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ABSTRACT

Object: Cancer has become leading cause of death in India as well as world. Synthetic anticancer agents have
costly and highly toxic to human body. Therefore, it is necessary to discover new therapeutic agents from natural
origin for this disease. Materials and Methods: Mucuna pruriens Linn. (MP) (family Fabaceae), is widely used in folk
medicine and there is no any such report on antiproliferative effects of this plant. The first objective of this study
is to investigate the anticancer properties using hepatoma cells of MP seeds. The first objective of this study is to
investigate the anticancer properties of MP seeds by using/on hepatoma cells. Secondly, it is necessary to explore
its hepatotoxicity potential in normal cells as well. Therefore, the other objective of this study is to investigate the
toxicity using normal hepatic cells. To achieve this goal, hot extraction of MP seeds were performed using petroleum
ether 60-80°C (PE), ethyl acetate (EA) and Methanol (ME) as a solvent. All the three extracts were subjected to
screen for anti-proliferative action using human hepatoma cell line (Huh-7 cells) at different concentrations from
0.5 to 100 ug/ml, followed by apoptotic activity using caspase-3 enzymes. On the other hand, hepatoprotective
activity was performed using human primary hepatic cells (THLE-2 cells). Results: Our result collectively suggested
that both EA and ME extract possessed anti-proliferative action on Huh-7 cells and less cytotoxic action on normal
cells. Conclusion: Among these two extracts, it is demonstrated for the first time that ME extracts of MP seeds have
cytotoxic effect on hepatoma cells but not on normal hepatic cells.
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INTRODUCTION

Human beings have relied on natural products as a
resource of drugs for thousands of years. Plant-based
drugs have been used as the basis of traditional medi-
cine systems in many countries such as Egypt, China and
India.! It has been estimated by the World Health Orga-
nization that 80% of the population of the world relies
mainly on traditional medicines for their primary health
care.”
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Cancer has become one of the ten leading cause of death
in India. It is estimated that there are nearly 2-2.5 million
cancer cases at any given point of time.” Over 7,00,000
new cases and 3,00,000 deaths occur annually due to can-
cer.” This is challenging situation for healthcate institu-
tions as demand is increased for cancer. The anticancer
drugs are toxic in nature and developed resistance during
therapy. The molecular mechanisms of drug resistance
may involve a variety of factors such as mutation of target
genes and decreased drug concentrations in the cells due
to renal toxicity.*® As a result, it is necessary to discover
new therapeutic agents to treat cancer. Plants are the bet-
ter alternative for providing efficacious agents for cancer
disease from ancient years as synthetic drugs are costly
and highly toxic to human body. Natural resources have
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played an important role to provide natural drugs such as
taxol, camptothecin, vincristine, and vinblastine.” on this
contrary, it is necessary to explore some newer anticancer
plants from natural origin for safer life against cancer.

Mucuna prariens Linn. (MP) (family Fabaceae), commonly
known as cowhage plant, is widely used in folk medicine
and is one of the most useful herbs in Middle East Asia
especially in India. It has multiple pharmacological actions
which include antioxidant, hypoglycemic, antimicrobial,
aphrodisiac, antiinflammatory and antiparkinsonism
activities.® There is no report on anti-proliferative effects
of this plant. The approach for selecting this plant is that
the seed part of MP is rich with isoquinoline alkaloids and
recent investigations have suggested that these alkaloids
may have a dramatic role in anticancer therapy.”'" reported
that the isoquinoline alkaloids, berberine and berber-
rubine produced antiproliferative action via binding to
non-specific deoxyribonucleic and inhibit topoisomerase
IT enzyme."” A recent review suggested that isoquinoline
alkaloids have higher affinity to polymorphic nucleic acid
structures (B-form, A-form, Z-form, HL-form, triple
helical form, quadruplex form) during antiproliferaton."
All of this information promoted us to study the antip-
roliferation action of MP seeds. Therefore, the objective
of our study is to investigate the anticancer properties of
MP seeds using hepatoma cells. Secondly, it is necessary
to explore the hepatotoxicity potential of MP seeds in
normal cells as well. Therefore, the other objective of this
study is to investigate the toxicity using normal hepatic
cells.

