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Abstract

Background and Objective: Curcumin, an active compound derived from turmeric (Curcuma longa) was noticed to have health
promoting effects through modulating various biological activities. The present study was carried out to assess the hepatoprotective effect
of curcumin in CCl,-induced hepatotoxicity rats. Materials and Methods: Liver function enzymes activity was evaluated using the
spectrophotometric method. The levels of inflammatory markers were measured using the enzyme-linked immunosorbent assay (ELISA)
method. Moreover, antioxidant enzymes (Catalase, glutathione-S-transferase) were assayed in the serum calorimetrically.
Haematoxylin-eosin staining was performed to examine the histopathological changes. In addition, expression of vascular endothelial
growth factor (VEGF) protein was evaluated through immunohistochemical staining. Statistical comparison between groups was
made via using SPSS software by matching analysis of variance. A p<0.05 was measured to be statistically significant. Results: Oral
administration of CCl, into rats for 8 weeks had resulted in significant decrease of the serum level of the antioxidant enzymes including
superoxide dismutase (SOD) and catalase. It had also significantly increased the serum level of the liver function enzymes such as aspartate
aminotransferase (AST), alanine aminotransferase (ALT), alkaline phosphatase (ALP) and proinflammatory markers. Oral administration
of 50 mg kg™ b.wt., of curcumin evidences a significant protection against CCl, induced liver damage as measured in terms of liver
function enzymes, antioxidant enzymes, inflammatory markers and histopathological parameters. Moreover, curcumin treatments
protected against CCl,-induced liver damage by maintaining histological damage. Conclusion: Based on these findings, it is concluded
that antioxidant effect of curcumin could protect liver injury and normalize the architecture of hepatocytes against CCl, induced toxicity
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INTRODUCTION

Carbon tetrachloride, an organic solvent, commonly used
industrial solvent and it is the well-recognised animal model
of xenobiotic-induced and oxidative stress-mediated
hepatotoxicity'2. The CCl, induction causes various types of
changes in the liver tissues and alters the liver enzymes level
as well as antioxidant enzymes levels.

Drug-induced liver injury (DILI) is a common adverse
drug reaction and it can lead to liver failure and even
death3>. Single oral doses of CCl, showed increased liver
weight, elevated levels of fat, serum urea, liver enzyme
activities and clear histopathological evidence of liver
damage with cell necrosis®. Previous study demonstrated
that CCl, undertakes metabolic activation via hepatic
microsomal cytochrome P450 enzymes to  form
trichloromethyl radical with the power of oxidative stress
that causes hepatocytes damage and finally causes of
disturbance of hepatic functions’. Moreover, metabolites
initiate a lipid peroxidation chain reaction and ultimately
lead to several chronic diseases including liver injury®®,
Various types of drugs are used to treat liver diseases but
such drugs cause adverse effects and alter the various
biochemical and physiological process. However, an
alternative safer treatment is needed to overcome such
problem. In this context, it was evidenced that natural
products or active compounds of medicinal plants play a
significant role in disease management including liver
diseases. Earlier studies demonstrated that a number of
polyphenolic compounds present in foods or fruits displayed
antioxidant activities against tissue damage caused through
free radicals'®™.

Turmeric is an old Indian spice with a potent
medicinal compound called curcumin. Curcumin, a
compound of turmeric and has been proven to show
anti-inflammatory, anti-oxidant and anticancer effects,
it is pharmacologically safe and has minimal toxicity to
tissue'?13, Curcumin play a significant role in the inhibition
of pathogenesis of diseases through its rich source of
antioxidant and reactive oxygen species scavenging
properties. Moreover, it has been revealed to kill cancer
cells and modulating various genetic pathways'*'>. The
present study was carried out to measure the
hepatoprotective effect of curcumin in CCl,-induced
hepatotoxicity through liver function markers, antioxidant
enzymes level, histopathology, ultrastructural changes and
immunohistochemistry staining.
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MATERIALS AND METHODS

Study area: The current study was performed in the Lab of
Department of Medical Laboratories, College of Applied
Medical Sciences, Qassim University from December, 2018 to
May, 2019.

