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1. Introduction

There is evidence that high fat-fructose diet (HFFD) induces hepatic insulin resistance (IR), 
fatty liver, and oxidative stress in rats. The purpose of this study is to evaluate the inflammatory 
changes in HFFD-fed rat liver and the effect of Cissus quadrangularis stem extract ( ) on IR 
and inflammation in these rats. Rats were given HFFD for 60 days. A group of HFFD-fed rats 

thwere administered CQEt  from the 15  day of the experimental period till the end of the study. 
HFFD-fed animals displayed decreased glucose/insulin (G/I) ratio and insulinogenic index (30 
minutes) indicating the development of IR. CQEt addition significantly improved the insulin 
sensitivity. Total liver RNA was isolated for real-time PCR (RT-PCR) analysis. Expression of 
genes related to inflammation and fibrosis such as tumour necrosis factor (TNF-á) and 
transforming growth factor (TGF-â ) were synergistically increased in the HFFD- fed rats while 1

CQEt-treated HFFD-fed rats showed significant decrease in the expression of these genes. In 
addition, HFFD rats displayed increased expression of á-smooth muscle actin (á-SMA) and 
TGF-â  as seen by immunohistochemistry. CQEt treatment downregulated the expressions of 1

á-SMA and TGF-â . The findings of the study provide new data that CQEt markedly reduces 1

diet-induced hepatofibrogenesis by controlling the activation of inflammatory and 
profibrogenic genes. 

CQEt

Non-alcoholic steatohepatitis (NASH) is an entity in the 
spectrum of non-alcoholic fatty liver disease (NAFLD). NASH is 
related to obesity, hyperinsulinemia and insulin resistance (IR), 
the prevalence of which are high among the Indian population  
NASH pathology contributes to chronic liver disease and this 
makes it a major health problem. NASH is the result of complex 
hepatocellular metabolic dysfunction in which insulin action is 
deranged. In NASH pathophysiology, fat accumulation is 
considered as the “first hit”, which increases the generation of 
reactive oxygen species (ROS) that promote lipid peroxidation. 
Damage due to “first hit” intensifies the susceptibility of the liver to 
inflammation and fibrosis by the “second hit”, fostered by the 
production of inflammatory cytokines and fibrogenic factors, 
activation of hepatic stellate cells (HSC) and apoptosis of the 
hepatocytes 

[1].

[2].

Induction of proinflammatory cytokines, in particular, the tumour 
necrosis factor (TNF-á), is thought to represent the first step 
towards the subsequent development of liver fibrosis. TNF-á and 
other factors activate the HSC and induce the expression of 

1transforming growth factor â  (TGF-â )  Upregulation of TGF-â  1 1

has been well documented in several inflammatory disorders  
Serum concentrations and liver m-RNA of both TNF-á and IL-6 are 
increased in NASH patients  and in experimental animals with 
NAFLD  Thus, the prevention of cytokine production in liver 
pathogenesis is considered as an important strategy for treating 
NASH.

[3].

 [4].

[5]
[6].

For centuries,  medicinal plant extracts and their 
phytochemicals have been used as anti-inflammatory remedies to 
treat liver disease. Cissus quadrangularis (CQ) Linn. is one such 
plant chosen for this study. The plant belongs to the family Vitaceae 
and is indigenous to India, Srilanka, Malaysia, Thailand and Africa. 
The plant has a great medicinal value and the stem has been used 
traditionally for various ailments  CQ has been shown to have 
antimicrobial, antiulcer and potent fracture-healing properties 

 The methanolic extract of CQ (CQEt) has been shown to 
alleviate CCl -induced toxicity both in vitro and in vivo 4

[7].
[8, 

9, 10].
[11]. 
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Adult male Wistar albino rats weighing 150-170 g were 
obtained from the Central Animal House, Rajah Muthiah Medical 
College, Annamalai University. The animals were housed in large 
polypropylene cages in a temperature-controlled room and were 
provided the standard pelleted feed (Amrut rat and mice feed, 
Bangalore, India) and clean drinking water ad libitum. All the 
experimental procedures were carried out in accordance with the 
guidelines of Institutional Animal Ethics Committee (IAEC) of 
Annamalai University, in accordance with the Indian National Law 
on Animal Care and Use. An ethical clearance certificate for the 
proceducres used was obtained (No: 166/1999/CPCSEA/682). 
Five groups of rats were maintained for 60 days as given in Table 1.

