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ABSTRACT

Liver is considered as significant organ within body. Aims: Our survey aimed in illustrating
protective effectiveness of gallic acid (GA) against high fat regimen nonalcoholic fatty liver disease
(NAFLD). Study design: In our study, Rats were classified into 3 groups; control, orally given fatty-
sucrosed diet, gallic acid treated groups. Methodology: They were evaluated through measuring
hepatic cholesterol and triglyceride, alanine and aspartate aminotransferases and gammaglutamyl-
transferase; total, direct and indirect bilirubin; total protein, albumin and globulin; hepatic and
adipose malondialdehyde, glutathione-S-transferase, superoxide dismutase, catalase, reduced
glutathione and glutathione peroxidase activities; glucose, insulin, homeostasis model assessment
of insulin resistance, leptin and adiponectin; tumor necrosis factor alpha, interleukin-17 and
interleukin-1beta; fatty acid synthase, acetyl-Coenzyme A carboxylase-a and HMGCoA reductase.
Results: Our results demonstrated that GA ameliorated the elevated lipid, serum liver function
enzymes, bilirubin and the decreased L.glycogen levels and serum protein profile. GA improved the
hepatic and adipose antioxidants activities by decreasing MDA and increasing GST, SOD, Cat,
GSH and GPx activities. GA ameliorated the elevated Glu, INS, HOMA-IR, LEP and the decreased
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adiponectin levels. Moreover, GA ameliorated the elevated TNF-aq, IL-17, IL-1B, FAS, ACC-a and
HMGCR levels. Liver and adipose histopathologies confirmed our results.

Conclusion: Gallic acid intake exhibited a beneficial therapeutic effect on nonalcoholic fatty liver
disease rats as anti-inflammatory and antioxidant agent.

Keywords: Gallic acid; non-alcoholic fatty liver disease; high fat diet; antioxidants; histopathologies.

1. INTRODUCTION

Metabolic diseases in human can be imitated in
rodents by the usage of dietary interventions
like high lipid regimen [1]. Chronic exposure to
HFD resulted in hepatic steatosis in conjunction
with obesity and impaired glucose tolerance
condition  characterized by  dyslipidemia,
hyperinsulinemia, liver damage elevated
markers, and hypoadiponectinemia [2]. Also high
lipid regimen encourage a liver disease called
NAFLD that is characterized by increased fat in
liver, cumulation of hepatocytes fats, and
inflammatory immune cells infiltration in
parenchyma of liver and pro-inflammatory
cytokines secretion resulting in damage of liver
[3]. Nonalcoholic fatty liver disease (NAFLD) is a
clinical condition characterized by significant
precipitation of lipid in liver and persistent
disorders in enzymes of liver [4]. NAFLD is
considered to be a series of complex,
multifaceted pathological processes including
oxidative stress, inflammation, apoptosis, and
finally metabolism [5]. Gallic acid (GA) is
trinydroxybenzoic acid having the C7HsOs
molecular formula and is abundantly found in tea
leaves, oak bark, sumac, gallnuts, witch hazel
and other plants [6]. It has been shown to have
powerful anti-obesity and anti-oxidative action
[7]. Also, it is considered to be associated with
curing the malady of lipid metabolism including
NAFLD [8]. Therefore, the purpose of our survey
was to evaluate protective influence of gallic acid
against high lipid diet nonalcoholic fatty liver
disease.

2. METHODOLOGY
2.1 Experimental Animals

White male wistar rats (Rattus norvegicus)
weighs about 90-110 g, sixty day old were used
in our survey. They were gained from Helwan
town’s animal house, Cairo, Egypt and kept
under observation for 1 week before the onset of
the experiment for acclimatization and excluding
any intercurrent infection. The animals which
were chosen individually and housed in standard
polypropylene cages and maintained under

normal atmospheric R.T (20-30°C), illumination
(22 h light/12 h dark cycles), humidity (50-60%).
Rats had free water access.

2.2 Dietary Formula and Tested
Bioactive Plant Constituents

Ingredients of diet like casein, cholesterol, corn
starch and sucrose were purchased from Oxford
laboratories, Mumbai, India; bile salts, DL-
Methionine, calcium carbonate and cellulose
were purchased from S.D. Fine-Chem Ltd.,
Mumbai, India; sodium chloride, calcium
phosphate and potassium citrate are from
Pharmaceutical Chemicals Co. Egypt; other
components were obtained from commercial
sources. Diets were prepared in the nutrition

department, faculty of veterinary medicine,
Beni-Suef University, Beni-Suef, Egypt, at
intervals according to requirements and

stored at four degree celsius till use. Gallic acid
(GA) was obtained from Sigma-Aldrich Co.
(USA).

2.3 Doses and Treatment

During the entire study, rats fed on fatty-
sucrosed diet (FSD) daily for ten weeks. Gallic
acid was administered by gastric intubation in a
dosage of one hundred mg / kg.bw. dissolved in
dist.H20 Chao et al. [7] daily for ten weeks during
the experimental study.

2.4 Experimental Design

In the present study, the rats number is 30 rats.
They were categorized into 3 groups; intended
as following:

Group 1: Ten rats fed on normal diet (ND) daily
for ten weeks.

Group 2: Ten rats fed on fatty-sucrosed regimen
daily for ten weeks.

Group 3: Ten rats fed on FSD daily for ten
weeks, parallel with gallic acid.

At the end of ten weeks, animals were sacrificed
under reasonable diethyl ether numbness. In a
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centrifuge tube, Blood was collected from jugular
vein of each rat and left to clot at R.T for 45
minutes. After centrifugation at 3000 r.p.m. at
30°C for fifteen minutes, sera were separated
and kept frozen at -30°C till biochemical analysis.
Fresh liver and adipose tissue from each animal
were extirpate rapidly. Livers were weighed and
parts of them were kept in RNA latter for gene
expression analysis. Parts of liver and adipose
tissue were fixed in 10% neutral buffered
formalin for paraffin section preparation and
histopathological examination. 0.5g from liver
and adipose tissue was homogenized in five ml
0.9% sterilized sodium chloride by using teflon
homogenizer (Glas-Col, Terre Haute, USA) for
determination of some oxidative stress and
antioxidant parameters. Parts of fresh liver
samples were stored at -20-C to be used for
glycogen content determination and for
determination of some biochemical parameters.

2.5 Biochemical Analysis

Hepatic cholesterol (H.Chol) and hepatic
triglyceride (H.TG) were measured according to
Young, [9] method. Glycogen content was
determined in the liver according to Seifter et al.
[10] method. Liver index was calculated as; Liver
index equal Liver weight divided by body weight)
x 100%. Serum alanine aminotransferase (ALT)
and serum aspartate aminotransferase (AST)
were determined according to the Kkinetic
procedure of Tietz, [11]. Gamma-
glutamyltransferase concentricity was
determined in serum according to the procedure
of Young et al. [12]. Serum total bilirubin, direct
bilirubin, total proteins and albumin
concentrations were determined according to
Young, [9] procedure. Globulin concentration in
serum was calculated according to Doumas et al.
[13] from the equation: Globulin (g/dL) equal total
proteins (g/dL) minus albumin (g/dL). Liver and
adipose lipid peroxidation were determined by
thiobarbituric acid reactive substances (TBARS)
measurement according to Ohkawa et al. [14]
procedure. Liver and adipose tissues oxidation
parameters were assayed according to methods
of Habig et al. [15] for glutathione-S-transferase
(GST) with little modifications; Nishikimi et al.
[16] for superoxide-dismutase activity (SOD);
Aebi, [17] for Catalase (Cat) activity with some
modifications; Beutler et al. [18] for reduced
glutathione (GSH) concentrations and Paglia and
Valentine, [19] for glutathione peroxidases (GPx).

Glucose concentration in serum was determined
according to the procedure of Young, [9]. Serum
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insulin, leptin and adiponectin were examined by
sandwich ELISA using reagent kit that
purchased from BioSource Europe S.A.
(Belgium) according to the methods of Templer
et al. [20]; Maffei et al. [21] and Hotta et al. [22]
respectively. HOMA-IR describes the glucose-
insulin homeostasis by the following equation
Matthews et al. [23]. HOMA-IR = [(Serum
Insulin) x (Fasting Glucose)]/22.5, where 22.5 is
the normalizing factor. Real time-Polymerase
Chain Reaction (RT-PCR) was used for
determination of gene expression of tumor
necrosis factor-a (TNF-a), interleukin-17 (IL-17)
and interleukin-1B (IL-1B) according to Pfaffl,
[24] method. Fatty acid synthase (FAS), acetyl-
Coenzyme A carboxylase-a (ACC-a) and HMG-
CoA reductase (HMGCR) levels were
determined by using western blotting analysis
according to Harlow and Lane, [25] method.
Finally liver and adipose histopathological study
were examined according to Banchroft et al.
[26].

2.6 Statistical Analysis

The Social Sciences Statistical Package (IBM
SPSS (One Way Anova))for WINDOWS7,
version twenty; SPSS Inc, Chicago) was used for
the statistical analysis of the results. By using the
general linear models procedure (IBM SPSS),
comparative analysis was conducted. P more
than 0.05 were considered statistically non-
significant, while P less than 0.05 were
considered statistically significant.

3. RESULTS

Data regarding effectiveness of high fat diet
(HFD) and gallic acid (GA) administration on
hepatic lipid profile are presented in Table 1. Our
results revealed that the intake of high fat diet
produced marked impairment demonstrated by
significant increase in hepatic cholesterol,
hepatic triglyceride, liver index and significant
decrease in liver glycogen content as compared
to normal rats, while oral gallic acid
administration significantly decreased these
elevated levels when compared with the high
lipid regimen feeding rats and recorded a
noticeable results compared to normal ones.

Gallic acid effectiveness on serum liver function
enzymes (ALT, AST, GGT) and serum liver
biochemical tests (total, direct and indirect
bilirubin) of HFD feeding rats was illustrated in
Table 2. GA treatment of HFD feeding rats
significantly decreased these elevated values of
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liver enzymes and liver biochemical tests in
serum and becomes near to those of normal
values. Data regarding the high fat diet (HFD)
effectiveness and administration of gallic acid on
serum protein profile parameters (total protein,
albumin and globulin) are presented in Table 3.
Our results revealed that the intake of high fat
diet produced a marked impairment
demonstrated by significant serum total protein,
albumin and globulin decrease as compared with
normal rats, while oral gallic acid
administration significantly increased these
decreased levels when compared to the high fat
diet feeding rats recording a noticeable
amelioration.

