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INTRODUCTION

During the course of  aerobic metabolic reactions, con-
siderable amounts of  reactive oxygen species (ROS) are 
generated, which leads to the production of  free radicals. 
These free radicals cause lipid peroxidation, resulting in 
degradation and inactivation of  various important bio-
molecules.[1] Free radical damage may lead to cancer.[2] 
Antioxidants fight against radicals and may prevent some 
of  the damage by free radicals.[3] Laboratory evidence 
from chemical, cell culture and animal studies indicate 
that antioxidants may slow or possibly prevent the devel-

opment of  cancer.[4] Almost all the organs and systems 
in the human body encounter stress due to some levels 
free radicals. Liver is the most important metabolic organ 
and plays a pivotal role in various physiologic processes 
including metabolism, secretion and storage.[5] Liver is 
also important in managing the internal environment, 
biochemical conversion of  endogenous and exogenous 
chemicals and others into harmless easily excretable form.[6]  
Hence, it is referred as the major site of  xenobiotic metab-
olism. Various agents like drugs, alcohol, viruses and envi-
ronmental chemicals are capable of  causing some degree 
of  liver injury. Liver damage is associated with cellular 
necrosis, increases in tissue lipid peroxidation and a deple-
tion in the tissue GSH levels.[7] Conventional drugs used 
in the treatment of  liver ailments are not completely safe 
and also have unwanted side effects. Therefore, it is nec-
essary to search for potentially active alternative medicinal 
properties, especially using herbal drugs for the treatment 
of  liver disease for better efficacy and safety to replace 
currently used drugs.[8]
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Clitoria ternata Linn belongs to family Fabaceae; commonly 
known as ‘Aparajita’ or shankupushpi. It is a perennial 
climber widely used to treat a wide variety of  ailments. 
C.ternata exhibits various properties including anxiolytic, 
antidepressant, anticonvulsant anti stress, anti-inflamma-
tory, analgesic and antipyretic properties.[9–12] Chemical 
constituents like malonylated flavonol glycosides namely 
kaempferol 3-O-β-glycoside, quercetin 3-O-β-glycoside 
and myricetin 3-O-β-glycosides[13] and also eight differ-
ent anthocyanins were isolated and reported from the 
flower petals of  C. ternata.[14] Hepatoprotective activity of  
methanolic extracts of  leaf, root and flowers was reported 
earlier.[15] The leaves have been demonstrated to exhibit 
in vitro antioxidant properties and contain some phyto-
chemical compounds like flavonoids, tannins, alkaloids, 
terpenes.[16,17] Therefore, to validate the pharmacognostic 
properties, the present study was performed to evaluate 
the cytotoxic, antioxidant and hepatoprotective effects 
of  petroleum ether (PE) and chloroform extracts (CE) 
of  leaves of  C. ternata against carbon tetrachloride (CCl4) 
induced liver damage in albino rats.

MATERIALS AND METHODS

Nitroblue tetrazolium, carbon tetrachloride, Folin-Ciocal-
teu reagent, and hydrogen peroxide were purchased from 
Merck (Germany). All other chemicals were analytical 
grade.

Successive Soxhlet extraction and fractionation of 
the plant extract 
The C.ternata leaves were air dried in sun light at 40°C. 
Leaves were separated and then ground into powder 
using a grinding apparatus and subsequently extracted in 
a Soxhlet apparatus by the serial extraction method with 
solvents based on the increase in polarity using petroleum 
ether, and chloroform. Solvent elimination under reduced 
pressure afforded the petroleum ether (2% w/w yield) 
and chloroform extract (2.4% w/w yield) respectively. 
The extracts were then kept in desiccators at room tem-
perature (22–24 °C) prior to use in our experiments.

Anticancer activity
Anticancer activity (cytotoxic activity) of  PE and CE of  
C.ternata was tested against HeLa, K562 and MCF-7 car-
cinogenic cell lines.

