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Abstract

Introduction: Nonalcoholic fatty liver disease is the most common and emerging form of chronic liver
disease worldwide. It includes a wide spectrum of liver diseases ranging from simple fatty liver to
steatohepatitis, which may progress to cirrhosis, liver cancer, and liver mortality.Curcumin was
demonstrated to limit activation of the master inflammatory factors, nuclear factor-Kappa B [NF-k B ] and
to block oxidative injury. Objective: to investigate the effect of curcumin on NAFLD by histochemical
detection of catalase activity and immunohistochemical determination of NF-k B expression in the liver
tissue.

Materials and Methods: Sixty Wistar male rats were divided into four groups: Group I: Control group
received rat chew diet for 12 weeks. Group II: Fatty liver group, animals received high-fat diet for 12 weeks.
Group III: Fatty liver group injected intraperitoneally [IP] with 1 ml/kg body weight dimethyl sulfoxide
[DMSO] every other day for 8 weeks. Group IV: Fatty liver group injected with 50 mg/kg body weight,
curcumin dissolved in DMSO, IP every other day for 8 weeks. Animals were sacrificed at the end of the
experiment. Liver specimens were stained with hematoxylin and eosin (H&E )for histopathological study.
Diaminobenzidine(DAB) method was used for for histochemical detection of catalase activity. The grades of
catalase stainability were detected. NF-k B expression in liver tissues was determined using NF kappa B/P65
Rabbit polyoclonal antibody and UltraVision detection System. The percentage of positively stained cells
was recorded.

Results: Histopathology of NAFLD group revealed marked hepatic degeneration,while curcumin
treatment showed normal structure. Catalase activity decreased after NAFLD induction and increased after
treatment by curcumin. NF-k B expression was higher in NAFLD group and DMSO groups compared to
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control group (p<0.05). Curcumin treatment in group IV significantly decreased expression of NF-k B

compared to NAFLD and DMSO groups .

Conclusions: Curcumin has antioxidant effect by increasing activity of catalase and has reduced
inflammation through decreasing NF-k B activity in the liver tissue.

Keywords: Non-alcoholic fatty liver, Curcumin, Nuclear factor kappa- B , Catalase, Liver tissue

1. Introduction

Nonalcoholic fatty liver disease (NAFLD) is a
pandemic liver disease from the twenty-first century.
It has been estimated that one billion individuals
worldwide have NAFLD . The term NAFLD
refers to a spectrum of hepatic disorders, ranging
from simple fatty liver (NAFL, Nonalcoholic fatty
liver ) in which no inflammatory changes are seen
except for macrovascular or microvascular steatosis
to non-alcoholic steatohepatitis (NASH) , which is
characterized by an inflammatory reaction with
hepatocyte injury, such as balloonic degeneration
and necroapoptosis with or without fibrosis /.

Hyperinsulinemia leads to steatosis. After the
development of steatosis, the adipokine/cytokine
imbalance, bacterial toxins in the intestine and
oxidative stress leads to activation of stellate cells
and Kupffer cells which eventually leads to liver
injury. Nuclear factor-Kappa B (NF-k B ) is a
transcription factor present in an inactive form in
the cytoplasm, this inactive form has protein kappa
B alpha [Ik B a] subunit. On activation, Ik B a
undergoes phosphorylation and ubiquitination-
dependent  degradation, resulting in  gene
transcription *l. There were previous experiments
confirmed that in NAFLD rat liver tissue, NF-k B
expression was significantly enhanced, compared to
normal rats [, These studies concluded that NF-k B
signaling pathway has a role in the pathological
process of NAFLD.

