Pharmacovgn. Res.

A multifaceted peer reviewed journal in the field of Pharmacognosy and Natural Products

www.phco

ORIGINAL ARTICLE

Cytotoxicity and Apoptosis Induction of Sea Cucumber

Holothuria atra Extracts

Muhammad Nursid, Endar Marraskuranto, Ekowati Chasanah

Research Center for Marine and Fisheries Products Processing and Biotechnology, Ministry of Marine Fisheries and Affairs, Jakarta, Indonesia

ABSTRACT

Context: Cancer is one of the major causes of death. Sea cucumbers are
marine invertebrate that is widely used and utilized in traditional medicine.
One of the most studied of sea cucumbers efficacy is its anticancer
property. The anticancer property of sea cucumbers is much related to the
content of an active compound called saponin. Objective: The objective of
this research is to determine the cytotoxicity and apoptosis induction of
sea cucumber Holothuria atra ethanol extract and to study its anticancer
active compound. Materials and Methods: Sea cucumber of H. atra was
taken from Halmahera waters, North Maluku Indonesia. The extraction was
conducted by maceration method using ethanol 96% then continued with
liquid-liquid partition and separation using C18 column. The investigation
of active compound content was conducted by phytochemical and
spectroscopic analysis using liquid chromatography-ion trap-time of a
flight-mass spectrophotometer (LC-IT-ToMS). The cytotoxicity test was
performed by the 3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-2 H-tetrazolium
bromide method against human breast ductal carcinoma cell (T47D),
human breast adenocarcinoma (MCF7), human colorectal adenocarcinoma
cell (WiDr), and human cervix adenocarcinoma cell lines (HelLa). The
apoptotic induction test was performed using flow cytometry using
Fluorescein isothiocyanate (FITC) Annexin-V-Apoptosis and caspase-3
detection using FITC Active Caspase-3 kit. Results: Phytochemical test
showed that ethanol extract of H. atra contained alkaloids, flavonoids,
steroids-triterpenoids, phenols, and saponins. The extract showed
cytotoxic activity against the 4 cell lines with Inhibition concentration 50
values ranging from 9.6 to 14.3 ug/ml. Flow cytometry analysis showed
that the T47D cell population underwent apoptosis after treated with
ethanol extract. The extract also activated caspase-3 on the T47D cells.
The results of LC-IT-ToF-MS analysis showed that the active fraction from
C18 column separation contained saponin and identified as Cucumechinol
and Philinopgenin B. Conclusions: The results of this study indicated
that H. atra active extract has good cytotoxicity and has potential to be
developed as an anticancer agent.
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SUMMARY

e Ethanol extract of sea cucumber Holothuria atra from the Halmahera Waters
Indonesia exhibited cytotoxicity against several cancer cell lines. The extract
was able to induce apoptosis on T47D cell. Base on mass spectra analysis,
cucumecihnol and philipnogenin were responsible for the bioactivity,

INTRODUCTION

Cancer is one of the major causes of death in addition to cardiovascular
disease. According to the American Cancer Society,!! the most common
cancer is colon cancer (colorectal), prostate, and lung cancer (lung cancer).
Breast cancer is the most common cancer in women while in men is lung
cancer. Colorectal cancer ranks second in both men and women. The
search for anticancer drug research is now largely targeted to the molecular
mechanisms involved in the cell cycle and the process of apoptosis in cancer
cells. There is strong evidence that the growth of cancer is not only due to
the unlimited proliferation of cells but also by the occurrence of defects
in the apoptotic process.” Apoptosis is an intrinsic death program in cells
and plays an important role in physiological processes during immune

© 2019 Pharmacognosy Research | Published by Wolters Kluwer - Medknow

Cytotoxicity test

Holothuria atra sea cucumber Ethanol extract
—_—

Caspase-3 d i ww LC-IT-ToF-MS analysis

s

Cucumechinol "cn)c ey Philipnogenin

MNPs:
chromatography-ion

Abbreviations used: Marine natural
LC--ToRMS:  Liquid
spectrophotometer; MTT:3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-2 H-tetrazolium
bromide; T47D: Human breast ductal carcinoma cell; MCF7: Human breast
adenocarcinoma cell; WiDr: Human colorectal adenocarcinoma cell; Hel a:
Human cervix adenocarcinoma cell; RPMI: Roswell park memorial institute
medium; FBS: Fetal bovine serum; FITC: Fluorescein isothiocyanate;
PBS: Phosphate buffer saline; BD: Becton Dickinson; IC,;: Inhibition
concentration 50; PS: Phosphatidylserine; PI:

Propidium iodide.

products;

trap-time of flight-mass

Access this article online
Website: www.phcogres.com

Comespondence: Quick Response Code:

Dr. Muhammad Nursid,

KS. Tubun Petamburan VI Street, Jakarta, 10260,
Indonesia.