Cell culture and MTT assay
Three different human cancer cell lines namely HeLa, 
K-562 and MCF-7, which were derived from cervical can-
cer cells, myelogenous leukemia and breast cancer cells 
respectively, were used in this study. These were procured 

from National Centre for Cell Science, Pune. All cells were 
grown in minimal essential medium (MEM, GIBCO) sup-
plemented with 4.5 g/L glucose, 2 mM L-glutamine and 
5% fetal bovine serum (FBS) (growth medium) at 37°C in 
a 5% CO2 incubator. The MTT assay developed by Moss-
man was modified and used to determine the inhibitory 
effects on cell growth in vitro.[18] In brief, the trypsinized 
cells from T-25 flask were seeded in each well of  96-well 
flat-bottomed tissue culture plate at a density of  5×103 
cells/well in growth medium and cultured at 37°C in 5% 
CO2 to adhere. After 48hr incubation, the supernatant 
was discarded and the cells were pretreated with growth 
medium and were subsequently mixed with different 
concentrations of  test compounds (12.5, 25, 50,100 and 
200 µg/ml) in triplicates to achieve a final volume of  100 
µl and then cultured for 48 hr. The plantextract was pre-
pared as 1.0 mg/ml concentration stock solutions in PBS. 
Culture medium and solvent are used as controls. Each 
well then received 5 µl of  fresh MTT (0.5 mg/ml in PBS) 
followed by incubation for 2hr at 37°C. The supernatant 
growth medium was removed from the wells and replaced 
with 100 µl of  DMSO to solubilize the colored formazan 
product. After 30 min incubation, the absorbance (OD) 
of  the culture plate was read at a wavelength of  492 nm 
on an ELISA reader, Anthos 2020 spectrophotometer. 
Samples were diluted and corrected so that they were 
within the dynamic range of  the optical density.

In vivo experiments
Wistar albino rats of  both the sexes (weighing about 
120–175gms) were used in the study were procured from 
Mahaveer enterprises, Hyderabad and were placed at ran-
dom and allocated to treatment groups in clean polypro-
pylene cages (38 × 23 × 10 cms) with not more than four 
animals per cage. Animals were housed and maintained 
under standard laboratory conditions, at a temperature of  
24 ± 2oC and relative humidity of  30 – 70% with dark and 
light cycles (12/12 hour). The animals were allowed free 
accessto standard pellet diet (Hindustan lever, Kolkata, 
India) and water ad libitum during the course of  study. 
The animals were acclimatized to laboratory conditions 
for 10 days before commencement of  experiment.All the 
experimental procedures and protocols used in this study 
were reviewed and approved by the Institutional Animal 
Ethics Committee (IAEC) and were in accordance with 
the guidelines of  the IAEC. 

Hepatoprotective activity against carbon 
tetrachloride (CCl4) induced liver damage in rats
Hepatoprotective activity of  PE and CE of  C. ternata-
against CCl4 induced toxicity was carried according to 
previous method.[19] Healthy albino rats were divided 
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into 5 groups each containing 4 animals. Group-I control  
received liquid paraffin (1 ml/kg body weight, p.o). 
Group-II toxic control received 30% CCl4 in liquid par-
affin (1 ml/kg body weight, i.p). Group-III received chlo-
roform extract (100 mg/kg p.o) once in a day. Group-IV 
received petroleum ether extract (100 mg/kg p.o) once in 
a day. Group-V received standard drug Silymarin (25 mg/
kg p.o) once in a day. Treatment duration was a period of  
10 days and the dose of  CCl4 was administered after every 
72 h for all the treatment groups except group-I. Animals 
were sacrificed 24 h after the last injection. Blood was col-
lected, allowed to clot and serum separated. The liver was 
excised and used for biochemical studies.

