB) [11].
NF-κB is a protein that roles to stimulate a number of genes
transcription, implicated in the regulation of the inflammatory response
and cellular immunity [12]. Cytoplasmic nuclear factor-κB (NF-κB)

is an inactivated by inhibitory-κB (I κB), once activated it moves
to the nucleus and acts to coordinate the enzymes transcription such
as inducible nitric oxide synthase and cyclooxygenase-2 cytokines
such as interleukin (IL)-1β, tumor necrosis factor (TNF)-α, growth
factors, immune receptors, and monocytes chemoattractant protein-1
(MCP-1) [13].

Apelin, a recently described adipocytokine, is abundantly expressed
in adipose tissue and created in the endothelial cells [14]. In obese
patients and in association with hyperinsulinemia, the plasma levels of
apelin were found to be elevated [14].Further, it was found reduction
in the levels of circulating apelin in patients with dyslipidemia and also
newly diagnosed and untreated Type 2 diabetes mellitus (T2DM) [14].

The activity of paraoxonase (PON1) is varying related to PON1 consumption
for the oxidation prevention [15]. As a matter of fact, PON1 has a principle
function in atherosclerosis prevention [16]. PON1 is an antioxidant enzyme
linked with high-density lipoprotein (HDL) and shows a central role in the
low-density lipoprotein (LDL) and HDL protection from oxidation through
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hydrolyzing the products of lipid peroxide and phospholipids [17]. PON1
decays the accumulation of LDL lipid peroxides on LDL and arteries in
vitro and in vivo [18]. Further, serum activity of PON1 activity participates
in the anti-atherogenic function of HDL, and its activity is tightly linked
with oxidative stress in serum [19]. Hence, low PON1 activity in serum is
considered a risk factor for coronary artery disease [20], hyperlipidemia
[21], Type 2 diabetes [22], and renal dysfunction that is under oxidative
stress [23]. In addition, Pasqualini et al. declared PON1 exhibits a principle
effect in modulating endothelial function [24].
Hence, the present study is designed to evaluate the role of apelin,
PON1, BCl2, MCP1, and NF-kβ as collective new diagnostic biomarkers
in patients with NAFLD.
METHODS AND SUBJECTS

