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Abstract

A sedentary lifestyle with a poor diet is associated with non-alcoholic fatty liver disease (NAFLD) occurrence.
An increase in the NAFLD prevalence is associated with an increase in obesity in the world. Choline as a lipo-
tropic factor and vitamin E as an antioxidant would possess beneficial effects in NAFLD treatment. This study
aimed to investigate the synergistic effect of choline and vitamin E on lipid profile, liver function enzymes,
antioxidant status and hepatic lipid metabolism-related genes. Albino rats (n=50) were randomly divided into
5 groups. G1: Control group (n= 10), G2: Rats were induced by NAFLD (n=10), G3: Rats were induced by
NAFLD and received low dose of choline (25 mg/kg BW orally) and vitamin E (50 mg/kg BW orally), G4:
Rats were induced by NAFLD and received medium dose of choline (50 mg/kg BW orally) and vitamin E
(100 mg/kg BW orally), G5: Rats were induced by NAFLD and received high dose of choline (100 mg/kg BW
orally) and vitamin E (200 mg/kg BW orally). The results demonstrated that treatment of rats with different
doses of choline and vitamin E significantly decreased AST, ALT, ALP, GGT, TC, TG, LDL, VLDL, plasma
glucose, hepatic lipid peroxidation (MDA), hepatic mRNA expression of inflammatory cytokines (IL-1f and
TNFa) and mRNA expression of hepatic SREBP-1c¢ in compared to NAFLD group. Moreover, significant
increase of total protein and albumin, HDL, insulin, antioxidant enzymes (SOD and catalase), mRNA expres-
sion of fatty acid oxidation genes (PPAR-a and CPT-1), mRNA expression of hepatic PEMT was detected in
treated groups in compared to NAFLD group. In conclusion, choline and vitamin E combination alleviates the
biochemical, molecular, and histopathological effects of NAFLD in rats with a potential effect to the highest

dose of this combination.
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INTRODUCTION

Fatty liver is an abnormal accumulation of cholesterol and
triglycerides within hepatocytes that exceeds 5% of the weight
of the liver (Bellentani et al., 2010). Excess buildup of lipids in the
liver due to a deficit in hepatic lipid intake, synthesis, degrada-
tion, and secretion (Tessari et al,, 2009). Recently, the occurrence
of non-alcoholic fatty liver disease (NAFLD) has significantly risen
and affects approximately one-fourth (25%) of the global popu-
lation (Younossi et al., 2018). Moreover, NAFLD is one of the most
common liver disorders worldwide (Sharma et al., 2015, Younossi
et al, 2018). A sharp increase in the prevalence of NAFLD is asso-
ciated with an increase in obesity in the world. Unhealthy dietary
habits are one of the main factors contributing to the onset and
progression of NAFLD (Vancells Lujan et al., 2021).

NAFLD is associated with metabolic syndrome, diabetes
mellitus, insulin resistance, hyperlipidemia, obesity, visceral ad-
iposity, and hypertension (Chalasani et al., 2012). Additionally,
it causes the development of multiple diseases like osteoporo-
sis, kidney impairment, and cardiovascular disease (Araujo et al,,
2018; Schiavo et al., 2018; Younossi et al., 2018). The multi-hit
hypothesis describes the pathophysiology of NAFLD as hepatic
process include decrease in hepatic oxidation of free fatty acids,
an increase in de novo hepatic lipogenesis, and decrease in lipid
export from the liver. Non-hepatic processes include oxidative
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stress, apoptosis, and increased proinflammatory cytokines. Ad-
ditionally, adipocytes release cytokines such as interleukin-6 and
tumor necrosis factor alpha (TNF-a) (Kim and Younossi, 2008;
Buzzetti et al., 2016).

Various treatments can be applied to treat NAFLD, such as
lifestyle changes to promote weight loss, medications to lower
lipid levels, antioxidants and cytoprotective agents to protect liv-
er cells, anti-TNF agents to reduce inflammation, and other treat-
ments. Lifestyle and diet are the first and most important step in
treating NAFLD (Younossi et al., 2019). Choline is a lipotropic fac-
tor which is an essential nutrient, a major methyl donor, and has
a role in fat transport and metabolism (Li and Vance, 2008). Ad-
ditionally, it is necessary for the synthesis of phospholipids such
sphingolipid and phosphatidylcholine (PC) (Zeisel et al, 1991).
PC can be synthesized through the cytidine diphosphocholine
(CDP-choline) pathway or de novo choline synthesis, which in-
volves three consecutive methylation reactions using SAM as the
methyl donor and phosphatidylethanolamine N-methyltransfer-
ase (PEMT) as the key enzyme (Gibellini and Smith, 2010). PC is
required for the structural integrity of cell membranes, it is the
major phospholipid in plasma lipoproteins and is required for
lipoproteins structure and cholesterol solubilization in bile (Gli-
er et al,, 2014), as well as playing an important role in very low
density lipoproteins (VLDL) secretion. In the liver, choline plays
important role in maintaining normal membrane integrity and
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managing the normal metabolism of cholesterol including low
density lipoproteins (LDL) and VLDL (Mehedint and Zeisel, 2013).

Choline deficiency impairs phosphatidylcholine synthesis
from both pathways, resulting in intrahepatic triglyceride accu-
mulation, as PC are required for the formation and secretion of
VLDL particles containing an abundance of triglycerides (Noga
et al, 2002), so a deficiency in choline can significantly reduce
VLDL secretion. Furthermore, choline deficiency increases re-
lease of reactive oxygen species (ROS) from mitochondria due to
change in the mitochondrial membrane, reduced the potential of
the mitochondrial membrane and resulting in a decrease in fatty
acid oxidation. This increase in ROS can trigger lipid peroxidation
(Corbin and Zeisel, 2012). Therefore, whereas choline deficiency
causes hepatic steatosis, PE deficiency promotes de novo hepatic
lipogenesis and is associated with a higher risk of NAFLD (Bale
et al, 2019).

Fat accumulation in hepatocytes is caused by a disruption in
lipid metabolism, leading to the production of ROS by intracel-
lular organelles like mitochondria, endoplasmic reticulum, and
NADPH oxidase. Oxidative stress has been associated with the
onset and progression of NAFLD (Chen et al., 2020). Moreover
in NAFLD, oxidative stress can activate the proinflammatory cy-
tokines such as tumor necrosis factor o (TNF-a) and interleukins
leading to liver inflammation, liver fibrosis, and cause cell death
(Guo et al., 2020).

Antioxidants include vitamin E. It is classified as a fat-soluble
antioxidant. It is main role is scavenging free radicals and pre-
venting oxidative damage in the cell (Polimeni et al., 2015). This
damage can cause cellular senescence and apoptosis (EI Hadi
et al, 2018). a-Tocopherol regulates the expression of genes
involved in cholesterol homeostasis, inflammatory pathways,
cellular trafficking, and lipid uptake (El Hadi et al, 2018). It is
absorbed through the lymphatic system and transported along
with chylomicrons in the body. a-Tocopherol is found in all frac-
tions of lipoprotein in plasma, but commonly associated with
lipoproteins containing apo B. When secreted from the liver, it
is associated with VLDL. It inhibits oxidation of polyunsaturated
fatty acids (PUFA) and LDL so lowering the risk of atherosclerosis.
Moreover, vitamin E enhances the activity of antioxidant enzymes
such as SOD, catalase, and glutathione peroxidase (Tabei et al.,
2015; Debbabi et al., 2016; Nor Azman et al., 2018). Vitamin E
can reduce the inflammatory response in NAFLD by suppressing
the expression of the cytokines such as interleukins and TNF-a
(Ahsan et al., 2014).

This study aims to investigate the biochemical and molec-
ular effects of choline and Vitamin E combination on HFD-in-
duced NAFLD in rats. We postulated that choline and vitamin E
have synergistic ameliorative effect on lipid profile, liver function
enzymes, antioxidant status, inflammatory cytokines genes (IL-
1B and TNFoa) and hepatic lipid metabolism-related genes in
HFD-induced NAFLD in rats.