Interest in antioxidants and antioxidant therapy
has been growing during the last decade.
Antioxidants are generally considered to have the
capability to protect people from harmful effects of
reactive oxygen and nitrogen species, including free
radicals, when these are present in excessive
amounts [/,

Curcumin, extracted from Curcuma longa herb,
is known to have anti-oncogenic protective effects
due to its anti-oxidative characteristics [* 78I, It has

been revealed to limit the activity of inflammatory
transcription factors, reduce oxidative stress, and to
suppress pro-fibrogenic cytokines and connective
tissue growth factors in hepatic stellate cells [HSCs]
9 101 Moreover, curcumin has been shown to limit
multiple signaling pathways and to modify proteins
and gene product for cell endurance and
proliferation [,

The present work aims to investigate the effect
of curcumin on NAFLD by histochemical detection
of catalase activity and immunohistochemical
determination of NF-k B expression in the liver
tissues.

2. Aim of the work

Being of low cost and of negligible toxicity, it
is important to investigate the role of curcumin in
experimental NAFLD as a pre-clinical research.
The present work aims to investigate the effect of
curcumin  on  experimental NAFLD by
histochemical study of catalase activity and
immuohistochemical study of NF-k B expression in
the liver tissue.

3. Materials and Methods

All procedures were done according to the
National Institutes of Health Guide for the Care and
Use of Laboratory Animals, and after approval of
the local Animal Ethics Committee. This study was
conducted on 60 Wistar male rats (devided on 4
equal groups) weighing approximately 100-120
grams obtained from Animal House of Medical
Research Institute, Alexandria University. Animals
were housed 5 per cage with food and water ad
libitum, on 12:12-h light-dark cycle at 23 =1 ° C.
Rats were divided equally into four groups.

Group I: “The control group” which received
standard rat chew diet [23 % of protein, 49 % of
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carbohydrate, 4 % of total fat, 5 % of fiber, 7 % of
ash, and 6 % of vitamins] for 12 weeks.

Group II:*The fatty liver group” animals
received high-fat diet '2120% protein, 20% fat, 48%
carbohydrate, and 4% fiber] for 12 weeks.

Group IlII:Fatty liver group injected intra-
pretoneally (IP) with 1 ml/kg body weight dimethyl
sulfoxide [DMSO][Sigma,Aldrich]every other day
for 8 weeks.

Group IV: Fatty liver group injected IP with
50 mg/kg body weight, curcumin [Sigma,Aldrich]
dissolved in DMSO, every other day for 8 weeks.

Animals were sacrificed at the end of the
experiment. Blood and liver samples were collected.

Histological study: Liver specimen were
preserved in paraffin, sectioned and stained with
hematoxylin and eosin (H&E )for histopathological
examination.

Histochemical study: Liver tissues were
frozed in -30 ° C and sectioned for histochemical
study of catalase using diaminobenzidine (DAB)
method. Grades of catalase stainability, which
reflect intensity of catalase activity, were graded
semiquantitatively as follows: Intense reaction:
++++, marked reaction: +++, moderate reaction :
++, weak reaction : +, and negative reaction: 0 [

Immuohistochemical  study: NF-k B
expression by Avidin-Biotin Complex (ABC)
method using NF kappa B/P65 Rabbit polyoclonal
antibody and UltraVision detection System (Anti-
polyvalent , HRP/ DAB Plus) (Thermo Fisher
Scientific Fremont, CA 94538, USA)!'“. The
percentage of positively stained cells was
determined by counting a minimum of 100 cells,

and the average was recorded, and scored as follows:

(0)=absent staining, (1)=weak, <10% of cells were
positive; (2)=moderate, 10-50% of cells were
positive or (3) = strong, >50% of cells were positive.

Statistical analysis was performed with
Kruskal-Wallis test to compare grading score
between the four groups and pairwise comparison
between each two groups.

4. Results

4.1 Histological Results

Group I [Normal control group]:Normal
control liver tissue sections stained with H&E stains
show normal hepatic lobules. Each lobule showed

anastomosing plates of hepatocytes radiated from
the central vein toward the periphery of the lobule
[Figure 1.a].

Group II [NAFL group]:This group showed
evidence of marked hepatic degeneration with the
presence of micro and macrovesicular steatosis. We
also noticed the congested portal tract and vaculated
cytoplasm [Figure 1.b].

