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The present study is an attempt to determine the combined hepatoprotective potential of hydroethanolic
leaf extracts of Murraya koenigii and Phyllanthus
niruri against paracetamol (PCM) and ethanolinduced toxicity in human hepatoma HepG2 cell line.
Toxicity in cells was induced by treatment with 15 mM
PCM and 50 mM ethanol for 24 h as manifested by a
significant (P < 0.05) decrease in cell viability, increase in the leakage of serum glutamate oxaloacetate
transaminase and serum glutamate pyruvate in culture medium, increase in lipid peroxidation and reduction in reduced glutathione in cell lysate. These
alterations were significantly ameliorated when cells
were treated with a combination of hydroethanolic
leaf extracts of M. koenigii and P. niruri, and silymarin during both prophylactic and curative studies.
Both post-treatment (curative) and pre-treatment
(prophylactic) with the combination of plant extracts
were able show effective hepatoprotection. This was
also evident during morphological studies. The combination of plant extracts thus holds immense potential for future use as a hepatoprotectant.
Keywords: Ethanol, hepatoprotection, HepG2 cell line,
Murraya koenigii, paracetamol, Phyllanthus niruri.
LIVER ailments claim several thousands of lives every
year around the globe. Despite the advances in modern
medicine, it offers limited success in providing a cure for
hepatic disorders further accompanied with severe side
effects as aftermaths of the treatment1. In the absence of
effective modern drugs for liver disorders, today scientists face a serious challenge to explore the hepatoprotective potential of plants based on their traditional use.
Murraya koenigii commonly known as curry tree and
Phyllanthus niruri locally known as ‘bhui amlaki’ have
long been used in traditional medicine for the cure of
different ailments.
Leaves of M. koenigii, a member of the family Rutaceae, are used as a spice and condiment in India because
of their rich aromatic flavour 2. They form an integral part
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of the Indian cuisine. In traditional medicine M. koenigii
has been used for the treatment of diarrhoea, dysentery,
nausea, eruptions and insect bites and as a stimulant,
stomachic, antipyretic and analgesic3. Recent studies
have established antioxidant4, antidiabetic5, anticarcinogenic6, antimicrobial7 and hepatoprotective8 potential of
curry leaves. Phytochemical studies have revealed the
presence of organic constituents such as coumarins,
terpenoids, alkaloids and essential oils in M. koenigii
leaves9.
P. niruri, a small herbaceous weed belonging to the
family Euphorbiaceae has long been used as an important
medicinal plant in traditional medicine for the cure of
ailments ranging from jaundice, hepatitis, stomach ache,
gonorrhoea, asthma, urolithic disease, fever, malaria,
vaginitis to tuberculosis10. Present-day research has elucidated its antioxidant11, hepatoprotective12, antiviral13,
hypolipidaemic14, anticarcinogenic15 and antidiabetic16
potential. The plant extracts have been reported to possess alkaloids, flavonoids, tannins, lignans, polyphenols,
triterpenes, sterols and volatile oils17.
Individually M. koenigii and P. niruri plant extracts
have been reported to possess hepatoprotective potential,
but the effect of a combination of extracts has not been
reported. Earlier work has determined the hepatoprotective potential of aqueous leaf extract of M. koenigii
against ethanol-induced damage in HepG2 cell line18.
Hepatoprotective potential of whole plant extract for
different Phyllanthus species has been studied against
ter-butyl hydroxide-induced cytotoxicity in HepG2 cell
line19. The present study was aimed at determining the
combined hepatoprotective potential of hydroethanolic
leaf extracts from M. koenigii and P. niruri against
paracetamol (PCM) and ethanol-induced toxicity in
HepG2 cell line.
The leaf samples for M. koenigii and P. niruri were
obtained from Medicinal and Aromatic Plant Research
Development Centre (MRDC), Pantnagar, US Nagar,
India and taxonomically authenticated from the Department of Biological Sciences, G.B. Pant University of
Agriculture and Technology, Pantnagar, US Nagar, India.