Animals grouping and treatment: Rats (Male wistar,
6-8 weeks old, 175-225 g b.wt) were obtained from
King Saud University, Saudi  Arabia. All animal
experimental protocols involving animals were approved
by the institutional ethical committee of CAMS,
Qassim University. Thirty-two rats (n = 8 for each group)
were categorised into four groups: (1) Control normal
control group received sterile distilled water (2) CCl,
(50 mg kg=' b.wt, in vehicle solution, oral gavage)
(3) CCl,4curcumin (40 mg kg™ b.wt.,, in vehicle solution,
oral gavage) (4) curcumin (40 mg kg~' b.wt) only. The
treatment was given orally three times in a week
for 8 weeks. Upon completion of treatment, rats were
culled and blood and liver tissue sample were
collected for analysing liver function markers, antioxidant
enzymes level, inflammatory markers, histopathology,
ultra-structural  changes and immunohistochemistry
parameters.

Biochemical assay: For the estimation of ALT, ALP and AST

activities in serum samples, commercially available
enzymatic kits were used. ALT, ALP and AST activity was
evaluated using the spectrophotometric method. The results
are expressed as Units/litre (U L=) and results are interpreted

accordingly.

Measurement of inflammatory markers: Serum TNF-o and
IL-6 levels were measured using the enzyme-linked
immunosorbent assay (ELISA) method with the appropriate
commercial kits (Abcam, USA) and results were interpreted
accordingly.
Measurement of antioxidant enzymes: Antioxidant
enzymes  (Catalase, superoxide dismutase (SOD)) were
assayed in the serum calorimetrically using Abcam kit (UK),
according to the instruction of the manufacturer. The
calculations of catalase and glutathione-S-transferase
activity concentration were evaluated through the suitable
equation of the kit.
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Histopathological analysis: Liver tissues were collected and
fixed in 10% formalin solution (Neutral buffered saline) and
processed for histopathological analysis as per the
standardized procedure’s. Five micrometer (5 um) thick
sections obtained from the paraffin blocks were stained
by haematoxylin-eosin for  assessing  features of
inflammation, haemorrhages, edema, blood vessel dilation
and necrosis processes. Moreover, Masson trichrome
stain was used to analyse the fibrosis in the liver
tissues.

Immunohistochemical analysis: Expression of VEGF was
evaluated immunohistochemical analysis as previously
described methods'". A thin liver tissue section was made
through microtome and deparaffinised was performed with
xylene. Endogenous peroxidase activity was done via 0.3%
hydrogen peroxide in methanol for 30 min to block the
endogenous peroxidase activity. Antigen retrieval was
performed in the citrate buffer (pH 6.0) for 20-30 min. Then,
blocking agent was added on tissue to lock the unwanted
site. Monoclonal mouse anti-VEGF (Abcam, UK) was applied
at 1: 250 dilutions for overnight at 4°C temperature in
humid chamber. Following incubation with secondary
antibody for one hour, followed by incubation with
streptavidin-biotin  enzyme complex was applied for
45 min. Finally, diaminobenzidine (DAB) as chromogen
was used to detect VEGF protein using the mouse
monoclonal antibody. The sections were counter stained
with haematoxylin, photographed and the results were
interpreted accordingly.

Statistical analysis: Data from each treated group were
explained as Mean®SEM. Statistical comparison between
groups was made via using SPSS software by matching
analysis of variance. A p<0.05 was measured to be statistically
significant.