Group III [DMSO group]:After 8 weeks:
regeneration of the hepatocytes with the presence of
minimal inflammation and congestion. We also
noticed microvesicular fat droplets and increased
number of Kupffer cells [Figure 1.c].

Group IV [curcumin group]|:After 8 weeks:
liver sections showed more or less the appearance
of normal structure with the presence of radiated
lobules and reappearance of binucleated nuclei but
there were also few necrotic cells and few
degenerated cells [Figure 1.d].

4.2 Histochemical results

Catalase [Diaminobenzidine(DAB) method]
arbitary stainability is shown in Figure 2.

Group I [control]: Catalase activity was
illustrated as moderate granular reaction distributed
in the cytoplasm. [Figure 3.a]

Group II [NAFL]: Rat liver sections of this
group showed weak catalase activity while there
was some intense catalase activity in the cytoplasm
of some hepatocytes.[ Figure 3.b]

Group III [DMSO]: Marked activity of
catalase was noticed after 8 weeks[Figure 3.c].

Group IV [curcumin]: After 8 weeks marked
catalase activity was shown [Figure 3.d].

4.3 Immunohistochemical Results

Immunohistochemical staining of nuclear
factor kappa B [NF-kB] expression scores in the
four groups with their statistical comparisons are
illustrated in Figure 4.

Group I [control]: NF-kB expressed in
pericentral area, perisinusoidal area and in most
nuclei of Kupffer cells as brown granules [Figure
5.a].

Group II [NAFL]: In this group we noticed
that there was down regulation of IKB gene
expression especially in cytoplasm which may
partly explain increased activity of NF-kp. We also
noticed weak reactivity in pericentral area of rat
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liver section and periportal area [Figure 5.b] with
significance [p<0.05] compared to control group.
Group III [DMSO]: This group showed that
the immune reactivity for p65 subunit of NF-kp} was
localized exclusively to the cytoplasm of
hepatocytes. This cytoplasmic expression was
increased [Figure 5.c] after [8 weeks] [p<0.001].
Group IV [curcumin treated group]: The
liver has been shown to limit activation of NF-kf§ b

- > 3
[\ ) S b} Ay L ]

Figure 1.a

directly bounding and inhibiting cytoplasmic and
nuclear IKK, leading to NF-kf inhibition [p<0.05].

After 8 weeks: We noticed that NF-k was
more expressed in perisinusoidal area when
compared to DMSO group. This expression

returned more or less to control reactivity [Figure
5.d].

Figure 1.c

Figure 1.d

Figure 1: Liver tissue sections stained with Haematoxylin& Eosin [H&E] stain
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Figure 2: Arbitary stainability grades of catalase enzyme activity in liver tissues of gp I (control gp),gp 11
(NAFL gp), gp 111 (DMSO gp) and gp IV (curcumin gp)

Figure 3.a Figure 3.b

Figure 3.c Figure 3.d

Figure 3: Catalase [Diaminobenzidine(DAB) method
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Figure 4 : Inmunohistochemical staining of nuclear factor kappa B [NF-kB] expression scores in the 4 groups
with their statistical comparisons

Figure 5.a Figure 5.b |
Figure 5.c Figure 5.d

Figure 5: Immunohistochemical Results
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5. Discussion

An important part in the pathogenesis of
NAFLD is layed by insulin resistance, oxidative
stress and the inflammatory cascade [l
Experimantal evidence indicate that activation of
proinflanmmatory pathways occurs mainly through
NF-k B and the c-Jun N-terminal kinase (JNK)
pathways which cooperate in inducing insulin
resistance which, in association with several factors,
including chronic inflammation, atherogenic
dyslipidemia, hypercoagulation and hypofibrosis,
hence, liver involvement occurs either as target of
the metabolic abnormalities or as producer of
proatherogenic molecules !'°. The present study
demonstrates the potential value of curcumin in
high-fat diet (HFD) induced NAFLD in rat models.