The leaves were shade-dried and on complete drying
were ground to make a fine powder. Alcohol water
extract (AWE) (1 : 1) was prepared from dried leaf powder using the used method of Ningappa et al.4, with slight
modifications. One gram of shade-dried powder was
added to 50 ml of ethyl alcohol : water (1 : 1) and the
solution was homogenized. The resultant suspension was
centrifuged at 11,000 rpm for 10 min at 4C. The supernatant was filtered using Whatman No. 1 filter paper.
AWE was rotary-evaporated at 40C and later freezedried in a lyophilizer.
HepG2 cells (human hepatocellular carcinoma cell
line, passage no. 3), obtained from the National Centre
for Cell Sciences, Pune, India were maintained in culture
in 25 cm2 polystyrene flasks (Nunc Thermo Scientific)
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with minimum essential medium (MEM) (Sigma, USA)
containing 10% FBS (HyClone, USA), 1% antibiotic–
antimycotic solution, 1 mM sodium pyruvate and 1.5 g/l
sodium bicarbonate under an atmosphere of 5% CO2 at
37C until confluent. Continuous cultures were maintained by subculturing every 6 days at 105 cells/25 cm2
flask by trypsinization. HepG2 cells in exponential
growth phase, i.e. after 24 h of growth post-subculturing
in pre-confluent state were used for the experiments.
MTT [3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide]-based cytotoxicity assay was used to
determine the IC 50 of PCM, ethanol, AWE of M. koenigii
leaves (AWEMK), AWE of P. niruri leaves (AWEPN)
and silymarin20.
For prophylactic study, HepG2 cells were grown in
six-well plates seeded at a concentration of 1  105 cells
per ml (2 ml/well) for 24 h at 37C. Cells were preconditioned with different plant extracts (alone and in combination) and silymarin for 24 h followed by treatment with
15 mM PCM and 50 mM ethanol for 24 h. The experiments were carried out in the following groups:
Group I: Vehicle control – cells + media as vehicle control.
Group II: Negative control – cells + 15 mM PCM +
50 mM ethanol.
Group III: Positive control – cells + 15 mM PCM +
50 mM ethanol + 10 g/ml silymarin.
Group IV: AWE of M. koenigii – cells + 15 mM PCM +
50 mM ethanol + 100 g/ml AWEMK.
Group V: AWE of P. niruri – cells + 15 mM PCM +
50 mM ethanol + 20 g/ml AWEPN.
Group VI: Combination of AWEs – cells + 15 mM
PCM + 50 mM ethanol + 50 g/ml AWEMK + 10 g/ml
AWEPN.
For curative study, cells were grown in six-well plates
seeded at a concentration of 1  105 cells per ml (2 ml/
well) for 24 h at 37C. Damage was induced by treating
the cells with 15 mM PCM and 50 mM ethanol for 24 h
followed by treatment with different plant extracts (alone
and in combination) and silymarin for 24 h. The experimental groups and doses used for plant extracts and silymarin were similar to the prophylactic study.
For cytoprotection assay, HepG2 cells were grown in
96-well plates for 24 h at a concentration of 5  104 cells
per ml (104 cells/well, 200 l/well) at 37C. Cell viability
was determined for both prophylactic and curative
studies using the MTT assay and results were expressed
as % cytoprotection21.
% Cytoprotection = % Viability of treatment group
– % Viability of negative control.
Biomarker enzymes serum glutamate oxaloacetate transaminase (SGOT) and serum glutamate pyruvate transaCURRENT SCIENCE, VOL. 109, NO. 7, 10 OCTOBER 2015

minase (SGPT) were spectrophotometrically assessed in
spent media as an indicator of cellular damage by kinetic
method kits (Erba Mannheim, Germany).