Biochemical studies 
Blood was obtained from all animals by puncturing retro-
orbital plexus. The blood samples were allowed to clot 
for 45 min at room temperature. Serum was separated by 
centrifugation at 2500 rpm at 30°C for 15 min and uti-
lized for the estimation of  various biochemical parame-
ters including determination of  serum bilirubin,[20] serum 
glutamate pyruvate transaminase (SGPT), serum gluta-
mate oxaloacetate transaminase (SGOT)[21] and alkaline 
phosphatase (ALP).[22]

Antioxidant studies
After collection of  blood samples, the rats were sacrificed 
and their livers excised, rinsed in ice cold normal saline 
followed by 0.15 M Tris-HCl (pH7.4) and blotted dry. A 
10% w/v of  homogenate was prepared in 0.15 M Tris-
HCl buffer and processed for the estimation of  lipid per-
oxidation. The rest of  the homogenate was centrifuged 
at 15000 rpm for 15 min at 4°C and used for the estima-
tion of  levels of  superoxide dismutase (SOD),[23] catalase 
(CAT)[24] and total protein.[25]

Determination of thiobarbituric acid reactive 
substances (TBARS)
Lipid peroxidation in liver tissues was estimated calori-
metrically by measuring thiobarbituric acid reactive sub-
stances (TBARS).[26] Briefly, to 0.2 ml of  sample, 0.2 ml 
of  8.1% sodium dodecyl sulfate, 1.5 ml of  20% acetic 
acid and 1.5 ml of  0.8% TBA were added. The volume 
of  the mixture was made up to 4ml with distilled water 
and then heated at 95°C in a water bath for 60 min. After 
incubation, the tubes were cooled to room temperature 
and the final volume was made to 5 ml with distilled water 
in each tube. Then 5 ml of  n-butanol: pyridine mixture 
was added and the contents were vortexed thoroughly for 
2 min. After centrifugation at 3000 rpm for 10 min the 
upper organic layer was taken and its OD was read at 532 
nm against a blank containing reaction mixture except the 
sample. The levels of  lipid peroxides were quantified by 

the formation of  thiobarbituric acid reactive substances 
(TBARS) namely malonaldehyde (MDA) and expressed 
as MDA/100gram of  liver tissue using an extinction co-
efficient of  MDA is 1.56 × 105 M–1cm–1.

Histopathological studies
Small pieces of  liver tissues in each group were collected 
in 10% neutral buffered formalin for proper fixation. 
These tissues were processed and embedded in paraffin 
wax. Sections of  5–6 μm in thickness were cut and stained 
with hematoxylin and eosin (H&E). These sections were 
examined by photo microscopy for necrosis, steatosis and 
fatty changes of  hepatic cells.[27]

Statistical analyses
Experimental results are presented as the mean ± stan-
dard deviation (SD) of  three parallel measurements. All 
statistical analysis is performed using Minitab graphical 
computer software package.

RESULTS

Anticancer activity
The % of  inhibition of  cancer cell growth was found to 
be maximum and minimum at the concentrations of  200 
and 12.5 µg/ml of  samples respectively. CE of  C.ternata 
showed maximum inhibition of  cancer cell growth 
against MCF-7 with an inhibition of  60.60% followed by 
K-562 with 41.6% and finally HeLa with an inhibition of  
31.28% as shown in Figure-1.The cytotoxic activity of  PE 
showed maximum % of  inhibition against MCF-7 with 
54.1%, followed by K-562 with 30.3% and minimum 
with 21.32% inhibition against HeLa cells as shown in 
Figure-2. 

Hepatoprotective activity and biochemical studies
The protective potential of  CE and PE of  C. ternata was 
investigated with an aim to identify whether this plant had 
potential hepatoprotective medicinal activity. Changes in 
the activities of  serum enzymes (SGPT, SGOT and ALP), 
total bilirubin and total protein content in the serum of  
CCl4-induced liver damage in rats are reported in Table. 1. 

