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of Convolvulus pluricaulis against human
hepatoma cell line (HepG2) and normal cell
line (L929) via apoptosis pathways by flow
cytometry analysis
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Abstract

Background: The purpose of this study was to use the MTT test to assess the cytotoxic effects of different extracts
of Convolvulus pluricaulis leaves in vitro. Convolvulus pluricaulis leaf ethanolic extract has been demonstrated to trigger
apoptosis on HepG2 cancer cell lines, implying anti-cancer activity.

Methods: The cells were grown in culture DMEM and incubated with different concentrations of the plant extracts.
Survival rates were quantified by MTT assays by 24 h of exposure to (640-20 pug/ml) the PEE, CHCI5E, EAE, ETHE and
AQE of the plant, while monitoring changes on cellular shapes by inverted phase contrast microscopy (PEE—petro-
leum ether extract, CHCl;—chloroform extract, EAE—ethyl acetate extract, ETHE—ethanol extract, AQE—aqueous
extract).

Results: The Convolvulus pluricaulis leaves extract showed ICy, value < 1000 pg/ml on HepG2 and ICy

value > 1000 pg/ml on L-929 cell lines. Hence, Convolvulus pluricaulis leaves extracts are non-toxic against the normal
cell line 1-929. Treatments with standard as a control exhibited necrotic features in both cell lines. On the basis of
these findings, and because a highly effective extract ETHE has a partial polarity, this plant cytotoxicity and apoptotic
activities were also investigated. On HepG2 cell line, the ETHE showed higher cytotoxicity activities compared to AQE,
EAE, CHCI5E, and PEE extracts (P<0.0001) with inhibitory concentration ICs, values of 35.873 pug/ml that is < 1000 pg/
ml. The percentage of apoptotic cells of ETHE was determined using propidium iodide (PI) staining of DNA fragments
by flow cytometry.

Conclusions: The extract of Convolvulus pluricaulis has cytotoxic and apoptotic action against the HepG2 cell line,
indicating that it should be studied further for cancer therapies.
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Background

Hepatocellular carcinoma (HCC) is a type of carcinoma
of the liver that arises most commonly in those who have
cirrhosis or have had chronic liver illness. Hepatic stem
cells are thought to be the source cell(s). According to
current knowledge, two primary pathogenic pathways
predominate during hepato-carcinogenesis: (i) Cirrhosis
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is linked to hepatic regeneration after hepatitis infection
causes tissue damage; (ii) mutations occurring in single
or tumor suppressor genes. Targeting these pathways
could assist to reverse, postpone, or prevent tumor devel-
opment, which is why they are interesting from a thera-
peutic standpoint (Gaetano et al. 2014). Cancer has been
treated with for a long time, Traditional Chinese Medi-
cine, and it may provide some benefits in cancer treat-
ment by decreasing cancer cell proliferation or lowering
the negative effects of chemo-radiotherapy (Mcculloch
et al. 2011). Several natural compounds have been dis-
covered to have a preference for killing cancer cells
while leaving healthy cells unaffected (Chiu et al. 2013).
Many epidemiological studies conducted in recent years
have suggested that a diet high in vegetables, fruits has
anti-carcinogenic and apoptosis-inducing capabilities
(Dominguez et al. 2011). Herbal medicines are com-
monly utilized to treat a wide range of malignancies since
they have fewer negative effects than predictable cancer
therapeutics (Sahoo et al. 2011). During embryonic pro-
gress, immune regulation and tissue homeostasis, apop-
tosis is the most widely used for programmed cell death
mechanism for silently removing unwanted and harm-
ful cells. Furthermore, apoptosis is characterize by the
internal proteolytic digestion of the cellular architecture
by enzymes known as caspase, resulting in cytoskeletal
disintegration, metabolic disruption, and genomic frag-
mentation (Elmore et al. 2007; Portt et al. 2011; Ouyang
et al. 2012). On model cell cultures, the anti-carcinogenic
activities of Convolvulus pluricaulis extract have not been
completely investigated, and the effects on liver cancer
have never been studied. Therefore, this study was con-
ducted to inspect the induction of halting the cell cycle
and apoptotic effects of Convolvulus pluricaulis extract
on the Liver (HepG2) and Normal (L-929) cell line (Nadia
and Amina 2020). The cytotoxic effect of one of these
species named Convolvulus pluricaulis was assessed in
some cancer cells, and it was unveiled that Convolvulus
pluricaulis induces apoptosis in the mentioned cells (Val-
iyari et al. 2012). Apoptosis is a key cellular process and
is a target for development of new anti-cancer therapeu-
tics (Liang et al. 2012). The primary aims of this research
include: (i) the determination of the cytotoxic effects of
Convolvulus pluricaulis extracts on cancer and normal
cells, which have never been investigated; (ii) the pre-
cise mechanisms of cytotoxic effects of extracts remain
unclear at molecular level. Therefore, study was created
to investigate the apoptotic profile of the invading patho-
gen with PI Annexin V by flow cytometry analysis. To the
best of our knowledge, evaluation of the apoptotic effect
of Convolvulus pluricaulis has not been evaluated earlier
(Nil et al. 2018).
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Methods

