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ABSTRACT

Background: Tephrosia purpurea is an Indian herb used in traditional
medicine to treat various diseases such as jaundice, asthma, liver and
urinary disorders. However, the anti-cancer potential of T purpurea on
hepatocellular carcinoma (HCC) is poorly understood. Therefore, this
study aims to investigate the anti-cancer activity of T purpurea in HepG2
hepatocellular carcinoma cells. Methods: The leaves and root of T. purpurea
were extracted with methanol using soxhlet apparatus. The cytotoxicity of
the T purpurea extracts in HepG2 cells was evaluated using MTT assay
whereas the mode of cell death was examined by AOEB, Hoechst and
JC1 staining under a fluorescence microscope. T purpurea extracts-
induced caspase-3 expression was investigated using colorimetric assay.
Results: The leaves and root extracts inhibited HepG2 cell growth at the
IC,, of 102.33 + 10.26 pg/mL and 276.67 + 20.43 pg/mL respectively at
24 h. Chromatin condensation, nuclear fragmentation, apoptotic bodies
formation and mitochondrial membrane depolarization were observed in
HepG2 cells treated with both extracts. The caspase-3 expression was
significantly (p < 0.05) increased in extracts treated cells when compared
to control. Conclusion: The leaves and root extracts of T purpurea induce
apoptosis mediated cell death in HepG2 cells.
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SUMMARY

The leaves and root extracts of T purpurea exhibited anticancer activity
in HepG2 hepatocellular carcinoma cells. These extracts induced cell
shrinkage, DNA condensation and fragmentation, mitochondrial membrane

INTRODUCTION

Cancer is a global health problem, of which hepatocellular carcinoma
(HCC) is the fifth most common malignancy and third most common
cause of cancer-related death worldwide. The incidence of HCC is found
to be increasing in the recent time.™ In the early stage, HCC is relatively
asymptomatic and remains undetected. At the time of diagnosis, the
disease will be too severe to tackle with conventional treatments.?
The progression of HCC is highly influenced due to multiple factors
like alcohol intake, non alcoholic fatty liver, cirrhosis of liver, aflatoxin
ingestion, hepatitis B and C virus infection, genetic variations and
epigenetic modifications.>" The current major treatments available
for the early stage of HCC are surgical resection of the tumor, liver
transplantation, radiotherapy and chemotherapy. However, therapeutic
options for HCC in advanced stages are limited to palliation.” Although
substantial advances have been made to treat HCC patients, the
one-year survival rate is less than 50%.° Moreover, the use of
conventional therapies is limited by drug toxicity and resistance
indicating the necessity for the development of new complementary and
alternative therapy for HCC with the better outcome.”*!
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depolarization and upregulated caspase-3 expression indicating T. purpurea
extracts induce apoptosis in HepG2 cells.
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purpurea extracts in HepG2 cells
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Abbreviation used: AO: acridine orange, DMSO: dimethyl sulfoxide,
EB: ethidium bromide, IC,: the concentration at which 50% of cancer
cells are dead, JC-1: 5, 5', 6, 6'-tetrachloro-1,
1', 3, 3'-tetraethyl-imidacarbocyanine iodide,
MTT: 3-4, 5-dimethylthiazole-2-yl, 2,5-diphenyl
tetrazolium bromide, PBS: phosphate-buffered
saline, A¥m: mitochondrial trans-membrane
potential.
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Plant products are used in the health care system since ancient human
civilizations. More than thousands of medicinal plants have been
scientifically identified to possess potent anti-cancer activity.”! Nearly
60% of the currently used anti-cancer drugs are derived from natural
agents including plants, micro and marine organisms and many are
approved by Food and Drug Administration (FDA). Some natural lead
compounds discovered and used as a boon for cancer chemotherapy are
vincristine, vinblastine, camptothecin, topotecan, and taxane."”! Herbal
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medicines have received great attention because of their relatively low
toxic effect.'! Tephrosia purpurea is an Indian medicinal plant which
belongs to the Fabaceae family and popularly known as Wild Indigo.
The traditional Ayurvedic medicine uses different parts of this plant
to treat various diseases such as jaundice, asthma, rheumatism, ulcer,
liver, and urinary disorders.'? In vitro and in vivo studies of T. purpurea
demonstrated the antioxidant, anti-bacterial, anti-inflammatory,
anti-plasmodial, anti-diabetic and cytotoxic activities.!*1”!