MATERIALS AND METHODS

Experimental animals

Fifty male Sprague-Dawley rats, weighing around 100-120
g, were purchased from the farm of laboratory animals of Fac-
ulty of Veterinary Medicine, Zagazig University, Egypt. The rats
were accommodated to the laboratory conditions for two weeks
before the experiment began. They were kept in a carefully reg-
ulated environment to ensure that certain factors, such as tem-
perature, humidity, and lighting, placed in their stainless-steel
cages, with a temperature range of 21-25°C, a relative humidity
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of 50-60%, and a 12-hour light-dark cycle. The rats were handled
in accordance with the National Institutes of Health (NIH) guide-
lines for the care and use of laboratory animals. The Ethics of
Animal Use in Research Committee of Zagazig University, Egypt,
approved the current protocol. The approval number is (ZU_IA-
CUC/2/F/54/2022).

Chemical compounds

Choline chloride (ChCl) (70% Liquid) and Vitamin E (DL-a-To-
copherol 94% purity) were obtained from Phytex Pharma Co., 6th
October, Giza, Egypt.

Experimental design

Fifty rats were divided into five experimental groups, each
group contained ten rats. The first group (G1) was designated as
control group and was fed a standard diet. G2: Rats were induced
by NAFLD (n=10), G3: Rats were induced by NAFLD and received
low dose of choline (25 mg/kg BW orally) and vitamin E (50 mg/
kg BW orally), G4: Rats were induced by NAFLD and received me-
dium dose of choline (50 mg/kg BW orally) and vitamin E (100
mg/kg BW orally), G5: Rats were induced by NAFLD and received
high dose of choline (100 mg/kg BW orally) and vitamin E (200
mg/kg BW orally), rats received daily orally doses for 8 weeks.

Sampling

The rats were euthanized using cervical decapitation at the
end of the experiment. Blood samples were then taken both with
and without an anticoagulant. Serum and plasma were separated
for use in various biochemical tests. The liver sample was divided
into three sections. The 1t part was collected in 1 ml Trizol and
stored at —80°C until used for gene expression. The 2™ part was
collected for measurement of antioxidant enzymes (SOD and cat-
alase) and MDA. The 3" part was fixed in 10% neutral buffered
formalin for histopathological examination.

Liver function measurements

Serum ALT was assessed according to the instructions of the
kit (NADH. Kinetic UV. IFCC rec., SPINREACT, Ctra. Santa, Colo-
ma, SPAIN) (Murray and Kaplan, 1984b). Serum AST was assessed
using kit (NADH. Kinetic UV. IFCC rec. Liquid, SPINREACT, Ctra.
Santa, Coloma, SPAIN) (Murray and Kaplan, 1984a). Moreover,
alkaline phosphatase was assayed using Kit (p-Nitrophenyl phos-
phate, kinetic. Liquid. DGKC, SPINREACT, Ctra. Santa, Coloma,
SPAIN) (Wenger et al., 1984; Rosalki et al., 1993). Total protein was
assessed using kit (Biuret. Colorimetric, SPINREACT, Ctra. Santa,
Coloma, SPAIN) (Koller and Kaplan, 1984; Burtis, 1999). Albumin
was assayed using kit (Bromcresol green. Colorimetric, SPINRE-
ACT, Ctra. Santa, Coloma, SPAIN) (Rodkey, 1965; Doumas et al.,
1971; Webster, 1974; Gendler, 1984).

Lipid profile measurements

TC was assessed according to the instructions of the kit
(CHOD-POD. Liquid, SPINREACT, Ctra. Santa, Coloma, SPAIN)
(Meiattini et al., 1978; Naito and Kaplan, 1984). Triglycerides (TG)
was assayed using kit (GPO-POD. Enzymatic colorimetric, SPIN-
REACT, Ctra. Santa, Coloma, SPAIN) (Buccolo, 1973; Fossati and
Prencipe, 1982; Kaplan et al., 1984). HDL Cholesterol was assayed
using kit (Direct. Enzymatic colorimetric) (SPINREACT, Ctra. Santa
Coloma, SPAIN) (Jacobs et al., 1990; Shih et al., 2000). LDL Choles-
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terol was assayed using kit (Direct. Enzymatic Colorimetric) (Frie-
dewald et al., 1972; Wieland and Seidel, 1983). and the VLDL-c
was calculated using the Friedewald formula (Friedewald et al.,
1972).

Glycemic index

Glucose was assessed according to the instructions of the
kit (GOD-POD. Liquid, SPINREACT, Ctra. Santa, Coloma, SPAIN)
(Trinder, 1969; Kaplan, 1984). Serum insulin level was determined
using an ELISA kit.

Hepatic oxidative assay

The concentrations of superoxide dismutase (SOD) (Nishikimi
et al, 1972), catalase (Fossati et al., 1980), and MDA (lipid peroxi-
dation biomarker) (Kei, 1978; Ohkawa et al., 1979) were estimated
in the liver by colorimetric method following the instructions of
the kits (Biodiagnostic, Giza, Egypt).

Gene expression

To extract total RNA from the tissue, Trizol was utilized. The
quality of the RNA was evaluated by analyzing the A260/A280
ratio using the NanoDrop® ND-1000 Spectrophotometer. A
High-Capacity cDNA Reverse Transcription Kit cDNA Kit (Applied
Biosystems™, USA) was used for cDNA synthesis. Primers were
prepared in accordance with the manufacturer's instructions.
The real-time RT-PCR was performed in a Mx3005P Real-Time
PCR System using TOPreal™ qPCR 2X PreMIX (SYBR Green with
low ROX) following the manufacturer's instructions (Khamis et
al., 2020; 2021). Oligonucleotide primers specific to the target
genes were synthesized by Sangon Biotech (Beijing, China), and
their sequences are presented in Table 1. Following PCR amplifi-
cation, a melting curve analysis was done. The mRNA expression
of a known housekeeping gene, GAPDH, was used to normalize
the target gene expression levels. The results were presented as
fold-changes in comparison to the control group, using the 2-44¢T
method (Livak and Schmittgen, 2001).

Histopathological technique

Liver samples were fixed in 10% neutral formalin buffered

Table 1. Oligonucleotide primer sequences for real-time PCR.

solution for 48 h, dehydrated in a series of ethyl alcohol solutions
of increasing concentrations and cleared in xylol before being
covered with paraffin. Microtome was used to obtain paraffin
sections with thicknesses 5 micron. For histopathology exam-
inations, the sections were regularly stained with hematoxylin
and eosin (H&E) (Suvarna et al,, 2018). All of the section images
were captured using a Leica® microscope equipped with an Am-
Scope® microscope digital camera. The lesions were scored us-
ing a semiquantitative method as follows: 0 = no detectable his-
topathological changes, 1 = minimal or focal changes that were
rare, 2 = multifocal changes, and 3 = patchy or diffuse changes
(Gibson-Corley et al., 2013) (Table 2).

Statistical analysis

The data were presented as mean + SEM. One-way ANOVA
was used to compare the means of various parameters across
groups. Following significant ANOVA results, Duncan’s multiple
range test was employed as a post hoc test to figure out dif-
ferences among groups. SPSS version 28 was used for statistical
data analysis. A significance level of P < 0.05 was considered sta-
tistically significant.

RESULTS

Effect of Choline and vitamin E combination on the liver function
tests in rats induced by NAFLD

Significant (P < 0.01) increase in serum AST, ALT, ALP and GGT
concentrations as well as significant (P < 0.01) decrease of total
protein and albumin concentrations in NAFLD group in compari-
son to the control group. Moreover, significant (P < 0.01) decline
in the concentration of serum ALT, AST, ALP and GGT as well as
significant (P < 0.01) increase total protein and albumin con-
centration were detected in choline and vitamin E combination
treated groups in compare to NAFLD group (Figure 1). Increasing
doses of choline and vitamin E improved the liver function tests
in NAFLD rat model.