Tables 4 and 5 show the effect of gallic acid on
the hepatic and adipose tissues oxidative stress
and antioxidant markers in HFD feeding rats.
Lipid peroxidation (LPO) product was increased
significantly in both of them as a result of HFD
feeding while the curing of HFD feeding rats with
GA significantly decreased these elevated values
and becomes near to those of normal values. On
the other hands, rats fed with HFD exhibited a
noticeable decrease in values of glutathione-S-
transferase (GST) activity, activity of superoxide
dismutase (SOD), activity of catalase (CAT),
reduced glutathione content (GSH) and
glutathione peroxidase (GPX) level as compared
to normal rats. While, their treatment with GA
with HFD feeding produced a significant increase
of these antioxidants values as compared to the
corresponding HFD administered group pointing
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to a marked normalization as compared to
normal group.

Systemic and hepatic insulin  resistance
expressed in glucose, insulin, homeostasis
model assessment of insulin resistance (HOMA-
IR), leptin and adiponectin levels were presented
in Table 6. Our results revealed that the feeding
with HFD produced marked impairment
demonstrated by significant increase in all the
mentioned parameters except adiponectin which
significantly decreased while oral administration
of gallic acid significantly ameliorated these
changes.

Data summarized in Table 7 demonstrate the
effectiveness of HFD feeding and treatment with
GA on hepatic cytokines; TNF-a, IL-17 and IL-13
markers. The results revealed that gallic acid
significantly decreased these elevated levels of
hepatic TNF-qa, IL-17 and IL-1B when compared
with the HFD feeding rats recording noticeable
amelioration as compared to normal ones.

Effectiveness of gallic acid intake on lipid
metabolic regulators; fatty acid synthase (FAS),
acetyl-Coenzyme A carboxylase-a (ACC-a) and
HMG-CoA reductase (HMGCR) after high fat diet
(HFD) are presented in Table 8 and illustrated in
Fig. 1. The results exposed that the intake of
high fat diet produced a marked impairment
demonstrated by a significant increase in FAS,
ACC-a, HMGCR levels as compared to normal
rats. While oral gallic acid administration
significantly decreased their levels.

Table 1. Effect of gallic acid treatment on hepatic lipid profile on high fat diet feed rats

\W H.Chol HTG Liver Liver glycogen
Groups (mg/dL) (mg/dL) Index (mg/ g liver)
Control 143.57 + 8.642 428.29 + 20.0042 2.23+0.182 7.88 £ 0.68°¢
HFD 464.05 + 16.98°¢ 785.44 + 27.73¢ 4.93 £ 0.08¢ 3.88 £ 0.1682
HFD+ GA 309.08 + 24.28P 571.35 + 33.67° 4.178 + 0.06° 5.57 + 0.165"
LSD 25.207 39.183 0.168 0.594
P value .00 .00 .00 .00

- Data are expressed as Mean + SE, - Numbers of samples in each group is six.
- Values, which share the same superscript symbol, are not significantly different.
- F-probability: P <0.001, - C (control), HFD (high fat diet), HFD+GA (high fat diet + gallic acid).

Table 2. The effect of gallic acid treatment on serum liver function
enzymes and serum liver biochemical tests of high fat diet feed rats

\W ALT AST GGT T.bilirubin D.bilirubin In.bilirubin
Groups (U/L) (U/L) (U/L) (mg/dl) (mg/dl) (mg/dl)
Control 26.97 = 3297+ 14.495% 0.225 0.097 % 0.080
0.742 3.322 1.3622 0.0092 0.0052 0.012
HFD 52.36 + 54.07+ 42751 % 0.503 0.233 0.264
3.45° 4.57° 3.565¢ 0.086" 0.050° 0.061°
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W ALT AST GGT T.bilirubin D.bilirubin  In.bilirubin
Groups (U/L) (U/L) (U/L) (mg/dl) (mg/dl) (mg/dl)
HFD+ GA 33.05 % 3289+ 2710+ 0.275 % 0.101 £ 0.17 £
3.922 2.162 3.00° 0.0142 0.0102 0.0192
LSD 4,311 4,942 3.967 0.072 0.0426 0.053
P value .00 .01 .00 .01 .05 .01

- Data are expressed as Mean + SE. - Numbers of samples in each group is six.
- Values, which share the same superscript symbol, are not significantly different.
- F-probability: P <0.001, - C (control), HFD (high fat diet), HFD+GA (high fat diet + gallic acid).

Table 3. The effect of gallic acid treatment on serum protein profile parameters on high fat
diet feed rats

Parameter T.P Alb Glb
Groups (g/dL) (g/dL) (g/dL)
Control 9.98 £ 0.23¢ 7.89 £ 0.41¢ 2.80 £0.37¢
HFD 6.36 £ 0.202 5.25+0.232 0.78 + 0.062
HFD+ GA 7.74 + 0.08P 6.71+0.17° 1.59 + 0.05b
LSD 0.266 0.419 0.315
P value .00 .00 .00

- Data are expressed as Mean + SE. - Numbers of samples in each group is six.
- Values, which share the same superscript symbol, are not significantly different.
- F-probability: P <0.001, - C (control), HFD (high fat diet), HFD+GA (high fat diet + gallic acid).

Table 4. The effect of gallic acid treatment on liver oxidative stress and antioxidant
defense system on high fat diet feed rats

arameter Liver
MDA GST SOD Cat. GSH GPx
Groups (nmol/g.T) (U/lg.T) (U/g.T) (U/g.T) (mg/g.T) (U/g.T)

Control 2225+ 14335+ 670.87 + 19.00 + 1.820 +0.007¢ 142.65+
1.622 0.914p 7.16°¢ 0.15° 10.85°
HFD 42.56 10.116 451.36 + 9.60 + 0.270 + 53.16 +
0.56°¢ 0.4352 15.482 0.082 0.0202 10.772
HFD + GA 35.74 + 14.033 607.94 + 14.96 + 0.577 + 126.44 +
2.35° 1.098° 29.57b 0.23° 0.006° 3.55P
LSD 2.384 1.220 27.877 0.242 0.0189 12.816
P value .00 .01 .00 .00 .00 .00

- Data are expressed as Mean = SE.- Numbers of samples in each group is six.
- Values, which share the same superscript symbol, are not significantly different.
- F-probability: P <0.001, - C (control), HFD (high fat diet), HFD+GA (high fat diet + gallic acid).

Table 5. Effect of gallic acid treatment on adipose oxidative stress and antioxidant defense
system on high fat diet feed rats

arameter Adipose
MDA GST SOD Cat GSH GPx
Groups (nmol/g.T) (U/g.T) (Ulg.T) (Ulg.T) (mg/g.T) (Ulg.T)

Control 9.76 = 12.540 = 704.07 19.36 + 0.216 + 126.44
0.0292 0.541° 11.17¢ 0.14¢ 0.031° 3.55¢

HFD 38.07 £ 9.113 + 112.24 9.43+0.08% 0.086 % 58.35+
3.05° 0.5622 13.202 0.0102 7.108

HFD + GA 11.62 + 11.246 + 659.68 + 15.17 + 0.214 + 106.99 *
0.512 0.413° 12.71° 0.13° 0.029° 3.55P

LSD 2.526 0.721 17.531 0.176 0.036 7.103

P value .00 .01 .00 .00 .00 .00

- Data are expressed as Mean + SE.- Numbers of samples in each group is six.
- Values, which share the same superscript symbol, are not significantly different.
- F-probability: P <0.001, - C (control), HFD (high fat diet), HFD+GA (high fat diet + gallic acid).
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Table 6. Effect of gallic acid treatment on systemic and hepatic insulin resistance on high fat
diet feed rats

W Glu INS HOMA-IR LEP Adiponectin
Groups (mg/dL) (MU/mI) index (pg/ml) (pg/ml)
Control 84.29 + 1.932 2.736 £ 10.26 + 2.913+0.2902 17.20+1.23¢
0.0932 0.482
HFD 135.98 +8.04¢ 4.953 + 29.96 +1.88¢ 11.066 + 7.18 + 0.672
0.021° 0.327¢
HFD + GA 120.71£2.21> 2.820+ 15.10 4,170+ 0.171° 12.86 +0.63°
0.1642 0.86"
LSD 6.990 0.155 1.738 0.384 1.261
P value .00 .00 .00 .00 .00

- Data are expressed as Mean + SE. - Numbers of samples in each group is six.
- Values, which share the same superscript symbol, are not significantly different.
- F-probability: P <0.001, - C (control), HFD (high fat diet), HFD+GA (high fat diet + gallic acid).

Table 7. Effect of gallic acid treatment on cytokines on high fat diet feed rats

rameters TNF-a IL-17 IL-1B
Groups

Control 1.006 + 0.0042 1.005 + 0.0022 1.006 + 0.0042
HFD 5.850 + 0.514¢ 6.033 + 0.152¢ 5.433 £ 0.600°
HFD + GA 2.580 £ 0.171b 2.300 £ 0.289° 1.966 £ 0.1112
LSD 0.442 0.267 0.498
P value .00 .00 .00

- Data are expressed as Mean * SE. - Numbers of samples in each group is six.

- Values, which share the same superscript symbol, are not significantly different.
- F-probability: P <0.001, - C (control), HFD (high fat diet), HFD+GA (high fat diet + gallic acid).