In addition, a study by Kempaiah and
Srinivasan , reported that curcumin reduced
membrane and intracellular lipid peroxide levels
and induced antioxidant activity in hepatocytes and
erythrocytes of rats on HFD ['7) | Curcumin chelates
and scavenges ROS and induces anti-oxidant
enzymes !'% I, This decreases the oxidative stress
for activation of NF-k B .

In our study, lipid content in liver was
increased in NAFLD group compared to control
group and decreased after curcumin treatment. The
finding that curcumin reduces both hepatic and non-
hepatic fat suggests that it lowers the fatty acid
synthesis: oxidation ratio. Curcumin activates a key
fatty acid oxidizing enzyme, acyl-CoA oxidase 1>/,
a deficiency of which leads to hepatic steatosis.

This might be one-way curcumin prevents lipid
accumulation. Tang and Chen reported that
curcumin inhibits lipid accumulation in hepatic cells
via AMPK activation’'l. In our study, histological
examination of NAFLD rats liver samples revealed
evidence of marked hepatic degeneration with the
presence of micro and macrovesicular steatosis. We
also noticed the congested portal tract and
vacuolated cytoplasm in NAFLD rats compared to
control rats which exhibited normal hepatic
architecture and curcumin injection leads to
histological picture apparently similar to the control
group with hepatocyte regeneration. These results
agrees well with previous characterization of the
effects of HFD in inducing NAFLD [?%,

The desired changes for experimental models
of NASH includes steatosis, intralobular
inflammation, ballooning of hepatocytes, and peri-
sinusoidal fibrosis **. Samuhasaneeto et al [24],
suggested that curcumin treatment improved liver
histopathology by reduction of oxidation and
inhibition of NF-k B activation in ethanol-related
liver injury>!l. Curcumin ameliorates biochemical
and histological indices of hepatic steatosis in many
models of metabolic and dietary-induced steatosis
and steatohepatitis. It attenuated the increase in
hepatic and plasma total and VLDL triacylglycerols

in normal rats fed a moderately high-fat [15 %] diet
[20]

Our histochemical results of catalase in NAFL
group revealed weak catalase activity compared to
control group which showed dark brown granules of
catalase distributed in the cytoplasm referring to
increased activity. Curcumin treatment showed
marked catalase activity compared with DMSO
group at the same period. This finding is in
agreement with a previous study showing that the
curcumin treated group revealed a significant high
catalase activity and that curcumin attenuates high
fat diet induced kidney cortex derangement >/, The
antioxidant effect of curcumin was also confirmed
in a study of Antioxidantand Anti-inflammatory
Effects of Curcumin on CCl4-induced Liver
Fibrosis in Rats 2%,

Curcumin boosts the activity of several hepatic
antioxidant enzymes, including catalase, superoxide
dismutase and the glutathione system, both under
normal and pathological conditions *’l. According
to a previous study, catalase activity was decreased
in NAFLD patients **. The abundant activation of
NF-k B has been observed in obese patients and
methionine choline-deficient diet-induced rats with
NAFLD 27,

Earlier studies identified NF-k B as a key
regulator of hepatic inflammatory recruitment and
liver injury in NASH % Curcumin has attracted
attention for its prospective to inhibit NF-k B B!l It
suppresses NF-k B activation via direct
modifications on the NF-k B /IkB complex and
inhibition of IkB degradation that favors the
retention of NF-k B into its inactive cytoplasmic

form and interfere with NF-k B /DNA binding [*-
32]
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The stimulation of hepatic NF-k B signaling is
sufficient to increase the production of pro-
inflammatory cytokines **l.The role of curcumin in
obesity-associated ~ inflammation ~ [*% and
steatohepatitis [* has been established. In our study,
the cells in NAFLD group showed significantly
more expression for NF-k B P65 than those of the
control group in the same period.

