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Abstract

The present research was designed to study the positive effect of curcumin and the bad effects of
dietary high fat diet (beef tallow) which causes nonalcoholic fatty liver disease, very harmful
affecting health, also our study was designed to study the important role of curcumin, against
(HFD-induced obesity). Sixty male albino rats weighing( 165-170gm), were be obtained from
animal house at the Faculty of Veterinary Medicine ,Zagazig University .After acclimatization at
23-25 %Cand and free availability of water and diet rats were divided into four main groups, each
contains 15 rats for 12 weeks.G1(Control),G2(Curcumin),G3(HFD),G4(HFD+cur) .At the end
of the experiment, all rats were euthansized and blood collected weekly to biochemical
examination during 12 weeks. Our results after statistical analysis revealed that showed that rats
Fed on curcumin (3% w/w), had a significant increase in (total glutathione ,GSH, glutathione
quotient) and a significant decrease in oxidized glutathione level in hepatic tissue ,a significant
increase in the activity of liver glutathione peroxidase and reductase but a significant decrease in
the glutathione state in rats fed on beef tallow on G3 (HFD) when compared to the control group
.a significant increase in glutathione state in G4(HFD+CUR) when compared to G3(HFD). our
results revealed a significant increase in insulin level HDL ,and a significant decrease in blood
glucose, TAG, total cholesterol ,MDA ,LDL in G2(Curcumin) and (HFD+CUR) but a small
significant decrease in total bilirubin in only (HFD+CUR) group when compared to group
3(HFD). A significant decrease in insulin level, HDL-c in G3(HFD)when compared to curcumin
group a significant increase in blood glucose, TAG , TC ,LDL-c ,VLDL, MDA, bilirubin in high
fat diet .Rats fed on curcumin 3% showed a significant decrease in body weight gain but rats fed
on beef tallow revealed a significant increase in body weight.
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Introduction

Glutathione is the master of antioxidants
among all tissues because it has an important
role in the biological systems such as
maintenance of intracellular redox activities,
xenobiotic metabolism [1]. Some diseases
such as liver damage, cancer, AIDS, leukocyte
loss and heart problems result from a
decreased level of cellular glutathione [2].
Glutathione oxidized form (GSSG) and the
reduced form (GSH) are the two types of
glutathione. A glutathione defense mechanism
stems from its capacity to react with reactive
oxygen species and reactive nitrogen species
by acting as a cofactor for various enzymes,

including  glutathione  peroxidases and

glutathione S-transferases [3].

Glutathione has a role in prevention the
brain from oxidative stress and its regulation
synthesis, by limitation thiol amino acids
transport in blood brain barrier [4].
Mitochondrial function and survival are
dependent on the glutathione system. Due to
the presence of a broad array of detoxifying
enzymes and antioxidants, mitochondria are
the main sites of cellular reactive oxygen
species production. In some cells, more than
90% of the total cellular reactive oxygen
species in Mitochondria is produced. [5]
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Lipid peroxidation is a biologically
significant process that results in unstable
intermediate species of oxidized lipids and
stable end products serving as mediators of
bioactive lipids. Lipid peroxides (LPOs), being
more polar than their parent lipids, can disrupt
membrane bilayers, affect the structure of the
membrane and interfere with intracellular
functions. Lipid peroxidation products are
mostly self-reactive and either hydroxyl acids
or reactive aldehydes [6]. Cells have a vast
means of antioxidant and detoxification
systems to reduce the level of accumulation
lipid peroxide and reactive aldehyde to sub
toxic levels. [7].

Nonalcoholic  fatty liver disease is
accompanied by more fat deposition in
hepatocytes, in the absence of significant
alcohol intake. It is thought to be the hepatic
manifestation of metabolic syndrome and is
considered one of the main chronic nutritional
consequences. It will progress towards damage
to the liver [8]. It is closely related to obesity,
blood glucose elevation, hyperlipidemia,
insulin resistance and is known to represent a
hepatic metabolic syndrome manifestation [9].
Fat accumulation in liver tissue through direct
cellular cytotoxicity induced by free fatty acids
(FFAs), oxidative stress, lipid peroxidation,
liver damage, causing hepatocellular injury.
[10-11]. In addition, excessive liver fat
accumulation destroys mitochondria, which
are the key cellular sites for the use of fatty
acids [12].