The current knowledge about the potential mechanisms responsible
for the anti-proliferative activity of T. purpurea extracts on HCC cells
is limited. Therefore, the present study aims to investigate the cytotoxic
and the apoptotic properties of methanolic extracts of leaves and root of
T. purpurea on human hepatocellular carcinoma cell lines.

MATERIALS AND METHODS

Plant material

Fresh T. purpurea plant was collected from JIPMER Campus,
Puducherry, India and authenticated and deposited in TNAU (Tamil
Nadu Agricultural University) Herbarium, Coimbatore, India with
voucher No.: BSI/SRC/5/23/2012-13/Tech.368.

Extraction

The leaves and root of T. purpurea plant material were washed, shade
dried and powdered separately. One hundred gram of each part of the
plant materials were extracted with methanol using soxhlet apparatus.
Both extracts were concentrated to a paste and stored at 4° C until use.

Chemicals

Plastic wares (Tarson), MTT (Sigma), sterile dimethyl sulfoxide (DMSO)
(Merck), RPMI 1640 medium (Sigma), fetal bovine serum (FBS) (Sigma),
trypsin (Sigma), penicillin and streptomycin (Himedia), acridine orange
and ethidium bromide (Sigma), Hoechst (Sigma), JC-1 (Sigma) and
caspase-3 assay kit (Raybiotech) were purchased for this study.

Cell culture condition

HepG2 human hepatocellular carcinoma cells were obtained from the
National Center for Cell Science (NCCS), Pune, India and maintained in
RPMI 1640 medium supplemented with 10% fetal bovine serum, 100 pg/
mL streptomycin and 100 U/mL penicillin. The HepG2 cells were stored
at 37°C and supplemented with 5% CO, in a humidified incubator. Once
these cells were grown upto 70% confluence, the cells were passaged.

Cell viability assay

Cytotoxic property of T. purpurea extracts was evaluated in hepatocellular
carcinoma cells (HepG2) using MTT [3-4, 5-dimethylthiazole-2-yl,
2,5-diphenyl tetrazolium bromide] assay."® MTT is a standard
colorimetric assay to evaluate the percentage of cell death. Approximately
5,000 cells were seeded in 96 well plates and incubated for one day at 37°C
in CO, incubator. On the following day, media was refreshed and different
concentrations of leaves (25-250 pg/mL) and root (50-500 ug/mL) extracts
were treated in HepG2 cells and maintained for 24 h. Then, 20ul of MTT
(5 mg/mL) was added to each well and incubated for 4 h. After incubation,
media was removed, and formazon crystals were dissolved by adding 100 pl
of DMSO. Plates were mixed properly for 5 min and absorbance was
measured at 570 nm. Data were collected from triplicates of each extract
and the mean with the standard deviation were used for analysis.

The percentage of HepG2 cell death was calculated using the following
formula:

Percentage of cell death= {(Mean OD of control cells-mean OD of treated
cells)/Mean OD of control cells} x 100
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The concentration of extracts required to inhibit 50% of the cancer cell
growth is termed as IC,  value.