E-mail: muhammadnursid@gmail.com

DOI: 10.4103/pr.pr_3_18

system maturation, embryogenesis, and tissue exchange.”! The main
control mechanism if a damaged DNA cell fails to be repaired is through
apoptosis. Many malignancy processes are characterized by defects in
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apoptotic regulatory pathways."! Therefore, studies conducted to search
drug compounds that work specifically against certain molecules that can
trigger apoptosis in cancer cells is in urgent needs.* One of the challenges
that arise in developing anticancer drugs is the presence of cancer cell
which is resistance either to cytotoxic agents or to proapoptosis signals.”!

The ocean covering over 70% of the Earth’s surface is a source of
organisms capable of producing bioactive secondary metabolites with
a unique structure often called marine natural products (MNPs).¥! In
recent years, MNPs have attracted the attention of both chemists and
pharmacologists due to their chemical diversity and bioactivity,® one of
them is for anticancer drug compounds. To date, there are five compounds
of marine invertebrates already approved for use in cancer therapy,
ie, cytarabine (from sponge), ziconotide (from cone snail),
trabectedin (from tunicate), eribulin mesylate (from sponge), and
brentuximab vedotin (from sponge).”

One of the potential marine invertebrates used as a producer of
anticancer compounds is sea cucumber. Sea cucumber is a member of
the Holothuroidea which is included in the phylum Echinodermata. This
group of animals has a cucumber-shaped like and lives in the sea. This
type of Holothuroidea is estimated to be more than 1200 species in the
world, but only 66 species are considered as sea cucumber.'” Setyastuti
and Purwatil"! reported that there are about 350 species of Holothuroidea
where about 54 species are grouped as a sea cucumber in Indonesia. Sea
cucumber is one type of marine invertebrate that attracts researchers
and nutritionists because it has many health benefits and is now widely
used in the treatment of chronic inflammatory diseases.!"?! It is widely
studied for its efficacy as anti-inflammatory, immunostimulant, and
cancer prevention and treatment. Until now, pharmacological bioactive
compounds from sea cucumbers have been identified, including
antiangiogenic bioactive compounds, anticancer, anticoagulant,
antihypertension, anti-inflammatory, antimicrobial, antioxidant,
antithrombotic, and as a wound healer. Some types of the bioactive
compounds that are responsible for their bioactivity are triterpene
glycosides, chondroitin sulfates, glycosaminoglycans, polysaccharides
sulfate, sterols, phenolics, peptides, cerebrosides, and lectins.>!4
Holothuria atra is one of sea cucumber species which is abundant
in Indonesian waters. Research on H. atra as the source of anticancer
compounds is still limited. Compared to the other highly economically
value sea cucumber i. e. H. scabra and Stichopus variegatus. H. atra is yet
widely to be utilized. It might have to do with the limited information
on natural compounds content in H. atra that are pharmacologically
active such as anticancer. Some studies on active extracts from H. atra
were revealed by Dhinakaran and Lipton">'*! and Murniasih et al.l"”
Methanol extract from H. atra of Kanyakumari waters, India was known
to have cytotoxicity effect on Human cervix adenocarcinoma cell (HeLa),
human breast adenocarcinoma (MCF7), Hep2, and Vero cells.'>!®!
Whereas Murniasih et al.!'"”) investigated antioxidant capacity on H. atra
extract from Lombok waters, Indonesia. To the best of our knowledge, a
study to reveal the mechanism of H. atra extract inhibition on cancer cell
lines through apoptosis induction has not been done before. This study
aims to determine the cytotoxicity and induction of apoptosis of H. atra
ethanol extract against several types of cancer cell lines and to investigate
the active compounds contained in the ethanol extract.

