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Abstract

Elephantopus scaber Linn. was used traditionally for treating various diseases. Previous studies found the
cytotoxicity of this herb against differentcell lines. This study aimed to determine the effectiveness of the
ethanolic extract of E.scaberin inducing apoptosis by observing itseffect on caspase cascade.This ethanolic
extract was obtained by maceration method using 96% ethanol. It was fractionated with petroleum ether to
discard compounds with very low polarity This step wasfollowed bythe fractionation with chloroform to isolate
compounds with optimum polarity. The soluble part in cﬁ)l‘()f()rm was dried and used for the assay. The
immunocytochemistry method used specific antibodies for caspase-8, caspase-3, and caspase-9 to observe the
expressions of each caspase. T47D cell line was treated with the chloroform fraction of E. scaber with the
concentrations of 7.06 pg/ml and 353pg/ml. The results of the immunocytochemistry showed that this
chloroform fraction increased the expressions of caspase-8, caspase-3, and caspase-9 proteinssignificantly.Such

increase led to apoptotic cells.This finding supported the development of E.scaber extract as ananticancer agent.
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Cancer progresses due to an imbalance

) ) process of programmed cell death, or
Cancer is a major health problem that ) ) ) o
apoptosis, is consideredvitalin

causes death after cardiovascular disease. ) ) )
normalhomeostaticsettings.  This  process

Breast cancer is the first ranked most common )
produces a balance in the number of cells

malignancy in female population [1]. Although
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byeliminating damaged cells and physiological
proliferation. The defects in the mechanisms
of apoptosis play essential roles in tumor
development as they allow neoplastic cells to
survive and reproduce uncontrollably[2].
Elephantopus scaber L. has been used
traditionally to treat various disease. It has
been reported to have a cytotoxic effect and
induce the apoptotic death of HelLa cancer
cells [5].Some of its active compounds have
been  successfully isolated, particularly
deoxyelephantopin and isodeoxyelephantopin

[3].
Deoxyelephantopin inhibits the growth of

of the sesquiterpene lactone class
cancer cells byanapoptotic mechanism in
which the caspase cascade, i.e.,caspases-8, -9,
-3, and -7, are activated [4].This finding
affirms the potentialof E. scaberL.as an
anticancer [7].

The fractions obtained from the extract of
E. scaberL. are empirically found to exhibit
cytotoxic activities, which are indicated by
ICsy value The chloroform fraction of the
leaves of E. scaberL. shows cytotoxic activity
against T47D breast cancer cell line with
ICs00f7.06 ug/ml[6]. The understanding of the
mechanism by whichacompound dvorks is
fundamental to drug development. This study
aimed to identify the efficacy of the active
fraction of the ethanolic extract of E. scaber L.
in inducing apoptosis by the activation of
caspase cascade.
2. Materials and Methods
2.1. Materials

The leaves of E. scaber L. were obtained in
Yogyakarta, Indonesia. The

plant  was
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identified as Elephantopus scaber Linnfrom

the family Compositaecin Laboratory of
Biology, Universitas Ahmad Dahlan under the
supervision of Assoc. Prof. Hadi Sasongko,
and the number of the herbarium specimen is

073/Lab.Bio/B/VII/2016.

2.2. Extraction and Fractionation

The leaves of E. scaber L. were dried in
anoven at 50°C. The dried leaves were
powdered and sieved with 20/40 mesh. The
powder that passed through the 20 mesh but
was retained by the 40 mesh was used for
extraction.The extraction was performed by
maceration with 96% ethanol solvent. The
maceration was replicated three times to
maximize the collection of the compounds.
The macerate was evaporated with a vacuum
evaporator to obtain a viscous extract.

The viscous extract of 20 grams ofE.
scaber L. was dissolved and shakenin 100 ml
of petroleum ether to discard compounds with
very low polarity. The soluble fraction of the
petroleum ether was separated from the
insoluble matter, which was later dissolved in
100 ml of chloroform. The chloroform fraction
was evaporated until asolid chloroform
fraction was formed. The fractionation of the
extract with chloroform was performed three

times to get the maximum active fraction.