Patients and inclusion criteria
A total of 32 non-drinking patients (19 men and 13 women; mean age:
46.5±11.4 years) with biopsy-proven NAFLD were enrolled into the
prospective study in Hospital Clinic of National Research Centre. Informed
consent was obtained from each patient. A total of 22 NAFLD patients
with Insulin Resistance (IR) compared with 10 patients without IR. The
patients were referred for the evaluation of tests of abnormal liver function
and/or detection of hepatic steatosis, and hepatomegaly were carried out
by ultrasonography (USG). The patients with alcohol intake (all patients
were teetotalers) or with a history of recent potentially hepatotoxic drug
intake were excluded from the study. Diagnosis was based on histology
with exclusion of other etiologies such as chronic viral hepatitis, primary
biliary cirrhosis, metabolic liver diseases, autoimmune liver disease,
α1-antitrypsin deficiency, and Wilson’s disease, hemochromatosis and
sclerosing cholangitis. The fasting insulin level was measured, and the IR
index was calculated using the homeostasis model assessment method:
HOMA IR (%): (glucose [mg/dl]/18)×(fasting insulin [mU/mL]/22.5).
The American Diabetes Association criteria for diabetes were applied. The
patients with fasting serum glucose levels of more than 129 mg/dl or a 2-h
glucose level of more than 220 mg/dl during an oral glucose tolerance test
were considered to have diabetes mellitus. After exclusion of the secondary
NAFLD conditions, patients with elevated alanine aminotransferase
(ALT), steatosis, or hepatomegaly in USG underwent liver biopsy. Biopsy
materials that contained more than five portal areas were evaluated.
According to HOMA IR, patients with biopsy-proven NAFLD diagnosis were
then divided into two groups: IR group (n=22) and non-IR group (n=10).
NASH was definitively diagnosed in all patients by histopathological
examination following liver biopsy. A combination of hepatocellular
steatosis, ballooning and disarray, acinar, or portal inflammation, and
fibrosis in histopathological examinations was graded as Grade I (mild),
Grade 2 (moderate), and Grade 3 (severe), and fibrosis was staged as stage
one to four as suggested by the necroinflammatory grading and staging
system for steatohepatitis [20]. Body mass index (BMI) was calculated as
weight (in kilograms) divided by the square of height (in square meters) in
all patients and controls. Cases were classified into three groups as normal
weight group (BMI <25kg/m2), overweight group (BMI≥25 - <30 kg/
m2), and obese group (BMI ≥30 kg/m2). Informed consent was obtained
from the patients before the study. The National Research Centre Ethical
Committee approved the study protocol and the procedures; these were
in accordance with the blood samples collected in the morning after an
overnight fast, and serum samples were stored at −70°C until assay for
PON1, BCl2, MCP1, and malonaldehyde (MDA) NF-kβ.
None of the 45 healthy controls had any known disease, and none was
taking any medications. Routine biochemical findings of the healthy
controls individuals were also within the normal range. In all healthy
controls, an abdominal ultrasound was performed to exclude bright
liver. All controls had ALT and aspartate aminotransferase (AST) within
normal range, were negative for hepatitis C virus, hepatitis B virus, and
human immune deficiency virus infections or history of liver disease.
Systolic and diastolic blood pressure was measured. Hypertension
was defined as a systolic blood pressure of 140 mmHg or more, a
diastolic blood pressure of 90 mmHg or more, or self-reported use of
antihypertensive medications [25].
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Exclusion criteria
Exclusion criteria included recent gastrointestinal bypass surgery,
smoking habit, pregnancy, serum total bilirubin level higher than
2 mg/dl, usage of estrogens, tamoxifen and glucocorticoids, rheumatoid
arthritis, renal diseases, cancer, systemic or local infection, and history
of excess alcohol ingestion, averaging more than 30 g/day (3 drinks per
day) in the previous 10 years, or history of alcohol intake averaging
>10 g/day (1 drink per day: 7 drinks per week) in the previous
1 year [25].
Blood sample collection
Blood samples were obtained following an overnight fasting state.
Samples were withdrawn from a cubital vein into blood tubes and
immediately stored on ice at 4°C. The serum was then separated from
the cells by centrifugation at 3000 rpm for 10 min, and they were stored
until analyzing at −80°C [25].

Assay of paraoxonase activity
We measured the rate of hydrolysis of paraoxon by monitoring the increase
of absorbance at 405 nm and at 25°C. The basal assay mixture included 1.0
mM paraoxon and 1.0 mM CaCl2 in 0.05 M glycine buffer, pH 10.5. One unit
(IU) of paraoxonase activity is defined as 1 μmol of p-nitrophenol formed
per min, and activity was expressed as U/l of serum [26].
Determination of MCP-1 protein
MCP-1 protein levels in serum obtained from the study participants were
measured using a solid-phase sandwich enzyme-linked immunosorbent
assay (MCP-1 Quantikine ELISA kit, R and D systems, Abingdon, UK).
Briefly, 100µl of duplicated samples or standards (recombinant
human MCP-1) were incubated (2 h at room temperature) in the
wells precoated with the primary antihuman MCP-1 antibody. After
incubation, wells were washed three times and horseradish peroxidaseconjugated polyclonal antibodies against MCP-1 were added (for 2 h at
room temperature). Finally, tetramethylbenzidine substrate solution
was applied for 30min and, after stopping the reactions by 2 M sulfuric
acid, the absorbance was measured at 450 nm (with correction at
540 nm). The data were evaluated with KIM-E software (USOL, Prague,
Czech Republic); the detection limit of the MCP-1 assay was 5.0pg/ml.