To achieve this goal, hot extraction of MP seed was pet-
formed using petroleum ether 60-80°C (PE), ethyl acetate
(EA) and methanol (ME). All three extracts screened for
antiproliferative action using human hepatoma cell line
(Huh-7 cells) at different concentrations (0.5 to 100 pg/
ml). The apoptotic activity induced by caspase-3 enzymes
was also investigated. On the other hand, hepatoprotec-
tive activity was examined using human primary hepatic
cells (THLE-2 cells). It is demonstrated for the first time
that ME extract of MP seed have cytotoxic effect on hep-
atoma cells but not on normal hepatic cells.

MATERIALS AND METHODS

Materials

Human plasma fibronectin, collagen-I, LHC-9 medium
and caspase-3 colorimetric assay kit were purchased
from Invitrogen Bioservices, India. PE, EA, ME, and
dichloromethane (DCM) were purchased from Merck
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(Merck, India). Dimethyl sulfoxide (DMSO, ACS grade),
ethylenediaminetetraacetic acid disodium salt dihydrate
(Na,EDTA.2H,0, 98% purity), 5,5-dithiobis-2-nitro-
benzoic acid (DTNB), Trichloroacetic acid (TCA), tryp-
sin ethylenediaminetetraacetic acid (trypsin-EDTA) and
guanidine hydrochloride were obtained from S.D. Fine
Chemicals, India. THLE-2 and Huh-7 cell lines were
purchased from ATCC (Manassas, VA, USA). Water was
purified using a Milli-QQ water purification system (Mil-
lipore, Bedford, MA, USA). All other reagents were pur-
chased from Himedia, India.

Preparation of Extracts

The seeds were collected from costal area of West Ben-
gal in the month of August-September, authenticated by
Botanical Survey of India, Howrah, India and a voucher
specimen no. 98/BSI/2013 was deposited for future
references. The seeds crushed with mixer grinder (Bajaj
Appliances, India) and powered accordingly. A mass of
150 g of seed powder was taken separately for Soxhlet
extraction (three times). Extraction was performed with
PE, EA and ME solvents separately for successive three
days. The solvent was subsequently evaporated through
rotary vacuum evaporation and % yields of extracts were
13% (PE), 16% (EA) and 18% (ME).

Preparation of cells

THLE-2 cells were cultured in plates pre-coated with
collagen-I (2.9 mg/ml), fibronectin (1 mg/ml) in LHC-9
medium while Huh-7 cells were cultured in Dulbecco’s
modified Fagle’s medium (DMEM). All media were sup-
plemented with 10% foetal bovine serum and 100 units/
ml penicillin/streptomycin (Himedia, India). Cells were
maintained in a humidified air with 5% carbon dioxide
(CO,) at 37°C.

MTT viability assay

MTT [3-(4, 5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazo-
lium bromide, a tetrazole| viability assay was performed as
desctibed previously.'” Briefly, THLE-2 cells were seeded
at 1.0x10* cells/well and Huh-7 cells at 5.0x10° cells /well
in 96-well plates. After 24 h, the medium was removed
and 200 pL of varying concentrations of extracts (0.5 to
100 pg/ml) in media was added to each well and the sam-
ples were incubated in a humidified condition 5% CO,
at 37 °C. After 72 h, MTT solution (1 mg/ml, 50 pl) was
added to each well and incubated for another 4 h. After
which, the media and excess MTT were removed and 150
ul of DMSO was added. The absotbance at 570 nm was
recorded using the Infinite M200 microplate reader con-
trolled by Magellan and i-control softwares (Tecan Group
Ltd., Mannedorf, Switzerland). Samples containing media
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with and without cells were also analyzed and labelled
as ‘control’ and ‘blank’, respectively. All the experiments
were performed in triplicates. The final organic solvent
concentration was 0.3% (v/v). Cell survival (% of con-
trol) was calculated relative to untreated control cells
(vehicle: 0.3% solvent). Data were analyzed by Graph Pad
Prism 5 and represented as the mean + S.D. of triplicate
experiments. Statistical differences were analyzed using
paired t—test and P<0.005 represented the statistically
significant data.