Acridine orange and ethidium bromide staining

Acridine orange (AO) and ethidium bromide (EB) dual staining
was performed to evaluate the morphological changes of cells due to
apoptosis or necrosis. HepG2 cells were seeded in six-well plates, and
IC,, concentration of methanolic leaves and root extracts were incubated
for 24 h and 48 h. After the incubation period, the cells were harvested
by trypsinization, washed and resuspended in cold Phosphate Buffered
Saline (PBS). The cell suspension was stained with AO/EB (0.1 mg/mL)
and a drop of cell suspension was placed on a glass slide and covered
with a coverslip. At random 300 cells in triplicate were observed in each
sample under a fluorescent microscope (Carl Zeiss, Jena, Germany)
using a UV filter (450 - 490 nm). The percentage of live cells and dead
cells showing morphological changes such as apoptosis or necrosis were
analysed from nuclear and cytoplasmic structural changes.

Hoechst 33258 staining

Hoechst staining was used to examine the nuclear morphological
changes of cancer cells.””! Like AO/EB staining, after treatment with
IC,, of methanolic leaves and root extracts for 24 h and 48 h, the cells
were harvested and stained with Hoechst 33258 (1 mg/mL in PBS) and
incubated for 5 min at room temperature. Nearly 300 cells in triplicate
were observed under a fluorescence microscope at 400 x magnification
(377-355nm) and the percentage of cells reflecting nuclear morphological
changes were analysed and calculated.

Mitochondrial transmembrane potential

Loss of mitochondrial membrane potential (A¥m) is an early indicator
of apoptosis, and it was detected by lipophilic, cationic dye JC-1 (5, 5,
6, 6'-tetrachloro-1, 1, 3, 3’-tetraethyl-imidacarbocyanine iodide).?!
The cells were grown on glass coverslips (22 x 22 c¢cm) placed in 6-well
plates and the IC,_ concentration of methanolic leaves and root extracts
of T. purpurea were treated and incubated for 24 h and 48 h. After the
incubation period, the cells were stained for 10 min with the JC-1 dye
that selectively enters mitochondria. Here, live cells appear as orange-
red and apoptotic cells appear as green based on the extent of loss of
mitochondrial membrane potential. The mitochondrial depolarization
of cells was observed under fluorescence microscope.

Measurement of caspase-3

T. purpurea extracts induced caspase-3 activity in HepG2 cells was
measured by caspase-3 colorimetric assay Kkits, according to the
manufacturer protocol (Ray Biotech Caspase-3 Colorimetric Assay Kit).
HepG2 cells were treated with the IC, concentrations of methanolic
leaves and root extracts and incubated for 24 h and 48 h. Control and
treated cells were pelleted and lysed in 50 pl of chilled lysis buffer
and incubated on ice for 10 min. Cells were centrifuged for 1 min at
10,000 x g and the supernatant was transferred to a fresh tube. Protein
concentration was estimated by the method of Lowry et al. Later, 50
ug of protein in 50 pl of lysis buffer was added to a 96-well plate and
mixed with 50 ul of 2X reaction buffer (10 mM DTT). Then 5 pl of
4mM DEVD-pNA substrate for caspase-3 was added and incubated
at 37°C for 2 h in the dark and caspase-3 expression was measured at
405 nm.

Statistical analysis

All the results were expressed as mean + standard deviation (SD) of three
independent experiments. The difference between groups was analysed
by one-way analysis of variance (ANOVA) followed by Bonferroni
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using GraphPad Prism-6.0 (Graphpad Software Inc, USA). P< 0.05 was
considered statistically significant.

RESULTS

Cytotoxic effects of the T. purpurea extracts in
HepG2 cells

The leaves and root extracts showed a potent cell growth inhibitory effect
in a dose-dependent manner, the IC, (inhibition concentration 50%)
values being 102.33 + 10.26 ug/mL and 276.67 + 20.43 pg/mL for 24 h
respectively [Figure 1A and 1B].