RESULTS

Effect of curcumin on liver enzymes measurement: The
liver function enzymes including ALT, AST and ALP was
measured and result was compared with control group
to evaluate the hepatoprotective effect of curcumin.
Evaluation of the liver enzymes on rats treated with
CCl, alone or in combination with curcumin. ALT, AST and
ALP levels in the CCl, treated group were significantly
higher when compared with control group (p<0.05).
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Fig. 1(a-c): Evaluation of the liver enzymes on rats treated

with CCl, alone or in combination with curcumin,
(a) ALT, (b) AST and (c) ALP

ALT, AST and ALP in the CCl, treated group
were significantly higher when compared with control
group (*p<0.05 vs. control) (p<0.05), CCl+curcumin group
showed significantly decreased ALT, AST and ALP level than
the CCl, treated group only (*p<0.05 vs. diseases control)
(p<0.05)

levels

The CCl,+curcumin group showed significantly decreased
ALT, AST and ALP level than the CCl, treated group only
(p<0.05) (Fig. 1). This finding suggested that curcumin act as
hepato-protectant through decreasing the liver function
enzymes level.
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Fig. 2(a-b): Evaluation of the antioxidant enzymeson

experimental groups, (a) Catalase and (b) SOD
CCl, treated group showed low level of SOD and catalase
as compared to control group (*p<0.05 vs. control),
CCl,+curcumin group increased the level of SOD and catalase
when compared with CCl, treated only group (*p<0.05 vs. disease
control)

The
antioxidant enzymes including SOD and catalase were
measured in all treated group and results were compared
with control groups. As shown in Fig. 2, CCl, treated group
caused significant decreased of antioxidant enzymes
such as SOD and catalase as compared to control group
(p<0.05). Moreover, CCl,+curcumin group significantly
increased the antioxidant enzymes level of SOD and
catalase when compared with CCl, only treated group
(p<0.05).

Effect of curcumin on antioxidant enzymes:

Effect of curcumin on pro-inflammatory cytokines: As shown
in Fig. 3, IL-6 and TNF-a levels in CCl,-induced hepatotoxicity
were significantly higher as compared to control group
(p<0.05). Treatment with curcumin significantly decreased the
level of IL-6 and TNF-a when compared with CCl, treated only
group (p<0.05).
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Fig. 3(a-b): Evaluation of the pro-inflammatory cytokines
on experimental groups, (@) TNF-a and (b) IL-6
CCl, treated group showed enhance level of TNF-a and IL-6 as
compared to control group (*p<0.05 vs. control), CCl,+curcumin
group significantly decreased the level these two inflammatory
markers when compared with CCl, treated only group (*p<0.05 vs.
disease control)

Histopathological studies: As shown in the Fig.4, histology
of the liver section from the control group showed normal
hepatic cells with normal cytoplasm, prominent nucleus
and central vein. Compared with the control group, liver tissue
in CCl,-treated group revealed severe injury characterized
by infiltration of inflammatory cells, haemorrhages, blood
vessel dilation, edema and necrosis. Moreover, the group
CCl,+curcumin significantly maintained the architecture of
hepatocytes and mild alterations were observed.

Collagen fiber of liver tissue was examined through
Masson’s Trichrome staining. More collagen fibers in
CCl,-treated group was seen as compared to CCl,+curcumin
group (Fig. 5).

Effect of curcumin on serum VEGF protein expression: The
VEGF,an angiogenic factor protein expression was measured
through immunohistochemical staining in all experimental
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Fig.4(a-g

Microscopic examination of liver tissues showing (a) Control group: the normal architecture of hepatocytes as hepatic
cells with normal cytoplasm, prominent nucleus and central vein, (b-e) CCl,-treated group tissues showing
haemorrhage and increased inflammatory cells, haemorrhages, edema and necrosis, (f) Curcumin treated tissue-where
the liver tissue alteration was significantly lowered as compared to CCl,-treated group and (g) Curcumin only treated
group showed normal hepatocyte

Fig. 5(a-d):

Masson’s Trichrome staining of collagen within the liver tissue, (a) Normal distribution of collagen fibres, stained blue
in control group, (b) More collagen fibresin CCl,-treated group, (c) Normal distribution of collagen fibres, stained blue,
in CCl, plus curcumin group and (d) Normal collagen fibres distribution in curcumin only treated group (Masson'’s
trichrome, X40)
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Fig. 6(a-d): Expressional evaluation of VEGF protein in experimental group. VEGF protein expression was measured in
experimental groups. (a) Control group did not show VEGF expression, (b) CCl4-treated group displayed cytoplasmic
expression of VEGF protein, (c) VEGF protein expression was mild or undetectable in CCl4-treated group+curcumin
treated group only and (d) VEGF protein did not show expression in curcumin-only group

groups. As shown in Fig. 6, it was noticed that VEGF
protein expressed in the CCl,-treated group whereas
control and curcumin only group did not show any
expression of VEGF protein. However, curcumin+CCl,-
treated group treated showed very low or undetectable
expression of VEGF.