Antioxidant studies 
The effect of  CE and PE of  C. ternata on lipid peroxi-
dation (expressed in terms of  MDA levels), SOD and 
CAT levels in rat liver tissue are shown in Table. 2. SOD 
activity in CCl4toxic group (3.433±0.5773 U/mg protein) 
was determined to be lower than in the normal group 
(7.0666 ± 0.5507 U/mg protein). SOD activities in plant 
extract treated groups (100 mg/kg b.w) were observed to 
be higher when compared to CCl4 toxic group. Silymarin, 
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Figure 1.  The effect of  CE of  C.ternata against different carci-
nogenic cell lines. Each is a value of  mean ± standard deviation 
of  triplicates.

Figure 2.  The effect of  PE of  C.ternata against different carci-
nogenic cell lines. Each is a value of  mean ± standard deviation 
of  triplicates.

Table 1:  The effect of PE and CE of C. ternata on TB, SGPT, SGOT, ALP, total protein levels in rats toxicated 
with CCl4.

Name of the group TB SGPT SGOT ALP SERUM PROTEIN
G-I: LP treated normal 

control
0.533 ± 0.152 82.6 ± 10.59 76.3 ± 11.59 354 ± 30.26 5.243 ± 0.205

G-II: CCl4 treated toxic 2.6 ± 0.255* 123.33 ± 5.77* 121 ± 11.26 880.6 ± 27.22* 3.77 ± 0.335*
G-III: CCl4 + CE of C.ternata 1.16 ± 0.152** 102.33 ± 7.63** 98.33 ± 2.51** 475 ± 13.2** 4.59 ± 0.165**
G-IV:CCl4 + PE of C.ternata 1.533 ± 0.305 115.6 ± 2.516** 109.33 ± 2.5 553.3 ± 10.4** 4.89 ± 1.00**
G-V: CCl4+Silymarin treated 0.566 ± 0.057** 78.66 ± 2.50** 71.33 ± 2.51** 255 ± 18.027** 5.81 ± 0.106**

Values are means ±standard deviation (n = 4). p values calculated by ANOVA and p < 0.05 values are considered statistically significant.
**p < 0.05 compared with CCl4 treated toxic control group.
*p < 0.005 compared with LP treated normal group.

Table 2: Stress inhibitory (Antioxidant) activity of CE and PE of C. ternata on CCl4 
induced toxicity.

Name of the sample SOD  
(U/mg of Protein)

CAT 
(U/mg of Protein)

TBARS 
MDA levels 

G-I: LPtreated normal control 7.066 ± 0.550 251.4 ± 3.00 1.476 ± 0.096
G-II: CCl4 treated toxic 3.433 ± 0.577* 143.9 ± 4.630* 8.486 ± 0.374*

G-III: CCl4+ CE of C.ternata 6.433 ± 0.65** 228.8 ± 5.787** 3.353 ± 0.228**
G-IV:CCl4 +PE of C.ternata 4.80 ± 0.3** 206.5 ± 2.749** 5.226 ± 0.143**
G-V: CCl4+Silymarin treated 7.80 ± 0.360** 257.0 ± 2.542** 1.576 ± 0.140**

Values are means +standard deviation (n = 4). p values calculated by ANOVA and p < 0.05 values are considered statistically 
significant.
**p < 0.05 compared with CCl4 treated toxic control group.
*p < 0.005 compared with LP treated normal group.