Apoptotic and necrotic effects of the T. purpurea
extracts in HepG2 cells

Methanolic leaves and root extracts of T. purpurea treated HepG2 cells
were subjected to AO/EB staining. Usually AO will enter the nucleus
and stain live cells as green colour and EB will penetrate the nucleus of
dead cells due to loss of membrane integrity and stain as red colour. In
this experiment, viable cells appeared as green fluorescence with highly
organized nuclei. Early apoptotic cells appeared as green-orange colour
nuclei with condensed or fragmented chromatin and late apoptotic cells
appeared as orange to red colour with highly condensed or fragmented
chromatin and apoptotic bodies. Necrotic cells fluoresced orange to red
without chromatin fragmentation. The IC, values of methanolic leaves
and root extracts treated cells showed typical apoptotic morphological
features such as condensed nuclei, membrane blebbing and formation
of apoptotic bodies in a time-dependent manner, which were
clearly observed under the fluorescence microscope and quantitated
[Figure 2A, 2B and 2C].

Apoptotic nuclear morphological changes in

HepG2 cells by the T. purpurea extracts

Apoptotic nuclear morphological changes in HepG2 cells by treatment
of methanolic leaves and root extracts were evaluated by Hoechst 33258
staining. The IC, values of leaves and root extracts treated HepG2 cells
appeared as bright blue with apoptotic nuclear morphological changes
at24hand 48 h.
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These changes include chromatin marginalization, DNA condensation
and fragmentation and formation of apoptotic bodies. In untreated cells,
there were no morphological changes; nuclei fluoresced as faint blue
which was homogenous [Figure 3A, 3B and 3C].

Mitochondrial transmembrane depolarization by
the T. purpurea extracts

The effect of extracts-induced depolarization of mitochondrial
transmembrane potential was examined using JC-1 dye. Control cells
emitted red fluorescence indicating intact mitochondrial membrane
potential. However, both extracts treated HepG2 cells expressed
progressive and complete loss of red to green fluorescence at 24 h and
48 h respectively, due to mitochondrial transmembrane depolarization.
T. purpurea extracts disturbed mitochondrial membrane potential and
induced apoptosis in a time-dependent manner [Figure 4].

Effects of leaves and root extract on caspase-3

T. purpurea extracts-triggered apoptosis-mediated death of HepG2 cells
for 24 h and 48 h was analysed by caspase-3 assay. As shown in Figure 5,
the leaves and root extracts significantly (p < 0.05) induced caspase-3
expression when compared to control in a time-dependent manner.

DISCUSSION

In the present study, we have investigated the T. purpurea extracts induced
apoptosis-mediated cell death in HepG2 cells. Both leaves and root
extracts of T. purpurea induced cytotoxicity in HepG2 cells. However,
leaves extract exhibited more anti-proliferative activity as compared to
root extract. Gulecha et al. also reported the in vitro anticancer activity of
fractions of T. purpurea leaves on MCF7 cancer cell lines.!'”? Despite the
cytotoxic activity of T. purpurea, the mechanism of cancer cell growth
inhibitory effect was not yet explored. Therefore, we have investigated
that the T. purpurea induced apoptosis-mediated cell death in HepG2
cells.

