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Abstract

Cancer is the primary cause of death worldwide. Conventional cancer treatment is
known to be less than optimal because of its chemoresistance and toxicity to normal cells.
The search for cancer drugs from natural ingredients is still being carried out as an effort
to overcome these problems. Cassia alata L. leaf extract is known to have antibacterial
and antitumor activities. The main compounds of C. alata L. leaves (emodin, aloe-emodin,
and kaempferol) have been reported to have antiproliferative activity. This study aimed to
examine the cytotoxic activity of the C. alata L. leaves ethanol extracts, fractions, and main
compounds against breast cancer cells (MCF-7). Cytotoxic activity was carried out by the
MTT method. IC,, was determined by linear regression analysis describing the relationship
between concentration and % cell viability. The results showed that aloe-emodin, emodin,
and kaempferol had better cytotoxic activity than the extract and fractions of the C. alata L.
leaves with IC,, values respectively 12.7 ppm, 18.1 ppm, and 131.3 ppm.
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INTRODUCTION

Cancer is a non-communicable disease
(NCD) that is still a global health burden. Cancer
disease is characterized by the presence of cancer
cells, namely abnormal cells of the body that grow
uncontrollably, which are invasive so that they can
damage normal cells. The World Health Organi-
zation (WHO) reveals that cancer is the primary
cause of death worldwide. The number of cancer
cases and death rates until 2018 amounted to 18.1
and 9.6 million, respectively. The mortality rate
will increase to >13.1 million in 2030. The world-
wide prevalence of cancer patients is estimated at
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20%, while mortality prevalence is about 12.5%
for males and 9.1% for females. The prevalence of
cancer in Indonesia reaches 1.49%. Breast cancer
is ranked 2 of the highest cancer cases in the world
(Pangribowo, 2019).

Conventional cancer treatment is known
to be less than optimal due to chemoresistance
and toxicity to normal cells (Zhang, et al., 2021).

Submitted: October 24, 2022
Revised: December 4, 2022
Accepted: December 5, 2022
Published online: February 14, 2023

*Corresponding author: marissarfat@gmail.com




Indonesian Journal of Cancer Chemoprevention, October 2022

ISSN: 2088-0197
e-ISSN: 2355-8989

Doxorubicin is a typical cancer drug (Tang, et al.,
2021; Kullenberg, et al., 2021) and is recommended
for breast cancer therapy (Ashariati, 2019). Doxo-
rubicin is known to cause hair loss, heart palpita-
tions, and a decrease in the number of leukocytes
(Mulia, et al., 2016). The search for cancer drugs
from natural ingredients continues to be carried out
to overcome these problems. Natural ingredients
are a valuable resource in drug discovery efforts
because they support researchers in isolating new
active agents for the manufacture of new effica-
cious drugs (Zhang, et al., 2021).

C. alata L. is a herbaceous, intertropi-
cal plant from the Fabaceae family (Angelina, et
al., 2021). C. alata L. is native to Argentina and
is known by several names worldwide like Senna
alata, candle bush/tree, candlestick, Carion Crow
Bush, etc. C. alata L. leaves have been used as tra-
ditional medicine in several countries in the world,
namely as a remedy for several digestive problems
(constipation, stomach pain, liver disease), der-
matology (general skin diseases, dermatitis, skin
rashes, herpes zoster, eczema, mycosis), anti-in-
fectious (Malaria, flu), antidiabetic, and anti-in-
flammatory (Hennebelle, et al., 2009; Angelina,
et al., 2021). In Indonesia, C. alata L. leaves are
used traditionally as a remedy for itchy skin caused
by fungus by grinding or rubbing it directly on the
infected skin (Fatmawati, ef al., 2020).

C. alata L. leaf extract has been reported
to have antibacterial (Angelina, et al., 2021), anti-
fungal (Timothy, ef al., 2012; Triana, et al., 2016),
antiviral (Angelina, et al., 2017, 2020), antitumor
(Olarte, et al., 2013), antioxidant (Sagnia, et al.,
2014), anti-inflammatory (Lewis & Levy, 2011), an-
tidiabetic (Varghese, et al., 2013), antihepatotoxic,
and hepatoprotective effects (Ali, et al., 2017).
The chemical compounds of C. alata leaf extract
are known to be phenolic groups (chrysophanol,
kaempferol, aloe-emodin, emodin, quercetin, chry-
soeriol, adenine, and glycosides), anthraquinones
(alatinone and alatonal), fatty acids (oleic, palmitic,
and linoleic acids), steroids, and terpenoids