MATERIALS AND METHODS
Sampling and identification of sea cucumber

Sea cucumber samples were taken from the waters of Halmahera, North
Maluku Province, Indonesia. Samples obtained were cleaned up from
its viscera and then were stored in a cool box and immediately were
transported to the laboratory. Identification was conducted at the Center
for Oceanographic Research, Indonesian Institute of Sciences, Jakarta.
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Extraction and fractionation

The sample was washed with fresh water then cut into pieces of
approximately 2-4 cm’. The extraction was conducted by 24 h
maceration using 96% ethanol. The extract was then concentrated
using a vacuum concentrator. The concentrated extract was then
frozen before it was dried using a freeze drier. The dried extracts were
further fractionated by gradual partitioning using n-hexane, ethyl
acetate, and methanol-water. The latter fraction was then subjected
into C18 column to obtain 9 fractions. The active fraction was then
injected into liquid chromatography-ion trap-time of flight-mass
spectrophotometer ~ (LC-IT-ToF-MS)  (Shimadzu) using Luna
C18 2.0 mm X 100 mm column, the sample injected volume was 20 ul
and, The sample was eluted using water-acetonitrile gradient system for
30 min with the flow rate was settled in 0.2 ml/min. The rest settings
were ionization mode electrospray ionization (ESI), probe and needle
voltage 4.5 kV, and detector voltage 1.7 kV.

Phytochemical screening

Phytochemical screening was carried out for alkaloids, flavonoids,
steroids-triterpenoids, phenols, saponins, and tannins following Siddiqui
and Ali""® with some modifications. These screening were carried out for
ethanol extracts of H. atra.

Cytotoxicity assay

Cytotoxicity assay was conducted according to Ebada et all™
with slightly modifications. The cytotoxicity test was performed
by the  3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-2H-tetrazolium
bromide (MTT) method against human breast ductal carcinoma
cells (T47D), human breast adenocarcinoma (MFC7), human
colorectal adenocarcinoma (WiDr), and human cervix adenocarcinoma
(HeLa). All cells were routinely grown and maintained in Roswell
park memorial institute medium with 10% fetal bovine serum
and 1% penicillin-streptomycin. All cell lines were incubated in a
moisture-saturated atmosphere containing 5% CO,. To each well of the
96-wells microplate containing 100 pL of cell suspension (1.5 x 10* cells)
was added 100 uL of extract in the various concentration (2.5; 5; 10; 20
and 40 ug/ml) and the plate was then incubated ina CO, incubator at 37°C
for 24 h. After the addition of 100 uL of MTT saline solution (0.5 mg/mL)
to each well of microplate, the plate was then incubated for 4 h under
the same conditions in the CO, incubator. The cell morphology and the
formed formazan crystal were documented, and then, the absorbance
was measured at 570 nm in a microplate reader (Thermo Scientific).
The value of Inhibition concentration 50 (IC ) was determined
using MINITAB probit analysis version 16.0 (Minitab, Inc).

Fluorescein isothiocyanate Annexin V staining

The analysis and discrimination between apoptosis and necrosis
cancer cells was conducted using Fluorescein isothiocyanate (FITC)
Annexin-V-Apoptosis Detection Kit II (BD Pharmagen).?” The test
method was conducted using protocols from the kit. In summary, the
test methods were the following: after T47D cells were treated with
10 ug/ml of extract for 24 h, the cells were trypsinized and washed
with cold Phosphate Buffer Saline (PBS) (two times) then the cells were
resuspended with 1X binding buffer at a concentration of 1 x 10° cells/ml.
As much as 100 ul solution (1 x 10° cell) were transferred to a 5 ml
culture tube then was added with 5 ul of FITC Annexin V and 5 pl
propidium iodide (PI). The mix solution gently homogenized using
vortex and incubated 15 min at room temperature (25°C) in the dark.
After incubation, the mix solution added with 400 pl binding buffer.
Apoptotic and necrotic cells were analyzed by flow cytometer (BD
Accuri C6).
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Active caspase-3 staining

