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ABSTRACT

Bryophytes are primitive non-vascular plants. Alittle is explored regarding the medicinal effects of bryophytes on
carcinoma. This study investigated the biological effects of purified terpenoids from Brachythecium buchananii
on selected cell lines, such as, HeLa, MDA-MB-231, and MG-63 human osteosarcoma cells, and also elucidating
the regulatory signaling pathways underlying the effects of terpenoids towards caspase cascade and the
antioxidant enzyme system. The cell lines were treated with various concentrations of purified terpenoid
extracts in terms of evaluating viability [3-(4,5-dimethylthiazol-2-Y1)-2,5-diphenyltetrazolium bromide (MTT)
assay]. Interestingly, MG-63 cell lines showed poor viability as compared to other ongo cells and was subjected
to further molecular evaluations. Migration and invasion assay results using wound-healing and transwell
assays, respectively, reveal the pro-antimetastatic potential of the purified terpenoids from the moss. The
flow cytometry study substantiated terpenoid induced apoptosis in MG-63 cells. Cell cycle analysis revealed
a significant increase in the number of cells arrested at the S growth phase. Terpenoid extract also displayed
DNA fragmentation in the cells. Western blot analysis revealed the downregulation of the anti-apoptotic
proteins Bcl-2, pro-caspase 3, and overexpression of the pro-apoptotic protein Bax. In addition, the caspase
cascade profile of the terpenoid extract substantiated their efficacy in tumor inhibition. Thus, the overall
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results confirmed the biological features of terpenoid induced apoptosis in the MG-63 cells.

INTRODUCTION

Bryophytes are the oldest amphibian plants that differ
from all other lignified vascular plants in terms of their
dominant gametophytic generation with dependent
sporophyte. Bryophytes generally fall into three lineages,
such as liverworts (Marchantiophyta), hornworts
(Anthocerotophyta), and mosses (Bryophyta).[!l These
plantsare generallydominated in dampy microenvironment
and cool temperate forests. But, some are aquatic, and
others require a humid condition. Some bryophytes
possess remarkable resurrection power and can survive
extended periods of desiccation and, when rewetted, revive
toresume normal growth. Bryophytes are good indicators
ofair and water pollution. Mosses are considered to be the
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closest sister to the vascular plants and have significant
ethnic and ecological values. For example, peat moss
Sphagnum is one of the most economically important
bryophytes. Because of their special epidermal cells,
Sphagnum species are frequently added to potting soil to
increase its water-holding capacity. During World War |,
Sphagnum was used on a large scale as a wound dressing
material because of its acidic sterile thallus, which acts as
antiseptic and also an adsorbent.[?! Generally, bryophytes
are ignored because of their small stature and lack of
proven economic outputs. But, for the last few years,
studies revealed that these plants are exceptionally rich
in medicinally valuable compounds, such as, alkaloids,
phenolic acids, flavonoids, terpenoids, tannins, saponins,
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and phlobatannins.!! The present study is undertaken
to analyze the antimetastatic capability of the purified
terpenoids isolated from the moss B. buchananii.

MATERIALS AND METHODS

B. buchananii, belongs to Brachytheciaceae of Musci.
The identity of the plant was confirmed by floras and
authenticated by comparing it with the herbarium of the
University of Calicut.

Estimation of Terpenoids

Total terpenoids were quantified by the method of
Indumathi.®!

Purification and Fractionation by Gas
Chromatography-Mass Spectrometry (GC-MS)
Analysis

Terpenoid from B. buchananii was extracted using methanol
and was purified by silica gel column chromatography (CC).
Elution was done using petroleum ether:ethyl acetate as
solvent combinations from 100% petroleum ether (PE)
to 100% ethyl acetate (EA) and also PE:EA combinations.
Further, the purified fraction was subjected to thin
layer chromatography (TLC) with the mobile phase of
toluene:ethylacetate (6:1) as combinations and subsequently
analyzed by gas chromatography-mass spectrometry (GC-
MS). The mass spectrum of the unknown components
derived from GC-MS chromatogram was compared with
the mass spectral survey data of NIST library (NIST 2005),
EIMS data reported in the literature were also compared
with the experimental mass spectra of the moss. The order
of elution of compounds was confirmed through reported
retention indices (RI) data. Area normalization method
was used to quantify the constituents.