Phytochemical analysis revealed high amounts of antioxidants 
like vitamin C, â-carotene, triterpenoids, â-sitosterols, 
quadrangularins A, B, and C, and calcium [12]. 

Diet and water were provided ad libitium and body weight 
was recorded at regular intervals. At the end of 60 days, the 
animals were deprived of food overnight, administered ketamine 
hydrochloride (35 mg/kg) and sacrificed by decapitation. 

thOn the 59  day of the experimental period, an oral glucose 
tolerance test (OGTT) was carried out. For this, animals were 
fasted overnight and glucose (2 g/kg body weight) was given from 
30% solution orally. Blood samples were collected by sinoocular 
puncture before glucose load and sequentially for every half an 
hour after glucose load upto 120 minutes and were immediately 
analysed for glucose and insulin. Blood was collected and plasma 
was separated. Plasma glucose and insulin levels were analysed 
using kits obtained from Agappe Diagnostics Pvt Ltd., Kerala and 
Accubind Microwells, Monobind Inc., CA, USA. Insulin sensitivity 
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was assessed by computing the fasting glucose/insulin (G/I) ratio 
and insulinogenic index [14].  

The liver was isolated, weighed, cut into a number of pieces 
and fixed in formaldehyde for immunohistochemistry analysis.  
The remaining tissue was stored at - 80°C for gene expression 
studies by real time PCR (RT-PCR). 

Total RNA from frozen liver tissue was extracted with Trizol 
reagent (Invitrogen, CA, USA), which is based on the guanidine 
thiocyanate method. The RNA integrity and concentration was 
determined by agarose gel and nanodrop analysis at 260 nm. In 
brief, 50 mg liver tissue was homogenised using Trizol reagent. 
The homogenate was treated with 0.2 ml of chloroform and shook 
vigorously. The mixture was then centrifuged at 12,000 g for 15 

0min at 4  C. To the aqueous phase, 0.5 ml of isopropanol was added, 
0and centrifuged at 12,000 xg for 8 min at 4  C. The supernatant was 

discarded gently and the precipitated RNA was rinsed twice with 1 
ml of 75% ethanol and dried in air. The RNA was resuspended in 

0100 µl of nuclease free water and stored at -80 C until further use. 

Isolated total RNA(1 µg) was reverse- transcribed to cDNA in a 
reaction, using high cDNA reverse transcriptase kit (Applied 
Biosystems) containing 2 µl of 10x reaction buffer, 0.8 µl of dNTP 
mixture (10 mM), 2µl of multiscribe reverse transcriptase (50 

0U/µl) . The reaction mixture was incubated at 25 C for 10 min and 
0the reaction terminated by heating at 85 C for 5 min. The resultant 

0cDNA was stored at -80 C until further use. 

Oligonucleotide primers were purchased from Bangalore 
Genei, India. The primer sequences are listed in Table 2. RT-PCR 
was performed using a thermal cycler (9700 HT RT-PCR, Applied 
Biosystem, UK) with SYBR green fluorophore. Reactions were run 
in a total volume of 10 ìl, including 5 ìl of SYBR Green Supermix, 
0.5 ìl of each primer at 10 ìM concentrations, 2 ìl of the 
previously reverse transcribed cDNA template and 2 µl of sterile 
distilled water. 

Insulinogenic index  =
(30 minute plasma insulin- 0 minute plasma insulin)

(30 minute plasma glucose-0 minute plasma glucose)

Fasting glucose (mg/dL)

Fasting insulin (µU/ml)
G/I ratio =

2.0. Materials and Methods

2.1. Plant material

2.1.1. Preparation of plant extract

2.2. Animals and treatment protocol

2.2.1. RNA extraction

2.2.2. cDNA Synthesis

2.2.3. RT-PCR reaction

Table 2. Oligonucleotide used for RT-PCR

In our previous study, we observed that exposure of the liver to 
HFFD stimulates triglyceride accumulation, fatty liver, oxidative 
injury and fibrosis which is prevented by CQEt  The aim of this 
study is to examine the molecular events associated with HFFD-
induced liver fibrosis and the preventive effect of CQEt with a focus 
on fibrogenic mediators.  

[13].