Quantification of NF-κB
NF-κB was measured in serum using commercially available human
NF‑κB enzyme-linked immunosorbent assay (ELISA) kit (Glory Science
Co., Ltd., Del Rio, TX, USA) according to manufacturer instructions. The
kit uses a double antibody sandwich ELISA to assay the level of NF-κB.
The detection range of the kit is 100 U/l - 2000 U/l.

Determination of lipid peroxide
Lipid peroxidation was assayed in serum by measuring the
thiobarbituric acid-reacting (TBA) substances as previously described
by Ruiz-Larrea et al. [27] in which the thiobarbituric acid-reactive
substances react with thiobarbituric acid to produce a red colored
complex having peak absorbance at 532 nm (using ultraviolet-VI8
Recording Spectrophotometer (Shimadzu Corporation, Australia).
Determination of Bcl-2
The level of human B-cell leukemia/lymphoma 2 (Bcl-2) in striatal
tissue was determined by double-antibody sandwich enzyme-linked
immunosorbent assay kit according to the manufacturer’s instructions
(Biosystems, Egypt,).
Determination of triglycerides (TGs)
TG was measured by the method of Fossati and Prencipe [28] using a
diagnostic kit (Biosystems, Egypt).

Insulin action was assumed to be related to the total daily insulin
dose, which was calculated as dose per weight (ID/kg). Adiposity was
estimated as BMI. Fasting plasma glucose was determined in serum
by colorimetric assay according to Trinder [29]. Total cholesterol (TC)
level was measured by the enzymatic colorimetric method according to
the method of Richmond [30] (using a diagnostic kit Biosystems Spain).
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Apelin-12
Plasma apelin-12 levels were determined by ELISA (Human apelin-12
ELISA kit, Phoenix Pharmaceuticals, Belmont, CA, USA) (sensitivity:
[Minimum detectable concentration] = 0.15–0.25 ng/ml, IntraCV:
5%and InterCV: 14%).

Liver function tests
Alkaline phosphatase (ALP) was measured by the method of Belfield
and Goldberg [31] using a diagnostic kit (Biosystems, Egypt). ALT and
AST were determined in blood serum samples according to the method
of Reitman and Frankel [32], using QCA Diagnostic kits (Spain). Serum
gamma-glutamyl transferase activity was measured according to
Persijn and van der Slik [33], using QCA Diagnostic kits (Spain).

Statistical analysis
We compared the data between the two groups using SPSS computer
program version 8 coupled with co-state computer program, where
unshared letters are significant at p≤0.05.
RESULTS

The clinical data of study are demonstrated in Table 1. There were no
significant differences between two groups regarding to the age, gender,
while a significant increase in BMI was detected in NAFLD patients
(p>0.01). The patients with NAFLD showed significant increase in serum
TG, TC, AST, ALT, and ALP levels than controls (p<0.05) (Table 2). The
grades of necroinflammatory and scores of fibrosis in the 32 patients
with NAFLD were as follows: Grade 1 (mild) necroinflammatory changes,
in 12 patients; Grade 2 necroinflammatory changes (moderate), in
13 patients; and Grade 3 (severe) necroinflammatory changes, in seven
patients. Stage 0 Zone 3 fibrosis in peri-sinusoidal/cellular, in five
patients; Stage 1, in seven patients; Stage 2, in 12 patients; and Stage
3, in seven patients.

A total of 32 NAFLD patients were recognized through biopsies of
the liver. A whole participant with the mean age was 46.5±11.4 years.
NAFLD patients with IR (more or less similar in age and gender) were
compared with other NAFLD patients without IR. In the group of IR,
the BMI was 29.32±4.25, while another group (non-IR) was recorded as
29.51±3.12. The patients with IR and without IR showed insignificant
change, where they had BMI ≤30.