Anticancer Assay

Cells and Culture Conditions

HeLa (cervical carcinoma), MDA-MB-231 (human breast
adenocarcinoma), and MG-63 (human osteosarcoma)
cells were procured from the National Centre for Cell
Sciences (NCCS), Pune, India and maintained on Dulbecco’s
modified Eagle’s medium, DMEM (Sigma Aldrich, USA), as
per the manufacturer’s instruction.

Cytotoxicity and Apoptosis Assay

Cell viability was assessed by MTT reduction assay.[*!
The three cell lines were cultured as per the standard
procedure and analyzed the IC;, concentration. The cell
cycle and apoptosis were analyzed by flow cytometer.

DNA Fragmentation Analysis

The DNA fragmentation was analyzed in the MG-63 cells
treated with different doses (0, 25, 50, and 100 ug/mL)
of purified terpenoid extracts. Both the attached and
floating cells were harvested and washed with phosphate
buffered saline (PBS) buffer. Subsequently, the pellets
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were lysed with DNA lysis buffer [20 mM ethylenediamine
tetraacetic acid (EDTA), 100 mM Tris, pH 8.0, 0.8%
sodium dodecyl sulphate (SDS)] at room temperature
for 20 minutes. Further, the cells were centrifuged for 10
minutes at 12,000 rpm, and the supernatants were treated
with RNase A (final dose of 500 pg/mL) for 20 minutes
at 37°C, followed by proteinase K digestion with (final
concentration 500 pug/mL) for 3 hours at 50°C. The total
DNA was extracted using the 25:24:1 phenol/chloroform/
isoamyl alcohol, precipitated with ethanol, dissolved in 10
mM Tris, pH 8.0, 1 mM Tris-EDTA (TE) buffer and subjected
to 2% agarose gel electrophoresis for DNA fragmentation
assay.

Migration and Invasion

To analyze the cell migration, wound healing assay was
performed.® Cell invasion was carried by the invasion
of the MG-63 cells through 24-well matrigel-coated
transwell inserts. Transwell inserts with an 8 um pore
size were coated with 100 pL of a 1 mg/mL Matrigel
in cold serum-free medium. The lower chamber was
filled with a medium containing fetal bovine serum as
chemoattractant. The coated filter and upper chamber
were laid over the lower chamber. MG-63 cells were
pre-incubated with different concentrations (25, 50, and
100 pg/mL) of terpenoid extracts for 48 hours duration at
room temperature and then, cell suspension treated with
terpenoid extract was seeded on to the upper chamber
walls. After incubation for 20 hours at 37°C, the filter
was fixed and stained with 25 mL ethanol containing
0.2% crystal violet for 15 minutes. After being dried, the
stained cells were enumerated and photographed. For
quantification, the invaded stained cells on the other side
of the membranes were extracted with 31% acetic acid
and read colorimetrically at 590 nm (Zheng et al., 2011).

Western Blotting Assay!®!

Western blot technique was employed to evaluate the
anti-apoptotic (Bcl-2, pro-caspase 3) and apoptotic
protein (Bax) expression following treatment with
purified terpenoid extracts (0, 6.25, 12.5, 25, 50, and 100
pg/mL) on MG-63 cells.

Lactate Dehydrogenase Assay

Membrane integrity was assessed by estimating the
amount of lactate dehydrogenase (LDH) present in the
culture media. The cytosolic enzyme LDH will be released
due to membrane damage.”!

Signaling Pathways

Mitogen-activated protein kinase signaling pathway,!®!
caspase cascade, and antioxidant enzyme pathways’!
were also analyzed.