Apoptosis maintains the balance between cell death and renewal;
thereby it eliminates excess, damaged and abnormal cells from the
body. The activation of apoptosis results in the formation of apoptotic
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Figure 1: Cytotoxic effect of T. purpurea extracts in HepG2 cells after exposure for 24 h. Percentage of inhibition of cell proliferation was determined by MTT
assay. Values were expressed as mean + SD of three independent experiments (n=3). Untreated cells were used as control for comparison.
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Figure 2: Morphological assessment of apoptosis and necrosis in HepG2 cells stained with acridine orange and ethidium bromide (AO/EB). (2A) The leaves
and root and extracts (IC,  concentration) induced apoptotic morphological features in HepG2 cells after 24 h and 48 h treatment. [Figure (2B) and (2C)] depict
the percentage of normal, apoptotic and necrotic cells after treatment with leaves and root extracts (IC,, concentration) at 24 h and 48 h respectively. The
values were expressed as mean + SD of three independent experiments (n = 3). Untreated cells were used as control for comparison. Statistical comparison
was made using one-way ANOVA followed by Bonferroni (* denotes p < 0.05). Error bar represents standard deviation in triplicates.
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Figure 3: Assessment of nuclear morphological features in HepG2 cells stained with Hoechst. (3A) The leaves and root extracts (IC, concentration) induced
nuclear morphological changes in HepG2 cells after 24 h and 48 h treatment. [Figure (3B) and (3C)] depict the percentage of cells with normal and abnormal
nuclei after treatment with leaves and root extracts (IC,; concentration) at 24 h and 48 h respectively. The values were expressed as mean + SD of three
independent experiments (n = 3). Untreated cells were used as a control for comparison. Statistical comparison was made using one-way ANOVA followed
by Bonferroni (* denotes p < 0.05). Error bar represents standard deviation in triplicates.
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Figure 4: Effect of leaves and root extracts (IC,, concentration) induced
loss of mitochondrial transmembrane potential in HepG2 cells at 24 h and
48 h as assessed by JC1 staining. Untreated cells were used as control for
comparison.
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Figure 5: The caspase-3 activity in HepG2 cells treated with the leaves
and root extracts (IC,; concentration) for 24 h and 48 h (n = 3) as
determined by colorimetric assay. Untreated cells were used as control
for comparison. Statistical comparison was made using one-way ANOVA
followed by Bonferroni (* denotes p < 0.05). Error bar represents standard
deviation in triplicates.

bodies. These apoptotic bodies do not release their cellular contents
into the surrounding tissue, but they are phagocytised by macrophages
and surrounding cells. Accordingly, it prevents secondary necrosis and
inflammation and the other main purpose of apoptosis is the prevention

S20

of cancer.”?" Therefore, activation of apoptosis in cancer cells could be an
effective strategy for cancer treatment. Various studies have reported that
many plant extracts and plant-derived compounds induce cancer cell
death through apoptosis without a significant amount of side effects.?>*’!

The leaves and root extracts of T. purpurea induce apoptotic morphological
changes in HepG2 cells such as nuclear shrinkage, DNA condensation,
fragmentation, membrane blebbing and formation of apoptotic bodies as
evidenced by the results of AO/EB and Hoechst staining. The JC1 staining
result also suggested that the extracts of T. purpurea triggered apoptosis-
mediated cell death in HepG2 cells. Mitochondrial swelling is often
associated with loss of transmembrane potential and it is considered as
an important phenomenon, which occurs as an early event of apoptosis.
Loss of mitochondrial membrane potential followed by the release of
cytochrome C from mitochondria to the cytosol leads to subsequent
activation of caspases resulting in apoptosis.”! In the present study, the loss
of mitochondrial membrane potential was observed in extracts-treated
cells and analysed using JC1 dye. These staining results suggest that the
extracts of T. purpurea triggered apoptosis-mediated cell death in HepG2.
To confirm this apoptosis induction by T. purpurea extracts in HepG2
cells, activation of caspase-3 was assessed using the colorimetric method.
Caspases are a family of cysteine proteases, and they are strongly
considered as important mediators of apoptosis. Caspase-3 activation is
positively associated with induction of apoptosis, and it is a downstream
enzyme of both intrinsic and extrinsic apoptotic pathways.?”! This
colorimetric assay revealed overexpression of caspase-3 in the leaves
and root extracts treated samples when compared to control. Previous
studies reported that several plant extracts and active compounds
such as Tulbaghia violacea, Costus speciosus, epigallocatechin-3-gallate
(EGCG) and silybin induced caspase-3 mediated apoptotic cell death on
HCC.**! The results obtained from the current study also confirmed
that the T. purpurea extracts have the ability to cause apoptosis-mediated
cell death in HepG2 cells through caspase-3.

CONCLUSION

This study concludes that the methanolic leaves and root extracts of T.
purpurea exert anti-cancer activity in hepatocellular carcinoma cells, and
the activity is mediated through apoptosis by induction of caspase-3.
In the light of our findings, it may be prudent to isolate the active
compounds of the plant and demonstrate their molecular mechanism of
anti-cancer activity.
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