Table 8. Effect of gallic acid treatment on the expression of lipid metabolic
regulators in the liver on high fat diet feed rats

arameter fatty acid synthase acetyl coenzyme A HMG-CO A reductase
(FAS) carboxylase-alpha (HMGCR)
Groups (ACC-a)
Control 1.010 £ 0.0062 1.003 £ 0.0022 1.013 £ 0.0082
HFD 6.243 + 1.156° 6.566 + 0.657° 7.133 + 0.354°
HFD + GA 3.066 + 0.3272 2.100 + 0.073? 1.533 £ 0.0912
LSD 0.981 0.540 0.299
P value .00 .00 .00

- Data are expressed as Mean + SE.- Numbers of samples in each group is six. - Values, which share
the same superscript symbol, are not significantly different. - F-probability: P <0.001, - C (control), HFD
(high fat diet), HFD+GA (high fat diet + gallic acid).
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Fig. 1. lllustrated and Western blotting analysis showing the effect of gallic acid treatment on
liver fatty acid synthase, acetyl coenzyme A carboxylase-alpha and HMG-CO A reductase
levels on HFD feed rats

383



Ismail et al.; JPRI, 33(44B): 378-397, 2021, Article no.JPRI.73913

RS

-

{

AT
NI AN {
:-‘k\%#.
Fig. 2. Photomicrographs of liver sections of control rats showing normal histological
structure of the central vein as well as the portal area with portal vein, hepatic artery and bile
ducts with the surrounding hepatocytes in the parenchyma

Fig. 3. Photomicrographs of liver sections of rats fed with high fat diet showing fatty change in
diffuse manner all over the hepatocytes in the parenchyma associated with congestion in the
portal vein and fibrosis in the portal area. Focal inflammatory cells infiltration in the
parenchyma. The portal area showed periductal fibrosis surrounding the hyperplastic bile
ducts

Fig. 4. Photomicrograph of liver section of rat fed with high fat diet and treated with gallic acid
showing fatty change in some few hepatocytes in focal manner | the parenchyma associated
with few fibrosis in the portal area and congestion in the portal vein
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Fig. 5. Photomicrographs of adipose sections of control rats showing no histopathological
alteration and normal histological structure of the hexagonal adipoblasts cells in the lobules
with flattened nuclei

Fig. 6. Photomicrographs of adipose sections of rats fed with high fat diet showing
inflammatory cells infiltration between the lobules and cells with dilatation and congestion in
the blood vessels
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Fig. 7. Photomicrograph of adipose section of rat fed with high fat diet and treated with gallic
acid showing no histopathological alteration
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Normal liver histology and liver histopathological
study showing the effect of HFD feeding and
treatment with GA are presented in Figs. 2, 3, 4
and revealed that the liver of animals treated with
high fat diet showed change in fats in a diffuse
manner all over the hepatic cells in the
parenchyma associated with congestion in the
portal vein and portal area fibrosis and showed
focal inflammatory cells infiltration in the
parenchyma and the portal area showed
periductal fibrosis surrounding the hyperplastic
bile ducts. Oral administration of GA showed
fatty change in some few hepatocytes in focal
manner | the parenchyma associated with few
fibrosis in portal area and congestion in portal
vein. Normal adipose histology and adipose
histopathological study showing the effect of
HFD feeding and treatment with GA are
presented in Figs. 5, 6, 7 and revealed that the
adipose of animals treated with high fat diet
showed inflammatory cells infiltration between
the lobules and cells with blood vessels dilatation
and congestion. Oral GA administration showed
no histopathological alteration in adipose tissue.

4. DISCUSSION

The fatty liver disorders spectrum that not
resulting from abuse of alcohol, autoimmune,
drug, viral and genetic etiologies is formerly
named nonalcoholic fatty liver disease (NAFLD)
but newly has been renamed metabolic
dysfunction associated fatty liver disease
(MAFLD) [27]. NAFLD is manifested through the
accumulation of lipids in the liver in the excess
consumption of alcohol absence, resulted from
the imbalance between input of lipid (uptake of
fatty acid as well as denovo lipogenesis) and
output (very lowdensity lipoprotein (VLDL) export
and fatty acid B-oxidation) [28]. The progressive
transmission from steatosis to nonalcoholic
steatohepatitis was explained initially by a 2-hit
hypothesis, although new studies have
suggested a modified ‘multiple-hit’ paradigm. In
this condition, the 1st hit is insulin resistance (IR)
and disturbance of metabolic, which results in
steatosis of liver [29]. This is followed by a
spectrum of hits inclusive oxidative stress,
proinflammatory cytokine-mediated hepatocyte
damage, changed lipid partitioning and toxicity of
liver mediated by free fatty acids (FFASs),
unnatural loading of cholesterol inside liver, high
level of insulin in blood, elevated level of leptin in
blood and hypoadiponectinaemia [30]. Diet with
high-fat and diet with methionine choline-
deficiency are mostly used to produce steatosis
of liver and NASH in experimental animals [31].
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Unlike other various animal samples, animals
that fed an high fat diet mimic both the
pathogenesis and histopathology of NAFLD
human because they have the note features
observed in human patients with NAFLD
including fatness and insulin resistance (IR) [29].
The results obtained in the present work can be
discussed in two main aspects: first, the
development of nonalcoholic fatty liver disease
model induced through feeding with high lipid
diet; second, gallic acid effects against changes
induced by feeding with high fat diet. Our results
are in accordance with those acquired by Jung et
al. [32]; zZhihong et al. [33]; Lihua et al. [34];
Shing-Hwa et al. [35] in the changes of serum
and hepatic lipids, insulin resistance (IR) and
hepatic glycogen in the rats fed HFD. Insulin
resistance (IR) obtained after feeding HFD
explains some of these obtained changes as it
results in elevation in the level of triglyceride in
liver and in the end steatosis of liver via different
mechanisms. 1%, insulin fails to inhibit lipolysis of
adipose tissue by hormone-sensitive lipase,
leading to increased efflux of FFAs into the
circulation and subsequently uptake by the liver
[36]. Second, hyperinsulinaemia and
hyperglycaemia associated with IR promote
synthesis of de novo lipid in liver through the

membrane-bound transcription factor sterol
regulatory element-binding protein-1c
(SREBP-1c) and carbohydrate response

element-binding protein (ChREBP) upregulation
[37]. Third, high levels of insulin in blood directly
inhibits FFAs (-oxidation. Simultaneously, these
phenomena encourage hepatic accumulation of
FFA and result in accumulation of triglyceride in
liver and steatosis through esterification [29].

Glycogen content decrease in liver is a marker of
livers IR [33]. This may be due to an insulin
deficiency state because it depends on insulin for
influx of glucose [38]. A previous study reported
that HFD fed mice developed IR, displayed
elevated blood levels of glucose and insulin, as
well as decreased glycogen synthesis,
phosphorylated glycogen synthase kinase 3 (p-
GSK3B) and phosphorylated Akt (p-Akt)
expression and glycogen synthase (GS) mRNA
levels [39]. Also we know that, insulin inhibits
glycogenolysis and if there is a lack of insulin
liver glycogen content will decrease [40]. In Jing
et al. [41] study, alanine aminotransferase (ALT),
aspartate aminotransferase (AST) activities and
liver index increased in HFD fed rats indicating
the lesions in their liver. The highly palatable,
energy rich HFD elicited significant increased
levels of body weight, serum glucose, leptin and

386


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5215469/#path4829-bib-0018

insulin along with a correspondent increase in
liver, heart, pancreas, kidney, spleen and
mesenteric, perirenal, gonadal and
subcutaneous fat pad weights. This extra fat
accumulates  around the  subcutaneous,
mesenteric, perirenal and gonadal fat pads,
which are easily prone for the fat accumulation
and the increase in weight [42]. In our study,
administration of gallic acid to high fat diet feed
rats resulted in decreased levels of hepatic
cholesterol, triglycerides and liver index and on
the other hands it increased the level of liver
glycogen. These results are compatible with
those obtained by Jung et al. [32]; Chin-Lin and
Gow-Chin, [43] and Yuanyuan et al. [8]. Also,
Punithavathi et al. [38] stated that the overall
gallic acid protective effects in rats with type Il
diabetes might be due to lowering in blood
glucose and hepatic glycoprotein components,
lipid peroxides, lipids and increase in plasma
insulin and hepatic glycogen, antioxidant
systems. Jung et al. [32] proved that protective
effect of GA in liver is partly due to elevation in
the liver fatty acids B-oxidation. Yuanyuan et al.
[8] explained that gallic acid effectively reduced
the intracellular level of TG in the NAFLD model,
enhanced the level of AMP-activated protein
kinase (AMPK) and ACC2 phosphorylation, up-
regulated the expression of CPT1A, which
suggested that GA enhanced the effect of lipid
metabolism through AMPK/ACC2/CPT-1A
signaling  pathway  regulation. Moreover,
activation of AMPK induces autophagy directly
through the unc-51 like autophagy activating
kinase 1 complex phosphorylation or indirectly
via the mammalian target of rapamycin (MTOR)
signaling inhibition [44]. Autophagy prevents the
lipid droplets accumulation and therefore
regulates metabolism of lipid [45]. GA being an
antioxidant decreases the stress to a great extent
thereby decreasing the excess sugar desire and
consequently recoups hepatic and renal
glycogen content [46].

Liver function tests (LFTS) are typical
biochemical markers to identify patients with
nonalcoholic  steatohepatitis (NASH) and
cirrhosis, without showing steatosis utility [47].
The data of the present study showed that
feeding with high fat diet resulted in a significant
rise in ALT, AST and GGT activities. These
results agreed with those acquired by Banderas
et al. [48]; Zhihong et al. [33]; Lihua et al. [34]
and Shing-Hwa et al. [35]. Del et al. [49] stated
that lipid peroxidation products such as
malondialdehyde, GGT and oxidized LDL which
are increased in patients with NAFLD may be
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related to antioxidants decreasing. Fatma et al.
[50] explained that high fat diet may increase
the liver fatty acid synthesis and the free fatty
acids (FFAs) delivery to the liver. Also, it may
decrease free fatty acids B-oxidation that in turn
may cause hepatic accumulation of fat. Liver is
bombarded by FFAs that pour out into the portal
blood from the adipose tissue [51]. This can
directly cause liver cells inflammation that then
librate  further pro-inflammatory cytokines
resulting in more hepatocyte damage and
therefore affecting the liver cells solidity [52].
Injury of hepatocyte caused impairment in the
permeability of liver cell membrane [53]. Damage
of the cell membrane caused leakage of these
enzymes which are normally situated in the
cytosol into the stream of blood, thus manifesting
damage effected to liver and other tissues [54].
Gallic acid amelioration in these previous liver
function biomarkers corresponds to Mahaboob et
al. [55]; Vijaya et al. [56] and Jung et al. [32] who
suggest that antioxidant and free radical
scavenging properties, reported previously may
account for the gallic acid hepatoprotective
effect. The reversal of increased enzymes by GA
may be due to the prevention of the intracellular
enzymes leakage by its antioxidant and
membrane-stabilizing  activity ~ which  was
supported by histological amelioration as
indicated in our results. In the present study, our
results of increased levels of serum total, direct
and indirect bilirubin in HFD go parallel with
Kumar et al. [57]; Ryoko et al. [58]. Treatment
with GA indicate the effectiveness of the drug
in maintaining the liver functional homeostasis
[59].