Effect of choline and vitamin E combination on the lipid profile
parameters in rats induced by NAFLD

The levels of TC, TG, LDL-¢, and VLDL-c were significantly (P
< 0.01) increase while HDL-c level were significantly (P < 0.01)

Gene Forward primer (5 "— 3) Reverse primer (5 "— 3) Product size/bp GenBank accession number
IL-1B CACCTCTCAAGCAGAGCACA ACGGGTTCCATGGTGAAGTC 81 NM_031512.2
TNF-a GGCTTTCGGAACTCACTGGA GGGAACAGTCTGGGAAGCTC 164 NM_012675.3
PPAR-a GTCCTCTGGTTGTCCCCTTG GTCAGTTCACAGGGAAGGCA 176 NM_013196.2
CPT-1 TGCAGTCGACTCACCTTTCC TCAAAGAGCTCCACCTGCTG 93 NM_031559.2
SREBP-1c GGAGCCATGGATTGCACATT GCCTGTGTCTCCTGTCTCAC 114 NM_001276708.1
PEMT TTTCCTTCTGGTTCTGGCCG TAGGTAAGGGGACCCGAAGG 184 NM_013003.2
Gapdh GCATCTTCTTGTGCAGTGCC TACGGCCAAATCCGTTCACA 74 NM_017008.4
Table 2. Lesions score of the severity extent in the hepatic tissue.

lesions Control group NAFLD group C}} ;WEd;S:up glegug g(ri(())lslf) C}I;[ :?f}]lid;rsoeup
MacroSteatosis 0 3 1 1 0
Microsteatosis 0 3 2 1 0
Albuminous degenerations 0 2 1 0 0
Round cells infiltrations 0 2 1 1 0
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reduced in NAFLD group than the control group. Furthermore,
significant (P < 0.01) decrease in TC, TG, LDL-c, and VLDL-c lev-
els was detected in choline and vitamin E combination treated
groups in compared to NAFLD group (Figure 2). The lipid profile
markers of a rat model of NAFLD were enhanced by administer-
ing higher doses of choline and vitamin E.

Effect of choline and vitamin E combination on glucose homeosta-
sis parameters in rats induced by NAFLD

NAFLD group showed a significant higher (P < 0.01) plasma
glucose concentration and a significant (P < 0.01) lower insulin
level than the control group. Otherwise, choline and vitamin E
combination treated groups showed significantly (P < 0.01) de-
cline in the plasma glucose concentration and a significantly (P
< 0.01) increase of insulin level in compared to the NAFLD group
(Figure 3).

Effect of choline and vitamin E combination on hepatic tissues an-
tioxidant enzymes and lipid peroxidation in rats induced by NAFLD

NAFLD group demonstrated a significant (P<0.01) reduction
in SOD and catalase concentration of hepatic tissue compared to
control group, while MDA level was significantly (P < 0.01) high-
er in NAFLD group than control group. In choline and vitamin
E combination treated groups, SOD and catalase concentrations
in hepatic tissue significantly (P < 0.01) increased and MDA lev-
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el significantly (P < 0.01) reduced in compared to NAFLD group
(Figure 4). The Antioxidant status and lipid peroxidation in a rat
model of NAFLD were enhanced by higher doses of choline and
vitamin E.

Effect of choline and vitamin E combination on hepatic mRNA ex-
pression of inflammatory cytokines (IL-158 and TNFa) in rats in-
duced by NAFLD

mMRNA expression levels of IL-13 and TNFa in hepatic tissue
were significantly (P < 0.01) higher in NAFLD group than control
group. Furthermore, significant (P < 0.01) reduction in mRNA ex-
pression level of IL-1f and TNF-a was detected in choline and
vitamin E combination treated groups in compared to NAFLD
group (Figure 5). Administering higher doses of choline and vita-
min E resulted in an enhancement of hepatic mRNA expression of
inflammatory cytokines in a rat model of NAFLD.
Effect of choline and vitamin E combination on hepatic lipid me-
tabolism related-gene expression in rats induced by NAFLD

mRNA expression of fatty acid oxidation genes (PPAR-ac and CPT-
1)

Significant (P < 0.01) lower level in hepatic mRNA expression
of PPARa and CPT-1 was detected in NAFLD group than control
one. In choline and vitamin E combination treated groups, hepat-
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Fig. 1. Effect of choline and vitamin E combination on liver function tests in rats induced with NAFLD. (A) Aspartate aminotransferase (AST) (U/L), (B) Alanine
transaminase (ALT) (U/L), (C) alkaline phosphatase (ALP) (U/L), (D) Gamma-glutamyl transferase (GGT) (U/L), (E) Total protein (g/dl) and (F) Albumin (g/dl).
Values are mean = SEM. Means with different superscript were significantly different at p < 0.01.
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ic mRNA expression level of PPARa and CPT-1 was significantly
higher (P < 0.01) than NAFLD group (Figure 6A and B).

MRNA expression of hepatic lipogenesis genes (cholesterol bio-
synthesis)

Hepatic expression of SREBP-1c significantly increased (P <
0.01) in NAFLD group in compared to control one. Furthermore,
in choline and vitamin E combination treated groups, hepatic
MRNA expression level of SREBP-1c was significantly higher (P <
0.01) than NAFLD group (Figure 6C).

mRNA expression of hepatic PEMT

Hepatic expression of PEMT significantly decreased (P < 0.01)
in NAFLD group in compared to control one. Moreover, in cho-
line and vitamin E combination treated groups, hepatic mRNA
expression level of PEMT was significantly higher (P < 0.01) than
NAFLD group (Figure 6 D).

Histopathological findings

Normal histology of hepatic cells, portal triads and central
vein were seen in control group and high dose of choline and
vitamin E group (Figure 7 A and E). In the other hand, NAFLD
group showed intense macrovesicular and microvesicular steato-

sis which distributed mainly within periportal areas and midzone
of hepatic lobules. Moreover, Focal round cells aggregations and
dilated vasculatures were also commonly seen (Figure 7 B). Fat-
ty droplets in a moderate number of hepatocytes. In addition
to, presence of albuminous degeneration in some hepatocytes
were detected in low dose of choline vitamin E group (Figure 7C).
While moderate dose of choline vitamin E group revealed mild
distributed small fatty vacuoles within hepatic parenchyma (Fig-
ure 7 D). The histological features improved with increasing dos-
es of choline and vitamin E, resulting in a decrease in the number
of apoptotic figures, and the highest dose nearly restored the
liver to its normal appearance in rats (Figure 7). The lesions were
scored using a semiquantitative method as follows: 0 = no de-
tectable histopathological changes, 1 = minimal or focal changes
that were rare, 2 = multifocal changes, and 3 = patchy or diffuse
changes (Table 2).

DISCUSSION

The purpose of this study was to detect and compare the
effect of different choline and vitamin E doses on the several dys-
functions associated with NAFLD by investigating body weight,
liver histology, liver functions, glucose and lipid homoeostasis,
antioxidant enzymes, lipid peroxidation, and hepatic gene ex-
pression of PPAR-a, CPT-1, PEMT, IL-1, TNF and SREBP-1c.

Elevated concentrations of serum AST and ALT served as indi-
cators of possible liver damage (Preethi et al., 2016). In this study,
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Fig. 2. Effect of choline and vitamin E combination on lipid profile in rats induced with NAFLD. (A) TC (mg/dl), (B) TG (mg/dl), (C) LDL (mg/dl), (D) VLDL (mg/
dl) and (E) HDL (mg/dl). Values are mean + SEM. Means with different superscript were significantly different at p <0.01.
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Fig. 3. Effect of choline and vitamin E combination on glucose homeostasis pa-
rameters in NAFLD rat induced by HFD. (A) Plasma Glucose (mg/dl) and (B)
Insulin (Ulu/ml). Values are mean + SEM. Means with different superscript were
significantly different at p <0.01.
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Fig. 5. Effect of choline and vitamin E combination on hepatic mRNA expres-
sion of inflammatory cytokines in rats induced with NAFLD. (A) Interleukin-1§
(IL-1B) and (B) Tumor necrosis factor (TNFa). Values are mean + SEM. Means
with different superscript were significantly different at p < 0.01.
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Fig. 4. Effect of choline and vitamin E combination on hepatic tissues antioxi-
dant enzymes and lipid peroxidation in rats induced with NAFLD. (A) Super-
oxide dismutase (u/mg), (B) Catalase (u/mg) and (C) Malondialdehyde (MDA)
(mmol/mg). Values are mean + SEM. Means with different superscript were sig-
nificantly different at p < 0.01.