Caspase-3 colorimetric assay

Apoptotic activity in Huh-7 cells was determined using
Caspase-3 colorimetric assay kit. Briefly, cells were seeded
at 2x10* cells/well density in 96-well micro plates and
divided into control (DMSO) group containing 100 ul
of solvent control (DMSO, 1%) and treatment group
containing varying concentrations of the test compounds
(0.5, 1.0, 10.0, 25.0, 50.0 and 100.0 pg/ml) (n=3). After
24 h treatment at 37 °C, 100 ml of Caspase-3 reagent was
added and the mixture further incubated for 2 h at room
temperature. Relative luminescence (RLU) was recorded
using the Infinite M200 micro plate reader controlled by
i-control soft wate and results expressed as change versus
control. Statistical differences were analyzed using one
way-ANOVA and P<0.001 represented the statistically
significant data.

Glutathione (GSH) depletion assay

GSH depletion assay was performed as described pre-
viously.” A concentration of 50 mM stock solution of
GSH (Himedia, India) was prepared freshly in water and
its calibrated concentrations were prepared via serial dilu-
tions of this stock solution using water. A volume of
0.2 ml of stock solution was taken in a tube and 1.8
ml of distilled water was added to it. A volume of 3.0
ml of precipitating solution (1.67 g of glacial meta
phosphoric acid, 0.2 g Na,EDTA. 2H O and 30 g of
sodium chloride in 100 ml distilled water) was added
to the above mixture. The mixture was then allowed to
stand for approximately 5 min and then filtered. A vol-
ume of 2.0 ml of the filtrate was added to 8.0 ml of the
phosphate solution (0.3 M). A volume of 1.0 ml 0.4%
DTNB was added, vortex-mixed and centrifuged at
13,000 X g for 1 min. A blank solution was prepared in
the above mentioned procedure where GSH was absent.
The Optical density (OD) was measured at 412 nm. The
concentrations of the GSH-DTNB calibrants were 0.01,
0.05, 0.1, 0.5, 1.0 and 10.0 uM. Triplicate samples were
prepared at each concentration.

The data was calculated by the following procedure,
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GSH (uM/ug of protein) = 310.4 X E, X O.D./ mg of
protein, where O.D. at 412 nm and E, is correction fac-
tor (0.542).

THLE-2 cells were seeded into 24-well plate (2.0x10*
cells/well). After 24 h, 1 ml of varying concentrations
of extracts in LHC-9 media (0.5, 1.0, 10.0, 25.0, 50.0 and
100.0 pg/ml) were added to each well and incubated in a
humidified condition 5% CO, at 37 °C. After 72 h incu-
bation, cells were washed with phosphate buffer saline
(PBS) and trypsinized using 0.05% trypsin-EDTA. Sub-
sequently, the excess trypsin was inactivated with LHC-9
media. The suspended cells were then transferred into
clean tubes, centrifuged at 13,000 X g for 2 min and the
supernatant was removed. After which, 0.2 ml of water
was added to the cell samples, mixed for 1 min, and 1.8
ml water was then added. The rest of the treatment was
as previously described method. Total protein content
of cell suspension was measured at 72 h using the Pierce
Micro BCA™ (Bicinchoninic acid) Protein Assay Kit. Sta-
tistical differences were analyzed using paired t—test and
P<0.005 represented the statistically significant data.