DISCUSSION

CCl, has been commonly used in animal models to
examine chemical toxin-induced liver toxicity and as an
admirable model to assess the role of hepatoprotectants?-22,
Numerous studies based on natural products have been
performed to evaluate hepatoprotective potentiality against
CCl,induced liver toxicity. Several studies have demonstrated
that active compounds of medicinal plants are rich in
antioxidant, which play a significant role in the prevention
of pathogenesis of diseases through scavenging property
of free radical. Furthermore, active compound of herbs
meaningfully guards the cells against the harmful effect
caused by reactive oxygen species (ROS). To achieve the aim
of the current hypothesis, experimentation was performed
out to evaluate the role of curcumin as a hepatoprotectant
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against CCl,-induced hepatotoxicity. In addition, liverdamage
was analysed using liver function markers, antioxidant
enzymes level, pro-inflammatory cytokines, histopathology,
ultra-structural changes and immunohistochemistry

Inthe present study, it was noticed that levels of ALT, AST
and ALP enzymes in the CCl, treated group only were
significantly higher when compared with control group.
CCl,+curcumin  group showed significantly decreased ALT,
AST and ALP level than the CCl, treated group only (p<0.05)
(Fig. 1). Earlier studies have revealed that CCl, increases AST
and ALT levels in serum?® and this finding revealed that the
development and progression of liver damage occurs due to
CCl, exposure. Curcumin act as hepato-protectant through
the attenuation of higher enzymes level due to CCl,
exposure. In accordance to current result, Kyung et a/?*
showed that induction of liver damage through
dimethylnitrosamine (DMN) resulted on significantincrease on
the level of AST and ALT enzymes than that observed on the
normal control group, indicating the progression of liver
injury. Moreover, comparison of treatment groups and the
DMN-only group showed that the DMN with curcumin group
showed considerably lower AST and ALT values than the
DMN-only group?.
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Inhibition of inflammatory cytokines and mediator
production or function serve as principal mechanisms in the
regulation of inflammation and the materials that decrease
the expression of such inflammation-associated genes show
therapeutic potential in the treatment of inflammatory
diseases”.  Excitingly, the altered/over expression of
pro-inflammatory cytokines accelerates the accumulation of
ROS, that causes cell damage??.

The use of natural products plays significant role in liver
protection against drug induced damage through action as
anti-inflammatory agent. As found in current study, IL-6 and
TNF-a levels in CCl,-induced hepatotoxicity were significantly
high as compared to control group (p<0.05). Treatment with
curcumin significantly decreased the level of IL-6 and TNF-a
when compared with CCl, treated only group (p<0.05). In the
support of current finding, previous finding based on natural
compound Zerumbone (ZER) was performed to examine its
protective role against CCl,-induced acute liverinjury through
anti-inflammation. It was reported that serum and liver tissue
of TNF-a and IL-6 levels were higher in the CCl,-group than
in the control group and ZER-pre-treatment inhibits the
CCl,-intoxication-induced production of inflammatory
cytokines. Moreover, the hepatoprotective effect of ZER was
reached by down-regulating the inflammatory response?. In
thisregards, previous finding revealed that curcumin decrease
the levels of pro-inflammatory cytokines including IL-1a, IL-6
and TNF-a in monocyte cultures exposed to pre-eclamptic
plasma®.