For measurement of lipid peroxidation (LPO) and reduced glutathione (GSH), the cells were grown in six well
plates at a concentration of 1  105 cells per ml (2 ml/
well) for 24 h at 37C. The cells were treated in triplicate
with plant extracts and toxicants as described earlier. After treatment the cells were trypsinized and the pellet was
washed twice with PBS at 4C. The cell pellet (1  107
treated cells/ml of lysis buffer) was then lysed in cell lysis buffer (50 mM HEPES buffer, pH 7.0, 150 mM NaCl,
1 mM Na2EDTA, 1% Triton X-100) by repeated pipetting. The homogenate was then centrifuged (10,000 rpm,
4C, 10 min) and the supernatant (cell extract) was used
for further experiments. Total protein was estimated in
the cell extract using Bradford’s method22.
The total glutathione level was quantified using
Ellman’s method23. Total glutathione was determined by
kinetic method from a standard curve of reduced glutathione. The results are expressed in nmol/mg of protein.
The extent of lipid peroxidation was estimated by the
levels of malondialdehyde (MDA) measured using the
thiobarbituric acid reactive substances (TBARS) assay at
535 nm (ref. 24). The results are expressed as nmol/mg
of protein using a molar extinction coefficient of 1.56 
105 M–1 cm–1.
Morphology of the HepG2 cells was observed to
evaluate the extent of degenerative changes and recovery
for both prophylactic and curative treatment.
Results are reported as mean  SD or SEM. Total
variation present in a group was determined by one-way
analysis of variance (ANOVA), and Student’s t-test was
used to determine significance25. The graphs were prepared using the software GraphPad Prism 5.
The present study reveals the hepatoprotective potential of AWEs of M. koenigii and P. niruri against PCM
and ethanol-induced toxicity in HepG2 cell line.
The percentage of yields of prepared AWE for M. koenigii
leaves was found to be 19.7  0.4, whereas for P. niruri
leaves it was 20.2  2.4. An earlier study has reported a per
cent yield of 12 for AWE of M. koenigii leaves7.
HepG2 cells retain several specialized functions which
are characteristic of normal hepatocytes and hence are
used as a model for extensive toxicity studies of the
liver 26. The IC50 values for silymarin, AWEPN and
AWEMK were found to be 200, 600 and 800 g/ml respectively. HepG2 cells showed growth equivalent to
normal untreated cells at a concentration of 10 g/ml
silymarin, 20 g/ml AWEPN, 100 g/ml AWEMK and
combination of extracts with 50 g/ml of AWEMK and
10 g/ml of AWEPN (data provided in Supplementary
Material; see online). Individual IC50 for PCM and ethanol
was found to be 15 and 100 mM respectively, whereas
when given together at the same time 15 mM PCM and
50 mM ethanol resulted in 50% cell cytotoxicity.
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Figure 1. Cytoprotective effects of preconditioning and post-treatment of alcohol water extract (AWE) of Murraya koenigii and Phyllanthus niruri against paracetamol- and ethanol-induced cytotoxicity in HepG2 cells for
24 h. Percentage of cytoprotection is calculated as: Percentage of viability of cells treated with plant extracts –
percentage of viability of cells treated with paracetamol and ethanol. Each value represents mean  SEM (n = 3).
P value versus negative control (PCM + ethanol): c < 0.01.

PCM toxicity involves initial metabolism of paracetamol into a reactive metabolite NAPQI (N-acetyl-p-benzoquinone imine) followed by its binding to cellular
proteins, especially to mitochondrial proteins. In later
stages this protein binding induces mitochondrial oxidative stress which eventually leads to necrotic cell death 27.
The major enzyme involved in metabolism of PCM is
Cyp2E1 and ethanol acts as its inducer, henceforth enhancing the damage induced by PCM28.