ALT, AST, ALP, and GGT concentration significantly increase, while
total protein and albumin significantly decrease in NAFLD group.
These results also agreed with previous studies in which, NAFLD
is accompanied by increases in serum ALT, AST, GGT (Tahan et al.,
2008; Panchal et al, 2011; Feng et al, 2014). Moreover, choline
and vitamin E groups show significant decrease in AST, ALT, ALP
and GGT concentration with a significant increase of total protein
and albumin compared to NAFLD group. These findings were
consistent with previous study, which reported nearly complete
normalization of liver enzyme level (ALT and AST) especially at
the highest doses of choline. Another study (Khalaf et al., 2019)
agreed that vitamin E improved serum ALT and AST level when
compared to the NAFLD group. In addition, vitamin E therapy
significantly improves serum AST, ALT and ALP levels in NAFLD
patients (Sato et al.,, 2015).

Choline affects beneficially on the lipid profile and improves
liver steatosis. The hepatic export of TG via VLDL bundling re-
quires the de novo synthesis of phosphatidylcholine, which is
dependent on the presence of choline (Cole et al, 2012). In this
study, the levels of TC, TG, LDL-c, and VLDL-c were significant-
ly higher in the NAFLD group compared to the control group,
while HDL-c levels were significantly lower. Choline and vitamin
E groups had significantly lower TC, TG, LDL-c, and VLDL-c levels,
but significantly higher HDL-c levels. This results may be attribut-
ed to the restoration of VLDL production from choline, which
facilitated the excretion of lipids from hepatocytes (Kitagawa et
al,, 2015). The highest dose of choline and vitamin E resulted in
a higher significant improvement in TC, TG, and LDL-c levels. A
previous study on a NAFLD rat model found that choline treat-
ment resulted in a reduction in serum TG, TC, and LDL levels, and
an increase in serum HDL levels, as compared to untreated rats
(Bakir et al., 2019). In addition, according to Khalaf et al. (2019),
vitamin E improves serum TG levels.
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Fig. 6. Effect of choline and vitamin E combination on hepatic mRNA expression of lipid metabolism related genes in rats induced with NAFLD. (A) Peroxisome
proliferator-activated receptor (PPAR-a), (B) Carnitine palmitoyltransferase (CPT-1), (C) Sterol regulatory element-binding protein (SERBP1-c) and (D) Phosphati-
dylethanolamine N-methyltransferase (PEMT). Values are mean + SEM. Means with different superscript were significantly different at p < 0.01.

A high-fat diet (HFD) resulted in elevated blood glucose lev-
el in mice (Liu et al, 2015; He et al, 2020). Choline deficiency
developed liver dysfunction and fatty liver (Zeisel et al, 1991).
In this study NAFLD group demonstrate a significant increase in
blood glucose concentration and a decrease in insulin level as
compared to control group. Choline and vitamin E groups had
significant decrease plasma glucose level and significant increase
insulin level compared to NAFLD groups. In previous studies,
choline supplementation decreases blood glucose level in NA-
FLD and improve insulin resistance. Vitamin E also reduced the
accumulation of hepatic lipid and glucose homeostasis resulting
from a high-fat diet (He et al,, 2019).

HFD increases oxidative stress in mammals resulting in NA-
FLD initiation (Yan et al,, 2015). MDA amplifies oxidative damage
(Serviddio et al., 2013). Oxidative stress in NAFLD evidenced by
increased MDA and diminished SOD and catalase (Swiderska et
al., 2019) . Moreover, increased SOD and catalase with vitamin E
supplementation (Ahsan et al,, 2014; Tabei et al., 2015; Debbabi
et al, 2016).

In this study, the NAFLD group had significantly lower SOD
and catalase levels and a significantly higher MDA level than the
control group. The choline and vitamin E groups had significantly
higher levels of SOD and catalase and significantly lower levels
of MDA in comparison to the NAFLD group. The highest dose
of choline and vitamin E resulted in a greater improvement in
hepatic levels of SOD, catalase, and MDA. Vitamin E can increase
antioxidant enzymes such as superoxide dismutase and catalase
(Perumpail et al., 2018). Also, choline can decrease ROS level in
NAFLD patients (Zhu et al, 2014). A lack of choline can result in
changes to the composition of mitochondrial membranes, caus-

ing mitochondrial dysfunction in hepatocytes and an excessive
production of free radicals (Zeisel, 2006; Corbin and Zeisel, 2012).
Furthermore, previous studies suggested that a-tocopherol sup-
plementation can reduce hepatic concentrations of lipid peroxi-
dation biomarkers while increasing the concentrations of antioxi-
dant enzymes in the liver (Podszun and Frank, 2021).

In NAFLD, oxidative stress induces the release of proinflam-
matory mediators, particularly TNF-a and interleukins (Alcala et
al., 2015; Wong et al., 2017). In this study, NAFLD group showed
a significant increase in hepatic mRNA expression of TNF-a and
IL-1p compared to the control group. This data consistent with
previous studies showed a significant increase in TNF-o in NA-
FLD (Stojsavljevic et al., 2014; Lin et al., 2015; Wong et al., 2017).
Moreover, our data in choline and vitamin E groups had signifi-
cant decrease in hepatic mRNA expression of TNF-a and IL-1 B
when compared to the NAFLD group. Vitamin E can reduce the
inflammatory response in NAFLD by inhibiting the expression of
cytokines, specifically TNF-a and IL-1B (Ahsan et al., 2014; Khalaf
et al, 2019). In vivo studies in obesity models and human studies
have indicated that a-tocopherol supplementation can reduce
inflammation by reducing the expression of IL-1B and TNF-a,
while increasing antioxidant constituents (Wong et al.,, 2017).

Hepatic steatosis is related to impaired genes expression of
that participate in lipid metabolism. It decreases gene expression
for fatty acid oxidation, such as PPARa, CPT-I and gene expres-
sion of PEMT that is responsible for biosynthesis of phosphati-
dylcholine, while increases of gene expression for de novo lipo-
genesis, such as SREBP-1c (Wang et al,, 2013; Nakatsuka et al.,
2016). PPARa controls the transcription of several genes involved
in hepatic lipid catabolism including CPT-I which enhances the
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Fig. 7. Effect of choline and vitamin E combination on histological level of liver in rats induced with NAFLD. Photomicrograph of H&E stained sections from liver
showing: (A) Control group and (E) High dose of choline and vitamin E combination group: Both groups showed normal histology of hepatic cells (arrowhead) and
central vein (arrow). (B) Intense macrovesicular (arrowhead) and microvesicular (arrow) steatosis in NAFLD group. (C) Fatty droplets in a moderate number of
hepatocytes (arrowhead) and albuminous degeneration in some hepatocytes (arrow) in low dose of choline and vitamin E combination group. (D) Mild distributed
small fatty vacuoles (arrow) in medium dose of choline and vitamin E combination group. Scale bar 20um

B-oxidation of fatty acids and reduces cellular lipids (Zheng et al,
2010; Tailleux et al., 2012). Furthermore, PPARa has an anti-in-
flammatory role in the liver of mice fed a high-fat diet (Stienstra
et al, 2007). SREBP-1c promotes de novo lipogenesis by con-
trolling the expression of lipogenesis enzymes, causing steatosis
and progression of NAFLD (Neuschwander-Tetri, 2017). The in-
hibition of PPARa can result in the upregulation of SREBP-1c ex-
pression due to high levels of FFAs, leading to the accumulation
of lipids and oxidative stress (Qin et al., 2016).