Oxidative stress plays an important role in liverinjury and
liver tissues alteration. At the cellular level, oxidative stress
causes to a large spectrum of responses, depending on the
cell type, the level of ROS achieved, as well as the duration of
the exposure®3%3'. CCl, requires bioactivation through
cytochrome P450 system of phase | in liver and produces
the reactive metabolic trichloromethyl radical and proxy
trichloromethyl radical. These free radicals bind to
polyunsaturated fatty acids, form alkoxy and peroxy radicals
that can produce lipid peroxide, that cause damage in cell
membrane, change enzyme activity and finallyinduce hepatic
injury32. In order to resist the oxidative stress, our defence
systems hold antioxidant systems, such as nonenzymic system
including GSH and a series of antioxidant enzymes like SOD,
CAT that work to control the cascades of uncontrolled
oxidation and finally protect cells from oxidative damage
through scavenging of ROS*. Antioxidant activity and the
inhibition of free radical generation are principal steps in
terms of protecting the liver from the damage and inhibit the
pathogenesis of liver associated diseases.

151

In present study, CCl, treated group caused significant
decreased of antioxidant enzymes as compared to
control group. Moreover, CCl,+curcumin group significantly
increased the SOD and catalase level when compared with
Cdl, treated only group. Moreover, curcumin is a rich source
of antioxidants and such property of curcumin showed
suppression of liver damage through the prevention of
oxidative damage. The previous findings were in accordance
with this study as CCl, treatment induced oxidative stress as
noticed by high malondialdehyde and nitric oxide levels and
decreased SOD, GPx and glutathione reductase (GR) levels®*.
Moreover, in this milieu, pre-treatment with Mahonia
oiwakensis Hayata stems extract showed significant
hepatoprotection with respect to CCl,-induced acute liver
injury34. Another study reported that significant decrease in
the antioxidant enzymes were noticed in liver of rats exposed
to lindane and curcumin treatment nearly normalized all
changes®.

To evaluate the hepatoprotective properties of curcumin
further, histopathological examination was made on all
treated group and results were interpreted accordingly. In the
current study, it was seen that histology of the liver section
from the control group showed normal hepatic cells with
normal cytoplasm, prominent nucleus and central vein.
Compared with the control group, liver tissue in CCl,-treated
group caused severe injury characterized by infiltration of
inflammatory cells, haemorrhages, blood vessel dilation,
edema and necrosis. Moreover, such alterations were
significantly attenuated by curcumin treatment and
maintained the architecture of hepatocytes and mild
alterations were observed. This result agrees with a previous
finding that treatment of DMN-only group showed tissue
alterations including congestion and destruction of hepatic
architecture, massive and severe hepatocyte necrosis.
Whereas the severity of histological changes and cirrhotic liver
alterations in curcumin treatment groups was significantly
lower than that in the DMN-only treated group?. The
kaempferol glycosidesisolated from C tinctorius L.including
kaempferol 3-O-rutinoside and kaempferol 3-O-glucoside
showed hepatoprotective effect as kaempferol 3-O-rutinoside
and kaempferol 3-O-glucoside mitigated the CCl,-induced
liver histological alteration, as evidences through
histopathological evaluation3.

VEGF is another protein that is a potent stimulator of
angiogenesis, inducer of endothelial cell migration and
vascular permeability2°. The flavonoids and antioxidants of
medicinal plants have shown a good role as anti-angiogenesis.
In the current study, it was reported that VEGF protein
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expressed in the CCl,-treated group whereas control and
curcumin only group did not show any expression of VEGF
protein. However, curcumin+CCl,-treated group treatment
showed very low or undetectable expression of VEGF. In this
regard, study based on natural products such as resveratrol
revealed good effects on suppressing angiogenesis in mice
with hepatic cell carcinoma (HCC) xenograft and the
mechanism underlying its anti-angiogenesis is through
inhibiting VEGF expression®. Another study based on Rhizoma
paridis saponins reported that CCl, intoxication damaged liver
function, caused hepatocyte necrosis and upregulated the
expression levels of the mRNA and phosphorylated proteins
of VEGF, PDGF, ERK1/2 and a-SMA. Whereas, by the oral
administration of Rhizoma paridis saponins, the severity of
hepatic fibrosis was relieved significantly and the expression
levels of the mRNA and phosphorylated protein of VEGF,
PDGF, ERK1/2 and a-SMA were decreased*'.