Caspase-3 is an activated cysteine protease in the early apoptosis stadia.
Caspase-3 detection of the T47D cell treated with H. atra ethanol extract
after 24 h was performed by flow cytometry using FITC Active Caspase-3
Apoptosis Kit (BD Pharmingen).?!! The test was performed as per
protocol in the kit. The treated T47D cells were washed twice with cold
PBS. The cell pellet was resuspended with Cytofix/CytopermTM solution
with a concentration of 1 x 10° cells/0.5 ml and was incubated for 20 min
on ice. Pellet cells were aspirated, and solution Cytofix/Cytoperm™ was
discarded then pellet was washed with BD Perm/Wash™ buffer (1X) at
a volume of 0.5 ml buffer/1 x 10° cells at room temperature. The cell
was resuspended with BD Perm/Wash™ buffer (1X) plus antibody and
incubated for 30 min at 25°C. Subsequently, each test was washed in
1.0 ml BD Perm/Wash™ buffer (1X), then, the test was resuspended in
0.5 ml BD Perm/Wash™ buffer (1X) and was analyzed by flow cytometry.
The analysis of apoptotic and non-apoptotic populations for active
caspase-3 was carried out by flow cytometry (BD Accuri C6).

RESULTS

The identification of the specimens conducted at the Research Center for
Oceanography Indonesia Institute of Sciences showed that the sample
was confirmed as H. atra [Figure 1a]. A sample of 5 kg (wet weight) of
H. atra produced 44.9 g crude extract as an orange powder [Figure 1b].

Phytochemical screening results showed that the ethanol extract
positively contained alkaloids, flavonoids, steroids-triterpenoids,
phenols, and saponins, but negative to tannins.

To evaluate the anticancer potency of H. atra ethanol extract, cytotoxicity
test was performed using cancer cell line of T47D, MCF7, WiDr, and
HeLa. The results showed that the four cells morphologically changed
after treated with the ethanol extract for 24 h. Changes in morphology
in these four cells were primarily seen at a dose of 10 ug/ml [Figure 2].
This was consistent with a cell mortality profile in which about 40-50%
of the treated cells died at the concentration of 10 pug/ml extract. The
calculation of IC, value showed that ethanol extract of H. atra had
strong cytotoxicity against T47D, MCF7, WiDr, and Hela cells with IC_
value of 9.6; 14.3; 11.4; and 10.4 ug/ml, respectively [Table 1].

T47D cells were then used to see the effect of apoptotic induction of
the ethanol extract. Analysis of apoptotic induction was conducted
using flow cytometry with FITC Annexin V as the detection Kkit.
The result showed that the apoptotic cell population treated with the
ethanol extract of H. atra (dose of 10.0 pg/ml) for 24 h was 73.7%.
We used doxorubicin as a positive control (1.0 pg/ml), resulting
65.5% of cells underwent apoptosis. This was, in contrast, 86.5% of
the cell population was largely still in a viable (cells without treatment
(negative control) [Figure 3].

Table 1: Cell mortality profile and the IC, value of Holothuria atra extract
against some cancer cell lines

Concentration Cell mortality (%)

(hg/mi) T47D cell MCF7 cell WiDr cell Hela cell
2.5 0 8.5+7.9 4.1+2.2 14.3+1.1
5 35.840.6 38.1+£7.5 22.2+0.1 32.5+£12.0
10 53.2+4.9 51.5+8.8 46.8+1.1 40.5+2.1
20 77.9+11.8 52.2+4.3 79.4+3.8 72.5+£10.4
Figure 1: Holothuria atra sea cucumber (a) and ethanol extract of sea 40 89.8+4.4 67.3+5.7 81.9+1.4 83.9+10.6
cucumber Holothuria atra (b) IC,, value (ug/ml) 9.6 143 114 10.4
Untreated 2,5 pg/ml 10.0 pg/ml
T47D
MCF7
WiDr
Figure 2: Effect of Holothuria atra ethanol extract on cell morphology T47D, MCF7, WiDr, and Hela for 24 h
Pharmacognosy Research, Volume 11, Issue 1, January-March, 2019 43
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Figure 3: Flow cytometric analysis of Fluorescein isothiocyanate Annexin V staining of T4D7 cell populations after treated with Holothuria atra ethanol
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Figure 4: Flow cytometric analysis of apoptotic and non-apoptotic T47D cell populations for active caspase-3 at extracts doses of 10.0 pig/ml and 20.0 pg/ml
compared with positive control (doxorubicin) and untreated cells after 24 h incubation

To ensure that the ethanol extract induced apoptosis in T47D cells, we
further performed a caspase-3 detection test. Caspase-3 as one of the
key proteins in the apoptotic process can be used as a marker on cells
undergoing apoptosis in early apoptosis. Results showed the presence of
caspase-3 activation, especially at 20.0 pug/ml dose, of 30.9% [Figure 4].
T47D cells treated with doxorubicin (positive control) showed greater
caspase-3 activation of 98.5%. This was, in contrast, T47D cells without
treatment showed only 0.9% caspase-3 activation.