Protein Carbonyl (PC) assay

PC assay was performed as desctribed previously. In
brief, THLE-2 cells were seeded at 5.0x10*cells/well into
6-well plate which was previously coated with the fibro-
nectin-collagen medium. After 24 h, 2 ml of varying con-
centrations of extracts in LHC-9 (0.5 to 100 pg/ml) were
added to each well and incubated at 37 °C in a humidi-
fied condition at 5% CO,. After 48 h, each medium was
removed and the cells were washed with PBS. The cells
were removed from the surface of the plates using 0.05%
trypsin-EDTA and the excess trypsin was deactivated
by adding LHC-9 medium. Media containing cells were
transferred into clean tubes and centrifuged at 13,000 g
for 2 min. The supernatant was removed and the cell pel-
let was reconstituted with 300 ul of water and vortexed
for 1 min. A volume of 150 pl of cell suspension was
aliquoted into a clean tube and precipitated using 500 ul
of 10% TCA solution. The tubes were centrifuged sub-
sequently at 13,000 g for 2 min and the supernatant was
removed. Each cell pellet was incubated with 500 ul of
0.2% diphenyl picryl hydrazine for 1 h with constant vor-
texing at every 5 min interval. 50 ul of 100% TCA solution
was added, vortexed and centrifuged at 13,000 X g for 5
min. All the supernatant was removed and the cell pellet
was washed with 500 ul of ethanol: EA (1:1 v/v) mixture
three times. Finally, the cell pellet was dissolved in 600
ul of 6 M guanidine hydrochloride and 300 pl was trans-
ferred to a 96-well plate and absorbance was measured at
360 nm using the Infinite M200 microplate reader. The

65



Yadav et al: Cytotoxicity of Mucuna pruriens seed on hepatoma cells

remaining 150 pl of cell suspension was used for measur-
ing total protein content using the Pierce Micro BCA™
(Bicinchoninic acid) Protein Assay Kit. PC content (WM)
per pg of protein was calculated at varying concentration
of the test compounds. All data were analyzed by Graph
Pad Prism 5. Statistical differences were analyzed using
paired t-test. P<0.005 represented statistical significance
between groups.

RESULTS

Effects on anti-proliferation of Huh-7

Three extracts (PE, EA, ME) was used to investi-
gate antiproliferative acton with Huh-7 cells as an
in vitro model of hepatocellular carcinoma. Using
MTT viability assay, it was observed that PE extract
had no effect on anti-proliferation whereas EA and
ME extracts demonstrated this action at and above
1.0 pg/ml concentration (Figure 1). The ME extract
showed higher inhibitory action on hepatoma cells
than EA extract with 90% to 30% inhibition for EA
extract and 90% to 10% inhibition for ME extract.
Both the extracts (EA and ME) had EC, value in
between 1 to 10 pg/ml concentration (Figure 1).
Statistically significant differences were observed
between PE and EA extracts (paired t-test, P<0.05

at 25, 50 and 100 pg/ml concentrations. Statistically
significant differences were observed between EA
and ME extracts (paired t-test, P<0.05) at and above
1.0 pg/ml concentration.

Caspase-3 activity assay

Caspase-3 assay was performed to measure levels of
apoptotic activity in treated cells as a phenotype of anti-
cancer potential. Various concentrations of EA and ME
extracts of MP seed (0.5 to 100 pg/ml) were adminis-
tered on Huh-7 cells for 24 h before analysis of caspase-3
activity. It was shown that both extracts demonstrated
dose dependent increase in apoptosis in Huh-7 cells with
respect to control (Figure 2A and 2B). It is apparent form
the graph that ME extract showed double apoptotic action
than EA extract. Statistical differences were demonstrated
between control and Test groups for both extracts (one-
way ANOVA, P<0.001) at all concentrations.

Cytotoxicity on THLE-2 cell

To determine toxicological profile of the extracts, a series
of toxicity assays were performed to compare the toxic-
ity potential of EA and ME extracts. THLE-2 cells were
treated with both these extracts from 0.5 to 100 pg/ml
concentration for 72 h. Here, the EA extract was found
to be more toxic than the ME extract (Figure 3). Statisti-
cally significant differences were observed between EA
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Figure 1: Viability of Huh-7 cells after treatment with PE, EA and ME extracts of MP seed (0.5, 1, 10, 25, 50 and 100 pg/
ml) for 72 h before being subjected to MTT assay to determine potential anti-cancer effects. All samples were prepared
in triplicate (n=3). Viability is expressed as a percentage of vehicle-treated control and data was expressed as mean *
S.D. Statistically significant differences were observed between PE and EA extracts (paired t-test, P<0.05) at 25, 50 and
100 pg/ml concentrations. Statistically significant differences wete observed between EA and ME extracts (paired t-test,