Table 3: Illustrated significant increase in NF-κB, MDA, MCP1, and
apelin levels in NAFLD patients with percentages increase of 1031.23,
Table 1: The demographic variables and body composition in
NAFLD and subjects

Variable

NAFLD

Control

p

Gender (M/F)
Age (year)
BMI, kg/m2

12/10
46.5±11.4
30.32±4.25

8/16
39.7±8.80
23.36±5.15

NS
NS
<0.01

NAFLD: Non‑alcoholic fatty liver disease, BMI: Body mass index.

Table 2: Biochemical and demographic parameters of NAFLD
patients with and without IR

Biomarkers

Group without IR

Group with IR

p

ALT (U/l)
AST (U/l)
Y GT (U/l)
ALP (U/l)
Cholesterol (mg/dl)
TG (mg/dl)

62.12±8.21
49.45±11.12
60.08±28.17
140.95±93.07
219.1±66.70
183.12±86.15

88.12±30.23
62.20±25.14
65.96±48.16
142.04±82.55
232.6±42.45
192.4±74.86

0.04
0.045
NS
NS
NS
NS

Data are presented as mean±standard deviation (M±SD), NS: Non‑significant.
NAFLD: Non‑alcoholic fatty liver disease, NS: Statistically not significant,
BMI: Body Mass Index, Y ‑GT: G‑glutamyltranspeptidase, ALP: Alkaline
phosphatase, ALT: Alanine aminotransferase, AST: Aspartate aminotransferase,
IR: Insulin resistance
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293.02, 165.93, and 120 %, respectively, while significant reduction in
PON1 and BCl2 levels with percentages decrease of 54.58 and79.03 %,
respectively.
DISCUSSION

Our results demonstrated that inhibition activity of serum PON1 in
NAFLD patients. The mechanism underlying inhibition activity might
have resulted from an elevation in ROS generation as presented by the
detected high Levels of lipid peroxide product TBA. In addition, it was
found that the expression of PON1 in HepG2 cells is down-regulated
mRNA by proinflammatory cytokines such as IL-1 and TNF-α [34]. Hence,
this decrease in production of PON1 in hepatic tissue by cytokine might
be responsible for the decreased PON1 activity in serum of NAFLD
patients. The inhibition activity of PON1 could be approved as another
fact of high lipid peroxidation product which was recorded in the
present study. PON1 showed also inhibition in its activity as an early
biochemical alteration attributed to high level of lipid peroxidation
in CCl4-induced liver damage [35]. In chronic liver disease, the PON1
inhibition activity was proposed to be correlated with to the degree of
liver injury [26]. High level of MDA, a well-known lipid peroxidation
product, and inhibition activity of PON1 in the present study reflect
increased oxidative damage in patients with NAFLD. Hence, increased
lipid peroxidation may be either a reason or a result of liver damage
in NASH subjects. Besides, in the liver, the decrease in antioxidant in
NAFLD may be due to their consumption by increased free radicals [35].
Further, in the present investigation, NAFLD induced significant
increase levels of serum MCP-1. The chemokine MCP-1 is released
by immune and non-immune cells linked with neuroinflammatory
conditions as autoimmune encephalomyelitis, brain ischemia [12],
posttraumatic secondary brain damage [36,37], and uveitis [38]. Mice
with MCP-1 exhibited a reduced level of proinflammatory cytokines
and fewer activated microglia, i.e. decreased brain inflammation in
NFLD patients. In the hepatic tissue, MCP-1 has a principle function in
the development of liver disease [39]. Hence, marked released MCP-1
amount by Kupffer cells stimulated by LPS [40]. In this study, the nonalcoholic fatty liver mediated increase in MCP-1.