Identification of compounds in active fraction

The results of the cytotoxicity test on the liquid-liquid partition fraction
showed that the methanol-water fraction had the best cytotoxicity
(IC,, value of 16.5 ug/ml) compared to the n-hexane fraction and ethyl
acetate fraction [Table 2]. The methanol-water fraction was further
fractionated using the C18 flash column to yield 7 fractions. The fraction
F1 to F4 had no cytotoxicity effects while fraction F5, F6, and F7 showed
cytotoxicity with IC_ values of 7.4; 17.2 and 11.9 ug/ml, respectively,
against HeLa cells. Based on this, the LC-IT-ToF-MS analysis was
performed on fraction F5 to know the possible active compounds that
responsible for their cytotoxicity.

Based on the LC-IT-ToF-MS chromatogram, there were two major
compounds in fraction F5. Both compounds were eluted at the min of
13.86 and 16.75 [Figure 5a]. The first compound had a major molecular
ion peak (m/z) of 763.2197 [M + H]*. The peak ion with the value of m/z
763.2197 (C, H_0,,) was most likely a triterpene compound attached
to a glycoside. This was supported by the detection of molecular ions
at m/z 485.4257 [M + H]* which was the molecular ions peak of an
aglycone compound called Cucumechinol [Figure 5b] (C, H,,0,) which
had lost its deoxyhexose glycoside group. The second compound with a

a4

Table 2: Results of fractionation of Holothuria atra crude extract and IC
values of cytotoxicity test

Extract and fractions Yield IC,, value (pg/ml)
to Hela cell

Crude extract 200g 10.4

n-Hexane fraction 39¢g 334.0

Ethyl acetate fraction 60g 95.9

Methanol-water fraction 10.0g 16.4

F1-F4 fractions 0.121-2334.0 g >500 (no active)

F5 fraction l4g 7.4

F6 fraction 246.1 mg 17.2

F7 fraction 112.6 mg 11.9

retention time of 17.58 has a major molecular ion peak with m/z value
0f471.3838 [M + H]J*. The molecular ion peak is identical to an aglycone
called Philinopgenin B [Figure 5c]. The structure of Cucumechinol
and Philinopgenin B compounds according to Miyamoto et al.”? and
Zhang et al.* are shown in Figure 6.

DISCUSSION

Sea cucumber belonging to the class Holothuroidea phylum
Echinodermata, are echinoderms that are phylogenetically related to sea
stars, sea urchins and sea lilies.?¥ Sea cucumbers are benthic invertebrate
which contains many active compounds. This active compound is
secreted as part of its defense mechanism against predator attack. One
of the many active compounds contained in the body of sea cucumbers
is a saponin (triterpene glycosides). The result of the phytochemical test

showed that the crude extract of H. atra positively contained saponin.

Pharmacognosy Research, Volume 11, Issue 1, January-March, 2019
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By performing the LC-IT-ToF-MS analysis of the active fraction,
Cucumichenol and Philinopgenin B were detected. Both of them belong
to the triterpene glycoside. Saponin on many sea cucumbers is contained
within its body walls.?*! So far, about 150 types of saponins are found in
sea cucumber Holothuroidea.*

Structurally, the holothurian saponin is a triterpene glycoside composed
of an oligosaccharide chain and an aglycone which is predominantly by a
holostane type. However, recent investigation results also showed that some
triterpenes do not contain holostane aglycone structure (nonholostane
aglycone structure). In the structure of the oligosaccharide, the first
monosaccharide unit is always a xylose, while 3-O-methylglucose dan
3-O-methylxylose is always at terminal. In some glycosides, sulfate groups
are attached to the oligosccaharide chain. Most of them are mono-sulfated
glycosides with few occurrences of di- and tri-sulafted glycosides.”**!

The results of this study showed that H. atra ethanol extract had good
cytotoxicity against T47D, MCF7, WiDr, and HeLa cells with IC
values ranging from 9.6-14.3 ug/ml. The active fraction (F5) had the
best cytotoxicity with an IC, value of 7.4 ug/ml. Other research results
showed that H. atra from Mentawai islands, West Sumatera, Indonesia,
had cytotoxicity against Supris clone-1 cell (SP-C1).”*! Dhinakaran and
Lipton"® showed that methanolic extract of the H. atra from Southeast
Coast of India had cytotoxicity against Hep2 cells.