2.3. Sample Preparation

Asample of 10 mg was dissolved in 1 ml of
dimethyl sulfoxide (DMSQ). Then, it was
diluted with RPMI to achieve the
concentrations of 7.06 pg/ml and 3.53 pg/ml

by gradual dilution. The treatment used these
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two concentrations because the ICsy of
chloroform fraction was 706 ug/mi[8]. At this
concentration, the cell growth and protein
expression were easily observable due to the
presence of adequate viable cells. The final
concentration of DMSO in the sample was
0.007% . Exposure to 1% DMSO is empirically
proven to inhibit cell survival insignificantly
[9]. Therefore, this concentration is not toxic

to cell growth.

2.4. Immunocytochemistry

The expressions of the caspases were
observed with immunocytochemistry
technique [10]. T47D cells were grown in a
24-well microplate. They were left to attach
and grow in the bottom of the plate after
overnight incubation.The microplate was taken
from the incubator, and the culture medium
was then removed from each well using a
micropipette. A solution of 1 ml was sampled
from the extract with concentrations of 7.06
pg/ml and 3.53 pg/ml, transferred into the
well, and then incubated for 24 hours. After
the incubation, all culture mediums were
removed from the well, added with 300 pl of
PBS, and then left for 5 minutes. The PBS
solution was discarded . The culture mediums
were added with 300 pl of distilled water, left
for 5 minutes, and then discarded. The cells
were fixed with 300 ul of methanol and left for
10 minutes before the methanol wasdiscarded.
After thefixation, the cells were washed two
times with 300 pl PBS, addeé with 100 pl of
hydrogen peroxide solution, and left for 5-10
minutes. The solution was removed and

washed with 300 pl of PBS two times.
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Afterward, the cells were uc&d with 100 pl of
prediluted blocking serum and left for 10-15
minutes. They we r; then removed, added with
100 pl of primary anti-caspase-8, anti-caspase-
3. and anti-caspase-9, and incubated for 24
hours. After the incubation, they were washed
two times using 300 pl of PBS, added with
100 pl of secondary ant&dies, and left for 20
minutes. Afterward, the cells were washed two
f PBS, added with 100 ul
of HRP solution, left for 10 minutes, and then
washed with PBS.
DAB solution were added to the cells and

times using 300

left for 2 minutes. After washing them with
distilled water, the microplate was added with
Mayer Hematoxylin solution and left for 5
minutes. The last step was washing the cells
with 500 ﬂ of distilled water and left them to
dry. The expressions of caspase-8, caspase-3,
and caspase-9 were observed under a light

microscope.

2.5. Analysis

The cells were observed under a light
microscope witl-nIOOX magnification. The
expressions of caspase 8, caspase-3, and
caspase-9 were characterized by the color of
the cell. The positive caspases appear in brown
or dark color, while the negative ones have
blue or purple color.The expressions were
observed on six fields of view forevery sample
and presented as the percentage of positive
expression compared to the total area of the

cells.
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3. Results and Discussion
3.1. Extraction and Fractionation

The extraction of the leaves of E. scaber L.
using 96% ethanol produced a concentrated
extract with adark color. The yield of the
extraction was 8.5% which was in line with
the standard, i.e.higher than 2.7% [11]. Fat
and other compounds with very low polarity
were then removed with petroleum ether.
Fractionation with chloroform aimed to isolate
active compounds with optimum polarity. The
result was 20.5% compared to the crude
extract. The high cytotoxicity of chloroform
fraction was indicated by ICs, of 7.06 pug/ml
[6].

3.2. The IncreasedExpression of Caspase-8
by the Elephantopus scaberExtract

The activation of apoptosis-signaling
pathways by antica{&rdrugs is frequently
formed during the activation of caspases,
afamily of cysteine proteases that act as
common death-effector molecules. Caspases
can trigger apoptosis by cleaving various
cytoplasmic or nuclear substrates, which are
the morphologic features of apoptotic cells.
The activation of caspase can be initiated in

the plasma membrane with different

mechanisms, by either death receptor-
mediated signaling (receptor pathway) or
mitochondrial pathway[12].

Elephantopus scaber was reported as a
promising anticancer agent. Some active
compounds that are isolated from E. scaber
exhibit cytotoxic activity against some cell
lines [4,13]. This study observed the
expression of caspases after the addition of the
fraction of E. scaber as a potential treatment
for cancer. The expression of caspases
involved a series of complex processes and
many factors. The gene expression system,
including initiation, transcription, translation,
and other concomitant processes, was carefully
controlled.