Statistical Analysis

The data was the mean of three replicates. Statistical
significance was analyzed using a student’s t test
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(two-tailed). p < 0.05 was considered as statistically
significant difference.

RESULTS AND DISCUSSION

The optimal level of total terpenoid content from the
crude methanolic extract of B. buchananii was noticed,
i.e.,, 4.3 mg/g. Subsequently, the crude terpenoid content
was purified using silica gel G column chromatography
and was eluted with different combinations of petroleum
ether:ethyl acetate. Interestingly, 100% PE, 95:5 (PE:EA),
and 90:10 (PE:EA) showed promising results. The three
eluted combinations were further subjected to TLC.
The 100% PE eluted fraction of B. buchananii showed a
single band on TLC, and in GC-MS analysis showed the
presence of hexadecane, hexadecanoic acid, octadecane,
heneicosane, and tetracosane. The analysis of the 95:5
fraction showed six bands on TLC with the presence
of dodecanal, octadecane, dodecane, hexadecane,
nonadecane, heptadecane, stigmasterol (triterpenoid),
and heneicosane on GC-MS analysis. The 90:10 (PE:EA)
eluted fraction also showed six bands on TLC. The band
was fractionated using GC-MS showed the presence of
dodecanal, hexadecane, tetradecanal, 6, 10, 14-trimethyl-
2-pentadecanone (sesquiterpenoid), and heptadecane. All
these compounds were already found to be listed in the
terpenoids library list of MassFinder 4 software indicating
them as terpenoids/terpenoid related compounds.

Cytotoxicity (MTT assay)

Cytotoxicity of purified terpenoid of B. buchananii against
the HeLa, MDA-MB-231, and MG-63 osteosarcoma cell
lines (0, 6.25, 12.5, 25, 50, and 100 pg/mL) for different
time spans (0, 24, and 48 hours) revealed a concentration
and duration-dependent impact (Table 1). The viability
of the MG-63 cells treated with 100 pg/mL for 24 hours
was remarkably reduced when compared to others, i.e.,
38.48%. Further, antimetastatic studies were continued
only with MG-63 cells lines.

Cell Morphology of MG-63 using Light Microscopy

MG-63 cells were cultured for 24 hours with different
doses of terpenoids (0, 6.25, 12.5, 25, 50, and 100 pg/mL).
No remarkable morphological changes were observed
in the MG-63 cells treated with terpenoid at 6.25 and

12.5 pg/mL for 24 hours. However, the cells exhibited sound
morphological anomalies, such as, blebbing with irregular
shaped cells, shrinkage, and chromatin condensation, when
treated with 50 and 100 pg/mL terpenoid extract (Fig. 1).

Inhibition of Cell Migration and Invasion by
Purified Terpenoid Extract

The inhibitory effects of terpenoid extract on the
chemotactic migration of MG-63 cells was evaluated
using wound-healing assay. Cells were carefully wounded
and a continuous cell-free wound region was created.
After 48 hours of incubation with purified terpenoid
extract, the migration caliber of MG-63 cells to move
into the wound region was significantly reduced in a
dose-dependent manner (50 and 100 pg/mL) (Fig. 2).
One of the most critical events in tumor progression is

Control 6.25 ug/ml

12.5 pg/ml

25 pg/ml

100 pg/ml

50 pg/ml

Fig. 1: The phase-contrast micrographs of MG-63 cells treated with
various doses of terpenoid extract from B. buchananii

Table 1: Percentage of viability of HeLa, MDA-MB-231, and MG-63 cells against the purified terpenoid extract of B. buchananii

Sample concentration HelLa percentage viability

MDA-MB-231 percentage viability

MG-63 percentage viability

(1ng/mL) 24 h 48 h 24 h
Control 100 100 100
6.25 89.26 80.3 88.59
12.5 76.8 71.4 79.77
25 65.2 60.3 73.15
50 58.9 56.4 68.44
100 55.3 50.71 65.7