The cytotoxicity of H. atra ethanol extract against T47D cells
occurred through induction of apoptosis. This was detected by

Pharmacognosy Research, Volume 11, Issue 1, January-March, 2019

flow cytometry analysis. Through this analysis, the population of
apoptotic, necrosis, and viable cells can be clearly distinguished.
After exposure to H. atra extract for 24 h at a dose of 10 ug/ml,
73.7% of T47D cell population underwent apoptosis [Figure 3]. The
apoptotic induction capability of the extract against T47D cells was
confirmed by caspase-3 activation.

One of the changes that occur in apoptotic cells is the translocation of
phosphatidylserine (PS) from the inner part to the outer layer of the
plasma membrane. PS exposure on the outside of the plasma membrane
can be detected using Annexin V.*°*! Annexin V is a 35-36 kDa
Ca?* dependent phospholipid-binding protein that has a high affinity for
PS and binds to cells with exposed PS. Annexin V may be conjugated to
fluorochromes including FITC. This format retains its high affinity for
PS and thus serves as a sensitive probe for flow cytometric analysis of
cells that are undergoing apoptosis. Since externalization of PS occurs
in the earlier stages of apoptosis, FITC Annexin V staining can identify
apoptosis at an earlier stage than assays based on nuclear changes such
as DNA fragmentation.”” PS exposure also occurs in necrotic cells. To
distinguish between apoptotic and necrotic cells, in general, Annexin V is
used together with a PI. PI will mark necrotic cells, but not apoptotic cells.
In this assay, Annexin V binds the phospholipid PS, marking apoptotic
and necrotic cells, while PI binds DNA, marking only necrotic cells.*?

Caspase-3 is a main executioner of apoptotic cell death.
Caspase-3 (together with caspase-6 and -7) is classified as executioner
caspases, with the main function in the late events of apoptotic cell
death.”! Caspase-3 is the most widely studied of the effector caspases. It
plays a key role in both the death receptor pathway, initiated by caspase-8,
and the mitochondrial pathway, involving caspase-9. Several studies
have shown that caspase-3 activation was needed to induce apoptosis
in response to chemotherapy drugs such as doxorubicin. Caspase-3
is produced as an inactive 32-kDa proenzyme, which is cleaved at an
aspartate residue to yield a 12-kDa and a 17-kDa subunit. Two 12-kDa
and two 17-kDa subunits combine to form the active caspase-3 enzymes.
Caspase-3 cleaves a wide range of cellular substrates including structural
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proteins (e.g., lamins) and DNA repair enzymes (e.g., poly-[ADP-ribose]
polymerase). It also activates an endonuclease caspase-activated DNAse,
which causes the DNA fragmentation that is the characteristic of
apoptosis.® In this study, caspase-3 in T47D cells treated with H. atra
ethanol extract was detected through flow cytometry analysis. A total
of 30.9% T47D cells activated caspase-3. The activation of caspase-3
induced by doxorubicin as a positive control reached 98.5%) [Figure 4].
Our study results have confirmed several previous studies that explained
triterpene glycoside derived from sea cucumber-induced apoptosis on
cancer cell line through the activation of intracellular caspase cell death
pathways including cell cycle arrest of at S or G2/M phases.?"

In this study, the cytotoxic effect of H. atra was related to the triterpene
glycoside in the extract. Several anticancer compounds of triterpene
glycoside from sea cucumbers that have anticancer effects through
apoptosis induction are Philinopside A (from Pentacta quadrangularis),
Holothurin A (from Pearsonothuria graeffei), and Frondoside A (from
Cucumaria frondosa).”” The cytotoxicity and apoptosis induction of
H. atra ethanol extract have been proven although further research is
needed to elucidate the structure of the active chemical compound and
to understand the molecular mechanism of the active compound in
inhibiting the proliferation of cancer cells.

CONCLUSIONS

Ethanol extract of H. atrahad cytotoxicity against T47D, MCF7, WiDr, and
HeLa cells with IC, value of 9.6, 14.3, 11.4, and 10.4 pg/ml, respectively.
The ethanol extract induced apoptosis and activated caspase-3 in T47D
cells. The compounds responsible for the bioactivity were triterpene
glycosides which are most likely Cucumechinol and Philinopgenin B.
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