The decreased levels of total protein, albumin
and globulin in serum may result from
dysfunction of insulin that is caused by feeding
with HFD and inevitably results in increased
catabolism of protein [32]. This produces
precursors for gluconeogenesis and generation
of energy through tricarboxylic acid (TCA) cycle,
and lowered production of protein [60]. Atef et al.
[61] demonstrated that depletion is due to
albumin and amino acids leakage from the
damaged renal tubules. Also, Murray et al. [62]
explained this depletion by losing the anabolic
effect of insulin. Also, Amel, [53] stated that
synthesis of protein is lowered in all tissues
because of lowered production of ATP
responding to absolute or relative deficient
insulin and alkaline phosphatase activity. Cecily
and Daisy [63]; Jung et al. [32] and Adel et al.
[64] also demonstrated an ameliorative effect of
GA on protein levels HFD feeding rats.
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An important risk factor in NAFLD pathogenesis
is oxidative stress [65]. Cytokine challenge and
oxidative stress are substantial in mediating
NAFLD progress from steatosis to nonalcoholic
steatohepatitis (NASH), fibrosis and finally
cirrhosis [34]. Increased FFAs in plasma are
taken up by the liver resulted in accelerated
hepatic [(-oxidation rate, that is the main
resource of production of ROS in liver [33]. In the
body, white adipose tissue (WAT) is found
around numerous internal organs [66]. The main
metabolic pathways of adipose tissue are
lipogenic (triglycerides synthesis) and lipolytic
(triglycerides degeneration into glycerol and free
fatty acid) [67]. It is possible that this change in
metabolic activity will affect the oxidant-
antioxidant balance in the adipose tissue [66].
The present study data showed that feeding with
HFD caused a significant elevation in level of
liver and adipose lipid peroxidation products
(LPO) and caused a considerable decrease in
their antioxidant defense system. These data
paralleled with numerous investigators; Lai et al.
[68]; Zhihong et al. [33] and Evelyn et al. [69].
ROS hit polyunsaturated fatty acids and start
cellular peroxidation of lipid leading to the
forming of aldehyde by-products, like MDA.
These molecules have the power to diffuse from
their origin sites to reach remote intracellular and
extracellular targets, that way amplifying the
effects of oxidative stress [34]. A main oxidative
stress source in NASH is the surplus load of FFA
output from IR and obesity [29]. In the state of
FFA load, pB-oxidation in mitochondria can
become overwhelmed, resulting in rise in
production of ROS [70]. In the presence of IR, an
increase in FFAs induces the elevated
expression of the cytochrome enzyme, P4502E1,
in liver microsomes, enhances mitochondrial B
oxidation, and generates a substantial quantity of
ROS, which exceeds the elimination ability of the
anti-oxidative system [8]. In addition, oxidative
stress may be rised in metabolic syndrome
because of dyslipidemia resulting from elevated
TGs and FFA levels which led to increased
foam cells forming, rendering LDL less dense
and extra vulnerable to oxidation and uptake by
macrophages [71]. Also, Cemil et al. [66] study
showed that the high-fat diet (HFD) increased the
oxidative stress in the adipose tissues of the rats
whose retroperitoneal adipose tissues were
denervated. Excessive free fatty acids (FFAS)
results in an overflow of electrons in the electron
transport chain (ETT) pending oxidative
phosphorylation leading to their leakage and Oz"~
generation followed by the production of another
reactive oxygen species molecules [72]. When
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the reactions of SOD and CAT are taken into
consideration, the decrease in activity of SOD in
the HFD group causes the inability to remove the
superoxide radical, which is formed due to
metabolism. As a result of that, it is highly
possible that the superoxide radical will attack
the lipids and cause the MDA level to increase
[66]. Antioxidant enzyme and GSH decrease
may result from fast consumption and exhaustion
of storage of this enzyme in combating free
radicals produced during development of obesity
[54,73]. Elevated activity of the polylol pathway
inhibition of the pentose phosphate pathway
because of hyperglycemia resulted in decreased
intracellular NADPH grades that is required for
restoration of GSH from its oxidized form GSSG
[74]. Moreover, Videla et al. [75] stated that the
raise in activity of pro-oxidant is associated with
a decrease in the antioxidant potential (activity of
SOD and glutathione content). In adipose tissue,
obesity can stimulate oxidative  stress
fundamentally via dysfunctional mitochondrial
oxidative phosphorylation or through
nicotinamide adenine dinucleotide phosphate
(NADPH) oxidase (NOX) enzyme catalytic
activity [76]. NOX stays the major way for
production of ROS in adipose cells and also
increased pro-inflamatory cytokines in adipose
tissue [6]. It is recognized that cumulation of
WAT in obese subjects results in motivation of
MCP-1 [77]. This causes rise in TNF-a secretion
which triggers NF-kB activation. This protein
controls many pro-inflammatory cytokines and
cyclooxygenase-2 transcription which  play
important role in oxidative stress [78]. GA has a
strong antioxidant with the ability to eliminate free
radicals and also has an effect of anti-oxidative
[79] and anti-inflammatory activities [80]. This is
due to the inhibitory activity of GA on production
of free radical could be due to its action on
cytochrome P450-dependent mono-oxygenase
activities and the epoxide hydrolase activity
enhancement [55]. Also, it is via upregulation of
expression of peroxisome proliferator-activated

receptor (PPAR)y and activation of NAD-
dependent deacetylase sirtuin-1  (SIRT1)/
peroxisome proliferator  activated receptor

gamma coactivator 1 alpha (PGC1a) pathway,
this phenolic acid can stimulate the adipose
tissue browning [81]. GA has been shown to
specifically target the adipose tissue to inhibit
lipogenesis, ameliorate insulin signaling, and
concomitantly combat raised pro-inflammatory
response and oxidative stress [6].

Insulin resistance (IR) is the 1st step and
physiopathological key toward NAFLD growth
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[82]. Elevations in serum free fatty acids (FFA),
in several inflammatory cytokines (ex; tumor
necrosis factor-alpha (TNF-a)), as well as
reactive oxygen species (ROS) are remarkable
mediators of IR in obesity and NAFLD as they
stimulate IR at the insulin resistance substance
(IRS) proteins level [83]. The index of
homeostasis model assessment of insulin
resistance (HOMA-IR) is used to appreciate
systemic IR, and increased HOMA-IR values
mark increased IR grade [33]. A major target
tissue of insulin action is the liver [84]. Leptin
(LEP) is accountable for regulation of nutrition
attitude via satiety promotion [29]. Adiponectin is
a secretory protein produced by WAT adipocytes
[85]. It is a potent anti-inflammatory and TNF-a-
neutralizing adipocytokine. Experimental animal
and In vitro studies have elucidated the
significance of this mediator in revocation of IR
and inflammation [34]. The present research data
showed that feeding with HFD resulted in
significant increased serum insulin, leptin,
homeostasis model assessment of insulin
resistance (HOMA-IR), glucose levels and
caused a significant decreased adiponectin level.
These results agreed with Evelyn et al. [69];
Tahereh et al. [77] and Ayat et al. [86]. HFD
decreases the receptors of insulin expression,
prohibits the oxidation of fatty acids (FA) in
skeletal muscles, reduce the expression of
GLUT4 mRNA and its protein content inside
cells, and decreases the translocation of GLUT4
to the membrane of the cell, factors that may be
responsible for the observed high blood glucose
ad insulin levels in animals [87]. The explanation
for these results is that obesity is associated with
low degree of chronic systemic inflammation
which probably results in IR [42]. Tumour
necrosis factor (TNF)-a overexpression in puffy
patients stimulate IkB kinase [, which play
remarkable fuction in development of IR via
preventing insulin receptor substrate (IRS)-1 and
IRS-2 phosphorylation [36]. Under physiological
conditions, excessive FFA is transformed into
TGs or cholesterol esters and thereafter stocked
in lipid droplets inside adipocytes [88]. The initial
TGs deposition takes place in subcutaneous
adipose tissue, and as the deposition rises in
size, IR increases and borders further
accumulation of lipid under the skin [89].
Thereafter, TGs are diverted to the visceral fat
store and to non-adipose tissue [90]. The latest is
likewise recognized as ectopic lipid cumulation
and may be linked to IR and cellular dysfunction
[91]. In the liver and skeletal muscle, deposition
of fat has been associated with the IR
development [92]. Maria et al. [93] stated that in
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humans, increased leptin levels are observed in
patients with  NAFLD/NASH and in obese
individuals. The positive correlation between
serum leptin and body fat is probably explained
by the increased leptin release from large fat
cells [94]. Also, there is decreased production of
adiponectin, which has insulin-sensitizing, anti-
inflammatory, vascular-protective properties [95].
Adiponectin (an adipocyte-derived hormone) is
produced and secreted via nuclear receptor
PPARy activation, and its production is
decreased by caloric excess, by means of a
mechanism which is supposed to be associated
with reduction or impedance of leptin [96]. The
lowering of the levels of glucose via GA can be
demonstrated by variation of various signalling
pathways inclusive AMPK/Sirt1/PGC1a
stimulation [81] and Akt-marking and raised
glucose transporter-4  translocation  may
furthermore play a function [97]. Together,
activation of AMPK reduces IR and serves as a
potential curative involvement for obesity and
T2DM therapy by regulating metabolism of fatty
acid, via improving mitochondrial function, and
via clearing the damaged mitochondria by
autophagy [98]. The observed activation of Akt in
liver by GA might partly participate in the
reduction of gluconeogenic genes like PEPCK
and G6Pase and finally supply the useful effects
observed in metabolism of insulin and glucose
[99].