In our data, PPARa and CPT-I had significant decrease and
SREBP-1c had significant increase in NAFLD group compared
to control group. Choline and vitamin E group show significant
increase in PPARa and CPT-I levels and significant decrease in
SREBP-1c level compared to NAFLD group. Choline had direct
effect on PPARa expression, which was upregulated (Zhu et al.,
2014), along with the expression of genes that it targets such as
CPT-1. Choline can increasing hepatic fat export, enhancing fatty
acid catabolism, and reducing oxidative stress, in part through
raising PPAR and CPT1 expression via decreased methylation of
the PPAR gene promoter (Wang et al., 2013; Zhu et al, 2018).
Previous experiments on HepG2 cells demonstrated that PPARa
was reduced by inflammatory mediators such as TNF and IL-1,
and that TNF-a suppresses PPARa mRNA expression (Lim et al.,
2013). Moreover, PPAR a and CPT-1 expression were downregu-
lated and SREBP-1c expression was upregulated in NAFLD mice
model (He et al., 2019; Tokoro et al., 2021) and show that PPARx
and CPT-1 expression were upregulated and SREBP-1c expres-
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sion was downregulated in NAFLD mice treated with vitamin E
supplementation led to a decrease in the synthesis of TG and
cholesterol (Sanyal et al,, 2010; He et al.,, 2019), which may be a
direct effect of vitamin E on fat accumulation in liver. In another
study demonstrated that hepatic expression of CPT-1 increased
when exposed to low-dose (50mg/kg) of a-Tocopherol, but not
in high dose (200mg/kg) and may be correlated with the level of
oxidative stress (Tokoro et al., 2021).

Reduced expression of hepatic PEMT increases severity of
NAFLD (Nakatsuka et al., 2016; Piras et al, 2022). In the present
study, PEMT mRNA expression significant decreases in NAFLD
group in comparison with control group. Choline and vitamin
E group have significant increase in PEMT mRNA expression in
comparison with NAFLD group. The highest dose of choline and
vitamin E resulted in a greater improvement in PEMT expression.

NAFLD group showed intense macrovesicular and microve-
sicular steatosis as well as focal round cells aggregations and
dilated vasculatures. With choline and vitamin E, fatty droplets
and albuminous degeneration that were detected at low doses
completely disappeared as the dose increased. Our results were
in harmony with Borges Haubert et al. (2015) which is that cho-
line was beneficial in decreasing hepatic steatosis and increasing
the vitamin E hepatic concentrations. In accordance with He et
al. (2019), histopathological examination of NAFLD mice treated
with vitamin E revealed that liver steatosis was significantly alle-
viated.
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CONCLUSION

NAFLD is one of the most common health problems that af-
fect the liver worldwide. The combination between choline and
vitamin E has potential ameliorative effect on lipid profile, liv-
er function enzymes, antioxidant status, inflammatory cytokines
genes (IL-1p and TNFa) and hepatic lipid metabolism-related
genes in HFD-induced NAFLD in rats. Therefore, the synergistic
effect between lipotropic effects of choline and antioxidant pro-
prieties of vitamin E would be one possible therapeutic approach
for NAFLD.

CONFLICT OF INTEREST

The authors declare that they have no conflict of interest.

REFERENCES

Ahsan, H., Ahad, A, Igbal, J., Siddiqui, W.A., 2014. Pharmacological Poten-
tial Of Tocotrienols: A Review. Nutr Metab (Lond) 11, 52.

Alcala, M., Sanchez-Vera, |, Sevillano, J.,, Herrero, L., Serra, D., Ramos, M.P.,
Viana, M., 2015. Vitamin E Reduces Adipose Tissue Fibrosis, In-
flammation, And Oxidative Stress And Improves Metabolic Profile
In Obesity. Obesity (Silver Spring) 23, 1598-606.

Araujo, A. R, Rosso, N., Bedogni, G,, Tiribelli, C., Bellentani, S., 2018. Glob-
al Epidemiology Of Non-Alcoholic Fatty Liver Disease/Non-Alco-
holic Steatohepatitis: What We Need In The Future. Liver Int. 38
Suppl 1, 47-51.

Bakir, M.B., Salama, M.A,, Refaat, R., Ali, M.A,, Khalifa, E.A., Kamel, M.A,,
2019. Evaluating The Therapeutic Potential Of One-Carbon Do-
nors In Nonalcoholic Fatty Liver Disease. Eur. J. Pharmacol. 847,
72-82.

Bale, G., Vishnubhotla, R.V., Mitnala, S., Sharma, M., Padaki, R.N., Pawar,
S. C, Duvvur, RN., 2019. Whole-Exome Sequencing Identifies A
Variant In Phosphatidylethanolamine N-Methyltransferase Gene
To Be Associated With Lean-Nonalcoholic Fatty Liver Disease. J.
Clin. Exp. Hepatol. 9, 561-568.

Bellentani, S., Scaglioni, F., Marino, M., Bedogni, G., 2010. Epidemiology
Of Non-Alcoholic Fatty Liver Disease. Dig. Dis. 28, 155-161.

Borges Haubert, N.J.,, Marchini, J.S., Carvalho Cunha, S.F., Suen, V.M.,
Padovan, G.J.,, Jordao, A.AJ., Marchini Alves, C.M., Marchini, J.F.,,
Vannucchi, H., 2015. Choline And Fructooligosaccharide: Non-Al-
coholic Fatty Liver Disease, Cardiac Fat Deposition, And Oxidative
Stress Markers. Nutr Metab Insights 8, 1-6.

Buccolo, G., David, H., 1973. Quantitative Determination Of Serum Trigi-
ycerides By The Use Of Enzymes. Clinical Chemistry 19, 476-482.

Burtis, C.A., 1999. Tietz Textbook Of Clinical Chemistry. Saunders.

Buzzetti, E., Pinzani, M., Tsochatzis, E.A., 2016. The Multiple-Hit Pathogen-
esis Of Non-Alcoholic Fatty Liver Disease (Nafld). Metabolism 65,
1038-1048.

Chalasani, N., Younossi, Z., Lavine, J.E., Diehl, AM., Brunt, E.M., Cusi, K,
Charlton, M., Sanyal, A.J., 2012. The Diagnosis And Management
Of Non-Alcoholic Fatty Liver Disease: Practice Guideline By The
American Association For The Study Of Liver Diseases, American
College Of Gastroenterology, And The American Gastroentero-
logical Association. Hepatology 55, 2005-2023.

Chen, Z., Tian, R,, She, Z., Cai, J., Li, H., 2020. Role Of Oxidative Stress In
The Pathogenesis Of Nonalcoholic Fatty Liver Disease. Free Radic.
Biol. Med. 152, 116-141.

Cole, LK., Vance, J.E,, Vance, D.E., 2012. Phosphatidylcholine Biosynthesis
And Lipoprotein Metabolism. Biochim Biophys Acta 1821, 754-
761.

Corbin, K.D., Zeisel, S.H., 2012. Choline Metabolism Provides Novel In-
sights Into Nonalcoholic Fatty Liver Disease And Its Progression.
Curr Opin Gastroenterol. 28, 159-65.

Debbabi, M., Nury, T., Zarrouk, A., Mekahli, N., Bezine, M., Sghaier, R,
Grégoire, S., Martine, L, Durand, P., Camus, E., Anne Vejux, Aymen
Jabrane, Lionel Bretillon, Michel Prost, Thibault Moreau, Sofien
Ben Ammou, Mohamed Hammami, Lizard, G., 2016. Protective
Effects Of A-Tocopherol, I-Tocopherol And Oleic Acid, Three
Compounds Of Olive Oils, And No Effect Of Trolox, On 7-Keto-
cholesterol-Induced Mitochondrial And Peroxisomal Dysfunction
In Microglial Bv-2 Cells. Int. J. Mol. Sci.17, 1973.