Plant collection and authentication

The plant materials (leaves) of the Convolvulus pluricau-
lis were collected by the ‘Prakriti Garden Studio’ in Delhi
and authenticated at the National Institute for Tradi-
tional Research ICMR, Department of Health, Ministry
of Health and family well-being, Government of India,
and Belgium RMRC-1447 have been carried out with the
access numbers.

Extraction of the plant materials

The fresh leaves plant materials were washed with run-
ning tap water and shade dried. The leaves were crushed
to coarsely powdered. These coarse powders (45 g) were
then subjected to successive extraction in 200 ml of
petroleum ether, ethyl acetate, chloroform, ethanol and
aqueous solvent by using Soxhlet apparatus. The col-
lected extracts were stored and then used for further
analysis.

Phytochemical analysis

Various extracts were tested qualitatively for the pres-
ence of phytochemical constituents, namely alkaloids,
flavonoids, glycosides, phenols, saponins, sterols, tannins
and reducing sugar by following the standard procedure
(Deepti et al. 2012).

Cell Lines and cell culture

Two types of cell lines Liver Cell Line-Hep G2 & Normal
Cell Line-L929 were purchased from the National Centre
for Cell Sciences (NCCS) Pune, maintained in Dulbecco’s
Modified Eagle Media (DMEM) with high glucose (Cat
No-11965-092) medium supplement with 10% FBS. Cells
incubated to a humidified environment, the temperature
should be 37 °C containing 5% CO, (Dinggqi et al. 2020).

Antibodies and reagents

Antibiotic:-Solution of Antimycotic 100 x (Thermo
Fisher Scientific)-Cat No-15240062. FBS Cat No
-10,270,106.

Treatments and experimental design

Tested cell lines were used to assess the cytotoxic effects
of different extract of Convolvulus pluricaulis. Cells
treated with various concentrations of the prepared
extract ranging 640 pg/ml to 20 pg/ml. The cytotoxic
activities of different extracts examined were assessed
after cell treatment using 3-(4, 5-dimethylthiazol-2-yl),
5-biphenyl tetrazoliumbromide (MTT). Only DMSO was
used in the control groups. Furthermore, the morpholog-
ical changes were evaluated using phase contrast inverted
microscope.
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MTT cell proliferation assay