P<0.05) at and above 1.0 ng/ml concentration.
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Figure 2 : Characterizing the anti-cancer property of (A) EA and (B) ME extracts of MP seeds. Huh-7 cells were treated
with at concentrations of 0.5, 1, 10, 25, 50 and 100 pg/ml for 24 h and subjected to caspase-3 activity determination (n=3).
Activity was expressed as relative luminescence units (RLU) and compared against a DMSO-containing vehicle control.
Statistical differences were demonstrated between control and Test groups for both extracts (one-way ANOVA, P<0.001)

at all concentrations.
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Figure 3 :Viability of THLE-2 cells after treatment with
EA and ME extracts. THLE-2 cells were treated with re-
spective compounds at 0.5, 1, 10, 25, 50 and 100 pg/ml for
72 h before subjecting to MTT assay. All samples were
prepared in triplicate (n=3). Viability is expressed as a per-
centage of vehicle-treated control and data was expressed
as mean * S.D. Statistically significant differences were
observed between EA and ME extracts (paired t-test,
P<0.05) at 25,50 and 100 pg/ml.

and ME extracts (paired t-test, P<0.05) at 25, 50 and 100
ug/ml.

GSH depletion assay
GSH depletion was used as a complementary indicator

of cytotoxicity and oxidative stress in normal hepatic
cells. Determination of GSH-DTNB adducts was per-
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Figure 4 : GSH depletion in THLE-2 cells after treatment
with EA and ME extracts. THLE-2 cells were treated with
various concentrations of respective extracts for 72 h be-
fore subjecting to GSH content determination. All samples
were prepared in triplicate (n=3). The amounts detected
were normalized to the total cellular protein content of
each sample. Statistical differences were demonstrated
between EA and ME extracts (paired t-test, P<0.05) at
and abovel0 pg/ml.

formed in THLE-2 cells after 72 h incubation to measure
cytotoxic effects. Here, we observed that the EA extract
depleted more GSH than the ME extract after 1.0 pg/
ml concentration (Figure 4). This assay signified that the
EA extract was more toxic than the ME extract. Statisti-
cal differences were demonstrated between EA and ME
extracts (paired t-test, P<0.05) at and abovel0 pg/ml.
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Figure 5 :Protein carbonyl assay in THLE-2 cells after treatment with EA and ME extracts. THLE-2 cells were treated
with various concentrations of extracts for 48 h before subjecting to protein carbonyl determination using 2,4-dinitro-

phenolhydrazine as trapping agent. All samples were prepared in triplicate (n=3). Statistical difference was demonstrated
between EA and ME extracts (paired t-test, P<0.05) at 50 and 100 pg/ml.

Protein Carbonyl (PC) assay

PC content was measured in THLE-2 cells after 48 h of
incubation between EA and ET extracts. EA extract pro-
duced more PC as compared to ME extract at and above
10 pg/ml concentration (Figure 5). Statistical difference
was demonstrated between EA and ME extracts (paired
t-test, P<0.05) at 50 and 100 pg/ml.

DISCUSSION

Treatment of cancer in epithelial region of human body
remains disappointing. The usage of synthetic antipro-
liferative chemotherapeutic agents have declined due to
their potential toxicity to the human body. Compounds
obtained from natural sources are perceived as being are
safer and less toxic. Hence, it is necessary to investigate
potential therapeutic agents for clinical benefits in cancer
patients. Present chemotherapy treatment of liver cancer
is not satisfactory. Specific anticancer agents against dif-
ferent types of liver cancer need to be developed. Recent
investigations suggest that isoquinoline alkaloids from
natural origin have good antiproliferative effect via inhi-
bition of topoisomerase II enzymes." The seed of MP
contains higher amount of isoquinoline alkaloids.” The
question arose whether MP seed extract had any antip-
roliferative effect due to the presence of isoquinoline
alkaloids. In this present study, we investigated the antip-
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roliferative action of MP seeds using various extracts (PE,
EA and ME) and examined the effects of these extract
using liver cancer cells (Huh-7 cells).