Doumas, B.T., Watson, W.A,, Biggs, H.G., 1971. Albumin Standards And
The Measurement Of Serum Albumin With Bromcresol Green.
Clin. Chim. Acta 31, 87-96.

El Hadi, H., Vettor, R, Rossato, M., 2018. Vitamin E As A Treatment For

Nonalcoholic Fatty Liver Disease: Reality Or Myth? Antioxidants
(Basel) 7, 12.

Feng, R.N., Du, S.S., Wang, C,, Li, Y.C, Liu, LY., Guo, F.C,, Sun, C.H., 2014.
Lean-Non-Alcoholic Fatty Liver Disease Increases Risk For Meta-
bolic Disorders In A Normal Weight Chinese Population. World J.
Gastroenterol. 20, 17932-17940.

Fossati, P, Prencipe, L., Berti, G., 1980. Use Of 3, 5-Dichloro-2-Hydroxy-
benzenesulfonic Acid/4-Aminophenazone Chromogenic System
In Direct Enzymic Assay Of Uric Acid In Serum And Urine. Clin.
Chem. 26, 227-231.

Fossati, P., Prencipe, L., 1982. Serum Triglycerides Determined Colorimet-
rically With An Enzyme That Produces Hydrogen Peroxide. Clin.
Chem. 28, 2077-2080.

Friedewald, W.T,, Levy, R.l., Fredrickson, D.S., 1972. Estimation Of The
Concentration Of Low-Density Lipoprotein Cholesterol In Plasma,
Without Use Of The Preparative Ultracentrifuge. Clin. Chem. 18,
499-502.

Gendler, S., 1984. Uric Acid. Kaplan A., and Glucose, K., Clin Chem The C.V.
Mosby Co. St Louis. pp. 1268-1273.

Gibellini, F., Smith, T.K,, 2010. The Kennedy Pathway--De Novo Synthesis
Of Phosphatidylethanolamine And Phosphatidylcholine. lubmb
Life 62, 414-428.

Gibson-Corley, K.N., Olivier, AK., Meyerholz, D.K,, 2013. Principles For
Valid Histopathologic Scoring In Research. Vet. Pathol. 50, 1007-
1015.

Glier, M.B., Green, T.J., Devlin, A M., 2014. Methyl Nutrients, Dna Methyl-
ation, And Cardiovascular Disease. Mol. Nutr. Food Res. 58, 172-
82.

Guo, Y., Zhang, X, Zhao, Z, Lu, H., Ke, B., Ye, X, Wu, B, Ye, J,, 2020. Nf-
Kappa B/Hdac1/Srebp1c Pathway Mediates The Inflammation
Signal In Progression Of Hepatic Steatosis. Acta Pharm. Sin B, 10,
825-836.

He, M.Q.,, Wang, J.Y., Wang, Y., Sui, J., Zhang, M., Ding, X., Zhao, Y., Chen,
Z.Y., Ren, XX, Shi, B.Y., 2020. High-Fat Diet-Induced Adipose Tis-
sue Expansion Occurs Prior To Insulin Resistance In C57bl/6j Mice.
Chronic Dis. Transl. Med. 6, 198-207.

He, W., Xu, Y., Ren, X, Xiang, D., Lei, K., Zhang, C, Liu, D., 2019. Vitamin
E Ameliorates Lipid Metabolism In Mice With Nonalcoholic Fatty
Liver Disease Via Nrf2/Ces1 Signaling Pathway. Dig. Dis. Sci. 64,
3182-3191.

Jacobs, D., Kashen, B., De Mott, W., Wolfson, W., 1990. In Laboratory Test
Handbook. Lippincott Williams and Wilkins; 2nd W/Key Word In-
dex ed. edition, p. 219.

Kaplan, A., Rubaltelli, F., Hammerman, C,, Vilei, M., Leiter, C., Abramoyv, A.,
1984. Triglycerides. In: Kaplan LA, Pesce AJ. ed. Clinical Chemistry:
Theory, Analysis and Correlation. Mosby Co., St Louis, Toronto,
Princeton. pp. 1194-1206.

Kaplan, L., 1984. Glucose. In: Clinical Chemistry, Louis S (ed.) Mosby Co.
Toronto, pp. 1032-1036.

Kei, S., 1978. Serum Lipid Peroxide In Cerebrovascular Disorders Deter-
mined By A New Colorimetric Method. Clin. Chim. Acta 90, 37-43.

Khalaf, H.M., lbrahim, M.A., Amin, E.F., Abdel-Tawab lbrahim, S., Ab-
del-Wahab, S., Fouad, Y.M., 2019. Allopurinol Potentiates The
Hepatoprotective Effect Of Metformin And Vitamin E In Fruc-
tose-Induced Fatty Liver In Rats. Clin. Exp. Hepatol. 5, 65-74.

Khamis, T., Abdelalim, A.F., Abdallah, S.H., Saeed, A.A., Edress, N.M., Ari-
sha, A.H., 2020. Early Intervention With Breast Milk Mesenchymal
Stem Cells Attenuates The Development Of Diabetic-Induced
Testicular Dysfunction Via Hypothalamic Kisspeptin/Kiss1r-Gnrh/
Gnih System In Male Rats. Biochim. Biophys Acta Mol. Basis Dis.
1866, 165577.

Khamis, T., Abdelalim, A.F,, Saeed, A.A., Edress, N.M., Nafea, A., Ebian, H.F.,
Algendy, R, Hendawy, D.M., Arisha, A.H., Abdallah, S.H., 2021.
Breast Milk Mscs Upregulated Beta-Cells Pdx1, Ngn3, And Pcna
Expression Via Remodeling Er Stress /Inflammatory /Apoptotic
Signaling Pathways In Type 1 Diabetic Rats. Eur. J. Pharmacol.
905, 174188.

Kim, C.H.,, Younossi, Z.M., 2008. Nonalcoholic Fatty Liver Disease: A Mani-
festation Of The Metabolic Syndrome. Cleve Clin. J. Med. 75, 721-
728.

Kitagawa, E., Yamamoto, T., Yamamoto, K., Nakagawa, T., Hayakawa, T.,
2015. Accumulation Of Lipid In Rat Liver Was Induced By Vitamin
B(6) Deficiency And Was Ameliorated By Supplemental Phospha-
tidylcholine In The Diet. Biosci. Biotechnol. Biochem. 79, 1320-
1326.

Koller, A., Kaplan, L., 1984. Total Serum Protein. Clinical Chemistry, Theory,
Analysis and Correlation. Mosby Company, St Louis, Lo.

Li, Z,, Vance, D.E., 2008. Phosphatidylcholine And Choline Homeostasis. J.
Lipid Res. 49, 1187-1194.

Lim, W.S., Ng, D.L,, Kor, S. B., Wong, H.K,, Tengku-Muhammad, T.S., Choo,

1271



Omnia M. Abdelrahman et al. /Journal of Advanced Veterinary Research (2023) Volume 13, Issue 7, 1263-1273

Q.C, Chew, C.H., 2013. Tumour Necrosis Factor Alpha Down-Reg-
ulates The Expression Of Peroxisome Proliferator Activated Re-
ceptor Alpha (Pparalpha) In Human Hepatocarcinoma Hepg2
Cells By Activation Of Nf-Kappab Pathway. Cytokine 61, 266-274.

Lin, X, Zhang, Z,, Chen, J.M,, Xu, Y.Y., Ye, H.R,, Cui, J,, Fang, Y., Jin, Y., Zhu,
D.R, Yuan, L, 2015. Role Of Apn And Tnf-Alpha In Type 2 Diabetes
Mellitus Complicated By Nonalcoholic Fatty Liver Disease. Genet.
Mol. Res. 14, 2940-2946.