The expression of caspase-8 in T47D breast
cancer cell line after treatment with E. scaber
extract is presented in Figurel. Treatment with
353 pg/ml increased the expression of
caspase-8 (Figure 1B). The dark brown cells
were identified in nearly all culture cells.This
expression was significantly different from the
morphology of the control sample (Figure 1A).
The dark brown color indicates high
expression of caspase-8 following the
treatment with E. scaber. A higher dose of the

fraction of E. scaber (7.06 pg/ml) resulted in

Figure 1. The caspase-8 expression after ES treatment on T47D cells A. Control cells B. 3.53 ug/ml, C.
706 ug/ml.
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damaged cells (Figure 1C). Subsequently, the
T47D cells entered the late stage of apoptosis
and, then, necrosis. The morphology of the
T47D cells was characterized by cellular
shrinkage and apcﬁotic bodies in their
surrounding. The morphological changes,
signifying apoptosis, were observed in most
cell types. These changes started with a
reduction in cell volume and followed by the
condensation of the nucleus| 14].

At a concentration of 3.53 pg/ml (FiguredB),
treatment with E. scaberproducedbrown cells,
indicating the expression of caspase-8 in the
cytoplasm. This expression led to apoptotic
cells. The calculation of the expression is
summarized in Table 1.

The activation of caspase-8 after the
treatment indicates the activation of the
extrinsic pathway. Caspase-8 also has a
significant role in the transcription of p53

tumor suppressor protein [15].

3.3. the Increased Expression of Caspase-9

Caspase-9 is an initiator caspase that
regulates the occurrence of apopatic processes
through the internal pathway. It is activated by
bina']g cytochrome ¢ to Apaf-1, which forms
a complex known as apoptosome. This
complex activates the caspase-9 zymogen
(pro-caspase-9). Once activated, caspase-9 will
trigger the activation of the effector caspase
and cause apoptosig[ 16].

This research showed that the treatment of
T47D cells with E.scaber increased the
expression of caspase-9 (Figure 2). The
calculation of the expression of caspase-9 after
the treatment is presemﬁ in Table 2.

This study found that the expression of
caspase-9  significantly increased  after
treatment with 3.53 pg/mlof E. scaber extract.
In a normal condition (the control sample), the
expression of caspase-9 in T47D celllines was

low (Figure 2A). After the treatment, it started

Table 1. The quantification of caspase-8 expression on T47D cells after Elephantopus scaber extract

treatment.
Treatment Percentage of caspase-8 expression + SD
control 0+0%
3.53 pug/ml 96.62 + 2.69%
706 pg/ml 100 +0%

Table 2. The quantification of caspase-9 expression on T47D cells after Elephantopus scaber extract

treatment.

Treatment
Control

3.53 pg/ml

Percentage of caspase-9 expression + SD

18.89 % =003

4523 % =002
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Figure 2. Caspase-9 expression after Elephantopus scaber treatment (A) control, (B) treatment with 3.53

pg/ml.

Figure 3. Caspase-3 expression after Elephantopus scaber treatment (A) control, (B) treatment with 3.53

pg/ml.

to increase, proving the role of E. scaber in

inducing through mitochondrial

apoptosis
pathway.

3.4. The Increased Expression of Caspase-3

Caspase-3 is a proapoptotic agent that acts
as a major effector caspase (executioner) in the
process of apoptosis.It plays an essential role
in breaking the apoptotic substrate and
activating other effect or caspases, including
caspase-6 and caspase-7[17]. Treatment with
E. scaberextract was ableto increase the
expression of caspase-3, as presented in Figure
3 and Table 3.

During the research, caspase-3 seemed to
be downstream of caspase-8. The increased
expression of caspase-3 after treatment with

E.scaber was most likely caused by the
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increased expression of caspase-8. Caspase-8
is an initiator caspase that cleaves pro-caspase-
3 into activated caspase-3. Upon the
activation, caspase-3 becomes capable of

aving many cellular substrates and induces
morphological ~ changes like  chromatin
condensation, membrane blebbing and DNA
fragmentation,

indicating the process of

apoptosis[18].