48h 24h 48h
100 100 100
84.6 73.37 70.2
73.4 68.6 65.5
70.2 60.2 58.7
64.6 52.88 50.7
61.4 38.48 36.37
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Table 2: Purified terpenoid induces apoptosis after 48 hours on MG-63 cells

Concentration (ug/mL) Live (%) Early apoptosis (%) Late apoptosis (%) Dead (%)
Control 91.86 5.84 2.48 0.02
6.25 80.2 9.4 9.7 0.48
12.5 71.32 13.8 14 0.63
25 59.4 15.8 16 9.02
50 50.17 21.2 18.02 10.32
100 40.2 22.5 21.08 16.2
Conlro : . .. pg/ml | 50 pg/m | 100 pg/ml 1200
= 1000
=]
2 800
= € 600
£ 400 Fratio=1366.54
= CD=1.0021
2 200 SE=0.0368
3 0
48h Control 25 50 100
Concentration (pg/ml)
Fig. 4: Quantitative data of invasion of MG-63 cells
Fig. 2: Effect of terpenoid extract on the migration of MG-63 cells;
model of wound-healing at 0 and 48 hours 1200
1000
800
Control 2% gl 50 pgml 100 pg/ml § 600
; ! ey § 400 Fratio=1215.74
3 CD=0.2461
2 00 SE=0.0795
L
3 0
© Control 25 50 100

Fig. 3: Invasion inhibition of terpenoid extract on MG-63 pre-
treated with the indicated concentrations after 48 hours

the growth of the vascular network, such as, new blood
and lymphatic vessels (angiogenesis) to supply nutrients,
oxygen, and to remove waste products. To analyze the
impact of terpenoids on tumor invasion and metastasis,
the invasion assay was also performed, and the results
were consistent with the observations obtained with
the wound-healing assay (Figs 3 to 5). Terpenoids
significantly inhibited MG-63 invasion in a dose-dependent
manner. The values were statistically significant
(p <0.05).

Apoptosis Assay by Flow Cytometry

Initial apoptosis is featured by the translocation of
phosphatidylserine (PS) from the inner layer of the
cell membrane to the outside. Apoptosis is viewed by
estimating annexin V-FITC bonding to externalized
phosphatidylserine. In the flow cytometry method,
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Concentration (ug/ml)

Fig. 5: Estimation of wound healing rate (%)

annexin V/propidium iodide (ann V/PI) staining is
characterized by the protein annexin V capacity to bond
to phosphatidylserine, which is externalized on the outer
plasma membrane leaflet upon apoptosis induction.
In healthy cells, PS is localized in the inner membrane
leaflet, but on apoptosis induction, it is translocated
to the outer membrane leaflet and made available for
annexin V binding. The flow cytometry method of MG-63
cells revealed that terpenoid extract administration
leads to shifting of the cell population from viable to
apoptotic events (Table 2 and Fig. 6). After treatment with
100 pg/mL terpenoid extract for 48 hours, the initial, late
apoptoticlevels and dead cells were 22.5,21.08,and 16.2%,
respectively, compared with the control. Furthermore,
significant change in the percentage of late-stage apoptotic
cells for terpenoid extract-treated group was observed
at 50 pg/mL terpenoid extract incubation. These results
demonstrate the ability of terpenoid extract to exert
significant apoptosis, particularly in early-stage apoptosis
in MG-63 cells.
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Fig. 6: Annexin V/PI double-stained assay of MG-63 cells treated
with different concentrations of purified terpenoid extract for
48 hours