CONCLUSION

In conclusion, it is demonstrated that curcumin could
alleviate CCl,-induced liver injury in rats via normalizing liver
function enzymes, enhancing antioxidant enzyme activity and
suppression of cytokines activity. Curcumin acts through its
antioxidant property to resist the oxidative stress and
scavenging of ROS and finally prevents the pathogenesis of
liver associated diseases.

SIGNIFICANCE STATEMENT

This study discover that curcumin could alleviate CCl,-
induced liver injury in rats via normalizing liver function
enzymes, enhancing antioxidant enzyme activity and
suppression of cytokines activity. Moreover, curcumin
treatments protected against CCl,-induced liver damage by
maintaining histological damage. This study will help
researchers to uncover the critical areas of antioxidant effect
of curcumin in amelioration of liver injury and normalize the
architecture of hepatocytes toxicity.

REFERENCES

1. Ogeturk, M, I. Kus, N. Colakoglu, I. Zararsiz, N. llhan and
M. Sarsilmaz, 2005. Caffeic acid phenethyl ester protects
kidneys against carbon tetrachloride toxicity in rats.
J. Ethnopharmacol., 97: 273-280.

2. Jaramillo-Juarez, F., M.L. Rodriguez-Vazquez, A.R. Rincon-
Sanchez, M.M. Consolacion and G.G. Ortiz et a/, 2008. Acute
renal failure induced by carbon tetrachloride in rats with
hepatic cirrhosis. Ann. Hepatol., 7: 331-338.

152

3.

Kaplowitz, N., 2005. Idiosyncratic drug hepatotoxicity. Nat.
Rev. Drug Discov., 4: 489-499.

Navarro, V.J. and JR. Senior, 2006. Drug-related
hepatotoxicity. New Engl. J. Med., 354: 731-7309.

Chalasani, N.P., P.H. Hayashi, H.L. Bonkovsky, V.J. Navarro,
W.M. Lee and R.J. Fontana, 2014. ACG clinical guideline: The
diagnosis and management of idiosyncratic drug-induced
liver injury. Am. J. Gastroenterol., 109: 950-966.

Korsrud, G.O., H.C. Grice and JM. Mclaughlan, 1972.
Sensitivity of several serum enzymes in detecting carbon
tetrachloride-induced liver damage in rats. Toxicol. Applied
Pharmacol., 22: 474-483.

Khan, TH. and S. Sultana, 2009. Antioxidant and
hepatoprotective potential of Aegle marmelos Correa.
against CCl,-induced oxidative stress and early tumor events.
J. Enzyme Inhib. Med. Chem., 24: 320-327.

McCay, P.B., EK. Lai, J.L. Poyer, CM. DuBose and E.G. Janzen,
1984. Oxygen- and carbon-centered free radical formation
during carbon tetrachloride metabolism. Observation of lipid
radicals /n vivoand in vitro. J. Biol. Chem., 259: 2135-2143.
Droge, W., 2002. Free radicals in the physiological control of
cell function. Phsyol. Rev., 82: 47-95.

Halliwell, B., 2006. Polyphenols: Antioxidant treats for healthy
living or covert toxins? J. Sci. Food Agric., 86: 1992-1995.

. Yang, X, S. Yang, Y. Guo, Y. Jiao and Y. Zhao, 2013.

Compositional characterisation of soluble apple
polysaccharides and their antioxidant and hepatoprotective
effects on acute CCl,-caused liver damage in mice. Food
Chem,, 138: 1256-1264.

Wang, J. and Y.F. Jiang, 2012. Natural compounds as
anticanceragents: Experimental evidence. World J. Exp. Med.,
2:45-57.

Unlu, A, E. Nayir, M.D. Kalenderoglu, O. Kirca and
M. Ozdogan, 2016. Curcumin (turmeric) and cancer. J. BUON,
21: 1050-1060.

Rahmani, A.H., MA. Alsahli, S.M. Aly, M.A. Khan and
Y.H. Aldebasi, 2018. Role of curcumin in disease prevention
and treatment. Adv. Biomed. Res., Vol. 7.
10.4103/abr.abr_147_16.