Antiproliferative action was determined on Huh-7 cells
using MTT as the detecting reagent. Huh-7 cells are
hepatic carcinoma cells which are very useful for primary
drug screening in vitro."” We observed that both the EA
and ME extracts of MP seed possessed antiproliferative
action at lower concentration (1 mg/ml) whereas the PE
extract had no such effect. The PE extract was not exam-
ined in the other assays due to its poor antiproliferative
activity. Lee and Ho (2012) investigated similar effects
using gambogic acid isolated from Gareinia hanburyi in
Huh-7 cancer cells with an IC_ of 2.0 uM.'® Apoptotic
properties of the EA and ME extracts were evaluated
through caspase-3 activity determination and expressed
as relative luminescence units (RLU). The results were
compared with a DMSO-containing vehicle control.
This assay is an indication for the measurement of apop-
totic activity in treated cells as a phenotype of anticancer
potential. The ME extract produced caspase-3 enzyme
activity twice that of the EA extract. Similar trends were
also observed when in a study investigating several syn-
thetic compounds using the Huh-7 cells."”

As these two extracts produced antiproliferative action on
hepatoma cells, it was important to determine whether
they had any cytotoxic action on normal human hepato-
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cytes. We performed MTT based cell viability assay using
normal primary hepatic cells (THLE-2 cells)."® We con-
firmed that the ME extract had no effect on THLE-2 cells
toxicity whereas the EA extract had slightly higher toxicity
than ME extract. To further examine the toxicity, we pet-
formed GSH depletion assay and demonstrated that the
ME extract depleted less GSH than the EA extract. Fol-
low-on PC assays that compared the formation of reac-
tive oxygen species-induced protein oxidation showed a
similar trend. investigated the cytotoxic effect of trogli-
tazone and its analogue on THLE-2 cells and they per-
formed MTT viability, GSH depletion and PC assays to
check the cytotoxic effects of that compounds.” We fol-
lowed the similar experiments in our investigation to sup-
port our hypothesis. All these experiments are reliable and
supportive to prove our hypothesis.

CONCLUSION

All biochemical assays suggested that both the EA and
ME extract of MP seed had antiproliferative effect in
Huh-7 cells. The ME extract showed higher effect than
EA extract in antiproliferation, as well as it demonstrated
doubled caspase-3 enzyme action than the EA extract.
Later, cytotoxicity assay on THLE-2 cells revealed that
the ME extract expressed less toxicity on normal human
hepatocytes using MTT reagent. Other assays like GSH
depletion and PC assays expressed the same trends. Col-
lectively, we concluded that ME extract of MP seeds
might have anticancer effect on hepatoma cells and pro-
tective effect on normal hepatocytes.

There is no literature available for anticancer activity of
MP seeds. We reported for the first time that MP seed
has antiproliferative effect on Huh-7 cells. isolated four
isoquinoline alkaloids form MP seeds.” It may be possible
that these isolated isoquinoline alkaloids might be respon-
sible for this antiproliferative effect.

ACKNOWLEDGEMENT

Dr. Sudipta Saha (Corresponding Author) wanted to
thank to The University Grants Commission (UGC), New
Delhi, India, providing UGC Start-Up-Grant for newly
recruited faculty [Grant No. E 20-1/2012 (BSR)/20-7
(15)/2012 (BSR)].

CONFLICT OF INTEREST

Phcog Commn, Vol 5,Issue 1, Jan-Mar, 2015

Authors declare that they have no conflict of interest.