For evaluation of cytotoxicity on different extracts of
leaves, the IC;, value was determined. The cell line were
cultured in Dulbecco’s Modified Eagle Media (DMEM)
medium which has been added with 10% heat inactivated
fetal calf serum (FBS) and 1% Antibiotic: Anti-mycotic
100 x solution. The cells were seeded at a density of
approximately 5 x 10° cells/well in a 96-well flat-bottom
micro-plate and maintained at 37 °C in 95% humidity
and 5% CO, for overnight. Different concentration (640,
320, 160, 80, 40, 20 pg/ml) of samples was prepared. For
another 24 h, the cells were incubated. After washing the
cells twice with phosphate buffer solution, MTT solu-
tion (20 pl) for staining (5 mg/ml in phosphate buffer
solution) was put in each, and the plate was kept in the
incubation chamber at 37 °C. After 4 h, both wells were
filled with 100 pl DMSO to make the formazan crystals
dissolve. The absorbance was measured, and the results
were reported with a 570 nm microplate reader (Stockert
et al. 2012).

Formula:

Surviving cells(%) = Mean OD of test compound
/Mean OD of Negative control x 100
Inhibiting cells(%) = 100 — Surviving cells.

Apoptosis by flow cytometer

The cells were sown in a 24-well flat bottom micro-
plate containing cover slips and maintained at 37 °C
in CO, incubator for overnight. The cells were given a
half-maximum inhibitory concentration ICg, calcu-
lated of treatment ETHE for 12 h. After the incubation,
cells were washed with phosphate buffer solution/PBS
(pH~7.4) and centrifuged (Remi, CM-12 Plus, India)
for 5 min at 500 x g at 4 °C. Discard supernatant and
resuspend the cell pellets in ice-cold 1 x Binding Buffer
to (1 x 10° per ml) keep tubes in ice-cold. Then add 1 ul
solution of Annexin-VFITC and 5 pl propidium iodide
(PI) and mix gently. Incubate for 15 min in the dark with
the tubes on ice 400 pl of icy cold 1 x binding buffer,
lightly mixed. Cell preparations were then processed
through a Cytoflex flow-cytometer (Beckman Coulter
CA, USA) within 30 min, and assessed with the help of
the Cytexpert programme (Version 2.3.0.84) (Bhagwat
et al. 2021).

Cell lines and cell culture

Cell lines: Hep G2 (Liver cancer) Dulbecco’s Modified
Eagle Media (DMEM) with low glucose—Cat No-11965-
092 (Gibco, invitrogen); fetal bovine serum (FBS)—Cat
No-10,270,106 (Gibco, invitrogen) Antibiotic—Antimy-
cotic 100 x solution (Thermo Fisher Scientific)—Cat.
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No-15240062 TACS Annexin V-FITC Apoptosis Detec-
tion Kit (R&D Systems) Cat No-4830-01-K.

Statistical analysis

Each experiment was performed at least triplicate and
averaged. Values are expressed as mean+S.E.M (n=6),
data were analyzed using one-way ANOVA, followed by
Dunnett’s multiple comparison test by using GraphPad
Prism 9 for Windows (disease control vs. treated groups:
(*P<0.05, *P<0.01, ***P<0.001)).

Results

The presence of various types of phytoconstituents of the
extract was detected by phytochemical screening. The
leaves of Convolvulus pluricaulis were found to contain
alkaloids, flavonoids, tannins, sterols and carbohydrate.

Cytotoxic activity of Convolvulus pluricaulis leaves
extracts on Hep G2 and Line-L-929 cell lines was evalu-
ated by MTT assay. MTT assay is a colorimetric assay
that assesses mitochondrial succinate dehydrogenase’s
reduction of yellow 3-(4, 5 dimethylthiazole-2-yl)2,5-
diphenyltetrazolium bromide (MTT). The MTT enters
into mitochondria of cell and reduces to an insoluble
colored complex (dark purple) formazan. Decline of
MTT occurs in the metabolically active cell. The viability
of a cell is determined by its amount of activity (Manure
and Naikwade 2017).

Effect of extracts with increasing polarity of solvents,
namely PEE, CHCLE, EAE, ETHE, and AQE extracts of
Convolvulus pluricaulis on HepG2 & 1929 cell line was
assessed using MTT assay.

Tables 1, 2 show the ICy, (50% inhibitory concentra-
tions) values of the extracts on the HepG2 & L-929 cell
line (Mona et al. 2016).