The equilibrium between
cytokines/adipocytokines and pro-inflammatory
and anti-inflammatory activities plays a key role
NAFLD growth [34]. There is much evidence
supporting a focal role for pro-inflammatory
cytokines, specially tumor necrosis factor-a
(TNF-a) and interleukin-6 (IL-6), in nonalcoholic
steatohepatitis (NASH) growth [100]. Our results
demonstrated that feeding with HFD caused a
considerable rise in the levels of tumor necrosis
factor-a (TNF-a), interleukin-17 (IL-17) and
interleukin-1B (IL-1PB) in the liver. These data are
in accordance with those obtained by Tilg, [101];
Do-Geun et al. [102] and Jennie et al. [29]. Also,
Cai et al. [103] revealed that steatosis induced
with HFD, increased activity of nuclear factor
kappa beta (NF-kB) is associated with high
expression of hepatic inflammatory cytokines,
inclusive TNF-a and Kupffer cells stimulation. In
the setting of intake of excessive dietary fat, high
free fatty acids (FFAS) levels are delivered to the
liver. Stimulation of hepatocyte by FFAs leads to
the intracellular translocation of Bax to the
lysosome. Permeability of lysosomes s
increased, leading to Cathespin B release.
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Cathespin B presence in the cytosol causes
translocation of NF-kB into the nucleus with
increased production and release of TNF-a
which  inhibits action of insulin  [104].
Administration of GA to high fat diet feeding rats
caused a considerable decrease in TNF-a, IL-17
and IL-1B8. In accordance with our results,
Yuanyuan et al. [8] stated that GA decreased
levels of cytokine and regulated the expression
of enzymes related to metabolism of lipid at the
protein and mRNA levels. In the model with
NAFLD, GA can significantly down-regulate the
intracellular TNF-a and IL-8 levels, suggesting
that GA is capable of mitigating NAFLD
incidence and progression by decreasing the
relevant cytokines levels [8]. Ashok et al. [105]
found that GA probably repressed pro-
inflammatory cytokines (TNF-a, IL-17, IL-13 and
interferon- gamma (IFN-y)) and inflammatory
mediators, like COX-2 and iNOS. Therefore, GA
attenuates rats liver injury induced with NDEA
probable by inducing Nrf2-mediated antioxidant
enzymes and attenuating the inflammatory
mediator COX-2 through inhibition pathway of
NF-kB [59].

The enzymes of ACC and FAS are involved in de
novo lipogenesis in liver, which contributes to
NAFLD pathogenesis [106]. Elevated FAS, Acly,
SREBP1c and other genes participate in the de
novo synthesis and fatty acids uptake have been
reported in NAFLD animal paradigms beside
human studies [107]. Also, NAFLD has been
found to be associated with the increased
HMGCR activity which is a cholesterol synthesis
rate limiting step enzyme [108]. The present
research data showed that high fat diet supply
rats exhibited a considerable raise in fatty acid
synthase (FAS), acetyl-Coenzyme A carboxylase
(ACC-a), 3-hydroxy-3-methylglutaryl-CoA
reductase (HMGCR) reductase levels. These
data go parallel with Zhihong et al. [33] who
revealed that in the route of de novo synthesis,
protein expressions of FAS, ACC-a and sterol
regulatory element binding protein-1c (SREBP)-
1c were more elevated in high fat diet (HFD) rats
than in control rats. Insulin (INS) is responsible
for regulation of the transcription and activation
of liver SREBP-1c, that participates in hepatic
synthesis of fatty acid by activating the
expression of FAS and ACC1 [109]. Zhihong et
al. [33] also, showed that in the route of
metabolism of cholesterol, the increased
expression of HMGCR and decreased
CYP7Alexpression were seen in rats feed with
HFD compared with the control rats. Mao et al.
[109] also, showed that FAS, mature SREBP-1c,
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immature SREBP-1c protein and ACC1 mRNA
elevated in obese rats livers when compared with
the control group. In the same way, Yinrun et al.
[110] revealed that mRNA expression of FAS,
ACC1, HMGCR, acyl-coenzyme A: cholesterol
acyltransferase (ACAT2) and apolipoprotein B
(ApoB) were down-regulated significantly, while
expression of CYP7A1 was up-regulated
significantly in the livers of treated rats as
compared to untreated rats with hyperlipidaemia.
Angulo, [111] stated that in NAFLD period, the
liver increases the fat uptake and synthesis.
Consequently, obese rats overexpress genes
involved in de novo lipogenesis, inclusive FAS,
ACC and SREBPF1 [112]. As total cholesterol
increases in the body, the synthesis rate of
cholesterol tends to decrease, due to a negative
feedback regulation of the HMGCR enzyme
[113]. Sterol regulatory element-binding proteins
(SREBPs) are the main transcriptional factors in
expression of lipogenic gene inclusive FAS [114].
SREBP1 is stimulated by elevated levels of
insulin, and increased carbohydrate diet feeding
rapidly stimulated expression of FAS in livers of
rats [115]. Furthermore, levels of SREBP1
MRNA expression have been found to be
elevated in NASH animal samples [116]. In line
with our data, Caballero et al. [117] revealed that
a paradoxical increase in hepatic HMGCR mRNA
expression has been found in NAFLD obese
patients liver. The results have obviously proved
that during feeding with HFD, elevated Spl
mediated SREBP-2 expression up-regulates
HMGCR resulting in increased biosynthesis of
cholesterol in the liver. In the present study it has
been found that increased levels of fatty acid
synthase, acetyl-Coenzyme A carboxylase,
HMG-CoA reductase due to high fat diet feeding
were decreased as a result of treatment with
gallic acid. These results may be explained as
GA can interfere with synthesis of cholesterol by
blocking B-Hydroxy B-methylglutaryl-CoA (HMG-
CoA) reductase activity [38]. Ou et al. [118]
revealed that further mechanistic studies showed
that GA stimulated the AMP-activated protein
kinase (AMPK) and eNOS activation and the
FAS suppression after stimulation with oleic acid.
GA effectively reduced the level of intracellular
triglyceride (TG) in the NAFLD model, enhanced
the level of phosphorylation of AMPK and ACC2,
up-regulated the CPT1A expression, which
suggested that GA enhanced the lipid
metabolism effect through regulation of the
AMPK/ACC2/CPT-1A signaling pathway [8].

In the sitting study, the histolopathological
changes due to HFD adminstration showed liver
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fatty change in diffuse manner in the
parenchyma associated with congestion in the
portal vein and fibrosis in the portal area. There
was focal inflammatory cells infiltration in the
parenchyma. The portal area showed up
periductal fibrosis surrounding the hyperplastic
bile ducts. These results are compatible with
Lihua et al. [34]; Zhihong et al. [33] who
observed that the histopathology of HFD-fed rats
liver revealed severe steatosis of liver with
damaged lobular structures and showed
considerable accumulation of lipid droplet, acinar
and portal inflammation, macrophages and
lymphocytes infiltration, hepatic  sinusoid
absence, liver cells enlargement, blurred
boundaries between cells, cell membranes
damage. Steatosis of liver results from too much
importation or diminished export or oxidation of
free fatty acids (FFAs). Steatosis presence is
stimulated by the overaccumulation of FFA/TGs
and cholesterol is closely associated with chronic
inflammation of liver that is partially mediated by
the stimulation of the inhibitor of the NF-«kB
kinase subunit B/NF-kB signalling pathway [119].
In addition, feeding with HFD results in a
considerably elevated level of liver triglyceride,
fatty acids and cholesterol and a considerably
reduced PUFA to MUFA proportion. These
findings indicated that supply with HFD caused a
considerable hepatic steatosis and its damage in
mice [32]. Moreover, reactive oxygen species
(ROS) have been found to be one of the main
factors causing steatosis of liver [120]. Gallic acid
potentially amended the histological deterioration
produced by high fat diet since fatty change was
noticed in some few hepatocytes in focal manner
and the parenchyma associated with few fibrosis
in the portal area and congestion in the portal
vein. These amelioration in liver histological
architecture is compatible with Chin-Lin and
Gow-Chin, [43]; Jung et al. [32] whose results
revealed that GA administration reduced the lipid
droplets number, reversed the surplus
cumulation of fat in liver intracellular vacuole,
reduced the levels of liver cholesterol, TG and
fatty acids increased the PUFA-to-MUFA ratio.
Also treatment with GA preserved function of
liver and decreased the level of ALT. Taken
together, above results indicate that GA
improves steatosis of liver in NAFLD mice
stimulated with HFD [32]. In our survey, the
changes of histolopathology due to HFD
adminstration  showed inflammatory cells
infiltration between the lobules and cells with
dilatation and congestion in the blood vessels in
adipose tissue. These results agreed with Julio et
al. [121]; Haripriya and Vijayalakshmi, [122] who

revealed that in HFD mice, the morphometry of
adipocytes showed hypertrophy, the fat pads
were significantly large, the adipose tissue shows
increased adipocytes deposition and increased
peri-adrenal fat. Gallic acid potentially amended
the histological deterioration in adipose tissue
produced by HFD since no histopathological
alteration was observed. These amelioration are
confirmed by Chin-Lin and Gow-Chin, [43] who
illustrated that GA decreases the adipose tissue
weights of epididymal and peritoneal fat,
therefore it decreases the body fat content of
HFD-fed rats. GA administration may reduce
accumulation of perirenal fat via repressing
proliferation of adipocytes resulting in reduced
perirenal adipose tissues weight and level of
triglyceride in plasma in high fructose diet rats
and also hypothesized that GA may improve
impaired insulin signal transduction and promote
utilization of glucose by ameliorating sensitivity of
insulin and modulate metabolism of lipid via the
increase of ATGL expression leading to
decreasing hyperglycemia and cumulation of fat
in perirenal adipose tissues of high fructose diet
rats as the result [123].

5. CONCLUSION

Gallic acid administration exhibited a beneficial
therapeutic effect on rats with nonalcoholic fatty
liver disease due to its anti-inflammatory and
antioxidant action. It is our view that further work
into gallic acid treatment to prevent or slow
progression of NAFLD is needed and important
to pursue. in the future, large-scale samples and
appropriate duration of gallic acid treatment for
NAFLD should be performed. With this approach,
it is conceivable to distinguish various NAFLD
phenotypes within the definition of the general
metabolic syndrome.

CONSENT

It is not applicable.
ETHICS APPROVAL

The present study was approved by the Animal
Ethics Committee of Beni-Suef University.

DISCLAIMER

The products used for this research are
commonly and predominantly use products in our
area of research and country. There is absolutely
no conflict of interest between the authors and

391



producers of the products because we do not
intend to use these products as an avenue for

any

litigation but for the advancement of

knowledge. Also, the research was not funded by
the producing company rather it was funded by
personal efforts of the authors.

COMPETING INTERESTS

Authors have declared that

no competing

interests exist.

REFERENCES

1.

Pamela AK, Alicia JK. Effects of high fat
diets on rodent liver bioenergetics and
oxidative imbalance. Redox Biology.
2016;8:216-225.

Cho J, Kim S, Lee S, Kang H. Effect of
Training Intensity on Nonalcoholic Fatty
Liver Disease. Medicine and Science in
Sports and Exercise. 2015;47(8):1624-
1634. PMID:25539480.