MCP-1, also, is up-regulated in obese adipose tissue, secondary to
macrophage infiltration [41]. Indeed, in mice adipose tissue, the specific
overexpression of MCP-1 resulted in their development of IR, inflammation,
and hepatic steatosis [41]. Hence, by macrophages, the signaling of MCP1-CCR2 has an important role in the inflammation and IR development.
The pathway of MCP-1-CCR2 is also up-regulated in the animals hepatic
tissue with NASH and is thus principle for hepatic steatosis and fibrosis
development by eliciting hepatic stellate cells migration [42].
Our results showed also marked significant elevation in NF-κB in
serum of NAFLD patients. NF-κB is a protein transcription biomarker
that can be stimulated in response to several factors such as cytokines
and oxidative stress. It has a role in stimulating different transcription
of genes such as cytokines, adhesion molecules, and immune
receptors [43]. NF-κB signaling mediates liver injury in response to
several agents or pathogens, brain edema in liver failure, neurogenesis,
and depressive behavior due to long-term exposure to stress [40,44].

The activation of NF-κB is detected in patients with NASH as well as in
animal models. NF-κB and TNF-α are acted as inflammatory mediators
in steatohepatitis [45], through stressed hepatocyte which produces
pro-inflammatory pathways through NF-κB activation. Alternatively,
NF-κB-secreted different cytokines such as TNF-α, IL-1β, and other
activated Kupffer cells and could activate NF-κB in neighboring
hepatocytes [45].
In NAFLD, the fat accumulation may stimulate the release of TNF-α, once
this started, the cycle of NFkB/TNF-α becomes self-propagated [46]. It
seems that long-term exposure to TNF-αcytokine elicits inflammatory
cells accumulation in the hepatic tissue, as a result of that displaying
hepatocytes to injurious, factors secreted by stimulated monocytes [46].
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Table 3: Levels of specific biomarkers in patients with NAFLD
Groups/biomarkers

NF‑kB (U/l)

TBA (nmol/L)

BCl2 (µg/l)

MCP1 (Pg/ml)

PON (kU/l)

Apelin (ng/l)

Control
NAFLD
% Change to control

48.54±9.00a
549.10±5.87b
1031.23

2.15±0.05c
8.45±0.02d
293.02

12.40±0.06f
2.60±0.03e
79.03

7.25±0.91g
19.28±1.00h
165.93

230.00±11.90i
125.00±10.88j
54.58

400.00±23.90k
880.00±21.89l
120.00

Data are presented as mean±standard deviation (M±SD) of 32 patients. NAFLD: Non‑alcoholic fatty liver disease. Statistical analysis is carried out using SPSS computer
program coupled with co‑state computer program (version ‑ 8), where unshared letters are significant at P≤0.05. NF‑κB: Nuclear factor κB, TBA :thiobarbituric acid,
MCP1: Monocyte chemoattractant protein‑1

Regarding to Bcl-2, it is proteins family, and it plays a critical role in
interfering with pathways of apoptosis. The mechanism of apoptosis
comprises damage of the outer mitochondrial membrane integrity and
releasing of cytochrome C and other proteins into the cytosol, which in
turn activate apoptotic proteolytic caspases that regulate the dissociation
of the cell, and this mechanism is adjusted by BCl-2. By stopping
proapoptotic protein, Bax, redistribution to the mitochondria, BCl-2
blocks cytochrome C release from the mitochondria and subsequent
caspase proteins activation [47]. BCl-2 is characterized by its antioxidant
activities and thus may have a great function in apoptotic and oxidative
stress models of cellular damage. Our results showed decreased serum
Bcl-2 in the NAFLD which is run in parallel with other findings showed
that hepatocyte death and/or apoptosis biomarkers are increased with
the intensity of hepatic fibrosis in alcoholic patients [48].
Considering apelin, it is an adipokine that inhibits secretion of insulin
in both in vivo and in vitro models by acting on insulin receptor in
pancreatic β-cells [46]. The plasma levels of apelin are elevated in all
the hyperinsulinemia associated with obesity in mice and humans [46].