A more meticulous analysis of data unveils that in com-
parison of Convolvulus pluricaulis of different leaves
extract ETHE (IC;, after 24 h: 35.87 pg/ml) in Fig. 1
showed the most potent cytotoxic effects against HepG2
cells followed by the EAE (ICg, after 24 h, 165.67 pg/ml);
followed by the AQE (IC,, after 24 h, 419.89 ug/ml); fol-
lowed by the CHCLE (ICy, after 24 h, 497.70 pg/ml); then
PEE (ICg, after 24 h, 502.70 pg/ml) (Toktam et al. 2016).

In contrast, the extract showed no noticeable cyto-
toxic effect against 1929 as a normal cell line with
extremely high IC,, values for these cells: 3294.46 pg/
ml for AQE, 2344.90 pg/ml for EAE, 2109.06 pg/ml for
ETHE, 2540.20 pg/ml for CHCLE, 2921.93 pg/ml for
PEE (Table 2) (Khulood et al. 2019). Moreover, the cyto-
toxicity of all the extract on the HepG2 was substantially
higher than on L-929 as a normal cell line. However, the
ICs, value for Convolvulus pluricaulis extracts was more
than 1000 pg/ml on Normal Cell Line-L929, suggesting
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Table 1 Effects of different leaf extracts of Convolvulus pluricaulis
on Liver Cell Line-HepG2
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Table 2 Effects of different leaf extracts of Convolvulus pluricaulis
on Normal Cell Line-L929

Compound  Concentration % Cell Viability  1C;, value (ug/ml) Compound  Concentration % Cell viability  1C;, value (ug/ml)
(ng/ml) (Mean £ SEM) (ng/ml) (Mean & SEM)
NC - 100% - NC - 100% -
Sta. (5-FU) 640 10.58 £ 1.17%** 1.66 PEE 640 5830+£1.57 2921.93
160 20.25£1.23%% 320 59.66+1.58
40 28.87 41.28*** 160 63.51+1.79
PEE 640 42.324+1.63 502.70 80 66444226
320 57.04+£161 40 70.88+£1.74
160 68.63+2.37 20 7404+ 1.64
80 73.97 £2.04 CHCLLE 640 58224190 2540.20
40 80.16+1.87 320 59.57+£1.87
20 87294231 160 64.14+1.30
CHCI,E 640 42.11+£1.69 497.70 80 6649+ 1.38
320 56.66£2.47 40 7227+£1.78
160 69.27 +£2.27 20 7500£1.12
80 73.88+£1.37 EAE 640 55.83+£094 2344.90
40 79.70£1.68 320 59.22+£152
20 87.21+147 160 62.53+1.17
EAE 640 4049 4+ 242* 165.67 80 65.50+0.94
320 46.70£1.58*% 40 69354217
160 50.97 £2.88 20 71611147
80 5281£1.78 ETHE 640 57.93+£0.22 2109.06
40 56.92+£ 147 320 59.72+£133
20 68.75+1.86 160 6439+1.44
ETHE 640 37.84£2.52%* 35873 80 71.87£0.59
320 39.71£1.98** 40 7423+£1.63
160 43.88+2.02 20 76.68 £ 1.24
80 46.74+£143 AQE 640 62.25+1.02 329446
40 49.86+1.67 320 64.08+1.01
20 52.09+£2.30 160 72.24+£138
AQE 640 40.10+£1.82 419.89 80 77.14+0.86
320 5460£281 40 83.03+£0.38
160 67294195 20 84.18+0.62
80 71.53£2.22 PEE petroleum ether extract, CHCl; chloroform extract, EAE ethyl acetate extract,
40 77964155 ETHE ethanol extract, AQE aqueous extract
20 85.05+2.08

PEE petroleum ether extract, CHCl; chloroform extract, EAE ethyl acetate extract,
ETHE ethanol extract, AQE aqueous extract

*P < 0.05, **P < 0.01, ***P < 0.001

that this Convolvulus pluricaulis was safe for human
consumption. 5-FU was used as a standard or positive
control (ICy, after 24 h, 1.66 pg/ml). The characteristics
of 5-FU were toxic at cell levels showing lowest survival
rate among other treatments in a dose-dependent man-
ner (Fig. 2).