In the prophylactic study it was observed that a combination of extracts gave significant cytoprotection (27%)
in comparison to 16% cytoprotection provided by silymarin (Figure 1). The cytoprotection provided by the
plant extracts during preincubation may be due to (i) their
interference with the metabolic activation of paracetamol
by Cyp450 enzymes; (ii) by interfering with the binding
of NAPQI to cellular proteins at the initial steps of
paracetamol toxicity, or (iii) because of their antioxidant
properties which avoid mitochondrial oxidative stress in
later stages. Akanitapichat et al.21 have shown that preincubation with 50 and 100 g/ml of eggplant extracts was
effectively able to protect HepG2 cells against the cytotoxicity caused by 300 M of tert-butyl hydroperoxide
(t-BuOOH). They demonstrated that phenolic antioxidants present in the eggplant extracts are responsible for
their hepatoprotective effect against t-BuOOH-induced
toxicity.
Post-treatment of cells with a combination of plant
extracts after challenging them with paracetamol and
ethanol for 24 h, showed a significant cytoprotection
(29.2%) compared to 16.3% for treatment with silymarin
(Figure 1). Curative study ensures that cytoprotection by
plant extracts occurs as a result of their antioxidant potential to quench reactive oxygen species (ROS), thus
avoiding mitochondrial oxidative stress and eventually
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cell death. It has already been established that delayed
treatment with antioxidants which scavenge ROS inhibits
paracetamol-induced toxicity without relevant effect on
metabolic activation and protein binding of NAPQI29 .
Curative treatment with plant extracts was found to be
more potent than the prophylactic treatment, as is evident
from Figure 1.
The cells on treatment with PCM and ethanol showed a
significant (P < 0.05) increase in the levels of SGOT and
SGPT leakage in the culture medium for both prophylactic and curative studies in comparison to the untreated
normal cells. The marked increase in the levels of SGOT
and SGPT signifies damage to the structural integrity of
hepatocellular plasma membrane, thus leading to their
leakage from cytoplasm into culture medium30.
During the curative study post-treatment of HepG2
cells with silymarin, AWEMK, AWEPN and a combination of AWEs for 24 h was able to significantly
(P < 0.05) restore the increased levels of SGOT and
SGPT to near normalcy compared to PCM and ethanoltreated cells (Figure 2 a and b). The combination of
extracts showed 71% decrease in SGOT and 47%
decrease in SGPT levels in comparison to PCM and ethanol-treated cells of Group II. Peng et al.31 have shown
that post-treatment with the fractions isolated from Ganoderma resinaceum was able to protect HepG2 cells
against oxidative damage induced by hydrogen peroxide
(H2 O2 ). The three fractions – ganoderesin B, ganoderol B
and lucidone A – showed inhibitory effects against the
increase of SGPT and SGOT levels in HepG2 cell culture
medium induced by H2 O2 compared to a control group
treated only with H2 O2.
Preincubation with plant extracts and silymarin was
able to significantly (P < 0.05) ameliorate the increase in
the levels of SGOT and SGPT (Figure 2 a and b). The
CURRENT SCIENCE, VOL. 109, NO. 7, 10 OCTOBER 2015
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Figure 2. Effect of silymarin and plant extracts, i.e. alcohol water extract (AWE) of M. koenigii leaves (AWEMK),
AWE of P. niruri leaves (AWEPN) and combination of extracts (AWEMK + AWEPN) on biochemical and antioxidant
parameters against paracetamol (PCM) and ethanol-induced toxicity (prophylactic and curative study). a, Representation
of serum glutamate oxaloacetate transaminase. b, Serum glutamate pyruvate transaminase. c, Lipid peroxidation. d,
Reduced glutathione. All values represent mean  SEM (n = 3). P value versus vehicle control: A <0.001; B <0.01;
C <0.05. P value versus negative control: a <0.05; b < 0.01; c < 0.001; d, Not significant. P value versus positive control:
p < 0.05; q < 0.01; r < 0.001; s, Not significant. P value versus AWEMK: e <0.05; f <0.01; g <0.001; h, Not significant.
P value versus AWEPN: i <0.05; j <0.01; k <0.001; l, Not significant.

combination of extracts showed maximum percentage
decrease in the elevated levels of SGOT (44) and SGPT
(46) in spent medium.
Both studies showed that a combination of extracts
possessed significant (P < 0.01) hepatoprotective effect,
emphasizing its membrane-stabilizing property.