Egan CE, Daugherity EK, Rogers AB, Abi
Abdallah DS, Denkers EY, Maurer KJ.
CCR2 and CD44 promote inflammatory
cell recruitment during fatty liver formation
in a lithogenic diet fed mouse model. PLoS
One. 2013; 8: e65247.
DOI:10.1371/journal.pone.0065247.
Alessandra F, Mariangela DG, Vincenzo Z.
Antioxidant dietary approach in treatment
of fatty liver: New insights and updates.
World J Gastroenterol. 2017; 23(23): 4146
—4157.

Hong Y, Yu-Jie Q, Ya-Li Z, Xu-Feng T, Li-
Na X, Lian-Hong Y, et al. Herbal medicines
and nonalcoholic fatty liver disease.
World J Gastroenterol. 2016; 22(30):
6890—6905.

Phiwayinkosi VD, Bongani BN, Babalwa J,
Zibusiso M, Tinashe M, Sonia S, et al.
Inflammation and Oxidative Stress in an
Obese State and the Protective Effects of
Gallic Acid. Nutrients. 2019;11:23.
DOI:10.3390/nu11010023.

Chao J, Huo TI, Cheng HY, Tsai JC, Liao
JW, Lee MS, et al. Gallic acid ameliorated
impaired glucose and lipid homeostasis in
high fat diet-induced NAFLD mice. PLoS
One. 2014;9(2): €96969.
DOI:10.1371/journal.pone.0096969.
Yuanyuan W, Dong Y, Zhong W, Haji AA.
Effect and mechanism of gallic acid on
oleic acid-induced steatosis in the Chang
liver cell NAFLD model. Int J Clin Exp Med.
2016;9(7):12669-12677.

10.

11.

12.
13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

392

Ismalil et al.; JPRI, 33(44B): 378-397, 2021, Article no.JPRI.73913

Young DS. Effects of disease on Clinical
Lab. Tests, 4thed AACC. 2001.

Seifter S., Dayton S., Novic B, Muntwyfer
E. Arch. Biochem. 1950; 25: 191.

Tietz NW. (ed) Fundamentals of Clinical
Chemistry W.B. Saunders Co,,
Philadelphia.1976.

Young DS, et al. Clin. Chem. 1975; 20(10).
Doumas BT, Watson WA, Biggs HG.
Determination of serum albumin. J. Clin.
Chem. Acta. 1971; 31: 87-89.
Ohkawa H, Ohishi W, Yagi
Biochem. 1979;95:351.

Habig W, Pabst M, Jakoby W. J. Biol.
Chem. 1974;249:7130-7139.

Nishikimi M, Roa NA, Yogi K. Biochem.
Bioph.Res.Common. 1972;46:849-854.
Aebi H. Methods Enzymol. 1984; 105: 121-
126.

Beutler E, Duron O, Kelly MB. J. Lab Clin.
Med. 1963; 61: 882.

Paglia DE, Valentine WN. J.Lab.Clin.Med.
1967; 70:158-169.

Templer RC, Clark PM, Hales CN.
Measurement of insulin secretion in type 2
diabetes: problems and pitfalls. Diabetic
medicine. 1992;9:503- 512.

Maffei M, Halaas J, Ravussin E, Pratley
RE, Lee GH, Zhang Y, et al. Leptin
Levels in Human and Rodent:
Measurement of Plasma Level Leptin and
0bRNA in Obese and Weight Reduced
Subjects. Nat. Med. 1995;1:1155-1161.
Hotta K, Funahashi T, Arita Y, Takahashi
M, Matsuda M, Okamoto Y, et al. Plasma
concentration of a novel, adipose-specific
protein, adiponectin, in type2 diabetic
patients. Arteioscler. Thromb. Vasc. Biol.
2000;20:1595-1599.

Matthews DR, Hosker JR, Rudenski AS,
Naylor BA, Treacher DF, Turner RC.
Homeostasis model assessment: insulin
resistance and B-cell function from
fasting plasma glucose and insulin
concentrations in  man. Diabetologia.
1985;28: 412-9.

Pfaffl MW. A new mathematical model for
relative quantification in real-time RT-PCR.
Nucleic Acids Res. 2001;29:e45.

Harlow E, Lane D. Eds, Cold Spring
Harbor Laboratory Press, New York. 1999;
ISBN 0-87969-543-9, US$230.00.
Banchroft JD, Stevens A, Turner DR.

K. Anal.

Theory and practice of histological
techniques. Fourth Ed. Churchil
Livingstone, New York, London, San

Francisco, Tokyo; 1996.



27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Amedeo L, Simona L, Khalid AA, Yasser F.
History of Nonalcoholic Fatty Liver
Disease. Int.J. Mol. Sci. 2020; 21: 5888.
DOI:10.3390/ijms21165888.

Guturu P, Duchini A. Etiopathogenesis of
nonalcoholic  steatohepatitis:  role  of
obesity, insulin resistance and
mechanisms of hepatotoxicity. Int J
hepatol. 2012; 2012:212865.
Available:Epub2012/07/14.d0i:10.1155/201
2/212865PMID:22792473;PubMedCentral
PMCID:PMC3389710.

Jennie KCL, Xiang Z, Jun Y. Animal
models of non-alcoholic fatty liver disease:
current perspectives and recent advances.
J Pathol. 2017;241(1):36-44.

Yilmaz Y. Is non-alcoholic fatty liver
disease a spectrum, or are steatosis and
non-alcoholic steatohepatitis distinct
conditions?Aliment Pharmacol Ther.
2012;36:815-823.

Wabhlang B, Falkner KC, Gregory B, Ansert
D, Young D, Conklin DJ, et al
Polychlorinated biphenyl 153 is a diet-
dependent obesogen that worsens
nonalcoholic fatty liver disease in male
C57BL6/J mice. The Journal of Nutritional
Biochemistry. 2013;24(9):1587-1595.

Jung C, Teh-la H, Hao-Yuan C, Jen-Chieh
T, Jiunn-Wang L, Meng-Shiou L, et al.
Gallic Acid Ameliorated Impaired Glucose
and Lipid Homeostasis in High Fat Diet-
Induced NAFLD Mice. Plos One. 2014;9 (6
):€96969.

Zhihong M, Li C, Hongying L, Weijie W,
Jieru L, Wenzao Y, et al. Beneficial effects
of paeoniflorin on non-alcoholic fatty liver
disease induced by high-fat diet in
rats.Scientific Reports. 2017; 7: 44819.
doi:10.1038/srep44819.

Lihua S, Dan Q, Qing Z, Jing J. Phytosterol
esters attenuate hepatic steatosis in rats
with nonalcoholic fatty liver disease rats
fed a high-fat diet. Scientific Reports. 2017;
7:41604.

DOI: 10.1038/srep41604.

Shing-Hwa L, Chen-Yuan C, Lin-Hui H,

Meng-Tsan C. Resistant Maltodextrin
Ameliorates  Altered Hepatic  Lipid
Homeostasis via Activation of AMP-

Activated Protein Kinase in a High-Fat
Diet-Fed Rat Model. Nutrients. 2019; 11:
291.

DOI:10.3390/nu11020291.

Nieto-Vazquez |, Fernandez-Veledo S,
Kramer DK, Vila-Bedmar R, Garcia-Guerra
L, Lorenzo M, et al. Insulin resistance

Ismalil et al.; JPRI, 33(44B): 378-397, 2021, Article no.JPRI.73913

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

393

associated to obesity: the link TNF-alpha.
Arch Physiol Biochem. 2008;114:183—-194.
Dentin R, Girard J, Postic C. Carbohydrate
responsive  element binding protein
(ChREBP) and sterol regulatory element
binding protein-1¢c (SREBP-1c): two key
regulators of glucose metabolism and lipid
synthesis in liver. Biochimie. 2005;87:81—
86.

Punithavathi VR, Stanely MPP, Kumar
MR, Selvakumari CJ. Protective effects of
gallic acid on hepatic lipid peroxide
metabolism, glycoprotein components and
lipids in streptozotocin-induced type |l
diabetic Wistar rats. J. Biochem. Mol.
Toxicol. 2011;25:68—76.

Xiao Xia W, Ting Y, Mao L, XianL, Ou Q,
Cheng-Wei T, et al. Effects of octreotide on
hepatic glycogenesis in rats with high fat
diet induced obesity. 2017;16(1):109-118.
Vats V, Yadav SP, Grover JK. Ethanolic
extract of Ocimum sanctum leaves partially

attenuates streptozotocininduced
alterations in glycogen content and
carbohydrate metabolism in rats. J.

Ethnopharmacol. 2004;90:155-160.

Jing JS, Xue QW, Wen JS, Xiao LB,
Chang WL. Reducing oxidative stress and
hepatoprotective effect of the water
extracts from Pu-erh tea on rats fed with
high-fat diet. Food Science and Human
Wellness. 2016;5(4):199-206.

Haripriya D, Vijayalakshmi K.
Cinnamaldehyde Inhibits Visceral Fat
Accumulation and the levels of Glucose,
Insulin, Leptin in Serum of rats fed with
Hifg Fat Diet (HFD). Research J. Pharm.
and Tech. 2015;8(12):1701-1706.

Chin-Lin H, Gow-Chin Y. Effect of gallic
acid on high fat diet-induced dyslipidaemia,
hepatosteatosis and oxidative stress in
rats. 2007;98(4):727-735.

DOl:
https://doi.org/10.1017/S00071145077468
6X.

Kim J, Kundu M, Viollet B, Guan KL.
AMPK and mTOR regulate autophagy
through direct phosphorylation of Ulk1. Nat
Cell Biol. 2011; 13(2): 132— 141.

Singh R, Kaushik S, Wang YJ, Xiang Y,
Novak |, Komatsu M, et al. Autophagy
regulates lipid metabolism. Nature . 2009;
458 (7242): U1131- U1164.

Anjana J, Monika B, Sangeeta S.
Protective effect of Terminalia belerica
Roxb. and gallic acid against carbon
tetrachloride induced damage in albino



47.

48.

49,

50.

51.

52.

53.

54,

55.

56.

57.

rats. Journal of Ethnopharmacology. 2007;
109: 214 — 218.

Obika M, Noguchi H. Diagnosis and
evaluation of nonalcoholic fatty liver
disease. Exp Diabetes Res. 2012;
2012:145754.

Banderas DZ, Escobedo J, Gonzalez E,
Liceaga MG, Ramirez JC, Castro MG. y-
glutamyl transferase: a marker of
nonalcoholic fatty liver disease in patients
with the metabolic syndrome. Eur J
Gastroenterol Hepatol. 2012; 24(7): 805-
810.