Images of different extracts from Convolvulus plu-
ricaulis treated with HepG2 cells indicate viable
cells (VI), chromatin condensation (CC), membrane

blabbing (BL), apoptotic bodies (AB) and dead cells
(DC); darkened stains indicating DNA fragmentation
within the cells.

The control cells, however, remained intact and
evenly shaped. When treated for 24 h, most cells
remained intact but lost their shape. Following treat-
ment with ETHE of Convolvulus pluricaulis, all cells
were completely ruptured see in Fig. 3. The staining
noticeably showed apoptotic morphological changes in
ETHE of Convolvulus pluricaulis treated cells in terms
of both nuclear condensation and cell structure loss.

The control cells displayed a bright reddish brown
coloration and an intact nuclear structure, indicating



Tamboli and Wadkar Bulletin of the National Research Centre

(2022) 46:145

Page 5 of 10

Hep G2 cell line

600
-

IC50

400+

IC50

200+

Compound (Treatment group)

showing the IC50 values of various leaves extracts

Fig. 1 1C50 determination using MTT assay for C. pluricaulis: HepG2and 1929 cell line IC50 value were calculated based on MTT assay, graph

L929
3500
-o- Legend
3000
(=]
el
(*]
2500
2000 T T T T T
LIS R

Compound(Treatment group)

Hep G2 vs Drug y=-0.021x + 49.50
R>=0.813
60
50
X 40 -
2
% 30
=] ¢ Viability %
S 20
10
0 T T T ]
0 200 400 600 800
Concentration (pg/ml)
Fig. 2 Graph represents the relationship between concentration and
% viability

healthy viable cells, whereas treated cells exhibited
bright red stain signifying apoptotic cells are present.

Fibroblast cells of the normal cell line L929 were flat,
elongated and spindle shaped (aligned in parallel cluster).
There were no morphological changes in the cells when
different extracts of Convolvulus pluricaulis were applied
at varied concentrations shown in Fig. 4. The cell prolif-
eration rate and untreated L-929 cell growth were both
satisfactory. So Normal Cell Line-L929 is biocompatible
with extracts of Convolvulus pluricaulis (Fig. 5).

Convolvulus pluricaulis extracts tested in the present
study had lower IC, value suggesting higher level of
cytotoxicity activity against HepG2 cells compared to
L-929 cell (Anith et al. 2020).

Annexin V-FITC assay of Convolvulus pluricaulis of ETHE
treated HepG2 cells

The cells were considered apoptotic if they were posi-
tive for Annexin-V and negative for propidium iodide.
When the cells were positive for both the Annexin-V and

propidium iodide, however cells that had been declared
to be dead. Similarly, when the cells were negative for
both the Annexin-V and propidium iodide they were
identified as viable cells (Nael et al. 2015).

Annexin V-FITC analysis of HepG2 cells Control (A)
and treated with Convolvulus pluricaulis of ETHE for
12 h. (B). The Annexin V assay revealed that Convolvu-
lus pluricaulis of ETHE induced early and late stage of
apoptosis in HepG2 cells. The Annexin V-FITC plots in
Fig. 6 show the HepG2 cell distribution within four dif-
ferent quadrants (Q1, Q2, Q3, and Q4).When compared
with untreated cells, treated cells had a lower percentage
of viable cells. The percentage of viable cells decreased
from 98.8% to 70.00% after 12 h of treatment.

In the untreated cells, there was minimal cell distribu-
tion in Q1, Q2 and Q3 indicating a very low number of
dead, early and late apoptotic cells, respectively. How-
ever, the cell distribution in these quadrants increased
after treatment with ETHE.