GSH plays an important role of intracellular antioxidant in cells and prevents damage by ROS to important
cellular components by reducing them. During paracetamol-induced toxicity excess binding to NAPQI leads to
depletion of GSH. This depletion in turn leads to excessive generation of ROS which ultimately leads to LPO
and increase in the levels of MDA32 .
During prophylactic study preincubation of cells with
silymarin, AWEMK, AWEPN and a combination of
AWEs for 24 h was able to ameliorate the increase in
MDA content and decrease in GSH content (Figure 2 c
and d) in comparison to Group II. Cells preincubated with
CURRENT SCIENCE, VOL. 109, NO. 7, 10 OCTOBER 2015

silymarin showed 57% increase in GSH content, and 36%
increase when preincubated with a combination of AWEs
in comparison to Group II. Furthermore, the cells preconditioned with silymarin showed 41% decrease whereas
preconditioning with a combination of AWEs showed
67% decrease in MDA levels. This protection against
PCM and ethanol-induced oxidative stress is in agreement with a similar study33, where preconditioning of
HepG2 cells with plant extracts of Lavandula coronopifolia (10–50 g/ml) for 24 h was able to alleviate the
increase in LPO and decrease in GSH induced by ethanol.
Post-treatment of cells with silymarin, AWEMK,
AWEPN and a combination of AWEs for 24 h was able
to significantly (P < 0.05) alleviate this increase in MDA
and decrease in GSH content (Figure 2 c and d). Posttreatment with silymarin caused 76% increase in GSH
content, whereas treatment with a combination of AWEs
showed 72% increase in GSH content in comparison to
1323
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Figure 3. Effect of different treatments on HepG2 cell morphology. a, Normal untreated cells showing regular
morphology. b, Cells treated with PCM (15 mM) and ethanol (50 mM) showing (i) excessive granulation, (ii)
clumping and (iii) detachment. c, Curative treatment of cells with combination of AWEMK and AWEPN shows
repair by restoring morphology similar to normal untreated cells (i). d, Prophylactic treatment with a combination
of AWEMK and AWEPN protects the cells from damage induced by PCM and ethanol as is evident with restoration of cell structure (i).

Group II. This was accompanied with 42% decrease in
MDA content in silymarin-treated cells, and 65%
decrease in MDA content in cells treated with a combination of AWEs.
The restoration of normal levels of GSH and decrease
in the amount of MDA generated in both prophylactic
and curative studies signifies the antioxidant nature of
plant extracts and thus their ability to revert damage
caused by free radicals. The plant extracts, i.e. AWEMK
and AWEPN were found to possess significant antioxidant potential during DPPH radical scavenging assay
(data not given). Previous work has established the presence of flavonoids, phenols, tannins or lignans in leaf extracts of M. koenigii34 and P. niruri, which have been
known for their rich antioxidant and hepatoprotective
properties35. Phyllanthin and hypophyllanthin found in
Phyllanthus species have been reported to be hepatoprotective against carbon tetrachloride (CCl4 )-induced cytotoxicity in hepatocytes36. As shown in the present study, a
combination of extracts provides significant (P < 0.05)
hepatoprotection in comparison to individual plant
extracts and silymarin treatment. This may be due to
1324

combinatorial effect of phytochemicals present in the
plant extracts. Further studies at the biochemical and
molecular level are required to determine the extent of
effect of phytoconstituents at the cellular level.
Earlier work has also shown that five phenolic compounds, namely luteolin, quercetin, rosmarinic acid, luteolin-7-glucoside and caffeic acid were able to protect
HepG2 cells from oxidative stress against tert-butylhydroperoxide (t-BHP) by restoring the decreased levels
of GSH37. It has been further reported that treatment with
caffeic acid, rosmarinic acid, their combination and
aqueous Perilla frutescens leaf extract enhances the intracellular GSH level and exhibits a significant decrease
in MDA levels in HepG2 cells treated with 0.3 mM
t-BHP38. Several other studies have shown the hepatoprotective potential of herbal extracts or products in HepG2
cells39–41.