Rahmani, A.H., M.A. Al Zohairy, S.M. Aly and M.A. Khan, 2014.
Curcumin: A potential candidate in prevention of cancer via
modulation of molecular pathways. BioMed Res. Int,
Vol.2014.10.1155/2014/761608.

Bancroft, J.D. and M. Gamble, 2008. Theory and Practice of
Histological Techniques. 6th Edn., Elsevier Health Sciences,
Philadelphia, PA., ISBN-13: 9780443102790, Pages: 725.
Babiker, A. A. Almatroudi, K. Allemailem, N. Husain,
M. Alsammani, M. Alsahli and A. Rahmani, 2018.
Clinicopathologic aspects of squamous cell carcinoma of the
uterine cervix: Role of PTEN, BCL2 and P53. Applied Sci,,
Vol. 8.10.3390/app8112124.



18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Int. J. Pharmacol, 76 (2): 145-153, 2020

Husain, N.E.O., A.Y. Babiker, A.S. Albutti, M.A. Alsahli, S.M. Aly
and A.H. Rahmani, 2016. Clinicopathological significance of
vimentin and cytokeratin protein in the genesis of squamous
cell carcinoma of cervix. Obstetr. Gynecol. Int., Vol. 2016.
10.1155/2016/8790120.

Rahmani, A., M. Alzohairy, A.K. Mandal and M.A. Rizvi, 2011.
Expressional evaluation of androgen receptor in transitional
cell carcinoma of urinary bladder patients. Br. J. Med. Med.
Res., 1:233-238.

Lee, K.J., J.H. Choi and H.G. Jeong, 2007. Hepatoprotective
and antioxidant effects of the coffee diterpenes kahweol and
cafestol on carbon tetrachloride-induced liver damage in
mice. Food Chem. Toxicol., 45: 2118-2125.

Rudnicki, M., M.M. Silveira, T.V. Pereira, M.R. Oliveira,
F.H. Reginatto, F. Dal-Pizzol and J.CF. Moreira, 2007.
Protective effects of Passiflora alata extract pretreatment on
carbon tetrachloride induced oxidative damage in rats. Food
Chem. Toxicol., 45: 656-661.

Desai, S.N. D.K. Patel, RV. Devkar, P.V. Patel and
A.V. Ramachandran, 2012. Hepatoprotective potential of
polyphenol rich extract of Murraya koenigii L.: An jon vivo
study. Food Chem. Toxicol., 50: 310-314.

Lee, CP, P.H. Shih, CL Hsu and G.C. Yen, 2007.
Hepatoprotection of tea seed oil (Camellia oleifera Abel.)
against CCl,-induced oxidative damage in rats. Food. Chem.
Toxicol., 45: 888-895.

Kyung, E.J., HB. Kim, E.S. Hwang, S. Lee and B.K. Choi et a/,
2018. Evaluation of hepatoprotective effect of curcumin on
liver cirrhosis using a combination of biochemical analysis
and magnetic resonance-based electrical conductivity
imaging. Mediat.Inflamm.,Vol.2018.10.1155/2018/5491797.
Chiu, Y.J, T.H.Huang, C.S. Chiu, T.C. Lu, Y.W. Chen, W.H. Peng
and CY. Chen, 2012. Analgesic and antiinflammatory
activities of the aqueous extract from Plectranthus
amboinicus (Lour.) Spreng. Both in vitro and in vivo.
Evidence-Based Complement. Altern. Med. Vol. 2012.
10.1155/2012/508137.

Wang, T., G. Di, L. Yang, Y. Dun and Z. Sun et al, 2015.
Saponins from Panax japonicas attenuate D galactose
induced cognitive impairment through its anti oxidative
and anti-apoptotic effects in rats. J. Pharm. Pharmacol.,
67:1284-1296.

Lam, P, F.Cheung, H.Y. Tan, N. Wang, M.F. Yuen and Y. Feng,
2016.Hepatoprotective effects of Chinese medicinal herbs: A
focus on anti-inflammatory and anti-oxidative activities. Int.
J. Mol. Sci., Vol. 17, No. 4. 10.3390/ijms17040465.