Del BM, Polimeni L, Baratta F, Pastori D,
Angelico F. The role of nutraceuticals for
the treatment of non-alcoholic fatty liver
disease. Brit J Clin Pharm. 2017; 83(1):
88-95.

Fatma KS, Sadik B, Kemal BM, Harun A,
Hatice T, Veli U. Effects of Silybum
marianum Extract on High-Fat Diet
Induced Metabolic Disorders in Rats. Pol.
J. Food Nutr. Sci. 2016;66(1):43-49.

DOI: 10.1515/pjfns-2015-0014.

Kamal AA, Mohamed AN. Effect of
Carnitine and herbal mixture extract on
obesity induced by high fat diet in rats.
Diabetology & Metabolic Syndrome. 2009;
1:17.

Fielding BA, Frayn KN. Lipid metabolism.
Current Opinion Lipidolology. 2000; 11(6):
657-659.

Amel MS. Potential impact of
Paracentrotus lividus extract on diabetic rat
models induced by high fat diet/
streptozotocin. The journal of basic&
Applied Zoology. 2016; 77: 8-20.
Shyamala MP, Venukumar MR, Latha MS.
Antioxidant potential of the syzygium
aromaticum (GAERTN.) Linn. (CLOVES) in
rats fed with high fat diet. Indian Journal of
Pharmacology. 2003;35:99-103.
Mahaboob KR, Evan PS, Segu RR,
Pranatharthiharan P, Smita P, Niharika M,
et al. Hepatoprotective and antioxidant
effects of gallic acid in
paracetamol-induced liver damage in mice.
2010; 62(5): 638-643.

Vijaya PV, Sowmya P, Arun FT, Baskaran
R, Poornima P. Protective effect of gallic
acid against lindane induced toxicity in
experimental rats. Food and Chemical
Toxicology. 2011; 49:991-998.

Kumar S, Vasudeva N, Sharma S. Gc-ms
analysis and screening of antidiabetic,
antioxidant and hypolipidemic potential of
cinnamomum tamala oil in streptozotocin

Ismalil et al.; JPRI, 33(44B): 378-397, 2021, Article no.JPRI.73913

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

394

induced diabetes mellitus in rats.
Cardiovascular diabetology. 2012;11:95.
Ryoko T, Tomoaki I, Noriyuki S, Motoyuki
K, Misato O, Ryuichi S, et al. Bilirubin
reduces visceral obesity and insulin
resistance by suppression of inflammatory
cytokines. PLoS One. 2019;14(10):
€0223302.

DOI: 10.1371/journal.pone.0223302.

Uzma L, Hadiya H, Devoshree M, Riaz A.
Hepatoprotective efficacy of gallic acid
duringNitrosodiethylamine-induced liver
inflammationin Wistar rats. The Journal of
Basic & Applied Zoology. 2016;76: 31-41.
Gupte AA, Bomhoff GL, Swerdlow RH,
Geiger PC. Heat treatment improves
glucose tolerance and prevents skeletal
muscle insulin resistance in rats fed a high-
fat diet. Diabetes. 2009; 58: 567-578.

Atef AA, Anwar M, El-sayed AH, Amal HA,
Heba AHM. Ameliorative role of a
combination of chitosan, calcium, vitamins
A and E against high fat diets-induced
adverse effects in rats. The Journal of
Basic and Applied Zoololgy. 2019; 80:11.
Murray RK, Granner DK, Mayesa PA.
Harper's Biochemistry, 25th ed. Appleton
and Lange, Stamford, CT. 2000.

Cecily RL, Daisy P. Insulin-secretagogue,
antihyperlipidemic and other protective
effects of gallic acid isolated from
Terminalia bellerica Roxb. in
streptozotocin-induced diabetic rats.
Chemico-Biological Interactions. 2011,
189: 112-118.

Adel A, Sanaa MA, Mohamed BA, Ahmed
IY. Hepato-renal protective effects of gallic
acid and p-coumaric acid in
nicotinamide/streptozotocin-induced
diabetic rats. International Journal of
Bioassays. 2016;5(6):4641- 4649.

Ida D, Roja R, Mohammad A, Fatemeh F,
Mohammad H, Zahra M, et al. Promising
effects of Rosa damascena extract on
high-fat diet-induced nonalcoholic fatty
liver. Journal of Traditional and
Complementary Medicine. 2017; 7: 508-
514.

Cemil K, Ahmet A, imran IA, Taghi AR,
Neslihan S. The Effects of High-Fat Diets
on The Oxidative Stress in Adipose Tissue
in Rats, Whose Retroperitoneal Adipose
Tissues are Denervated. High-fat diet and
oxidative stress; 2018.

DOI: 10.22312/sdusbed.407365.

Wang S, Soni KG, Semache M, Casavant
S, Fortier M, Pan L, et al. Lipolysis and the



68.

69.

70.

71.

72.

73.

74,

75.

76.

77.

integrated physiology of
metabolism. Mol Genet
95(3):117-126.

Lai YS, Chen WC, Ho CT, Lu KH, Lin SH,
Tseng HC, et al. Garlic essential oil
protects against obesity-triggered
nonalcoholic fatty liver disease through
modulation of lipid metabolism and
oxidative stress. J.Agric Food Chem. 2014;
62: 5897-5906.

DOI:10.1021/jf500803c.

Evelyn NG, Raquel RS, Edgar EIF, Karine
LR, Isalira PR, Igor JdS, et al. Hepatic
microvascular dysfunction and increased
advanced glycation end products are
components of non-alcoholic fatty liver
disease. PL0oS One. 2017; 19: 12(6):
€0179654.
Available:https://doi.org/10.1371/journal.po
ne.0179654.

Dowman JK, Tomlinson JW, Newsome
PN. Pathogenesis of non-alcoholic fatty
liver disease. QJM. 2010; 103:71-83.
Holvoet P. Relations between metabolic
syndrome, oxidative stress inflammation
cardiovascular disease. Verh K Acad
Geneeskd Belg. 2008;70(3):193-219.
Dludla PV, Nkambule NB, Tiano L, Louw J,
Jastroch M, Mazibuko-Mbeje SE.
Uncoupling proteins as a therapeutic target
to protect the diabetic heart. Pharmacol.
Res. 2018;137:11-24.

Saad AN, Hala EH, Amal AB. Biochemical
Study of Oxidative Stress Markers in the
Liver, Kidney and Heart of High Fat Diet
Induced Obesity in Rats. Diabetology &
Metabolic Syndrome. 2011;3;17.

Brownlee M. Biochemistry molecular cell
biology of diabetic complications. Nature.
2001; 13: 813-20.

DOI:10.1038/414813a.

Videla LA, Rodrigo R, Araya J, Poniachik
J. Insulin resistance and oxidative stress
interdependency in non-alcoholic fatty liver
disease. Trends Mol Med. 2006;12:555—
558.

Dludla PV, Joubert E, Muller CJF, Louw J,
Johnson R. Hyperglycemia-induced
oxidative stress and heart disease-
cardioprotective  effects of  rooibos
flavonoids and phenylpyruvic acid-2-O-
beta-D-glucoside. Nutr. MeTable.
2017;14:45.

Tahereh S, Armen N, Miroslav M, Rahil N,
Elisabeth H, Tahereh J, et al. Gallic acid, a
common dietary phenolic protects against
high fat diet induced DNA damage.

lipid energy
Metab. 2008;

Ismalil et al.; JPRI, 33(44B): 378-397, 2021, Article no.JPRI.73913

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

395

European Journal of Nutrition. 2019;
58(6):2315-2326.

Morgan MJ, Liu Z. Crosstalk of reactive
oxygen species and NF-kB signaling. Cell
Res. 2011; 21(1):103-115.
Available:https://doi.
0rg/10.1038/cr.2010.178.

Singh M, Jha A, Kumar A, Hettiarachchy
N, Rai AK, Sharma D. Influence of the
solvents on the extraction of major
phenolic compounds (punicalagin, ellagic
acid and gallic acid) and their antioxidant
activities in pomegranate aril. J Food Sci
Technol. 2014;51:2070-2077.

Liu KY, Hu S, Chan BC, Wat ECL, Lau
CBS, Hon KL, et al. Anti-inflammatory and
anti-allergic activities of Pentaherb formula,
Moutan Cortex (Danpi) and gallic acid.
Molecules. 2013;18: 2483-2500.

Doan KV, Ko CM, Kinyua AW, Yang DJ ,
Choi YH , Oh 1Y, et al. Gallic acid regulates
body weight and glucose homeostasis
through AMPK activation. Endocrinology.
2015;156:157-168.

Fargion S, Porzio M, Fracanzani AL.
Nonalcoholic fatty liver disease and
vascular disease: state-of-the-art. World J
Gastroenterol. 2014;20:13306-13324.
DOI:10.3748/wjg.v20.i37.13306.
Kumashiro N, Erion DM, Zhang D, Kahn
M, Beddow SA, Chu X, et al. Cellular
mechanism of insulin resistance in
nonalcoholic fatty liver disease. Proc Natl
Acad Sci USA. 2011; 108: 16381-16385.
DOI:10.1073/pnas.1113359108.

Qian C, Tingting W, Jian L, Sijian W, Feng
Q, Haiyang Y, et al. Effects of Natural
Products on Fructose-Induced
Nonalcoholic Fatty Liver Disease (NAFLD).
Nutrients. 2017;9(2): 96.

DOI: 10.3390/nu9020096.

Hyung MC, Hari MD, Kyoung SK.
Multifaceted  Physiological Roles  of
Adiponectin in Inflammation and Diseases.
Int. J. Mol. Sci. 2020; 21: 1219.
doi:10.3390/ijms21041219.

Ayat SR, Marwa AE, Sherif YS, Ibrahim Al.
Potential role of cinnamaldehyde and
costunolide to counteract metabolic
syndrome induced by excessive fructose
consumption. Beni-Suef University Journal
of Basic and Applied Sciences. 2019; 8:17.
Sundaresan S, Vijayagopal P, Mills N,
Imrhan V, Prasad C. A mouse model for
nonalcoholic  steatohepatitis. J  Nutr
Biochem. 2011; 22: 979-984.
DOI:10.1016/j.jnutbio.2010.08.011.



88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

Beckman M. Great balls of fat. Science.
2006;311(5765):1232-1234.