Induction of DNA Fragmentation by Terpenoid
Extract

The DNA fragmentation was analyzed by agarose gel
electrophoresis on the MG-63 cells treated with various
concentrations of purified terpenoid extract (Fig. 7).
In the experiments, DNA isolated from MG-63 cells
treated with terpenoids for 24 hours displayed a typical
ladder pattern of internucleosomal fragmentation and
was comparable with cisplastin, the synthetic drug.
Significant fragmentation was observed when MG-63
cells were administrated with 100 pg/mL of terpenoid
extract. During apoptosis, DNA strand breaks and the
nicks may be visualized via DNA fragmentation protocol.
It is well established that apoptosis is facilitated via
increased endonucleases activation, which leads to the
formation of DNA fragmentation, and this can be observed
through electrophoretic micrographs. Internucleosomal
fragmentation of DNA, as noticed by agarose gel
electrophoretic analysis, substantiates the progression of
apoptosis on MG-63 cells treated with purified terpenoid
extract. The results were comparable with the DNA
laddering noticed with the cisplastin treated cells.
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Fig. 7: DNA fragmentation on MG-63 cells treated with purified
terpenoid extract from B. buchananii
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Fig. 8: Impact of purified terpenoid extract from B. buchananii on
the cell cycle of the MG-63 cells

Cell Cycle Analysis

The impact of terpenoid extract on cell cycle distribution
in MG-63 cells were displayed in Fig. 8. Administration of
MG-63 cells with terpenoid extract resulted in remarkable
enhancement of G, phase cells when compared to the
non-treated cells. The density of cells in G, was enhanced in
aconcentration-dependent manner. This enhancementwas
correlated with the reduced % of cells in S and G; phases.
In addition, the sub-G,/G, cell accumulation, a biochemical
indicator of apoptosis,'! was remarkably increased in the
terpenoid extract-treated MG-63 cells than the non-treated
control. The enhancement in sub-G,/G; cells was dose-
dependent. Thus, the overall results suggest that terpenoid
extract induced MG-63 cell death via the induction of G,
cell cycle arrest and subsequent apoptotic events.
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Western Blot Analysis

Western blot protocol was employed for visualizing
the expression level of Bcl-2 (anti-apoptotic proteins)
pro-caspase 3 and the pro-apoptotic protein Bax. MG-63
cellswere treated with various doses of purified terpenoids
(6.25-100 pg/mL) and also with 100 ug/mL dose for
different time-periods. Terpenoids down-regulated the
expression of pro-caspase 3 and Bcl-2, while up-regulated
Bax protein in a concentration-dependent manner (Fig. 9).
Further, the duration dependent (0-48 hours) analysis of
100 pg/mL treated MG-63 cells revealed significant down/
upregulation of the proteins effectively from 12 hours
onwards.

Lactate Dehydrogenase (LDH) Assay

The cytotoxicity of purified terpenoid extract was
analyzed by LDH assay. As shown in Table 3, purified

0 pg/mi

C————

_ e

S e —— — | T
- e w= e O e

6.25pg/ml  125pg/ml 2Spg/ml 50 pg/ml 100 pg/ml

Pro-capase-3

B-tubulin

B B
(100 pg/ml)

Pro-capase-3

Bel-2

B-tubulin

hour

Fig. 9: Effects of terpenoid extracts on MG-63 cells in terms of
anti-apoptotic protein molecules such as pro-caspase 3 Bcl-2 and
apoptotic protein, such as, Bax; A: Concentration; B: Duration
dependent manner (100 pg/mL) using Western blot analysis

Table 3: Amount of LDH released from MG-63 cells after 24 hours
treatment with various doses of purified terpenoid extract from
B. buchananii

Concentration (ug/mL) % of total LDH activity
0 0.007

6.25 0.127

12.5 2.18

25 5.12

50 8.95

100 11.3

F ratio 97.73**

CD 0.07124

SE 0.01986

** - indicates p <0.01
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terpenoid treatment for 24 hours caused an abnormal
release of LDH in a dose-dependent mannerin MG-63 cells.
The LDH, a stable cytoplasmic enzyme present inside the
cells, is an important enzyme for energy metabolism. A
large amount of LDH was released into the cell culture
supernatant when the cell membrane was damaged, which
can be used to evaluate the effect of a drug to cause cell
death. In this work, the LDH released from the purified
terpenoid extract-treated cells substantiates this.