Roots of Curcuma longa represent the main
source of turmeric, a yellow spice with a long
history of use for dietary and medicinal
purposes in Indian and Chinese cultures [13].
Due to the ability of natural plants as curcuma
longa to scavenge reactive oxygen species and
their safety and less side effects, our study
depends on the biological benefit effects.
Curcuminoids have strong antioxidant, anti-
inflammatory and anti-cancer effects. [14].
The predominant species of curcumin in
plasma are represented by its conjugated
metabolites (glucuronides and sulfates) and
products of reduction reactions represented by
(tetrahydro- and hexahydrocurcumin and
hexahydrocurcuminol) but less effective than
the parent compound.These metabolites are
believed to be responsible for systemic activity
as lowering plasma levels of glucose,
cholesterol, triglycerides, anti-obesity effect

after curcumin consumption . [15]. Curcumin
induces the activities of GSH-Px and the level
of MDA in mice liver and prevents the liver
from oxidative damage. The curcumin
treatment revealed a Significant increase of the
insulin levels and the decrease of blood
glucose, cholesterol, triglycerides, free fatty
acids, VLDL, and LDL-c levels in serum of
rats by curcumin. The main objective of this
experiment was to determine the effects of
curcumin supplementation on fat deposition
and oxidative stress in the liver of rats with
high fat (HF) diet-induced nonalcoholic fatty
liver disease.

Material and Methods
Animal management and grouping

A total of sixty healthy adult male albino
rats which, weighing at the beginning of the
experimental (165-170g) were used in the
experimental investigation of this study. These
rats were housed in groups of four clean cages
with free access to basal diets and water . All
animals were acclimatized for minimum
period of two weeks prior to the beginning of
the study. All procedures were carried out in
accordance with the principles of laboratory
Animal Care .Rats were then randomly and
subdivided into 4 groups (each group 15rats)
for 12 weeks: ,G1(control ),G2(curcumin), fed
on curcumin 3%w/w,G3(HFD) ,fed on high fat
diet (beef tallow),G4(HFD+ Curcumin) .

The natural plant and its dose

Curcumin was dissolved in corn oil, (almost
10 g curcumin mixed in one liter of corn oil) ,
then 30 ml of mixture with one kilo of each
diet, so, reaching corn oil concentration < 1
percent) and mixed well with the normal diet
to reach the final concentration of 3 percent
(w/w). This dose showed the most protective
effect on (NAFLD). [16].

High Fat Diet composition (beef tallow)

In our experiments, the rats were fed
experimental diets for 12 weeks. The
experimental diets differed in quality and
quantity of fat (table 1), prepared by mixing
mineral salts and vitamins to the combinations
to ensure that the daily requirements of the
animals were achieved according to Longhi et
al. [17].
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Table 1: Chemical composition of the experimental high fat diet (beef tallow) used for 12

weeks.

Ingredient (g/kg) Experimental diets
Control diet Beef tallow

Yellow corn 56 20
Soybean meal, 48% 32.50 32.50
Corn gluten, 60% 5 5
Soybean oil 2 2
Linseed oil - -
Hydrogenated oil - -
Beef tallow - 360
Calcium carbonate 2 2
Monocalcium phosphate 1.30 1.30
Common salt 0.30 0.30
Premix? 0.30 0.30
Sodium bicarbonate 0.20 0.20
Lysine, HCL, 78% 0.25 0.25
DL-Methionine, 98% 0.15 15
Calculated composition
ME, kcal /kg 3047.90 5009.90
Cp, % 23.04 20.27
EE, % 4.56 38.83
CF% 2.33 1.54
Ca, % 1.01 1.00
Available phosphorus, % 0.46 0.43
Lysine, % 1.36 1.27
Methionine, % 0.52 0.46