The curative effect of a combination of AWEs was
found to be more potent in comparison to the prophylactic effect, elucidating the fact that plant extracts interfered in the steps involved after generation of NAPQI
from PCM. The better curative effect can be presumed to
CURRENT SCIENCE, VOL. 109, NO. 7, 10 OCTOBER 2015
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have potentiated from the efficient replenishment of GSH
and antioxidant nature of AWEs in comparison to the
prophylactic study where early exposure to plant extracts
interferes with the initial steps of metabolism of PCM to
NAPQI by Cyp 450. Further evaluation at the molecular
level needs to be carried out to demonstrate the actual
molecular events participating in this phenomenon.
The hepatoprotective potential of plant extracts and
silymarin was further substantiated by evaluating the
morphology of HepG2 cells. Normal cells (Figure 3 a)
after treatment with PCM (15 mM) and ethanol (50 mM)
showed granulation and detachment as is visible in Figure
3 b. During the prophylactic study, preconditioning with a
combination of AWEMK and AWEPN was able to protect the cells against PCM and ethanol-induced cytotoxicity. The cells were found to show normal morphology
with intact cell membranes (Figure 3 c). Curative treatment with plant extracts was able to show effective cytoprotection against paracetamol and ethanol-induced cell
damage (Figure 3 d). Thus, the morphology study is supportive of effective hepatoprotective potential of a combination of AWEMK and AWEPN.
It has been previously reported that cytotoxicity induced by ethanol in HepG2 cells was reversed by water
extract, tannins and carbazole alkaloids isolated from M.
koenigii leaves. The plant extracts were able to restore
normal cell morphology similar to untreated cells, showing no ballooning as is visible in ethanol-exposed cells19.
This study signifies the hepatoprotective potential of
AWEs of M. koenigii and P. niruri (alone and in combination) during both prophylactic and curative studies. The
antioxidant-rich plant extracts were able to show significant (P < 0.05) per cent cytoprotection, reduction in leakage of SGOT and SGPT, decrease in MDA content and
increase in GSH content in comparison to PCM and ethanol-treated cells. The plant extracts showed effective
protection against radical damage accompanied with
membrane stabilization. The combination of extracts
showed immense potential as a hepatoprotectant with
curative treatment showing better results in comparison
to prophylactic treatment. Thus, it holds great promise for
use as a polyherbal formulation for treatment of liver
ailments.
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Toxicity study in mice fed with corn
produced in soil containing tannery
sludge vermicompost and irrigated
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Growing food in unconventional systems such as those
using irrigation with domestic wastewater and the use
of potentially toxic waste has generated resistance
from producers and consumers. Here, we evaluate the
possible physical and biochemical damage to Swiss
mice fed for 13 weeks with corn produced in soil containing tannery sludge vermicompost and irrigated
with wastewater from domestic sewage. The corn was
offered as an additional food to standard rodent chow
at a daily concentration of 15 g/kg of body mass. The
results showed no changes in body weight of the animals during the experimental period. The consumption of grain and weight gain of the animals was
stable. The total protein, albumin, globulin and alkaline phosphatase levels did not differ among experimental groups. In addition, macroscopic analysis of
the liver of the animals showed no sign of injury or
disorders. Thus, we preliminarily conclude that the
maize produced in this way is innocuous to animals.
However, further studies are needed to evaluate other
variables not measured in the present study which can
contribute to food security and the nutrition of the
corn thus produced.
Keywords: Agro-industrial waste, animal models, toxicity, wastewater.
INDUSTRIAL processes and human activities generate
waste that can be harmful to the environment and human
health1. Such waste is a serious threat to the present quality of life2 and is typified in the wastes generated from
processing of bovine leather.
While these activities do generate significant profits
and contribute to the economic and social development of
a country, they also produce significant amounts of
waste. This problem is intensified, especially when one
considers that in many tanning industries waste/effluent
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