Analysis of the Signaling Pathway of Apoptosis
Many signaling pathways are involved in regulating
apoptosis events in the cells. Mitogen-activated protein
kinases (MAPKs), the caspase cascade, and the antioxidant
enzyme (AOX) pathway are the unique executors of
apoptosis, as revealed from many anticancer.®'? Initially,
the MAPK signaling pathway was traced using Western
blotanalysis to ensure the terpenoids triggered apoptosis.
In fact, the cells that were pre-treated with MAPK inhibitor
did not show any remarkable variations as compared
with the cells treated with terpenoids only. Thus, the
datareflected that terpenoids-induced apoptosis was not
executed by the MAPK signaling pathway on MG-63 cell
lines (Fig. 10).

Further, the role of the caspase cascade in the
terpenoids vs. apoptosis was analyzed by MTT assay and
Western blot analysis. From the expression micrographs,
the caspase cascade inhibitor, Z-VAD-FMK, displayed a
remarkable impact as compared with the cells treated
with terpenoids only (Fig. 11). This tempts to suggest that
the caspase cascade was involved in terpenoids triggered
apoptosis (Table 4).

In addition, the antioxidant (AOX) enzyme pathway was
analyzed to ascertain their involvement in the terpenoid
triggered apoptosis. The cells that were pre-treated with

L L L L L LT

c Ss8 p U S C S8 P U SP

+Terpenoid
(100 pg/ml)

Fig. 10: Analysis of mitogen-activated kinase (MAPK) subfamilies
with terpenoid treated MG-63 cells [the impact of MAPK inhibitors
(pre-treated with 20 uM SB203580, PD98059, U0126, and
SP600125, respectively, for 60 minutes) on MG-63 cells treated with
100 pg/mL terpenoid for 24 hours were analyzed]
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Terpenoid
- Z

Control

Pro-capase-3

Bel-2

Bax

p-tubulin

Fig. 11: Role of caspase induced apoptosis by terpenoid on MG-63
cells [influence of caspase general inhibitor (pretreatment with 20
uM Z-VAD-FMK for 60 minutes) on MG-63 cells treated with 100
pg/mL terpenoids for 24 hours was analyzed using Western blot

analysis]
120
100 -
_ 80 -
X
2 60 -
=z
0
S 40 -
©
vl
N I
0 T T
C terpenoid NAC NAC+
extract terpenoid
Treatment extract

Fig. 12: Effect of N-acetyl-L-cysteine (NAC) pre-treated MG-63 cells
followed by terpenoid extract (100 pg/mL) on cell viability

inhibitors (N-acetyl-L-cysteine) of antioxidant enzymes
showed reduced viability of the MG-63 cells as compared
with the cells treated with terpenoids only. Thus, this part
of the result also suggests that antioxidant (AOX) enzyme
inhibitor influenced the apoptosis via diverse strategies
associated with ROS-AOX pathway (Fig. 12). Thus, it
is plausible to reveal that antioxidant (AOX) enzyme
machinery was involved in the terpenoids triggered
apoptosis on MG-63 cells.

In this study, as an initial part of the analysis, MTT
assay was carried that reflects the reduced viability of
MG-63 cells treated with purified terpenoids in a dose
and duration-dependent manner as compared to other
cell lines. In addition, the terpenoids administrated
group showed a profound expression of apoptotic data as
revealed by the flow cytometry method and was further
supported by upregulation of Bax protein. Further, the
results with the signaling pathway inhibitors, such as,
Z-VAD-FMK suggest that the mode of action of purified
terpenoid extractin terms of apoptosis on MG-63 cells may

Int. J. Pharm. Sci. Drug Res. May-June, 2020, Vol 12, Issue 3, 287-294

Table 4: Impact of pre-treated MG-63 cells with caspase inhibitor
followed by terpenoid extract in terms of MTT assay

Viability (%)
Control 99.69
Terpenoid treated 38.62
Z-VAD-FMK + terpenoid 60.75

be via the caspase cascade and the antioxidant enzyme
system signaling pathways.