! Muvco premix: Each 2.5kg contain vit . A (10, 0000001U), vit.D3 (2, 000000 1U), vit E (10g), vit.
k3(1000mg), vit.B1(1000mg), vit.B2 (5g), vit.B6(1.5g), pantothenic acid (10g), vit.B12(10mg), niacin
(30g), folic acid (1000mg), biotin (50g), Fe (30g), Mn (60g), Cu(4g), 1(300mg), Co(100mg), Se (100mg)
and zn (50gm)-

Sampling tissue homogenate .1.0g of each sample was
homogenized in 9ml of normal saline using

Immediately after scarifying, left lobes of electrical homogenizer, centrifuged at 3000

liver of albino rats were taken and used for
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rpmfor 15 minutes, the resulting supernatant
was collected and used for estimation of :

Glutathione state, consisted of Total
glutathione (Reduced form of glutathione
(GSH)- Oxidized form of glutathione
(GS.SG)- Glutathione Quotient (GSH:GS.SG),
(GPX) peroxidase-(GR) reductase- according
to, [18-20]respectively.

Blood samples

Whole blood was collected from retro-
orbital plexus in a test tube, then left to clot un
disturbed at room temperature for thirty
minutes. Then centrifuging at 2000 rpm for 10
minutes. The separated serum were used to
determine the sera TAG, total cholesterol,
LDL-cholesterol ,HDL-C,VLDL-C, Serum
insulin, blood glucose , Bilirubin, MDA
concentration using specific Kits specialized
for each parameter according to [21-26]
respectively.

The rats were individually weighted at the
start of experiment and then recorded once
each week during experiment for 12 weeks to
monitor the changes in weight of each group.

Statistical analysis

For statistical analysis, comparisons
between groups were analyzed using one —way

analysis of variance (ANOVA).Differences
between groups were evaluated by Bonferroni
post - test p<0.05 was considered statistically
significant .The results expressed as means *
SE.The statistic analyzed data were calculated
by GraphPad prism8 (GraphPad software Inc.,
San Diego, 189CA, USA).

Results

The effect of high fat diet and curcumin
treatment (3%) for 12 weeks on hepatic
glutathione state

Glutathione state corresponding to (hepatic
total glutathione, GSH, glutathione quotient,
glutathione peroxidase glutathione reductase
and shows a significant increase in curcumin
group when compared to control group after
administration of curcumin 3% w/w for 12
weeks. In the contrast, A significant decrease
in hepatic total glutathione, GSH, glutathione
quotient, glutathione peroxidase glutathione
reductase, in HFD group when compared to
control group. These reductions changed by
increasing the hepatic total glutathione, GSH,
glutathione quotient, glutathione peroxidase
glutathione  reductase and in (HFD+
Curcumin) group when compared to HFD,
(Table 2).

Table 2: Effect of curcumin and high fat diet (beef tallow) on glutathione state in hepatic
tissue of rats (umol/g protein) for 12 weeks

Groups Control Curcumin HFD (high fat HFD+ P-value
diet) Curcumin

Total glutathione 61.17+4.11 61.85+511 59.92+4.88 60.22+4.95 3.11

Reduced glutathione (GSH) 4758 +2.36° 52.27+3.21% 43.12+3.09¢ 47.51+2.88" 2.99

Oxidized glutathione (GS.SG) 13.59+1.19° 9.65+1.32°¢ 16.80+2.16? 12.71+£2.12° 2.11

Glutathione  Quotient (GSH/ 3.50+0.87° 5.42+0.92%8 257+1.03¢ 3.74+1.12 ® 1.15

GS.SG)

means +SE in the same row and carrying different superscript are significantly different at p< 0.05.

The effect of high fat diet and curcumin
treatment (3%) for 12 weeks on blood lipid
profile, glucose, insulin levels

The results illustrated in (Table 3) showed
that ,feeding curcumin 3% , HFD (beef tallow)

resulted in marked decrease TAG, total
cholesterol, LDL-C, MDA in curcumin group
but an increase of HDL-C, insulin level when
compared to control. On the other hand, an
increase in serum TAG, total cholesterol,
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LDL-C, decrease serum insulin, increase
serum glucose, MDA in HFD group when
compared to control. A decrease in TAG, total

cholesterol, increase serum insulin, decrease
serum glucose, bilirubin, MDA.