with a dose of  25 mg/kg restored the SOD levels to the 
normal group compared to CCl4 treated toxic group. CAT 
activity of  liver homogenate in CCl4 toxic group (143.9 ± 
4.630 U/mg protein) was found to be low comparedto 
LP treated normal group (251.46 ± 3.00 U/mg protein). 
Higher levels of  CAT activities were noticed in CE and 
PE treated groups (228.8 ± 5.787 U/mg protein and 
206.5 ± 2.749 U/mg protein) than in the CCl4 toxic group 
respectively. The Silymarin treated group almost restored 
the enzyme activity to the LP treated normal group level 
at the dose of  25 mg/kg. The TBARS was found to be 
maximum in CCl4 treated group (8.486 ± 0.374 MDA 

equivalents) compared to LP treated normal (1.476 ± 
0.096 MDA equivalents) group. A decrease in the levels 
of  MDA equivalents was noticed in the CE and PE treat-
ment groups with 3.353 ± 0.228 and 5.226 ± 0.143 MDA 
equivalents respectively compared to CCl4 toxic group. 
Silymarin treated levels were not significantly different to 
the normal group. 

Histopathological studies
Histopathological studies confirmed the hepatoprotec-
tive effect of  the CE and PE of  C.ternata was shown in 
the Figure 3–7. The results of  histopathological studies  
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clearly demonstrated that the normal liquid paraffin 
treated control showed the normal polyhedral hepa-
tocytes with granular cytoplasm and each cell has a  
centrally located nucleus with one or two nucleoli in addi-
tion to a number of  chromatin particles (Figure-3). CCl4 
induced hepatotoxic liver revealed the cloudy swelling, 
fatty degeneration with displacement of  the nucleus of  
hepatocytes and necrosis of  cells were also clearly seen 
(Figure-4). Treatment of  the CCl4 toxicated group with 
CE and PE of  C.ternata exhibited a significant improve-
ment of  hepatocellular architecture and is evident ofcon-
siderable reduction in necrosis (Figures-5 & 6). The CCl4 
induced toxicated group treated with Silymarin showed 
a good recovery with the absence of  necrosis and fatty 
degeneration as shown in Figure-7.

DISCUSSION 

Combating against cancer is a prime importance today. 
Many interdisciplinary researches are giving good efforts 
in scope to fight this disease but complete is still to come 
in world medicine. The medicinal approaches used to 
treat the disease have wide and severe side effects. Hence, 
an alternative medicine, i.e., the use of  medicinal prepara-
tions to arrest the spread over of  the disease[28] is neces-
sary. Generally, plant formulations capable of  inhibiting 
the cell proliferations inducing apoptosis or modulating 
signal transduction are used in the treatment of  cancer. 
Recently, it was reported that plant derived agents sup-
press the tumor progression and induces apoptosis in can-
cer cells and there by enhances the immunity and act as 
anticancer drugs.[29] In the present study, we observed that 
both PE and CE of  C.ternata showed significant levels of  
inhibition of  cell proliferation and thereby involved in the 
reticence of  stress related cancer. CE is more potent and 
significant than PE of  C.ternata.

Carbon tetrachloride (CCl4) is one of  the most commonly 
used hepatotoxin. During the metabolism, CCl4 is bio 
transformed into trichloromethyl radical by the action of  
cytochrome p450 dependent enzyme in the liver, which 
reacts with molecular oxygen to form trichloromethyl per-
oxy radical.[30] Both trichloromethyl and trichloromethyl 
peroxy radicals induce lipid peroxidation followed by path-
ological changes such as elevated levels of  serum marker 
enzymes such as SGOT, SGPT, bilirubin and ALP.[31]  
Necrosis or membrane damage caused due to lipid per-
oxidation releases the liver enzymes into circulation and 
therefore the levels can be measured in the serum. Our 
results clearly showed that the level of  serum marker 
enzymes SGPT, SGOT, ALP and total bilirubin were  

Figure 3.  Showing group-I: LP treated normal group having 
normal hepatocytes with granular cytoplasm and each cell has a 
centrally located nucleus.

Figure 4.  Showing group–II: CCl4 treated toxic grouprevealed 
the cloudy swelling, fatty degeneration with displacement of  the 
nucleus of  hepatocytes and necrosis of  cells was clearly seen.