The fresh stem of CQ was cut into pieces and sun-dried and then 
finely powdered. One kilogram of the dried plant material was 
exhaustively extracted with 2 L methanol .The extract was filtered 
and distilled on the water bath. The crude extract was vacuum 
dried. The yield of the extract was 4.8 g% (w/w). The resulting 
extract was used for in vivo studies.
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Groups

Table1. Animal Groups

Group I

Group II

Group III

Group IV

Group V

CON - control rats

HFFD - high fat-high fructose fed rats     

HFFD+CQEt - high fat-high fructose
fed rats treated with Cissus quadrangularis
extract (10 g/100 g diet)         

HFFD+MET - high fat-high fructose fed rats
treated with metformin (50 mg/kg b.wt) 

CON+CQEt- control rats treated with Cissus
 quadrangularis extract (10 g/100 g diet).

Treatment

Target
Genes

TNF-á

TGF-â1

â-ACTIN

CTCGAGTGACAAGCCCGTAG

TGAGTGGCTGTCTTTTGACG

GCGAGAAGATGACCCAGATC

TTGACCTCAGCGCTGAGCAG

ACT TCCAACCCAGGTCCTTC

GGATAGCACAGCCTGGATAG

Reverse Primer Forward Primer

0Thermocycling conditions were 95 C for 2 min 
0(denaturation) and then amplification repeated 40 times (95 C for 

011 min and extension at 60 C for 1 min). Negative controls without 
cDNA were also performed. A melting curve analysis was made 
after each run to ensure a single amplified product for every 



reaction. All reactions were run at least in triplicate for each 
sample. The amount of target gene, normalized to an endogenous 
control (â-actin) and relative to a control, was determined by the

-? ? CT 2  method [15].

For immunohistochemistry, 4 µm paraffin sections were 
deparaffinized with xylene and rehydrated with graded 
concentrations of isopropyl alcohol. After gradual hydration the 
slides were incubated in citrate buffer (pH 6.0) for 5 min in 
microwave oven for antigen retrieval. The sections were allowed to 
cool for 20 min, rinsed with Tris buffered saline (TBS) and treated 
with peroxide blocking reagent for 10 min to inhibit endogenous 
peroxidase activity. Non-specific binding was minimized by 
leaving the sections in 3% BSA in phosphate buffered saline for 30 
min. Sections were incubated overnight with mouse monoclonal 
antibody against TGF-â  and á-SMA (Biogenex laboratories, San 1

Ramon, CA, USA) at room temperature for one hour. The slides 
were rinsed in TBS and incubated with anti-mouse biotin-labelled 
secondary antibody followed by streptavidin-biotin-peroxidase 
for 30 minutes each at room temperature. The immunoprecipitate 
was visualized by treating with 3, 3'-diaminobenzidine) and 
counterstaining with haematoxylin. 

Data are expressed as mean ± S.D. of six rats in each group. 
Statistical evaluation was done using one way analysis of variance 
(ANOVA) followed by Duncan's multiple range tests. For the RT-
PCR statistical significance was determined using the paired 
student's t test. The level of statistical significance was set at P < 
0.05.

Figure 1 shows the glucose (Figure 1A) and insulin (Figure 1B) 
values during OGTT. The fasting glucose and insulin levels were 
higher in HFFD-fed rats as compared to control rats, and the levels 
were significantly lower in HFFD-fed rats treated with CQEt than 
the CON+CQEt rats. Significant elevations were observed in the 
glucose and insulin levels after the oral glucose load at all the time 
points in HFFD-fed rats. The response was normal in both CQEt 
treated and metformin-treated groups.
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2.3. Statistical analysis

3.1. CQEt improves insulin sensitivity

3. Results 

Figure 1A

Table 3 shows the values of G/I and insulinogenic index in 
different groups. G/I ratio and insulinogenic index were 
significantly decreased in rats fed the HFFD compared with all 
other groups, whereas treatment with CQEt, restore these value to 
near normal. This result was also comparable with standard drug 
metformin. 

Table 3. Changes in the G/I ratio and insulinogenic index of 
control and experimental animals.