We also noticed weak reactivity in pericentral
area of rat liver section and periportal area. Also,
curcumin treatment inhibited the elevation of NF-k
B P65, the number of NF-k B P65 positive cells in
the curcumin group was significantly lower than
that of the NAFLD and DMSO groups. With
prolonged modeling time, the NF-k B P65 positivity
of the cells returned more or less to control
reactivity and was more expressed in perisinusoidal
area in the curcumin group as compared with
DMSO group. The present results are in line with a
previous study exhibiting that curcumin prevented
the degradation of inhibitor of NF-kB (IkB) in high
fat diet induced kidney cortex derangement (>,

The inhibition of NF-k B signaling confers
protection from obesity-induced inflammation in
mouse models °!. Curcumin has shown the ability
to prevent hypertriglyceridemia and hepatic NF-k B
activation 3!

Gukovsky et al 3¢ studied the pancreas in
experimentally-induced pancreatitis of rats, reported
that curcumin decreased inflammation by
decreasing the activation of NF-k B [%¢],

Studies performed by Jacob et al 7, suggested
that the anti-inflammatory effect of curcumin is
mediated by the increasing PPAR-y activation 7/,

From the findings of our study, it can be
concluded that curcumin can increase antioxidant
defense mechanism by increasing activity of
catalase enzyme and reduce inflammation through
reducing the expression of NF-k B in the liver.

Conflict of Interest

This research did not receive any specific grant
from funding agencies in the public, commercial, or
not-for-profit sectors.

This work has been presented as a Poster
Presentation at The 15th ISOP Annual Meeting

“Cubism in Pharmacovigilance” that was held In
Prague, Czeck Republic 27-30 October, 2015.

This study had not been published but The
Abstract ONLY was published as shown in the
following.

Drug Safety

Volume 38, Issue 10, October 2015

ISSN: 0114-5916 (Print) 1179-1942 (Online)

Abstracts:

15th ISoP Annual Meeting “Cubism in
Pharmacovigilance” Prague, Czech Republic 27-30
October, 2015

Pages 935-1048

https://link.springer.com/article/10.1007/s4026
4-015-0346-0

References

1 Loomba R, Sanyal AJ. The global NAFLD
epidemic. Nat Rev Gastroenterol Hepatol
2013; 10(11):  686-690 DOI:
10.1038/nrgastro.2013.171

2 Chalasani N, Younossi Z, Lavine JE, Diehl
AM, Brunt EM, Cusi K, Charlton M, Sanyal
AJ. The diagnosis and management of non-
alcoholic fatty liver disease: practice Guideline
by the American Association for the Study of
Liver Diseases, American College of
Gastroenterology, and the  American
Gastroenterological Association. Hepatology
2012; 55(6): 2005-2023 [PMID: 22488764
DOI: 10.1002/hep.25762]

3 Baeuerle PA, Baichwal VR. NF-kappa B as a
frequent target for immunosuppressive and
anti-inflammatory molecules. Adv Immunol
1997; 65: 111-137 [PMID: 9238509]

4  Leclercq IA, Farrell GC, Sempoux C, dela
Pena A, Horsmans Y. Curcumin inhibits NF-
kappaB activation and reduces the severity of
experimental steatohepatitis in mice. J Hepatol
2004; 41(6): 926-934 [PMID: 15582125 DOI:
10.1016/j.jhep.2004.08.010]

5 Boris V. Nemzer, Alexander Y. Yashin, Yakov
I. Yashin. The Issues of Antioxidant Therapy
Am. J. Biomed. Sci. 2013, 5(2), 80-108; doi:
10.5099/aj130200080

6 Rao CV, Rivenson A, Simi B, Reddy BS.
Chemoprevention of colon carcinogenesis by
dietary curcumin, a naturally occurring plant

Am. J. Biomed. Sci. 2020,12(2),136-145;d01:10.5099/2j200200136 © 2020 by NWPII. All rights reserved 143


https://link.springer.com/article/10.1007/s40264-015-0346-0
https://link.springer.com/article/10.1007/s40264-015-0346-0
10.1038/nrgastro.2013.171
10.1002/hep.25762
10.1016/j.jhep.2004.08.010
10.5099/aj130200080

10

11

12

13

Am. J. Biomed. Sci. 2020,12(2),136-145;d01:10.5099/2j200200136 © 2020 by NWPII. All rights reserved

phenolic compound. Cancer Res 1995; 55(2):
259-266 [PMID: 7812955]

