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Abstract

The study was carried out to evaluate the hepatoprotective activity of leaf and leaf callus extracts of Anisochilus carnosus (L)
Wall. against alcohol induced toxicity using HepG2 cell line. Leaf explants were cultured on Murashige and Skoog solid medium
supplemented with different growth regulators. Prior to the determination of hepatoprotective property leaf and leaf callus extracts
were subjected to the toxic dose study. The degree of hepatoprotection of extracts was determined by measuring cell viability
percentage by MTT assay. The preliminary phytochemical analysis of leaf and leaf callus extracts was carried out by qualitative
analysis. Maximum percentage of callus formation (98%) was obtained in MS medium fortified with 3 mg/l 2,4-D. HepG2 cells
were pretreated with the different concentrations (below toxic dose) of leaf and leaf callus extracts for 72 hours followed by
alcohol intoxication. Results revealed that ethanolic leaf extract pretreated HepG2 cells show 94% cell viability compared to
the standard silymarin pretreated HepG2 cells which showed 81% cell viability. Leaf callus extracts also exhibited significant
hepatoprotective activity where ethanolic callus extract pretreated HepG2 cells showed 86% viability after intoxication with alcohol.
Results revealed that HepG2 cell viability percentage is dose dependent. Phytochemical studies revealed the presence of different
secondary metabolites in leaf and leaf callus extracts. The bio-efficacy study confirms the presence of secondary metabolites of
hepatoprotective nature in leaf and leaf callus of A. carnosus.

Introduction
From last few decades medicinal plants have become the fo-
cus of intense study for the validation of their traditional uses.
In India, there are almost 8000 medicinal plant species which
comprise approximately 50% of the higher flowering plants [1].
Many efforts have been made to unravel the new hepatoprotec-
tive drugs of plant origin. Pharmaceutical companies spend con-
siderable time and money in developing therapeutics based on
natural products. It has been reported that about 170 phytocon-
stituents isolated from 110 plants belonging to 55 families pos-
sess hepatoprotective activity [2]. The rising incidence of Alco-
hol Liver Diseases (ALD), one of the most serious consequences
of the chronic alcohol abuse and is the second leading cause of
death among all liver diseases [3], has necessitated a search a for
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the new hepatoprotective drugs. Alcohol induces a number of ad-
verse metabolic changes in liver. Excessive consumption of alco-
hol for a long time leads to the steatosis, alcoholic hepatitis and
cirrhosis which results in weight and volume change of liver [4].
Studies on human HepG2 cell lines have shown in earlier studies
that ethanol is cytotoxic and is apoptotic in nature predominantly
in liver [5]. There are no satisfactory remedies available for liver
diseases; hence search for effective hepatoprotective drugs from
natural products is continued [6]. Plants have been source of di-
verse medicinal therapeutic agents. Only a small number of tra-
ditionally used medicinal plants have been scientifically evalu-
ated for the hepatoprotective property [7]. Screening of callus
extracts for biological activities paves a way for the mass pro-
duction of biologically viable secondary metabolites and thus
provides an alternative for the in vivo plant material and thereby
minimising any possible threat to the natural habitat of medici-
nal plants. A. carnosus (L) Wall. is an annual herb, 30-60 cm tall,
robust and branched with fleshy leaves. It grows in the regions of
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Hong Kong, Macao, Shangai, Tianjin, India, Myanmar and Sri
Lanka. The plant has been traditionally used for the treatment of
gastrointestinal disorders, respiratory disorders, cough, cold and
fever [8]. Its popular herbal preparation together with Ocimum
basilicum, Mentha piperita and Alpinia galanga is used against
the symptoms of influenza, dermatitis and the slight illness that
derives from the bites of bugs [9]. Essential oils have been ex-
tracted by hydrodistillation from the leaves and have been re-
ported to be antimicrobial in nature [10]. The plant has been
reported to have anti-inflammatory activity [11], antiulcer activ-
ity [12], antifungal property [13] and anticancer property [14]. In
the present investigation an attempt was made to screen leaf and
leaf callus extracts of A. carnosus for hepatoprotective activity
against ethanol induced toxicity using HepG2 cell lines.