Liu, Z,, Patil, LY., Jiang, T., Sancheti, H., Walsh, J.P., Stiles, B.L., Yin, F., Ca-
denas, E., 2015. High-Fat Diet Induces Hepatic Insulin Resistance
And Impairment Of Synaptic Plasticity. Plos One 10, E0128274.

Livak, K.J., Schmittgen, T.D., 2001. Analysis Of Relative Gene Expression
Data Using Real-Time Quantitative Pcr And The 2- 25t Method.
Methods 25, 402-408.

Mehedint, M.G., Zeisel, S.H., 2013. Choline’s Role In Maintaining Liver
Function: New Evidence For Epigenetic Mechanisms. Curr. Opin.
Clin. Nutr. Metab. Care 16, 339-345.

Meiattini, F., Prencipe, L., Bardelli, F., Giannini, G., Tarli, P., 1978. The 4-Hy-
droxybenzoate/4-Aminophenazone Chromogenic System Used
In The Enzymic Determination Of Serum Cholesterol. Clin. Chem.
24,2161-2165.

Murray, R., Kaplan, A, 1984a. Analysis, Correlation. Kaplan La, P.A, Cv
Mosby Company. Aspartate Aminotransferase. pp. 1105-1108.

Murray, R, Kaplan, A, 1984b. Alanine Aminotransferase. In: Clinical
Chemistry, Analysis, Correlation. Kaplan La, P. A, Cv Mosby St
Louis.. p. 1090.

Naito, H.K.,, Kaplan, A, 1984. Cholesterol. Clin Chem. St Louis, Toronto,
Princeton: The CV Mosby Co., pp. 1194-1206.

Nakatsuka, A., Matsuyama, M., Yamaguchi, S., Katayama, A., Eguchi, J,,
Murakami, K., Teshigawara, S., Ogawa, D., Wada, N., Yasunaka, T.,
Ikeda, F., Takaki, A., Watanabe, E., Wada, J., 2016. Insufficiency Of
Phosphatidylethanolamine N-Methyltransferase Is Risk For Lean
Non-Alcoholic Steatohepatitis. Sci. Rep. 6, 21721.

Neuschwander-Tetri, B.A., 2017. Non-Alcoholic Fatty Liver Disease. Bmc
Med. 15, 45.

Nishikimi, M., Rao, N.A,, Yagi, K., 1972. The Occurrence Of Superoxide
Anion In The Reaction Of Reduced Phenazine Methosulfate And
Molecular Oxygen. Biochem. Biophys. Res. Commun. 46, 849-854.

Noga, A.A, Zhao, Y., Vance, D.E.,, 2002. An Unexpected Requirement For
Phosphatidylethanolamine N-Methyltransferase In The Secretion
Of Very Low Density Lipoproteins. J. Biol. Chem. 277, 42358-
42365.

Nor Azman, N.H.E., Goon, J.A., Abdul Ghani, S.M., Hamid, Z., Wan Ngah,
W.Z., 2018. Comparing Palm Oil, Tocotrienol-Rich Fraction And
Alpha-Tocopherol Supplementation On The Antioxidant Levels
Of Older Adults. Antioxidants (Basel) 7, 74.

Ohkawa, H., Ohishi, W., Yagi, K., 1979. Determination Of Lipid Peroxidation
By MDA. Anal. Biochem. 95, 351-358.

Panchal, S.K, Poudyal, H., lyer, A, Nazer, R, Alam, A, Diwan, V., Kauter,
K., Sernia, C., Campbell, F., Ward, L., Gobe, G., Fenning, A., Brown,
L., 2011. High-Carbohydrate High-Fat Diet-Induced Metabolic
Syndrome And Cardiovascular Remodeling In Rats. J. Cardiovasc.
Pharmacol. 57, 51-64.

Perumpail, B.J., Li, A.A., John, N., Sallam, S., Shah, N.D., Kwong, W., Cholan-
keril, G., Kim, D., Ahmed, A. 2018. The Role Of Vitamin E In The
Treatment Of Nafld. Diseases 6, 86.

Piras, I.S., Raju, A, Don, J,, Schork, N.J., Gerhard, G.S., Distefano, J.K. 2022.
Hepatic Pemt Expression Decreases With Increasing Nafld Sever-
ity. Int. J. Mol. Sci. 23.

Podszun, M.C,, Frank, J., 2021. Impact Of Vitamin E On Redox Biomarkers
In Non-Alcoholic Fatty Liver Disease. Redox Biol. 42, 101937.

Polimeni, L., Del Ben, M., Baratta, F., Perri, L., Albanese, F., Pastori, D., Violi,
F., Angelico, F., 2015. Oxidative Stress: New Insights On The Asso-
ciation Of Non-Alcoholic Fatty Liver Disease And Atherosclerosis.
World J. Hepatol. 7, 1325-1336.

Preethi, J., Vennila, K., Penislusshiyan, S., Velvizhi, S.J., 2016. Hepatopro-
tective And Antioxidant Role Of Ziziphus Jujuba Leaves On Parac-
etamol Induced Hepatic Damage In Rats. Journal of Diseases and
Medicinal Plants 2, 1-10.

Qin, S., Yin, J., Huang, K., 2016. Free Fatty Acids Increase Intracellular Lip-
id Accumulation And Oxidative Stress By Modulating Pparalpha
And Srebp-1c In L-02 Cells. Lipids 51, 797-805.

Rodkey, F.L., 1965. Direct Spectrophotometric Determination Of Albumin
In Human Serum. Clin Chem. 11, 478-487.

Rosalki, S., Foo, AY., Burlina, A., Prellwitz, W., Stieber, P, Neumeier, D.,
Klein, G., Poppe, W., Bodenmiiller, H., 1993. Multicenter Evalua-
tion Of Iso-Alp Test Kit For Measurement Of Bone Alkaline Phos-
phatase Activity In Serum And Plasma. Clin Chem. 39, 648-652.

Sanyal, AJ.,, Chalasani, N., Kowdley, K.V., Mccullough, A., Diehl, A.M., Bass,
N.M., Neuschwander-Tetri, B.A,, Lavine, J.E, Tonascia, J., Unalp,

1272

A, Van Natta, M., Clark, J., Brunt, E.M., Kleiner, D.E., Hoofnagle,
J.H., Robuck, P.R., Nash, C.R.N., 2010. Pioglitazone, Vitamin E, Or
Placebo For Nonalcoholic Steatohepatitis. N. Engl. J. Med. 362,
1675-1685.

Sato, K., Gosho, M., Yamamoto, T., Kobayashi, Y., Ishii, N., Ohashi, T., Na-
kade, Y., Ito, K., Fukuzawa, Y., Yoneda, M., 2015. Vitamin E Has
A Beneficial Effect On Nonalcoholic Fatty Liver Disease: A Me-
ta-Analysis Of Randomized Controlled Trials. Nutrition 31, 923-
930.

Schiavo, L., Busetto, L., Cesaretti, M., Zelber-Sagi, S., Deutsch, L., lannelli,
A., 2018. Nutritional Issues In Patients With Obesity And Cirrhosis.
World J. Gastroenterol. 24, 3330-3346.

Sene-Fiorese, M., Duarte, F.O., Scarmagnani, F.R., Cheik, N.C.,, Manzoni,
M.S., Nonaka, K.O., Rossi, E.A., De Oliveira Duarte, A.C., Damaso,
AR, 2008. Efficiency Of Intermittent Exercise On Adiposity And
Fatty Liver In Rats Fed With High-Fat Diet. Obesity (Silver Spring)
16, 2217-2222.

Serviddio, G., Bellanti, F., Vendemiale, G., 2013. Free Radical Biology For
Medicine: Learning From Nonalcoholic Fatty Liver Disease. Free
Radic. Biol. Med. 65, 952-968.

Sharma, M., Mitnala, S., Vishnubhotla, R.K., Mukherjee, R., Reddy, D.N.,
Rao, P.N., 2015. The Riddle Of Nonalcoholic Fatty Liver Disease:
Progression From Nonalcoholic Fatty Liver To Nonalcoholic Ste-
atohepatitis. J. Clin. Exp. Hepatol. 5, 147-158.