Joe B, Lokesh BR. Role of capsaicin, curcumin
and dietary n-3 fatty acids in lowering the
generation of reactive oxygen species in rat
peritoneal macrophages. Biochim Biophys
Acta 1994; 1224(2): 255-263 [PMID: 7981240
DOI: 10.1016/0167-4889(94)90198-8]

Reddy AC, Lokesh BR. Studies on the
inhibitory effects of curcumin and eugenol on
the formation of reactive oxygen species and
the oxidation of ferrous iron. Mol Cell
Biochem 1994; 137(1): 1-8 [PMID: 7845373
DOI:_10.1007/bf00926033]

Anand P, Thomas SG, Kunnumakkara AB,
Sundaram C, Harikumar KB, Sung B,
Tharakan ST, Misra K, Priyadarsini IK,
Rajasekharan KN, Aggarwal BB. Biological
activities of curcumin and its analogues
(Congeners) made by man and Mother Nature.
Biochem Pharmacol 2008; 76(11): 1590-1611
DOLI: 10.1016/1.bcp.2008.08.008

Chen A, Zheng S. Curcumin inhibits
connective  tissue growth factor gene
expression in activated hepatic stellate cells in
vitro by blocking NF-kappaB and ERK
signalling. Br J Pharmacol 2008; 153(3): 557-
567 DOI: 10.1038/sj.bjp.0707542
Kunnumakkara AB, Anand P, Aggarwal BB.
Curcumin inhibits proliferation, invasion,
angiogenesis and metastasis of different
cancers through interaction with multiple cell
signaling proteins. Cancer Lett 2008; 269(2):
199-225 DOI: 10.1016/j.canlet.2008.03.009
Sene-Fiorese M, Duarte FO, Scarmagnani FR,
Cheik NC, Manzoni MS, Nonaka KO, Rossi
EA, de Oliveira Duarte AC, Damaso AR.
Efficiency of intermittent exercise on adiposity
and fatty liver in rats fed with high-fat diet.
Obesity (Silver Spring) 2008; 16(10): 2217-
2222 DOI: 10.1038/0by.2008.339
Dannenberg AM, Jr., Schofield BH, Rao JB,
Dinh TT, Lee K, Boulay M, Abe Y, Tsuruta J,
Steinbeck MJ. Histochemical demonstration of
hydrogen peroxide production by leukocytes in
fixed-frozen tissue sections of inflammatory
lesions. J Leukoc Biol 1994; 56(4): 436-443
[PMID: 7930939 DOI: 10.1002/j1b.56.4.436]

14

15

16

17

18

19

20

21

Lessard L, Begin LR, Gleave ME, Mes-
Masson AM, Saad F. Nuclear localisation of
nuclear factor-kappaB transcription factors in
prostate cancer: an immunohistochemical
study. Br J Cancer 2005; 93(9): 1019-1023
DOI: 10.1038/sj.bjc.6602796

Cusi K. Role of obesity and lipotoxicity in the
development of nonalcoholic steatohepatitis:
pathophysiology and clinical implications.
Gastroenterology 2012; 142(4): 711-725 €716
DOI: 10.1053/j.gastro.2012.02.003

Targher G, Day CP, Bonora E. Risk of
cardiovascular disease in patients with
nonalcoholic fatty liver disease. N Engl J Med
2010; 363(14): 1341-1350 [PMID: 20879883
DOI: 10.1056/NEJMra0912063]

Kempaiah RK, Srinivasan K. Influence of
dietary curcumin, capsaicin and garlic on the
antioxidant status of red blood cells and the
liver in high-fat-fed rats. Ann Nutr Metab
2004;  48(5): 314-320 DOLI:
10.1159/000081198