Wang, M., J. Niu, L. Ou, B. Deng, Y. Wang and S. Li, 2019.
Zerumbone protects against carbon tetrachloride (CCl,)-
induced acute liver injury in mice via inhibiting oxidative
stressand theinflammatory response:Involving the TLR4/NF-
kB/COX-2 pathway. Molecules, Vol. 24, No. 10.
10.3390/molecules24101964.

153

29.

30.

31.

32.

33.

34,

35.

36.

37.

38.

39.

40.

41.

Rahardjo, B., E. Widjajanto, H. Sujuti and K. Keman, 2014.
Curcumin decreased level of proinflammatory cytokines in
monocyte cultures exposed to preeclamptic plasma by
affecting the transcription factors NF-kB and PPAR-y.
Biomarkers Genomic Med., 6: 105-115.

Martindale, J.L. and N.J. Holbrook, 2002. Cellular response to
oxidative stress: Signaling for suicide and survival. J. Cell.
Physiol., 192: 1-15.

Poli, G., G. Leonarduzzi, F. Biasi and E. Chiarpotto, 2004.
Oxidative stress and cell signalling. Curr. Med. Chem.,,
11:1163-1182.

Weber, LW.,M.Bolland A. Stampfl, 2003. Hepatotoxicity and
mechanism of action of haloalkanes: Carbon tetrachloride as
a toxicological model. Crit. Rev. Toxicol., 33: 105-136.

Valko, M., CJ. Rhodes, J. Moncol, M. Izakovic and M. Mazur,
2006. Free radicals, metals and antioxidants in oxidative
stress-induced cancer. Chem. Biol. Interact., 160: 1-40.
Chao, J., JW. Liao, WH. Peng, MS. Lee, LH. Pao and
H.Y. Cheng, 2013. Antioxidant, analgesic, anti-inflammatory
and hepatoprotective effects of the ethanol extract of
Mahonia oiwakensis stem. Int. J. Mol. Sci., 14: 2928-2945.
Singh, R. and P. Sharma, 2011. Hepatoprotective effect of
curcumin on lindane-induced oxidative stress in male wistar
rats Toxicol. Int., 18: 124-129.

Wang, Y., C. Tang and H. Zhang, 2015. Hepatoprotective
effects of kaempferol 3-O-rutinoside and kaempferol 3-O-
glucoside from Carthamus tinctorius L. on CCl-induced
oxidative liver injury in mice. J. Food Drug Anal., 23:310-317.
Hattori, K., S. Dias, B. Heissig, N.R. Hackett and D. Lyden et a/,
2001. Vascular endothelial growth factor and angiopoietin-1
stimulate postnatal hematopoiesis by recruitment of
vasculogenic and hematopoietic stem cells. J. Exp. Med.,
193:1005-1014.

Dvorak, H.F., LF. Brown, M. Detmar and A.M. Dvorak, 1995.
Vascular permeability factor/vascular endothelial growth
factor, microvascular hyperpermeability and angiogenesis.
Am. J. Pathol., 146: 1029-1039.

lzawa, Jl, JW. Slaton, D. Kedar, T. Karashima and
P. Perrotte et al, 2001. Differential expression of
progression-related genes in the evolution of superficial to
invasive transitional cell carcinoma of the bladder. Oncol.
Rep., 8: 9-24.

Yu, H.B., H.F. Zhang, X. Zhang, D.Y. Li, H.Z. Xue, C.E. Pan and
S.H. Zhao, 2010. Resveratrol inhibits VEGF expression of
human hepatocellular carcinoma cells through a NF-kappa B-
mediated mechanism.Hepato-Gastroenterol., 57:1241-1246.
Han, Y. L. Pan, S. Ran, Y. Song, F.F. Sun, Y.Z. Wang and
Y. Hong, 2019. Rhizoma Paridis saponins ameliorates
hepatic brosis in rats by downregulating expression of
angiogenesis-associated growth factors. Mol. Med. Rep.,
19:3548-3554.



	IJP.pdf
	Page 1