Shih, W.J., Bachorik, P.S., Haga, J.A., Myers, G.L,, Stein, E.A., 2000. Estimat-
ing The Long-Term Effects Of Storage At -70°C On Cholesterol,
Triglyceride, And Hdl-Cholesterol Measurements In Stored Sera.
clin. Chem. 46, 351-364.

Stienstra, R, Mandard, S., Patsouris, D., Maass, C., Kersten, S., Muller,
M.J.E., 2007. Peroxisome Proliferator-Activated Receptor A Pro-
tects Against Obesity-Induced Hepatic Inflammation. Compara-
tive Study 148, 2753-2763.

Stojsavljevic, S., Gomercic Palcic, M., Virovic Jukic, L., Smircic Duvnjak, L.,
Duvnjak, M., 2014. Adipokines And Proinflammatory Cytokines,
The Key Mediators. In: The Pathogenesis Of Nonalcoholic Fatty
Liver Disease. World J Gastroenterol. 20, 18070-18091.

Suvarna, K.S., Layton, C., Bancroft, J.D., 2018. Bancroft's Theory And Prac-
tice of Histological Techniques E-Book, Elsevier Health Sciences.

Swiderska, M., Maciejczyk, M., Zalewska, A. Pogorzelska, J., Flisiak, R,
Chabowski, A., 2019. Oxidative Stress Biomarkers In The Serum
And Plasma Of Patients With Non-Alcoholic Fatty Liver Disease
(Nafld). Can Plasma Age Be A Marker Of Nafld? Oxidative Stress
Biomarkers In Nafld Patients. Free Radic. Res. 53, 841-850.

Tabei, S.M.,, Fakher, S., Djalali, M., Javanbakht, M. H., Zarei, M., Derakhsha-
nian, H., Sadeghi, M. R, Mostafavi, E., Kargar, F., 2015. Effect Of
Vitamins A, E, C And Omega-3 Fatty Acids Supplementation On
The Level Of Catalase And Superoxide Dismutase Activities In
Streptozotocin-Induced Diabetic Rats. Bratis| Lek Listy 116, 115-
118.

Tahan, V., Canbakan, B., Balci, H., Dane, F., Akin, H., Can, G., Hatemi, .,
Olgac, V., Sonsuz, A, Ozbay, G, Yurdakul, I, Senturk, H., 2008.
Serum Gamma-Glutamyltranspeptidase Distinguishes Non-Alco-
holic Fatty Liver Disease At High Risk. Hepatogastroenterology
55, 1433-1438.

Tailleux, A., Wouters, K., Staels, B., 2012. Roles Of Ppars In Nafld: Potential
Therapeutic Targets. Biochim. Biophys. Acta 1821, 809-818.

Tessari, P., Coracina, A., Cosma, A, Tiengo, A., 2009. Hepatic Lipid Metab-
olism And Non-Alcoholic Fatty Liver Disease. Nutr. Metab. Car-
diovasc. Dis. 19, 291-302.

Tokoro, M., Gotoh, K., Kudo, Y., Hirashita, Y., Iwao, M., Arakawa, M., Endo,
M., Oribe, J., Masaki, T., Honda, K., Kakuma, T., Seike, M., Muraka-
mi, K., Shibata, H., 2021. Alpha-Tocopherol Suppresses Hepatic
Steatosis By Increasing Cpt-1 Expression In A Mouse Model Of
Diet-Induced Nonalcoholic Fatty Liver Disease. Obes. Sci. Pract.
7,91-99.

Trinder, P., 1969. Enzymatic Methods For Glucose Determination. Ann.
Clin. Biochem. 6, 24-26.

Vancells Lujan, P., Vinas Esmel, E., Sacanella Meseguer, E., 2021. Over-
view Of Non-Alcoholic Fatty Liver Disease (Nafld) And The Role
Of Sugary Food Consumption And Other Dietary Components In
Its Development. Nutrients 13, 1442.

Wang, L., Chen, L, Tan, Y., Wei, J,, Chang, Y., Jin, T, Zhu, H., 2013. Be-
taine Supplement Alleviates Hepatic Triglyceride Accumulation
Of Apolipoprotein E Deficient Mice Via Reducing Methylation
Of Peroxisomal Proliferator-Activated Receptor Alpha Promoter.
Lipids Health Dis. 12, 34.

Webster, B., 1974. Colorimetric Determination Of Serum Albumin. Clin.
Chem. Acta 53, 109-116.

Wenger, C., Kaplan, A., Rubaltelli, F., Hammerman, C., 1984. Alkaline Phos-
phatase. In: Clinical Chemistry. St. Louis, MO, USA: The C. V. Mos-



Omnia M. Abdelrahman et al. /Journal of Advanced Veterinary Research (2023) Volume 13, Issue 7, 1263-1273

by Co., pp. 1094-1098.

Wieland, H., Seidel, D.J., 1983. A Simple Specific Method For Precipitation
Of Low Density Lipoproteins. J. Lipid Res. 24, 904-909.

Wong, S.K., Chin, K\Y., Suhaimi, F.H., Ahmad, F., Ima-Nirwana, S., 2017.
Vitamin E As A Potential Interventional Treatment For Metabol-
ic Syndrome: Evidence From Animal And Human Studies. Front.
Pharmacol, 8, 444.

Yan, Z., Fan, R, Yin, S, Zhao, X, Liu, J,, Li, L, Zhang, W., Ge, L., 2015. Protec-
tive Effects Of Ginkgo Biloba Leaf Polysaccharide On Nonalcohol-
ic Fatty Liver Disease And Its Mechanisms. Int. J. Biol. Macromol.
80, 573-580.

Younossi, Z., Anstee, Q. M., Marietti, M., Hardy, T,, Henry, L., Eslam, M.,
George, J., Bugianesi, E., 2018. Global Burden Of Nafld And Nash:
Trends, Predictions, Risk Factors And Prevention. Nat. Rev. Gas-
troenterol Hepatol. 15, 11-20.

Younossi, Z., Tacke, F., Arrese, M., Chander Sharma, B., Mostafa, I., Bugia-
nesi, E, Wai-Sun Wong, V., Yilmaz, Y., George, J,, Fan, J,, Vos, M.B.,
2019. Global Perspectives On Nonalcoholic Fatty Liver Disease

And Nonalcoholic Steatohepatitis. Hepatology 69, 2672-2682.

Zeisel, S.H., 2006. Choline: Critical Role During Fetal Development And
Dietary Requirements In Adults. Annu. Rev. Nutr. 26, 229-250.

Zeisel, SH., Da Costa, KA., Franklin, P.D., Alexander, E.A., Lamont, J.T.,
Sheard, N.F., Beiser, A, 1991. Choline, An Essential Nutrient For
Humans. The Faseb Journal 5, 2093-2098.

Zheng, L., Lv, G.C,, Sheng, J,, Yang, Y.D., 2010. Effect Of Mirna-10b In Reg-
ulating Cellular Steatosis Level By Targeting Ppar-A Expression, A
Novel Mechanism For The Pathogenesis Of Nafld. Gastroenterol.
Hepatol. 25, 156-163.

Zhu, J, Lu, T, Chen, F, Yan, J,, Chen, F,, Zhang, Q, Wang, J., Yan, W., Yu,
T, Tang, Q, Cai, W., 2018. Choline Protects Against Intestinal Fail-
ure-Associated Liver Disease In Parenteral Nutrition-Fed Imma-
ture Rats. Jpen J. Parenter. Enteral. Nutr. 42, 436-445.

Zhu, J., Wu, Y., Tang, Q, Leng, Y., Cai, W., 2014. The Effects Of Choline On
Hepatic Lipid Metabolism, Mitochondrial Function And Antioxi-
dative Status In Human Hepatic C3a Cells Exposed To Excessive
Energy Substrates. Nutrients 6, 2552-2571.

1273