3.5. Elephantopus Scaber-Induced Caspase
Cascade

The activation of caspase-3 involved the
intrinsic and extrinsic pathways. Caspase-3was
activated via the extrinsic pathway (death
ligand) where the death signal was caused by
the compound of E. scaber bound to the death

receptor. This bond formed a trimer with
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Tabel 3. The level of caspase-3 expression on T47D cells after Elepahantopus scaber extract treatment.

Treatment

Control

7.06 pg/ml

Percentage of caspase-3 expression + SD

2.13+0028

17.65+0018

FADD (Fas-Associated Death Domain) and
activated pro-caspase-8. The active caspase-8

activated caspase-3 as an effector caspase.

Meanwhile, in the intrinsic pathway
(mitochondria), treatment with E.
scaberextract induced the release of

cytochromec, which later formed a complex
with Apaf-1 and pro-caspase-9 known as
apoptosome.The active caspase-9 activated
caspase-3 as an effector caspase. This study
found that ﬁter the treatment with E.scaber
extract, the expressions of caspase-8, caspase-
9, and caspase-3 were increased, suggesting
that this extract induces the apoptosis through
intrinsic and extrinsic pathways.

The results of this study were in line with

e previous research, which reported that
caspase-3 induced apoptosis and mediated cell
cycle arrest in  T47D  cells by
isodeoxyelephantopin. E. scaber was also
reported to induce cell cycle arrest at G2/M
phase[4].

This study proved the potential of E. scaber
as an anticancer agent. The extract of E.
scaber exhibits cytotoxicity against various
cancer cell lines, including MCF-7 breast
cancer cell lines [4,13], A549 lung carcinoma

cells [4], Hela cervical cancer cell lines [19],

HCT human colon cancer cell lines, and
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Daltons Lymphoma Ascites (DLA) tumor cells
[3].

This study also confirmed that the mode of
death induced by E. scaber was apoptosis. The
ability to indlﬁ apoptosis is an essential
including

requisite of anticancer agents,

chemotherapeutic agents, hormones, and
various biological compounds [16]. This study
found that E. scaber induced the apoptosis of
T47D breast carﬁr cell lines by activating
caspase cascade. The expression of caspase-9,
caspase-8, and caspase-3 increased
significantly Therefore, E. scaberis potentially

developed as an anticancer agent.

Acknowledgment

This research was supported by the

Indonesian Ministry of Research, Technology,
and Higher Education as a part of the

Fundamental Research Scheme.

References

[1] Tomre LA, Bray F, Siegel RL, Ferlay I, Lortet-
Tieulent J, Jemal A. Global Cancer Statistics , 2012.
CA A Cancer J. ournal Clin. (2015) 65 (2): 87-108.
[2] Vousden KH, Lu X. Live or let die: the cell’s
response to p53. Nature. (2002) 2 (8): 594-604.

|3] Geetha BS, Nair MS, Latha PG, Remani P.
Sesquiterpene Lactones Isolated from Elephantopus
scaber L . Inhibits Human Lymphocyte Proliferation
and the Growth of Tumour Cell Lines and Induces

Apoptosis In Vitro. J. Biomed. Biotechnol. (2012)




Nurkhasanah M, et al / UPS 2019; 15(2):75-82

2012:1-7.

|4] Kabeer FA, Sreedevi GB, Nair MS.
Isodeoxyelephantopin from Elephantopus scaber (
Didancao) induces cell cycle arrest and caspase-3-
mediated apoptosis in breast carcinoma T47D cells
and lung carcinoma. Chin. Med.(2014) 9 (14): 1-9.

[5] Listyowati Y, Nurkhasanah. Efek sitotoksik dan
pemacuan apoptosis fraksi petroleum eter ekstrak
etanol daun tapak liman ( Elephantopus scaber linn )
terhadap sel Hela. Pharmaciana. (2014) 3 (2): 1-7.

[6] Wardati KZ. Aktivitas sitotoksik dan pemacuan
apoptosis fraksi kloroform ekstrak daun tapak liman
(Elephantopus scaber Linn) terhadap sel kanker
payudara T47D. Universitas Ahmad Dahlan: (2017).
[7] Xu G, Liang Q, Gong Z, Yu W, He S, Xi L.
antitumor activities of the four sesquiterpene lactones
from Elephantopus scaber L . Exp. Oncol. (2006)
28(2): 106-9.