Figure 5.  Showing group-III: CCl4intoxicated group animals 
treated with CE of  C.ternata. This group showed almost normal 
hepatocytes with moderate portal system and normal lobular 
architecture.
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significantly increased whilst the total protein content was 
significantly decreased in CCl4-induced liver damage toxic 
group compared to LP treated normal control group. 
However, treatment with 100 mg/kg b.wof  CE and PE of  
C. ternata induced a significant fall in the levels of  serum 
transaminases (SGPT, SGOT), ALP and total bilirubin as 
well as raise in total protein content was noticed in compari-
son with toxic control group. These results are undoubted 
evidence that both CE and PE of  C.ternata protected 
the structural integrity of  hepatocyte cell membrane or 
regeneration of  damaged liver cells caused by CCl4. Sily-
marin, a well-established hepatoprotective drug used as 
positive control. Treatment with Silymarin showed signifi-
cant fall in the levels of  serum hepatic marker enzymes 
and also increases the total protein content in comparison 
with toxic control group. Free-radical (ROS) mediated 
oxidative stress is responsible for many diseases includ-
ing rheumatoid arthritis, cardiovascular disorders, cystic-
fibrosis, inflammation, neurodegenerative diseases, AIDS, 
and cancer.[32] Living cells have a number of  mechanisms  

to protect themselves from the toxic effects of  ROS. 
Antioxidant defense mechanisms are maximally involved 
in the inhibition of  ROS. SOD removes superoxide (O2

2–) 
by converting it to H2O2 and O2, which can be rapidly 
converted to water by CAT and GPX.[33] It is well doc-
umented that both SOD and CAT are the antioxidant 
enzymes play an important role in the elimination of  
ROS liberated during the peroxidative process of  xeno-
biotics in liver tissues. The observed increase of  SOD 
and CAT activities in CE and PE treatment groups com-
pared to toxic group suggests that CE and PE of  C. ter-
nata have an efficient protective mechanism in response 
to ROS. These findings also indicate that both CE and 
PE may be associated with decreased oxidative stress and 
free radical mediated oxidative damage. The localization 
of  radical formation resulting due to lipid peroxidation, 
measured as TBARS and expressed in the form of  MDA 
equivalents.In our study, the MDA levels were observed 
to be high in the CCl4 treated toxic group compared to 
LP treated normal group. The elevated MDA levels in 
toxic group may be due to enhanced lipid peroxidation 
leading to tissue damage and failure of  the antioxidant 
mechanism. Treatment with CE and PE of  C. ternata sig-
nificantly reversed these changes. Histopathological stud-
ies also revealed that both PE and CE of  C.ternata might 
play role in regulating hepatotoxicity. Hence, the mecha-
nism of  hepatoprotection of  CE and PE of  C.ternata may 
be due to its antioxidant effect. The cytotoxic, antioxidant 
and hepatoprotective effects were due to the presence 
of  various phytochemical compounds including tannins, 
flavonoids, polyphenols and alkaloids as reported from 
previous studies.[16,17] A number of  scientific reports indi-
cated the phytochemical compounds and their derivatives 
may be responsible for the antitoxic properties including 
cytotoxic, antioxidant and hepatoprotective activities.

CONCLUSION 

Both CE and PE of  C.ternata have an ability to protect 
the liver from CCl4 induced liver damage. In addition, they 
also exhibited anticancer activity. Both extracts may be 
associated with decreased oxidative stress and free radi-
cal mediated tissue damage because of  antioxidant and 
radical scavenging properties. Further, investigation is 
underway to determine the active principle involved in 
the process of  hepatoprotection and antioxidant activity.
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Figure 6.  Showing Group-IV: CCl4intoxicated group animals 
treated with PE of  C.ternata. This group showed recovery from 
hepatic damage.

Figure 7.  Showing Group-V: CCl4intoxicated group animals 
treated with Silymarin. This group showed normal hepatic cells 
each with well-defined cytoplasm, nucleus, nucleolus and well 
brought out central vein.
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