Table 3: Effect of curcumin 3% w/w and HFD (beef tallow) on biochemical parameters and
body weight gain of adult male rats.

Group control Curcumin HFD HFD+Curcumin  P-value
TAG (mg/dL) 99.38" 93.780¢ 106.78+ 21.18*  89.36 £7.51°¢ 7.12
+22.93 +9.53
Total cholesterol (mg/dL) 98.20 £6.68°  93.21+7.99°  106.80 + 7.66*  96.70 +8.74 6.15
LDL-C (mg/dL) 40.59 +12.04% 38.19+11.89° 41.05+17.08% 43.27+12.27% 4.24
HDL-C (mg/dL) 47.63 +2.94 51.33+1381 49.34 +1.82 50.57 £ 3.24 5.12
VLDL-C (mg/dL) 16.23 +£1.83 16.97 £ 2.65 17.92+2.34 17.70 £ 3.43 2.16
Serum insulin (N1U/mL) 41.0 £ 8.96% 41.67+6.33* 38.33+8.29° 420+9.172 3.98
Serum glucose (mg/dL) 88.56 +4.46° 94.25+ 497" 123.69+5.292 103.63+2.05° 9.95
Bilirubin (mg/dL) 1.10+0.10°  1.17+0.12°  1.20+0.23° 1.17+0.20° 10
Serum MDA (n mol./mL) 103.0 £20.60° 99.0 +23.44° 109.0 + 23.07* 86.67 + 19.67 ¢ 5.12
bodyweight gain (g) 266.99 +19.73" 235.96 + 14.44° 270.94 +17.52° 266.56 +15.29°  3.95

Means £SE in the same row and carrying different superscript are significantly different at p< 0.05.

Discussion

In our present work, we study the possible
bad effect of nonalcoholic fatty liver disease
which results from the dietary fat (high fat
diet) beef tallow and the protective effect of
curcumin and its role against nonalcoholic
fatty liver disease. The oxidative stress in
hepatic tissue, biochemical parameters in
serum and the gain of body weight were
measured in adult male albino rats. Non-
alcoholic fatty liver disease involves a broad
clinical range of liver defects associated with
fat accumulation in the liver in the absence of
inherited metabolic disorders or exposure to
harmful substances, including alcohol. [27].

Over nutrition of fatty acids caused obesity
that promotes the production of reactive
oxygen species (ROS), and NAFLD can be
encouraged by high hepati ROS levels which
suffers a decrease in the activity of the
antioxidant enzymes and concentrations of

glutathione associated with an increase in the
levels of lipid peroxides,( LPO) [28].

Glutathione protects cells from oxidative

stress and xenobiotic. For maintaining
antioxidant defense, both in detoxifying
pathways and in redox signaling, the

glutathione quotient (GSH: GSSG ratio) is
fundamental. It protect the cells and prevent
producing amounts of hydrogen peroxides and
lipid hydroperoxide during oxidative stress
[29] . GSSG is produced when the glutathione
peroxidase-mediated  detoxification  takes
place, and the GSH can be denovo synthesis
via glutathione reductase (from GSSG).
Enzymatic and nonenzymatic antioxidants
work together through their properties as free
radical scavengers to prevent ROS-induced
oxidative injury to cells [30]

The level of cellular GSH and GSH
synthesis induced by the activity of GCL
(glutamyl cysteinyl ligase) gene expression, a
rate limiting enzyme in GSH synthesis by
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curcumin administration[31]. Several previous
studies proved that curcumin has the ability to
induce glutathione. Our results are comparable
to Bulku et al. [32] who reported a potent
antioxidant effect for curcumin and the ability
of curcumin to induce antioxidant enzymes
and GSH formation

On the other hand the high fat diet (beef
tallow) leads to increase lipid peroxidation and
a reduction in glutathione state. The results of
the present study revealed depletion in GSH
level of, (beef tallow group) in the liver of rat
and administration of curcumin replenishes
intracellular GSH. By increasing the content of
hepatic ~ glutathione,  curcumin  reduces
oxidative stress, leading to a reduction in the
level of lipid hydroperoxide. These findings
support our results [33].