REFERENCES

1. Balandrin NF, Kinghorn AD, Farnsworth NR. Human Medicinal Agents
from Plants. ACS Symp ser. 1993; 534: 2—12.

2. Farnsworth NR, Akerele O, Bingel AS, Soejarto DD, Guo Z. Medicinal
plants in therapy. Bull WHO. 1985; 63(6): 965-81.

3. Ministry of Health and Family Welfare. Annual report to the people on
health. Government of India; 2010. 1-55. [www.intrahealth.org].

4. Gottesman MM, Pastan |. Biochemistry of multidrug resistance mediated
by the multidrug transporter. Annu Review Biochem. 1993; 62(1): 385-427.

5. Isnard-Bagnis C, Moulin B, Launay-Vacher V, lzzedine H, Tostivint I,
Deray G. Anticancer drug-induced nephrotoxicity. Nephrol Ther. 2005;
1(2): 101-14.

6. Smith BD, Bambach BJ, Vala MS, Barber JP, Enger C, et al. Inhibited
apoptosis and drug resistance in acute myeloid leukaemia. Br J Haematol.
1998; 102(4): 1042-9.

7. Cragg GM, Newman DJ. Discovery and development of antineoplastic
agents from natural sources. Cancer Invest. 1999; 17(2): 153-63.

8. Sharma BK, Ahmad S, Singh R, Verma RK, Kumar N. Review on Mucuna
pruriens: Its phytoconstituents and therapeutic uses. Novel Sci Int J
Pharm Sci. 2012; 1(6): 308-12.

9. Misra L, Wagner H. Alkaloidal constituents from Mucuna pruriens seeds.
Phytochemistry. 2004; 65(18): 2565-7.

10. Maiti M, Gopinatha SK. Polymorphic nucleic acid binding of bioactive
isoquinoline alkaloids and their role in cancer. J Nucleic Acids. 2010;
Article ID 593408: 2 pages.

11. Park H, Kim EH, Sung YH, Kang MR, Chung IK, Cheong C, et al.
DNA binding mode of the isoquinoline alkaloid berberine with the
deoxyoligonucleotide d(GCCGTCGTTTTACA),. Bull Korean Chem Soc.
2004; 25(4): 539-44.

12. Marcsek ZL, Kocsis Z, Szende B, Tompa A. Effect of formaldehyde and
reservatrol on the viability of vero, HepG2 and MCF-7 cells. Cell Biol
Interact. 2007; 31(10): 1214-9.

13. Sedak J, Lindsay RH. Estimation of total protein bound and non-protein
bound sulphydryl groups in tissue with Ellman’s reagent. Anal Biochem.
1968; 25(2): 192-205.

14. Reznick AZ, Packer L. Oxidative damage to proteins: spectrophotometric
method for carbonyl assay. Methods Enzymol. 1994; 233: 357-63.

15.  Vecchi C, Montosi G, Pietrangelo A. Huh-7: a human hemochromatotic
cell line. Hepatology. 2010; 51(2): 655-9.

16. Lee PNH, Ho WS. Antiproliferative activity of gambogic acid isolated from
Garcinia hanburyi in Hep3B and Huh7 cancer cells. Oncol Rep. 2013;
29(5): 1744-50.

17. Saha S, Chan DZ, Lee CH, Wong W, New LS, Keung CH, et al.
Pyrrolidinediones reduce the toxicity of thiazolidinediones and modify
their anti-diabetic and anti-cancer properties. Euro J Pharmacol. 2012;
697(1): 13-23.

18. Andrea MAP, Katherine EC, Duane TS, Ainsley W, John DF, Peter GS,
et al. Simian virus 40 large tumor antigen-immortalized normal human
liver epithelial cells express hepatocyte characteristics and metabolize
chemical carcinogens (serum-free medium/aflatoxin Bi/benzo[a]pyrene/
N-nitrosodinethylamine). Proc Natl Acad Sci, USA. 1993; 90(11): 5123-7.

19. Saha S, New LS, Ho HK, Chui WK, Chan ECY. Investigation of the role of
the thiazolidinedione ring of troglitazone in inducing hepatotoxicity. Toxicol
Lett. 2010; 192(2): 141-9.

69