The percentage of early apoptotic cells (Q3) remains
the same in untreated cells and treated cells (0.00%). The
untreated HepG2 cells showed a distribution of 0.81% for
the late apoptotic cells (Q2).

Similar to viable cells, the late apoptotic cells percent-
age of in untreated HepG2 cells (0.81%) increased to
(15.2%) after 12 h of ETHE treatment, respectively. The
raise in cell distribution indicated a time-dependent
increase in late apoptotic cells.

Lastly, dead cells, represented by (Q1) the ETHE treat-
ment, there was only a small increase in cell dispersion.
For a 12-h incubation period, the ETHE treated cells
had a percentage of dead cells of 0.38 percent, while the
untreated cells had a percentage of dead cells of 14.8 per-
cent (Fig. 5 and Table 3). ETHE generated a considerable
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HepG2 before treatment (Control) HepG2 after treatment with AQE of
Convolvulus pluricaulis

HepG?2 after treatment with HepG2 after treatment with ETHE of
EAE extract of Convolvulus pluricaulis Convolvulus pluricaulis

HepG2 after treatment with CHCLE HepG2 after treatment with
extract of Convolvulus pluricaulis PEE of Convolvulus pluricaulis

Fig. 3 Images of stained HepG2 cells treated with different extracts from Convolvulus pluricaulis in a time-dependent manner
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Fig. 4 Images of L929 Normal Cell line before treatment and after treatment with high concentration of ETHE of C. pluricaulis
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Fig. 5 Flow-cytometric analysis of (A) Control and (B) Convolvulus pluricaulis of ETHE and Annexin V-FITC & Pl double labeling were used to trigger
apoptosis in Hep G2 cells. Results represent both panels indicate (Annexin 4/Pl —) early apoptosis in lower right quadrant/ (Q3), while (Annexin +/
PI4) late apoptosis in the upper right quadrant/(Q2). The quadrant on lower left represents viable cells/(Q4). The upper left quadrant shows

increase in apoptosis in HepG2 cells, as seen by the total
cell population shift (Saie et al. 2018).

Discussion

Hepatocellular carcinoma (HCC) is a kind of cancer
which affects the liver. It is one of the most common
tumors in the world, accounting for over 90% of all
primary liver malignancies (Zhao et al. 2018). There-
fore, there is essential to discover new chemo preven-
tive agents that are effective and have no side effects
for growth inhibition of hepatocellular carcinoma. The

HepG2 cell line has been used widely to study liver can-
cer (Chandrasekaran et al. 2010).

These medicinal plants have various biological proper-
ties, including, antitumor activity, headache treatment,
antidepressant, anti-inflammatory, antioxidant, effect on
learning and memory, Anti-microbial, insecticidal, anti-
fungal, anti-bacterial and anthelmintic activity and anti-
diabetic activities (Satish et al. 2014).

In our study, MTT assay is such a technique; this has
the potential to have a huge impact in preclinical cyto-
toxicity screening. The reduction of tetrazolium salt
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Fig. 6 Flow cytometric analysis of the proportion of apoptotic cells

Table 3 The effect of ETHE of Convolvulus pluricaulis of on
HepG2 cells apoptosis

Sr.No Q-4 Q-3 Q-2 Q-1
Sample code Live  Early Apoptosis  Late Apoptosis  Dead
Control (Untreated) 988  0.00 0.81 038
ETHE (treated) 700 0.00 15.2 14.8

by enzymes, the MTT assay determines the functional
integrity of mitochondria and offers information on cel-
lular metabolism and cell viability (Manure and Naik-
wade 2017).

The cytotoxicity of two cell lines, Hep G2 and Line-
1929, was assessed using the MTT assay. The IC,, value
was obtained to assess its inhibitory concentration that
causes 50% cell viability (Damita et al. 2020). Using cyto-
toxic characteristics as a criterion of Hep G2 & Line-
1929 cell lines, it was observed that there was decreased
cell viability in tandem with increasing concentration
and time of treatment (Maryam et al. 2020). Cancer cells’
resistance to apoptosis is one of its distinguishing fea-
tures (Mei-lan HE 2007; (Mense et al. 2008).