Dickinson DA, Moellering DR, Iles KE, Patel
RP, Levonen AL, Wigley A, Darley-Usmar
VM, Forman HJ. Cytoprotection against
oxidative stress and the regulation of
glutathione synthesis. Biol Chem 2003; 384(4):
527-537 DOI: 10.1515/BC.2003.061
Shishodia S, Potdar P, Gairola CG, Aggarwal
BB. Curcumin (diferuloylmethane) down-
regulates cigarette smoke-induced NF-kappaB
activation through inhibition of IkappaBalpha
kinase in human lung epithelial cells:
correlation with suppression of COX-2, MMP-
9 and cyclin D1. Carcinogenesis 2003; 24(7):
1269-1279 DOI: 10.1093/carcin/bgg078

Asai A, Miyazawa T. Dietary curcuminoids
prevent high-fat diet-induced lipid
accumulation in rat liver and epididymal
adipose tissue. J Nutr 2001; 131(11): 2932-
2935 DOI: 10.1093/jn/131.11.2932

Tang Y, Chen A. Curcumin protects hepatic
stellate cells against leptin-induced activation
in vitro by accumulating intracellular lipids.
Endocrinology 2010; 151(9): 4168-4177 DOL:
10.1210/en.2010-0191

Safwat GM, Pisano S, D'Amore E, Borioni G,
Napolitano M, Kamal AA, Ballanti P, Botham
KM, Bravo E. Induction of non-alcoholic fatty

144


10.1016/0167-4889(94)90198-8
 10.1007/bf00926033
10.1016/j.bcp.2008.08.008
10.1038/sj.bjp.0707542
10.1016/j.canlet.2008.03.009
10.1038/oby.2008.339
10.1002/jlb.56.4.436
10.1038/sj.bjc.6602796
10.1053/j.gastro.2012.02.003
10.1056/NEJMra0912063
10.1159/000081198
10.1515/BC.2003.061
10.1093/carcin/bgg078
10.1093/jn/131.11.2932
10.1210/en.2010-0191

23

24

25

26

27

28

29

Am. J. Biomed. Sci. 2020,12(2),136-145;d01:10.5099/2j200200136 © 2020 by NWPII. All rights reserved

liver disease and insulin resistance by feeding
a high-fat diet in rats: does coenzyme Q
monomethyl ether have a modulatory effect?
Nutrition 2009; 25(11-12): 1157-1168 [PMID:
19592219 DOI: 10.1016/1.nut.2009.02.009]
Takahashi Y, Soejima Y, Fukusato T. Animal
models  of  nonalcoholic  fatty  liver
disease/nonalcoholic steatohepatitis. World J
Gastroenterol 2012; 18(19): 2300-2308 DOI:
10.3748/wjg.v18.119.2300

Magda A Megahed&Safia M Hassan. Multiple
Roles of Curcumin Attenuate High Fat Diet-
Induced Kidney Cortex Derangement Am. J.
Biomed. Sci. 2016, 8(1), 24-37; doi:
10.5099/2j160100024

Naglaa Fathi Khedr, Eman Gouda Khedr.
Antioxidant and Anti-inflammatory Effects of
Curcumin on CCl4 a4 € induced Liver Fibrosis
in Rats Am. J. Biomed. Sci. 2014, 6(3), 191-
200; doi:_10.5099/aj140300191

Samuhasaneeto S, Thong-Ngam D, Kulaputana
O, Suyasunanont D, Klaikeaw N. Curcumin
decreased oxidative stress, inhibited NF-
kappaB activation, and improved liver
pathology in ethanol-induced liver injury in
rats. J Biomed Biotechnol 2009; 2009: 981963
DOI: 10.1155/2009/981963

Sharma RA, Ireson CR, Verschoyle RD, Hill
KA, Williams ML, Leuratti C, Manson MM,
Marnett LJ, Steward WP, Gescher A. Effects
of dietary curcumin on glutathione S-
transferase and malondialdehyde-DNA adducts
in rat liver and colon mucosa: relationship with
drug levels. Clin Cancer Res 2001; 7(5): 1452-
1458 [PMID: 11350917]