Apelin joined with APJ, leading to protein kinase B(Akt) phosphorylation.
The signaling pathway of Akt has been shown to correlate with cell
migration. Also, the system of APJ/apelin stimulates the expression of
intercellular adhesion molecule-1 via the signal pathway of NF‑kB/cJun N-terminal kinase (JNK) [49]. In addition, Yasuzaki et al. [50],
demonstrated that the signaling of apelin/APJ might elicit Faspromoted liver damage through JNK phosphorylation in mice injected
with an anti-Fas antibody (Jo2) [50].

Long-term display of mice to HFD stimulates hepatic steatosis, altering
the proteome of hepatic mitochondrial, such as modifies proteins
incorporated in oxidative phosphorylation, folding of protein, lipid,
and metabolism of sulfur amino acid [11]. High levels of ROS may be
caused dysfunction of mitochondria which subsequent suppress
respiratory chain and mitochondrial DNA integrity and also correlate
with organelle toxicity, the inhibition of oxidation of FA and the elevation
in lipid peroxidation [11]. Nonalcoholic fatty liver disease (NAFLD),

a multifactorial disorder with contribution of a variety of genetic
and environmental factors, is considered to be closely associated
with hepatic metabolic disorders, resulting in over accumulation of
fatty acids/triglycerides and cholesterol. The presence of steatosis
is tightly associated with chronic hepatic inflammation, an effect in
part mediated by activation of the Ikκ-b/NF-κB signaling pathway.
In murine models of high-fat diet induced steatosis, increased
NF-κB activity is associated with elevated hepatic expression of
inflammatory cytokines such as TNF-α and activation of Kupffer cells.
TNF-α, a proinflammatory cytokine that is activated by the reactive
oxygen species created by lipid peroxidation, not only promotes
insulin resistance, but also mediates cholesterol and triglyceride
metabolism. It promotes necroinflammation, fibrogenesis, hepatic
insulin resistance, and apoptosis. Both serum and hepatic level of
TNF-α are elevated in patients with NAFLD, and levels correlate
with histological severity. Conversely, inhibition of TNF-α signaling
improves IR and histological parameters of NAFLD [51]. Hepatic
infiltration of leukocyte is caused by TNF-α, participating in intracellular
oxidative stress, and dysfunction of mitochondrial; in a matter of fact,
receptor adaptor proteins of TNF promote mitogen-activated protein

kinases phosphorylation which further stimulates c-JNK [11]. Longterm JNK signaling activation was found to enhance inflammation and
apoptosis, magnifying hepatocyte injury [11].

IR and oxidative stress are the main features of NAFLD [52]. It was
speculated that glycogenesis is suppressed by IR, induced gluconeogenesis
and glycogenolysis and elevates the liberation of FFA from adipose
tissue [52]. The influx of FA to the hepatic tissue and the development of
lipotoxicity is the main reasons for the production of ROS and progression
of disease from simple steatosis to NASH, which is a developing disease
that can lead to cirrhosis and hepatocellular carcinoma [53].
IR is a leading cause of as declared by Leach et al. [54]; fasting glucose,
insulin, and HOMA-IR were all markedly increase in NASH patients than
normal group.

Diez-Rodriquez [55], illustrated that the high level of HOMA-IR is
correlated with the necroinflammatory grade and the fatty liver
severity was in particular contributed to IR by HOMA. Hence, in obese
children, the biomarkers of insulin sensitivity could be helpful screening
parameters for NAFLD [52].
The index of HOMA IR exhibited marked values for NASH differentiation.
In addition, the ROC curves applied to confirm the distinctive potential
of HOMA IR index for the necroinflammatory and fibrosis intensity
and for distinguish NASH from simple fatty liver showed considerable
rates. Patients with IR demonstrated markedly higher steatosis grade,
necroinflammatory grade and stage [52].
CONCLUSION

Significant increase in MCP-1, NF KB, TBA product of lipid peroxidation
and apelin levels, while significant reduction in BCl2 and PON 1
was detected in non-alcoholic fatty liver patients. Besides, NAFLD
pathogenesis is found to contribute to IR and oxidative stress.
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