As a result, a thorough knowledge of the apoptotic
signaling pathways involved is critical for the identifica-
tion and development of target-specific therapies. Car-
cinogens can be studied using mouse models. They will
substantially contribute to understanding of cancer cau-
sation and molecular pathways (Jiang and Yu 2017; Dunn
and Umar 2016).

Therefore, the current study using HepG2 cells as in
vitro models aims to provide insights into the cell death
mechanism and molecular action mechanism against
apoptosis by its bioactive compounds.

The plasma membrane’s phospholipids are asym-
metrically distributed across the inner and outer
leaflets. The lipid bilayer’s external leaflet exposes phos-
phatidylcholine and sphingomyelin, while the inner
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leaflet exposes phosphatidylserine. This asymmetry is
disturbed during apoptosis, and phosphatidylserine
is exposed on the plasma membranes outside surface
(Fadok et al. 1992; Koopman et al. 1994; Van Engeland
et al. 1998).

A decrease in viability was observed at 24 h when the
cells are incubated along with ETHE, indicating that
ETHE shows an inhibitory trend on HepG2 cell growth
by significant accumulation of cells in the Sub-G, phase.

These results indicated that treatment with ETHE
resulted in apoptotic cell death and Sub-G, phase cell
cycle arrest, thereby delaying the progression of the cell
through the G1, S and G2/M phase in HepG2 cells (Chen
etal. 2015).

One of the markers for predicting cell membrane injury
is the level of LDH in the culture medium. ETHE stimu-
lated the release of LDH in HepG2 cells, as expected.
These findings strongly suggest that ETHE inhibits
HepG2 cell growth, probably due to rupture of the cell
membrane, which results in cell death.

These findings strongly suggest that ETHE inhibits
HepG2 cell growth, probably due to rupture of the cell
membrane, which results in cell death (Chen et al. 2015).

Interestingly, the ETHE exhibited a higher selectivity
than the PEE, CHCLE, EAE and showed significant cyto-
toxicity and a high selectivity against HepG2 cells after
24 h exposure (Sasipawan et al. 2012).

Conclusions

This article focuses on a study of the cytotoxicity and
apoptotic potential of ETHE of Convolvulus pluricaulis
on HepG2 cells. In further studies using Annexin V-FITC
analyses established significant increases in late and dead
apoptosis. The ETHE of Convolvulus pluricaulis caused
cell membrane integrity damage, and initiated an apop-
totic response in HepG2 cells. These results suggest that
this ETHE of Convolvulus pluricaulis is a good candidate
for the discovery of novel cancer medicines in humans.
These findings will contribute to the effort to identify
phytochemicals that can potentially function as human
anticancer agents. Our results clearly show a selective
cytotoxicity and apoptosis inductive effect indicative of
an anti-cancer activity of the ETHE of Convolvulus plu-
ricaulis on the human hepatoma HepG2 cell line. Fur-
ther, the present study concludes that different extracts
of leaves of Convolvulus pluricaulis were sufficiently safe
for human consumption. The anti-cancer capabilities of
Convolvulus pluricaulis need to be further investigated
in different cancer types and stages, exploiting the full
potential as new alternatives in pharmacological and
medicinal applications.
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AQE: Aqueous extract; EAE: Ethyl acetate extract; ETHE: Ethanol extract;
CHCL,E: Chloroform extract; PEE: Petroleum ether extract; C. pluricaulis: Con-
volvulus pluricaulis; MTT: 3-(4,5-Dimethylthiazol-2-yl), 5-biphenyl tetrazolium
bromide; Hep G2 (or HepG2): Human liver cancer cell line; 5-FU: Fluorouracil;
FBS: Fetal bovine serum.
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