HFD-fed rats showed a significant decrease
in tissue antioxidant enzymes and an increase
serum lipid profiles , hyperglycemia and lipid
peroxidation (MDA). Our results agree with
who proved that high-fat diets caused non-
alcoholic hepatic steatosis (as first stage of
NAFLD), which is characterized by an
excessive accumulation of triacylglycerol
(TAG) within hepatocytes causing hyper-
lipidaemia [34,35]. A strong increase in total

cholesterol, LDL and VLDL levels was
observed in the high fat diet.
Curcumin upregulates LDL receptor

expression and increases the uptake activity of
LDL receptors, causing an  increase of
cholesterol clearance from the body, also
curcumin can  suppress hepatic cholesterol
biosynthesis and has an inhibitory effect on
HMG-CoA  reductase activity [36,37].
Curcumin lowers the fatty acid synthesis
oxidation ratio, (through stimulating a fatty
acid oxidizing enzyme) and (acyl-CoA
oxidase). The hypolipidemic effect of
curcumin was previously reported [38, 39]

Previous reports showed that curcumin can
increase insulin level after administration
dietary curcumin that increases adiponectin
expression and adiponectin has been found to
enhance insulin sensitivity and decrease
insulin resistance by decreasing triglyceride

content in muscle and liver in obese mice.
Adiponectin increases FA oxidation in liver
and improves insulin  sensitivity, and
decreases glucose production, resulting in
decreased circulating FFAs and TAG and
glucose levels in blood [40] .our results shows
that curcumin increase insulin level but
feeding high fat diet (beef tallow) reduces
insulin level and increases glucose level.

By inducing, heat-shock protein 70 a
reaction protein, and HO-1, which induces an
increase in insulin level, curcumin treatment
improves the recovery of pancreatic islet cells.
[41].

Our results show an increase in the
bilirubin level in the HFD (beef tallow) after
12 weeks as a comparison with the control
group. The observed elevation in the serum
total bilirubin in high fat diet group is also in
covenant with findings of Okechukwu et al.
[42] that mentioned HFD caused hepatic
damage, (infiltration).

In our study there is no significant
difference in bilirubin level in curcumin group,
we also agree with [43] who confirmed that
curcumin did not change serum bilirubin. On
the other hand, serum bilirubin levels
decreased in the (curcumin +HFD) group as a
protective effectiveness of curcumin dose.
This settles with who indicated that curcumin
can do a significant decrease in bilirubin level,
A slight reduction in bilirubin level after
administration of curcumin [44].

Our results go in hand with those who
mentioned that curcumin decreased lipid
peroxidation and serum MDA levels [45].Also
our results approve with who demonstrated
that curcumin plays a role in fatty liver
treatment, by suppressing the formation of
MDA and maintaining the status of
intracellular  antioxidants by  inducing
upregulation of GSH. [46]

The body weight (gain) of rats increased
by HFD, but curcumin reduced it .Our results
are in the same line to those who observed
that Curcumin was also ,associated with a
small but significant decrease in body weight
gain and fat content, (Foxol) and (adiponectin)
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expression in adipose tissue, increased and
higher circulating adiponectin levels cause free
fatty acid oxidation by Curcumin . Curcumin
feeding suppressed the dyslipidemic mice's
body weight gain without altering food intake.
[47].

Conclusion

From all the above obtained results, it can
be concluded that feeding high fat diet disrupts
the normal metabolic state in the body and
resulted in marked increase in the body
weight, serum glucose, lipid profile,
malondialdhyde, total bilirubin and reduction
in glutathione state but feeding in the diet
containing (curcumin 3%),improves all the
previous parameters and protects against
obesity.
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