Materials and Methods
Collection of plant material and callus induction

A. carnosus plants were collected from the Nilgiri Hills, West-
ern Ghats of Tamil Nadu, India and are being maintained in
the medicinal plant garden of Department of Studies in Botany,
University of Mysore, Mysuru. Healthy leaf explants were col-
lected from the mother plant and were washed under running
tap water for ten minutes to remove the soil and dust particles
followed by treatment with fungicide bavistin (1% w/v) for 5
minutes. Explants were then washed thrice with sterile double
distilled water and were treated with mercuric chloride (0.01%
w/v) for 5 minutes followed by washing thrice with sterile dou-
ble distilled water. Inside laminar airflow, leaf explants were cut
into small pieces (1 sq.cm) and were inoculated onto the MS
medium containing 3% sucrose, 0.08% agar and fortified with
different concentrations of auxins. Prior to autoclaving at 121◦C
for 15 min, pH of the medium was adjusted to 5.8 using 1N
NaOH and 1N HCl. The culture flasks were maintained in the
incubation chamber under a 16 hours photoperiod at light in-
tensity of 25µmol/s2/m2 for 4 weeks. Each experiment was per-
formed with five replicate and repeated thrice. The callus cul-
tures were maintained for the period of five months and were pe-
riodically subcultured with 2-3 weeks of interval onto the fresh
MS medium for callus proliferation. Subsequently, the callus
was harvested at the transfer age of 3 weeks, kept in hot oven
at 60 0C for 24 hours till a constant dry weight was obtained
and the callus was then further exploited for extraction and hep-
atoprotective evaluation. Dry leaves and the in vitro leaf derived
callus was coarse powdered using electric homogenizer. Aque-
ous extraction was carried out by mixing leaf and leaf callus
coarse powder separately with deionised water in the ratio of 1:5
(w/v) in conical flask and allowed to settle in an oven at 500C
for 72 hours with occasional shaking. After 72 hours the ex-

tracts were filtered using Whatman filter paper [15]. The filtrate
was lyophilised to dryness and stored in vials at 50C for further
use. Solvent extraction was carried out by taking 25 grams of
dry leaf and callus coarse powder and filled in a thimble sepa-
rately and extracted sequentially with 200 ml of petroleum ether,
chloroform, ethyl acetate, ethanol and methanol in Soxhlet ex-
tractor for 48 hours. The solvent extracts were concentrated un-
der reduced pressure and were stored at 50C in vials for fur-
ther use. All the leaf and leaf callus extracts were dissolved in
1% DMSO for the bio-efficacy evaluation [16]. HepG2 (Nor-
mal Human Liver Cell Line) cell culture was procured from Na-
tional Centre for Cell Sciences (NCCS), Pune, India. Stock cells
of HepG2 cell line were subcultured as monolayers in DMEM
(Dulbecco’s Modified Eagle’s Medium) supplemented with 10%
FBS (Fetal Bovine Serum) and penicillin (100 µg/ml) [17]. Prior
to the screening of hepatoprotective activity, toxic dose studies
of extracts (both leaf and leaf callus) and silymarin were carried
out by MTT assay (3-(4,5-dimethylthiazole-2 yl)-2,5 diphenyl
tetrazolium bromide). The IC50 value of ethanol was also cal-
culated by MTT assay [2]. HepG2 cells were subcultured, after
72 hours medium supernatant was flicked off, cell monolayer
was trypsinized and the cell count was adjusted to the 1.0 x
105 cells/ml. To each well of the 96 well plate 200 µl of di-
luted cell suspension (1x105 cells approximately) was added
and the plates were incubated for 72 hours at 370C and 5%
CO2 for 24 hours. After 72 hours when monolayer of cells was
formed, medium supernatant was flicked off and the 200 µl of
DMEM containing leaf and leaf callus extracts in concentra-
tions below toxic dose was added to each well containing cell
monolayer. The plates were then incubated for 72 hours at 370C
and 5% CO2. This boosting of cells with the different extracts
is also known as pre-treatment protocol. After 72 hours, the
medium containing extracts was flicked off and DMEM contain-
ing ethanol at 150 mM concentration was added to the each well
containing extract and silymarin pretreated cell monolayers. The
plates were again incubated for 72 hours at 370C and 5% CO2.
After 72 hours of incubation, medium containing ethanol was
flicked off and 100 µl of 5% MTT reagent in DMEM was added
to each well and the plates were again incubated at 370C for 3
hours. After 3 hours, the supernatant was discarded and 100 µl of
solubilisation solution (1% DMSO) was added to each well and
the plates were gently shaken in gyratory shaker to solubilise the
formed formazan [18]. The absorbance was then measured by
using microplate reader at 630 nm and the percentage of growth
inhibition was calculated using formula given as under:

Growth inhibition(%) =
Mean OD of the test group

Mean OD of control group
× 100
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All the assays were carried out in triplicates and the data analysis
was carried out by using SPSS, DMRT. Preliminary phytochem-
ical analysis of leaf and leaf callus extracts was carried out by
the method described by Sinha et al [19].

Results
Callus induction was observed along the cut edges of leaf seg-
ments after two weeks of inoculation on MS medium supple-
mented with auxins. Callus induction percentage varied with re-
spect to the concentration of the growth regulator used and the
age of the explant. Young explants cultured on MS medium aug-
mented with 2,4-D (1 mg/l – 3 mg/l) showed high percentage of
callus induction and proliferation. IBA and NAA supplemented
medium induced hard and compact callus with low percentage of
proliferation (Table 1). Cytotoxic study of leaf and leaf derived
callus extracts of A. carnosus was carried out to standardise
extract concentrations and evaluate their hepatoprotective activ-
ity. Results revealed that A. carnosus (both leaf and leaf callus)
above 225 µg/ml concentration is toxic to the HepG2 cells where
the cell viability percentage was reduced to 40%. MTT assay for
cytotoxicity of standard drug silymarin revealed that concentra-
tion above 75 µg/ml is toxic to the cells and hence 75 µg/ml was
used as the test concentration for the subsequent study. IC50

value of ethanol was reported to be 150 mM (0.69% ethanol).
Cytotoxic effect of different concentrations of leaf, leaf callus
and silymarin is presented in Fig.1.

Figure 1 Cytotoxic effect of silymarin, leaf extracts and leaf callus
extracts of A. carnosus onHepG2 cells.

Change in cell viability percentage on ethanol induced toxi-
city in HepG2 cells pretreated with different leaf and leaf callus
extracts was carried out by MTT assay. Ethanol (150 mM) intox-
icated HepG2 cells showed a percentage viability of 50% after
72 hrs. A. carnosus leaf and leaf callus extracts were tested at

100 µg/ml and 200 µg/ml concentration for their hepatoprotec-
tive activity. Out of the different extracts of leaf and leaf callus,
polar solvent extracts like, aqueous, ethanol and methanol pre-
treated cells showed significant viability percentage after intox-
ication with ethanol. HepG2 cells pretreated with leaf and leaf
callus extracts showed a dose dependent increase in percentage
viability. The cell viability ranged from 60% to 94% in leaf ex-
tracts and 58% to 86% in leaf callus extract pretreated cells.

The maximum cell viability percentage (94%) was reported
in ethanolic leaf extract pretreated HepG2 cells at 200 µg/ml.
Out of the callus extracts, 86% cell viability was reported in
ethanolic callus extract pretreated HepG2 cells. Silymarin pre-
treated HepG2 cells showed maximum 81% cell viability. The
cell viability percentage of HepG2 cells pretreated with leaf and
leaf callus extracts is presented in Table 2 & 3.