Parameter

G/I ratio
(mg/µU)

Insulinogenic
 index
(ð mol/m mol)

2.90±1.85

120±9.23

1.28±0.02

23.57±2.01

1.40±0.79

66.59±4.12

CON HFFD HFFD + CQEt

2.25±1.29

79.24±6.87 

2.43±1.08

95±5.1

HFFD+MET        CON+CQEt 

Values are means ± SD of six rats from each group. CON-control 
rats; HFFD-high fat-high fructose fed rats;

 HFFD + CQEt - high fat-high fructose fed rats treated with Cissus 
quadrangularis  extract (10 g/100 g diet); 

HFFD + MET - high fat-high fructose fed rats treated with 
metformin (50 mg/kg b.w). 

CON + CQEt - control rats treated with Cissus quadrangularis 
extract (10 g/100 g diet)

Values not sharing a common superscript were significantly differ 
from each other (P<0.05, ANOVA followed by Duncan's multiply 
range test (DMRT).

G/I ratio =Glucose/Insulin ratio.

The RT-PCR analysis provides an effective and accurate method 
to quantify mRNA levels. Liver samples from three animals in each 
group were subjected to mRNA expression analysis for TNF-á and 
TGF-â . The data presented in Figure. 2 shows the basal expression 1

of genes after being normalised to â-actin. 

Figure 2. Effect of CQEt on the expression of TNF-á and TGF-â  in 1

the liver of experimental animals by RT-PCR.
Figure 1. (A and B).  Effect of CQEt on plasma glucose and insulin 
levels during OGTT

3.2. Assessment of hepatic markers of inflammatory stresses 

Figure 1B

Figure 2

The mRNA levels of both TNF-á and TGF-â  were significantly 1

upregulated to 7.9 and 6.8 folds respectively in the liver tissue of 
the HFFD than normal diet fed rats. Treatment with CQEt 
significantly upregulated the mRNA levels of these cytokines. The 
gene expression levels were comparable to those of standard 
insulin-sensitizing drug metformin. 

Cytokines and soluble growth factors namely TNF-á and TGF-â  1

trigger cell signalling culminating in the conversion of quiescent 
HSC into activated HSC which start secreting the extra cellular 
matrix (ECM) proteins and á-SMA, a cytoskeletal protein. Hence, 

3.3. Immunohistochemistry 
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T h e  c h a n g e  i n  m - R NA  
expression of  TGF-â  was 1

consistent with the protein 
expression as indicated by the 
result of immunohistochemical 
analysis. Fig.4 (A-E) shows 
r e p r e s e n t a t i v e  
p h o t o m i c r o g r a p h s  o f  t h e  
localization of TGF-â  protein in 1

livers from the different groups. 
The intensity of TGF-â  staining was more pronounced in livers from 1

a HFFD-fed rat than in control. There was a remarkable reduction in 
TGF-â  immunoreactivity in the livers of HFFD-fed rat treated with 1

CQEt and metformin. There was no apparent difference in the 
immunoreactivity between CON and CON + CQEt.

we  a lso  looked for  the  express ion  of  á -  SMA by  
immunohistochemistcal localization in liver section. Fig. 3(A-E) 
represents the photomicrographs showing the localization of á- 
SMA in liver of experimental groups. á-SMA immunoreactivity was 
significantly increased in livers from a HFFD-fed rat than in 
control. A noticeable reduction in á-SMA occured in the 
perisinusoidal area of HFFD-fed rat treated with CQEt or 
metformin. The liver sections from CON and CON + CQEt do not 
show any obvious variation in the immunoreactivity for this 
antibody.

A

C

E

B

D

B

D

A

C

E

4. Discussion

The results of the study show that CQEt administration had a 
restorative effect on hepatic IR, inflammation and fibrogenic 
changes associated with HFFD feeding. 

It is well documented that HFFD is responsible for the 
development of IR within a few weeks of feeding in rats [13]. Here, 
we confirm that HFFD feeding leads to impairment in blood glucose 
regulation. Reduction in G/I ratio and insulinogenic index of HFFD-
fed rats are indicative of reduced insulin action. Treatment with CQEt 
showed a considerable restoration of these values to those of 
control.  Liver fibrosis is a complicated crosstalking of various cell 
types such as hepatocytes, Kupffer cells and HSC mediated by 
different cytokines, ROS and soluble factors bringing about 
excessive fibrogenesis with disruption of intercellular contacts and 
interactions and of extracellular matrix composition [16]. Damaged 
liver cells generate ROS which stimulate the release of 
proinflammatory cytokines like TNF-á from hepatocytes and 