It has been proved that many phytochemicals are
able to induce apoptosis on MG-63 human osteosarcoma
cells; however, the role of terpenoids from the unexplored
plant group mosses on MG-63 cells has not yet elucidated.
Terpenoids, the major pungent factor of capsicum, has long
been employed in drugs for loss of weight and has been
used as an active drug for cancer treatment in terms of
inducing apoptosis in diverse malignant cell types under
in vitro conditions. In addition, the molecule has been
showing to induce apoptosis under in vivo condition as
the mode of tumor cell elimination in rat models. These
observations made us to trial terpenoids as a plausible
antimetastatic drug.

This study was planned to analyze terpenoids
triggered apoptosis in MG-63 human osteosarcoma cells
and its underlying molecular mode of actions. Using flow
cytometry and Western blot analysis, the anticancer
effect of terpenoids was demonstrated, which comprises
morphological modifications, reduced cell viability, and
apoptosis on the MG-63 cells. The overall results revealed
thatterpenoids are able to block cell viability, their growth
and apoptosis.

The aqueous and methanolic extracts of Myristica
fragrans seeds showed the presence of alkaloids, saponin,
steroids, flavonoids, cyanogenic glycosides, cardiac
glycosides, phlobatannins, and phenols. The crude plant
extract displayed significant anticancer activity on human
osteosarcoma cancer cell lines (MG-63). Significant
decreases in cell viability were noticed at concentrations
such as 18.75, 37.5, 75, and 150 pg/mL. The ICg, value
was calculated as 95.74 pg/mL.[3! Aziz et al™ studied
the anticancer activity of curcuminoid analog, namely,
(Z2)-3-hydroxy-1-(2-hydroxyphenyl)-3-phenylprop-2-en-1-
one (DK1) and reported that the curcumin analog of DK1
showed effective cytotoxic activity against U-2 OS and
MG-63 cells. It displayed morphological changes, and also
reduced the cell numbers via the induction of apoptosis.
After treatment with curcumin analog of DK1, several
apoptotic genes and proteins were up-regulated, such as,
caspase 3, caspase 9, and BAX, indicating that apoptosis
occurred through a mitochondrial-dependent signaling
pathway. Jun et al.l** investigated the anticancer property
of curcumin in two human osteosarcoma cell lines, U20S
and MG-63. They reported that the proliferation of the
osteosarcoma cells was significantly inhibited in a time
and concentration-dependent manner when incubated
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with curcumin. After treatment with curcumin, the
expression level of apoptosis-related proteins increased
and subsequently the level of apoptosis. Gajendiran
et al.*® reported that the Ocimum basilicum seed extracts
possess significantanticancer activity. It showed cytotoxic
effect on MG-63 human osteosarcoma cell lines. The cell
viability percentage showed significant reduction at
the lowest concentration, i.e,, 12.5 pg/mL. With higher
concentration of the extract, there was profound cell
death or cell deterioration, like shrunken with membrane
blebbing and also signs of detachment fr om the surface of
the wells indicating cell death. Scoparone, isolated from
Artemisia capillaries, inhibited the proliferation of DU145
cells via cell cycle arrest in the G, phase. Western blot
and quantitative real-time polymerase chain reaction
(PCR) analyses revealed that scoparone suppressed the
transcription of STAT3 target genes such as cyclin D1,
c-Myc, survivin, Bcl-2, and Socs3. The transcriptional
activity of STAT3C was also inhibited by scoparone (Kim
etal,2013).17

Thus, the present study described the effect of
purified terpenoids on MG-63 cells and also elucidated
the molecular modes that facilitated in the indution
of apoptosis. In combination, the data revealed that
terpenoids induced apoptosis on the MG-63 cells was
mainly through the caspase cascade and antioxidant
enzyme regulatory signaling pathways. Further, in vitro
and in vivo animal studies are warranted to ascertain the
role of terpenoids before trailing to human beings.
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