Preliminary phytochemical analysis of leaf and leaf callus ex-
tracts revealed the presence of Alkaloids, flavonoids, saponins,
phytosterols, phenols, terpenoids, triterpenoids and sterols.

Discussion
The study was aimed to evaluate the hepatoprotective property
of leaf and leaf callus extracts of A. carnosus. Effect of aux-
ins on callus induction has been reported earlier by many au-
thors [20–22]. In our study, 2,4-D supplemented MS medium
was found to induce maximum callusing in leaf segments. Our
results are directly in concurrence with the earlier findings re-
ported by Rout et al (1999) [20] and Manickam et al., (2000) in
Plumbago zeylanica and Withania somnifera [23] respectively.
Drug, whether synthetic or natural, if consumed in excess dose
damages the liver cells. This is the reason; toxic dose study of
drug is carried out. In the present study, cytotoxic study of A.
carnosus leaf and leaf callus extracts was carried out by MTT
assay before the extracts were subjected to the hepatoprotective
activity. The principle involved is the cleavage of tetrazolium
salt into its blue coloured derivative formazan; the process takes
place in the inner mitochondrial membrane where an enzyme
succinate dehydrogenase cleaves the tetrazolium salt. Only the
living cell mitochondria reduces the MTT to coloured formazan,
therefore the concentration of the dye is directly proportional
to the number of metabolically active cells. The MTT assay re-
vealed that concentration of A. carnosus leaf and leaf callus
above 225 µg/ml kill 60% of the cells. Toxic dose studies of the
plant extract lays the foundation for the formulation of any type
of herbal remedy [24]. In the present investigation, ethanol was
used as hepatotoxicant. Ethanol induced live injury is encom-
passed by wide spectrum of lesions, the most characteristic be-
ing alcoholic steatosis (fatty liver), alcoholic hepatitis, alcoholic
fibrosis and cirrhosis [25]. Results revealed that ethanol treated
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Table 1 Influence of auxins on callus induction from theleaf segments of A. carnosus

MS medium+Plant Growth
Regulator mg/l

Mean percentage of callus
induction

MS medium+Plant Growth
Regulator mg/l

Mean percentage of callus
induction

2,4-D IAA
0.5 68 0.5 43
1.0 86 1.0 47
1.5 90 1.5 56
2.0 90 2.0 62
2.5 92 2.5 64
3.0 98 3.0 70
3.5 72 3.5 76
4.0 70 4.0 79
4.5 74 4.5 82
5.0 68 5.0 78
IBA NAA
0.5 32 0.5 30
1.0 42 1.0 36
1.5 58 1.5 42
2.0 58 2.0 46
2.5 62 2.5 53
3.0 68 3.0 58
3.5 72 3.5 60
4.0 65 4.0 63
4.5 60 4.5 68
5.0 62 5.0 68

∗Alltreatments with 6 replicates and were repeated thrice. Callusing percentage:(Number of explants callused/Total number of explants inoculated) x
100.

Table 2 The cell viability percentage of the HepG2 cells pretreated with
leaf extracts of A. carnosus

Leaf Extracts Concentration (µg/ml) % cell viability

Aqueous 100
200

82±0.32
85±0.26

Ethanol 100
200

88±0.51
94±0.56

Methanol 100
200

78±0.57
86±0.38

Ethyl acetate 100
200

73±0.20
76±0.35

Petroleum ether 100
200

60±0.31
60±0.32

Chloroform 100
200

60±0.38
60±0.42

Silymarin 75 81±0.53
Control Only cells 100

*Allthe MTT assays were repeated thrice. Each value represents
Mean±S.D.Statistical analysis done by SPSS

groups of HepG2 cells showed a drastic decrease in the cell via-
bility when compared to the HepG2 cell pretreated with the leaf
and leaf callus extracts. Increase in the percentage of cell viabil-
ity in pretreated HepG2 cells indicates that the cells get boosted
up upon treatment with extract and does not allow oxidation to
take place upon intoxication with ethanol. In our study, HepG2
cells pretreated with leaf and leaf callus extracts showed percent-
age viability more than that of positive control silymarin. The
cell viability relies on the structure of membrane and any dam-