Zhaoyi H, Xiaohu X, Fuer L, Nan W,
Guang C, Yan Z, et al. Jiao Tai Wan
Attenuates Hepatic Lipid Accumulation in
Type 2 Diabetes Mellitus. Hindawi
Publishing Corporation Evidence-Based
Complementary and Alternative Medicine.
2013; 2013: ID 567045, 10 pages.
Available:http://dx.doi.org/10.1155/2013/56
7045.

Ali AT, Ferris WF, Naran NH, Crowther NJ.
Insulin resistance in the control of body fat
distribution: a new hypothesis. Hormone
and Metabolic Research. 2011;43(2):77 —
80.

Van HNA, Schrauwen-Hinderling VB. Lipid
accumulation in non-adipose tissue and
lipotoxicity. Physiology and Behavior.
2008;94(2):231-241.

Lara-Castro C, Garvey WT. Intracellular
lipid accumulation in liver and muscle and
the insulin resistance syndrome.
Endocrinology and Metabolism
Clinics of North America. 2008;37(4):
841-856.

Maria LRP, Laura HRL, Carolina RG,
Fabiola OPL, Claudia AC, Candido CC, et
al. A Novel Wistar Rat Model of Obesity-
Related Nonalcoholic Fatty Liver Disease
Induced by Sucrose-Rich Diet. Journal of

Diabetes Research. 2016; 2016:ID
9127076.

Samy AH, Yakout AE, Ghada HE.
Pyruvate  attenuate lipid  metabolic

disorders and isulin resistance in obesity
induced in rats. Benha veterinary medical
journal. 2014; 27(2): 317-329.

Eckel RH, Grundy SM, Zimmet PZ. The
metabolic  syndrome. Lancet. 2005;
365:1415-1428.

Sung HK, Se Young C. Antihyperglycemic
and Antihyperlipidemic Action of
Cinnamomi Cassiae (Cinnamon Bark)
Extract in C57BL/Ks db/db Mice.Arch
Pharm Res. 2010; 33(2): 325-333.

DOI 10.1007/s12272-010-0219-0.

Bak EJ, Kim J, Jang S, Woo GH, Yoon
HG, Yoo YJ et al. Gallic acid improves
glucose tolerance and triglyceride
concentration in diet-induced obesity mice.
Scand J Clin Lab Investig. 2013;73(8)
:607 — 614.

Liesa M, Shirihai 0OS. Mitochondrial
dynamics in the regulation of nutrient
utilization and energy expenditure. Cell
Metab. 2013;17(4): 491- 506.

Ismalil et al.; JPRI, 33(44B): 378-397, 2021, Article no.JPRI.73913

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

1009.

396

Khanh VD, Chang MK, Ann WK, Dong JY,
Yun-Hee C, In YO, et al. Gallic Acid
Regulates Body Weight and Glucose
Homeostasis Through AMPK Activation.
Endocrinology. 2015; 156(1):157-168.
Matteo NDD, Anna R, Roberta L, Pasquale
A, Alessandro D, Giovanni T. Omega-3
fatty acids for the treatment of non-
alcoholic fatty liver disease. World J
Gastroenterol. 2012;18(41):5839-5847.
DOI:10.3748/wjg.v18.i41.5839.

Tilg H. The role of cytokines in
non-alcoholic fatty liver disease. Dig Dis.
2010;28:179-185.

Do-Geun K, Antje K, Leon ET, Kirk JM,
Sudie-Ann R, Angela Y, et al. Non-
alcoholic fatty liver disease induces signs
of Alzheimer’'s disease (AD) in wild-type
mice and accelerates pathological signs of
AD in an AD model. J Neuroinflammation.
2016;13:1.
DOI:10.1186/s12974-015-0467-5.

Cai D, Yuan M, Frantz DF, Melendez PA,
Hansen L, Lee J, et al. Local and systemic
insulin resistance resulting from hepatic
activation of IKK-beta and NF-kappaB. Nat
Med. 2005; 11:183-190.
DOI:10.1038/nm1166.

Nimer A, Faris N, Gattas N, Maria G. Olive
oil consumption and non-alcoholic fatty
liver disease. World J Gastroenterol.
2009;15(15):1809-1815.
DOI:10.3748/wjg.15.1809.

Ashok KP, Nooshin M, Norhaizan ME,
Chung YL, Salmiah I, Zeinab S. Gallic acid
suppresses inflammation in  dextran
sodium sulfate-induced colitis in mice:
Possible mechanisms. International
Immunopharmacology. 2015:1567-5769.
Sanders FW, Griffin JL. De novo
lipogenesis in the liver in health and
disease: More than just a shunting yard for
glucose. Biol. Rev. Camb. Philos. Soc.
2016;91:452-468.

Kohjima M, Enjoji M, Higuchi N, Kato M,
Kotoh K, Yoshimoto T, et al. Re-evaluation
of fatty acid metabolism-related gene
expression in nonalcoholic fatty liver
disease. Int J Mol Med. 2007;20:351-358.
Min HK, Kapoor A, Fuchs M, Mirshahi F,
Zhou H, Maher J, et al. Increased hepatic
synthesis and dysregulation of cholesterol
metabolism is associated with the severity
of nonalcoholic fatty liver disease. Cell
Metab. 2012;15:665—674.

Mao L, Ting Y, Xiao-Xia W, Xian L, Ou Q,
Tao Y et al. Effect of Octreotide on Hepatic



110.

111.

112.

113.

114.

115.

116.

Steatosis in Diet-Induced Obesity in Rats.
Plos One; 2016.
DOI:10.1371/journal.pone.0152085.

110. Yinrun D, Chun X, Qingping W,
Yizhen X, Xiangmin L, Huiping H, et al.
The Mechanisms Underlying the
Hypolipidaemic Effects of Grifola frondosa
in the Liver of Rats. Front Microbiol. 2016;
7:1186.

DOI:10.3389/fmich.2016.01186.

Angulo P. Nonalcoholic fatty liver disease.
N Engl J Med. 2002;346:1221-1231.
Cordero P, Gomez-Uriz AM, Campion J,
Milagro  FI, Martinez JA. Dietary
supplementation with methyl donors
reduces fatty liver and modifies the fatty
acid synthase DNA methylation profile in
rats fed an obesogenic diet. Genes &
Nutrition. 2013; 8(1): 105-113.

Jeong-Sun L, Seon-Min J, Eun-Mi P, Tae-
Lin H, Oh-Shin K, Mi-Kyung L, et al.
Cinnamate Supplementation Enhances
Hepatic Lipid Metabolism and Antioxidant

Defense Systems in High  Cholesterol-
Fed Rats. J Med Food. 2003;6(3):
183-191.

Horton JD, Goldstein JL, Brown MS.
SREBPs: activators of the complete
program of cholesterol and fatty acid
synthesis in the liver. J. Clin. Invest. 2002;
109: 1125-1131.

Christoph D, Marc-Oliver R, Georgi K,
Michael S, Kathrin S, Thomas SW, et al.
Expression of fatty acid synthase in
nonalcoholic fatty liver disease. Int J Clin
Exp Pathol. 2010;3(5):505-514.

116. Morgan K, Uyuni A, Nandgiri G, Mao
L, Castaneda L, Kathirvel E, et al. Altered
expression of transcription factors and
genes regulating lipogenesis in liver and
adipose tissue of mice with high fat diet
induced obesity and nonalcoholic fatty liver
disease. Eur. J. Gastroenterol. Hepatol.
2008;20:843-854.

Ismalil et al.; JPRI, 33(44B): 378-397, 2021, Article no.JPRI.73913

117.

118.

119.

120.

121.

122.

123.

117. Caballero F, Fernandez A, De Lacy
AM, Fernandez-Checa JC, Caballeria J,
Garcia-Ruiz C. Enhanced free cholesterol,
SREBP-2 and StAR expression in human
NASH. J. Hepatol. 2009;50: 789 -796.

Ou TT, Lin MC, Wu CH, Lin WL, Wang CJ.
Gallic acid attenuates oleic acid-induced
proliferation of vascular smooth muscle cell
through regulation of AMPK-eNOS-FAS
signaling. Curr. Med. Chem.
2013;20:3944-3953.

Yi G, Jun-Xiang L, Tang-You M, Wei-Han
Z, Li-Juan L, Yun-Liang W. Targeting Sirtl
in a rat model of high-fat diet-induced non-
alcoholic fatty liver disease: Comparison of
Gegen Qinlian decoction and resveratrol.
Exp Ther Med. 2017; 14(5): 4279-4287.
DOI: 10.3892/etm.2017.5076.

Laurent A, Nicco C, Tran VNJ, Borderie D,
Chéreau C, Conti F, et al. Pivotal role of
superoxide anion and beneficial effect of
antioxidant molecules in murine
steatohepatitis. Hepatology. 2004;39:1277-
1285.

Julio CF, Rebeca O, Caroline F, Marcia
BA, Carlos AM. A Mouse Model of
Metabolic Syndrome: Insulin Resistance,
Fatty Liver and Non-Alcoholic Fatty
Pancreas Disease (NAFPD) in C57BL/6
Mice Fed a High Fat Diet. J Clin Biochem
Nutr. 2010; 46(3):212-223.

DOI: 10.3164/jcbn.09-83.

Haripriya D, Vijayalakshmi K. The Effect of
Cinnamaldehyde on High Fat Diet Induced
Wistar Rats- A Preliminary Study. Int J
Pharm Sci Res. 2014; 5(12): 5398-04.
Da-Wei H, Wen-Chang C, Heng-Jui Y,
James SW, Szu-Chuan S. Gallic Acid
Alleviates Hypertriglyceridemia and Fat
Accumulation via Modulating Glycolysis
and Lipolysis Pathways in Perirenal
Adipose Tissues of Rats Fed a High-
Fructose Diet. Int.J.Mol.Sci. 2018; 19:254.
DOI:10.3390/ijms19010254.

© 2021 Ismail et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
https://www.sdiarticle4.com/review-history/73913

397


http://creativecommons.org/licenses/by/2.0

	Journal of Pharmaceutical Research International
	33(44B): 378-397, 2021; Article no.JPRI.73913

	Protective Effect of Gallic Acid against Nonalcoholic Fatty Liver Disease Induced by High Fat Diet
	ABSTRACT
	1. INTRODUCTION
	2. METHODOLOGY
	3. RESULTS
	4. DISCUSSION
	5. CONCLUSION
	CONSENT
	ETHICS APPROVAL
	DISCLAIMER
	COMPETING INTERESTS
	REFERENCES