[8] Sulistyani N, Nurkhasanah. The cytotoxic effect
of Elephantopus scaber Linn extract against breast
cancer ( T47D ) cells. IOP Conf. Ser. Mater. Sci. Eng.
(2017) 1-6.

[9] Yuan C, Gao J, Guo J, Bai L, Marshall C, Cai Z,

et al. Dimethyl Sulfoxide Damages Mitochondrial

Integrity and Membrane Potential in Cultured
Astrocytes. PLoS One. (2014) 9(9): el07447-
el07447.

[10] Adina AB, Goenadi FA, Handoko FF,

Nawangsari AD, Hermawan A, Jenie RI, et al.

Combination of Ethanolic Extract of Citrus

aurantifolia Peels with Doxorubicin Modulate Cell

Cycle and Increase Apoptosis Induction on MCFE-7

82

Cells. Iran. J. Pharm. Res (2014) 13(3):919-926.

[11] Depkes Rl. Farmakope Herbal Indonesia. 2nd
ed. Jakarta:
Indonesia; (2008).

Departemen  Kesehatan  Republik
[12] Fulda S, Debatin K. Apoptosis pathways in
neuroblastoma therapy. Cancer Lett. (2003) 197:131-
135.

[13] Ho WY, Yeap SK, Ho CL, Raha AR, Suraini
AA, Alitheen NB. Elephantopus scaber induces
cytotoxicity in MCF-7 human breast cancer cells via
p53-induced apoptosis. J. Med. Plants Res(2011) 5
(24): 5741-5749.

[14] Huerta S, Goulet EJ, Huerta-yepez S, Livingston
EH. Screening and Detection of Apoptosis. J. Surg.
Res. (2007) 139:143-156.

[15] Ding H, Lin Y, McGill G, Juo P, Zhu H, Blenis J,
et al. Essential Role for Caspase-8 in Transcription-
independent Apoptosis Triggered by p53 *. J. Biol.
Chem. (2000) 275(49):38905-38911.

[16] Kaufmann SH, Eamshaw WC. MINIREVIEW
Induction of Apoptosis by Cancer Chemotherapy.
Exp. Cell Res. (2000) 256:42-49.

[17] Turk B, Stoka V. Protease signalling in cell
death: caspases versus cysteine cathepsins q. FEBS
Lett. (2007) 581:2761-2767.

[18]
BioEssays.(2003) 25 (9) : 888-896.

[19] Nurkhasanah, Trisnamurti KC, Gunaryanti RD,

Lawen A. Apoptosis — an introduction.

Widyastuti T. The Screening Of Cytotoxic Fraction
From Elephantopus scaber Linn against Human
Cervical Cancer ( Hela ) Cells. Int. J. Pharma. Sci.

Res. (2015) 6(6):1011-1014.




HASIL CEK JURNAL

ORIGINALI

TY REPORT

9.

SIMILAR

G G G

ITY INDEX INTERNET SOURCES  PUBLICATIONS STUDENT PAPERS

PRIMARY SOURCES

.

bmccancer.biomedcentral.com

Internet Source

1o

)

Submitted to University of Birmingham
Student Paper

1o

e

cmjournal.biomedcentral.com

Internet Source

1o

=

Submitted to Trinity College Dublin

Student Paper

1o

£l

"Apoptosome", Springer Science and Business
Media LLC, 2010

Publication

1o

Debatin, K.M.. "Apoptosis in hematological
disorders", Seminars in Cancer Biology, 200304

Publication

1o

B B

cancerci.biomedcentral.com

Internet Source

1o

Www.science.gov

Internet Source

1o




Submitted to Yeditepe University 1 o
(0]

Student Paper

RN
(@)

Alves, R.M.. "Evidence of caspase-mediated 1 o
apoptosis induced by |-amino acid oxidase °
isolated from Bothrops atrox snake venom",

Comparative Biochemistry and Physiology, Part

A, 200812

Publication

mafiadoc.com 1 o
(o}

Internet Source

Exclude quotes On Exclude matches <1%

Exclude bibliography On



	HASIL CEK JURNAL
	by Jurnal Cek Jurnal

	HASIL CEK JURNAL
	ORIGINALITY REPORT
	PRIMARY SOURCES