Table 3 The cell viability percentage of the HepG2 cells pretreated with
leaf callus extracts of A.carnosus

Callus Extracts Concentration (µg/ml) % cell viability

Aqueous 100
200

70±0.67
74±0.31

Ethanol 100
200

78±0.20
86±0.43

Methanol 100
200

80±0.43
83±0.21

Ethyl acetate 100
200

62±0.42
66±0.32

Petroleum ether 100
200

63±0.45
65±0.40

Chloroform 100
200

58±0.23
60±0.45

Silymarin 75 81±0.53
Control Only cells 100

*All the MTT assays were repeated thrice. Each value represents
Mean±S.D. Statistical analysis done by SPSS.

age to cell membrane causes leakage of the cellular enzymes and
consequently a cell death [2]. Results revealed that HepG2 cells
pretreated with aqueous, ethanol and methanol leaf and leaf cal-
lus extracts of A. carnosus show a dose dependent increase in
the cell viability. The dose dependent cytoprotection has been
reported in other plants like Cassia roxburghii [26],Polygonum
multiflorum [27], Andrographis paniculata [28] and Rumex vesi-
carius [29]. Kanchana and Jayapriya, (2013) [30] described in
their study that the increase in the cell viability percentage may
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be a consequence of membrane stabilisation boosted by phyto-
chemicals and they further demonstrated that the plant extracts
elevate the tissue antioxidant defence enzymes and thus tackles
oxidative stress. Several researchers have concluded that the an-
tioxidant activity of plant extract is generally attributed to the
presence of phenolic compounds [31, 32]. Preliminary qualita-
tive phytochemical studies revealed the rich presence of phenolic
compounds in leaf and leaf callus extracts which could possi-
bly be attributed to hepatoprotective nature of the extracts. Cal-
lus cultures have proved to be of great importance in alternative
medicine in recent times as it paves a way for the establishment
of callus cell lines for the mass production of the pharmacolog-
ically and biologically active secondary metabolites. Our results
revealed that leaf callus extracts of A. carnosus possess hep-
atoprotective activity against ethanol induced toxicity in HepG2
cells. The chemical constituents of leaf and leaf callus extracts
may have interrupted the reaction of ROS with cell proteins and
nucleic acids and thus preventing the formation of adducts by
acting as scavengers and thereby stabilising the cell membrane
resulting in increased cell viability. Our inference is in concur-
rence with the earlier studies carried out by Santhosh et al. [33],
Kamel et al [34] and Bhagyashree et al [35].

Conclusion
Ethanol induces production of reactive oxygen species (ROS),
leading to huge oxidative stress which damages the liver cells.
A. carnosus leaf and leaf callus extracts have shown the dose
dependant hepatoprotection against ethanol. The results suggest
the presence of active phytoconstituents in leaf and leaf cal-
lus extracts which strengths antioxidant defence in cells and
thus minimising the chances of production of free radicals. Our
study further confirms the hepatoprotective property of leaf cal-
lus, which adds the extra feather to our study as the callus cul-
tures could be used for the mass production of desired secondary
metabolites and may also be used as replacement for the in vivo
plant material and thus minimising the chances of threat to nat-
ural population of medicinal plants. Furthermore phytochemi-
cal analysis needs to be carried out to isolate and characterise
the bioactive compounds from leaf and leaf callus extracts with
hepatoprotective activity and for further authentication pharma-
cological studies also need to be carried out.
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