Kumar A, Sharma A, Duseja A, Das A,
Dhiman RK, Chawla YK, Kohli KK, Bhansali
A. Patients with Nonalcoholic Fatty Liver
Disease (NAFLD) have Higher Oxidative
Stress in Comparison to Chronic Viral
Hepatitis. J Clin Exp Hepatol 2013; 3(1): 12-
18 DOI: 10.1016/j.jceh.2012.10.009

Videla LA, Tapia G, Rodrigo R, Pettinelli P,
Haim D, Santibanez C, Araya AV, Smok G,
Csendes A, Gutierrez L, Rojas J, Castillo J,
Korn O, Maluenda F, Diaz JC, Rencoret G,
Poniachik J. Liver NF-kappaB and AP-1 DNA
binding in obese patients. Obesity (Silver

30

31

32

33

34

35

36

37

Spring) 2009; 17(5): 973-979 [PMID:
19165171 DOI: 10.1038/0by.2008.601]
Boden G, She P, Mozzoli M, Cheung P,
Gumireddy K, Reddy P, Xiang X, Luo Z,
Ruderman N. Free fatty acids produce insulin
resistance and activate the proinflammatory
nuclear factor-kappaB pathway in rat liver.
Diabetes 2005; 54(12): 3458-3465 [PMID:
16306362 DOI: 10.2337/diabetes.54.12.3458]
Li JM, Li YC, Kong LD, Hu QH. Curcumin
inhibits hepatic protein-tyrosine phosphatase
IB and prevents hypertriglyceridemia and
hepatic  steatosis in  fructose-fed rats.
Hepatology 2010; 51(5): 1555-1566 [PMID:
20222050 DOI: 10.1002/hep.23524]

Bharti AC, Donato N, Singh S, Aggarwal BB.
Curcumin (diferuloylmethane) down-regulates
the constitutive activation of nuclear factor-
kappa B and IkappaBalpha kinase in human
multiple myeloma cells, leading to suppression
of proliferation and induction of apoptosis.
Blood 2003; 101(3): 1053-1062 [PMID:
12393461 DOI: 10.1182/blood-2002-05-1320]
Arafa HM. Curcumin attenuates diet-induced
hypercholesterolemia in rats. Med Sci Monit
2005; 11(7): BR228-234 [PMID: 15990684]
Shehzad A, Ha T, Subhan F, Lee YS. New
mechanisms and the anti-inflammatory role of
curcumin in obesity and obesity-related
metabolic diseases. Eur J Nutr 2011; 50(3):
151-161 DOI: 10.1007/s00394-011-0188-1
Arkan MC, Hevener AL, Greten FR, Maeda S,
Li ZW, Long JM, Wynshaw-Boris A, Poli G,
Olefsky J, Karin M. IKK-beta links
inflammation to obesity-induced insulin
resistance. Nat Med 2005; 11(2): 191-198
[PMID: 15685170 DOI: 10.1038/nm1185]

Gukovsky I, Reyes CN, Vaquero EC,
Gukovskaya AS, Pandol SJ. Curcumin
ameliorates ethanol and nonethanol
experimental pancreatitis. Am J Physiol

Gastrointest Liver Physiol 2003; 284(1): G85-
95 DOI: 10.1152/ajpgi.00138.2002

Jacob A, Wu R, Zhou M, Wang P. Mechanism
of the Anti-inflammatory Effect of Curcumin:
PPAR-gamma Activation. PPAR Res 2007,
2007: 89369 [PMID: 18274631 PMCID:
PM(C2234255 DOI: 10.1155/2007/89369]

145


10.1016/j.nut.2009.02.009
10.3748/wjg.v18.i19.2300
10.5099/aj160100024
 10.5099/aj140300191
10.1155/2009/981963
10.1016/j.jceh.2012.10.009
10.1038/oby.2008.601
10.2337/diabetes.54.12.3458
10.1002/hep.23524
10.1182/blood-2002-05-1320
10.1007/s00394-011-0188-1
10.1038/nm1185
10.1152/ajpgi.00138.2002
10.1155/2007/89369

	ISSN: 1937-9080
	Abstract