During the development of fibrosis, quiescent HSC are 
transformed to a myo-fibroblast like cells that start secreting á-
SMA, a cytoskeletal protein [23]. Increased expression of á-SMA is 
considered a marker of HSC activation. Although á -SMA positivity 
in a few stellate cells of the liver is normal, significant increase in á-
SMA expression  suggests HSC proliferation. Significantly increase 
of á-SMA in liver diseases including chronic hepatitis is observed 
[18].  The present data shows that HFFD increased the number of á-
SMA positive cells in the perisinusoidal spaces of the liver which 
was suppressed by CQEt administration.  Plant polyphenolics are a 
group of naturally occurring  compounds have been shown

Kupffer cells thereby increasing 
the severity of inflammatory 
stress in the liver [17]. TNF-á 
exerts its biological functions via 
interaction  with two cognate 
membrane receptors, TNF-R  and 1

TNF-R  [18] and activate cell 2

death through TNF related 
apoptosis  inducing  l igand 
(TRAIL) and Fas ligand [19].  

Engulfment of apoptotic bodies by phagocytes stimulates TGF-â . 1

The plasma concentration of TNF-á was found to be higher in HFFD-
fed animals than control (unpublished data). In the current study, 
enhanced hepatic TNF-á mRNA expression in rats fed with HFFD 
was noted. The increased expression of TNF-á in HFFD-fed rat, 
clearly indicates that chronic hepatic inflammation correlates the 
severity of disease progression. Consistent with our findings, TNF-
á mRNA upregulation has been detected in the liver in both dietary 
and genetic models of NASH [20]. Administration of CQEt effectively 
suppressed the hepatic inflammation by reducing mRNA 
expression of TNF-á in the liver.TGF-â  takes a pivotal role in 1

transducing the various inflammatory stimuli and in perpetuating 
the pro-fibrogenic stimuli. Recent literature revealed the evidence 
for an autocrine/paracrine role for TGF-â  in dietary model of fatty 1

liver disease [21]. Also, there is evidence for increased TGF-â  level 1

in serum and mRNA expression in liver biopsy of NASH [22]. 
Elevated TGF-â  production by HFFD animals is trigger for collagen 1

biosynthesis, since TGF-â  binds to its receptors on HSC and 1

activates the transcription of pro-collagen genes causing 
deposition of collagen type ² and ²²² through the Smad pathway [21]. 
Cytoprotective effects of CQEt at the sites of inflammation are 
manifested by the reduced expression of TGF-â  in the 1

immunohistochemical sections compared to untreated HFFD.
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The present study provides first evidence for the protective 
role of CQEt in NASH. CQEt targets the liver tissues and lessens the 
inflammatory stress associated with IR. The protective effect 
observed during NAFLD associated with high calorie diet makes 
CQEt a promising alternative/adjunct in the management of 
NAFLD.

5. Conclusion

 to possess several biological properties including antioxidant, 
free radical scavenging ability hepatoprotective, antimutagenic 
and anticarcinogenic [24]. Previously, we demonstrated that CQEt 
showed has higher antioxidant ability in neutralizing the free 
radicals than the standard antioxidants such as gallic acid and 
vitamin C through in vitro studies and that CQEt has 
hepatoprotective effect by ameliorating fatty liver and liver 
oxidative stress in animals fed HFFD through in vivo studies [13]. In 
another study we found that CQEt subsides the severity of liver 
disease by decreasing fat accumulation, oxidative damage to 
proteins and lipids, inflammatory cell infiltration and collagen 
deposition (unpublished data). The effects are attributed to the 
presence of active compounds most of which are potent 
antioxidants.  Recently it have been evidenced that CQEt protected 
erythrocytes against lipid peroxidation induced by tertiary butyl 
hydroperoxide [25].  Anti inflammatory effects of CQEt has been 
shown in one study in which CQEt helps fight against gastric 
mucosal damage and inflammation induced by aspirin [25]. 
Studies have convincingly proved that CQEt has anti-fibrotic and 
anti-inflammatory properties. Recently, it has been shown that the 
strong inhibitory action on proinflammatory cytokine production 
by CQEt may be due to the presence of triterpenoids and 
polyphenols [26]. Thus antioxidant and anti-inflammatory 
properties of CQEt can mitigate the progression of steatohepatitsis 
to fibrosis.
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