22 11]ICIC

(sitosterol,  stigmasterol, and  campesterol)
(Oladeji, et al., 2020; Angelina, et al., 2020). In
particular, aloe-emodin has been reported to have
antiproliferative and anticarcinogenic activity.
Aloe-emodin can inhibit cell proliferation, cell
migration, cell induction, cell death induction,
cell cycle arrest, and modulation of immune sig-
naling (Huang, et al., 2013; Sanders, et al., 2017).
Emodin has been reported to have antineoplastic,
anti-inflammatory, anti-angiogenesis, and antipro-
liferative activities (Huang, et al., 2013; Akkol, et
al., 2021). Kaempferol has been reported to have
anti-inflammatory, antimicrobial, antioxidant, an-
titumor, cardioprotective, neuroprotective, antidia-
betic (Imran, et al., 2019), antineoplastic, and anti-
proliferative activities (Kim & Choi, 2013).
Phytochemical studies have been carried
out on C. alata L. leaves extracts taken from several
regions in Indonesia, namely the Bogor Botanical
Gardens, South Tangerang, and South Kalimantan.
It was found that the ethanol extract of C. alata
L. leaves taken from South Kalimantan had the
highest total flavonoid content (Angelina, et al.,
2021). This study aimed to examine the cytotoxic
activity of the C. alata L. leaves ethanol extract, frac-
tions, and main compounds collected from South
Kalimantan against breast cancer cells (MCF-7).

MATERIALS AND METHODS

Methods

The research was conducted at the
Biochemistry Laboratory, National Research and
Innovation Agency. The materials used were C.
alata L. ethanol extract and fractions (hexane,
ethyl acetate, water), kaempferol, aloe-emodin,
emodin, doxorubicin (TCI, Japan), Dulbec-
co’s Modified Eagles Medium (DMEM) (Gibco,
USA), NaHCO, (Merck, Darmstadt, Germany),
fetal bovine serum (FBS) (Sigma, USA), penstrep
(penicillin-streptomycin) (Sigma, USA), aquadest,
3-(4.5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazo-
lium bromide (MTT) (Gibco, USA), trypsin EDTA
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0.25% (Gibco, USA), dimethyl sufoxice (DMSO)
(Thermo scientific, France), phospat buffer saline
(PBS) (Gibco, UK), MCEF-7 cells were given by
Mrs. Sri Ningsih (BPPT, Indonesia).

Cell Culture

The MCF-7 was cultured in complete
medium growth containing high glucose DMEM,
FBS 10%, and penicillin-streptomycin 1%. The cell
was incubated at 37°C and 5% CO, content.

Sample Preparation

Dimethyl sulfoxide was used as a sam-
ple solvent. Stock solution of the ethanol extract
and fractions, main compounds, and doxorubicin
were made at concentration of 10000, 3000, and
5500 ppm, respectively. Each sample was diluted
using the medium culture into several concentration
variations, namely 400, 200, 100, and 50 ppm for
extract and fractions; 100, 50, 25, 12.5, and 6.25
ppm for the main compounds and doxorubicin.

B Ethanol extract B Hexane fraction
E Ethyl acetate fraction = Water fraction

120.0

1000

% Wiability
=

80.0
&0
40

: ||| ‘|| il

20
200 400
Concentration (ppm)

fum ]

fum ]

ER11]ICIC

Cytotoxicity MTT Assay

Cytotoxicity MTT Assay was carried out
based on the method of Sajjadi, ef al. (2015) and
Damasuri, et al. (2020) with some modifications.
MCEF-7 cells (1.5x10*well) were grown on 96 well-
plates (Iwaki, Japan), incubated for 24 h. After 24
h, the culture medium was removed and replaced
with the samples, incubated for 48 h. Then, sam-
ples were removed and 10% MTT solution (100%
MTT = 5 mg/ml) was added, incubated for 1-4 h.
After 1-4 h, the MTT was removed and replaced
with DMSO. The activity of cells was analyzed
using a microplate reader (Thermo scientific,
Finland) at 570 nm. The absorbance data obtained
were processed in Microsoft Excel, calculated the
average value and % cell viability by the formula:

(sample absorbantion-medium absorbantion)/
(control absorbantion-medium absorbantionx100%

The data were analyzed by linear regression to get
the IC, | value (Haryanti & Widiyastuti, 2017).
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Figure 1. Graph of the relationship between compounds concentration and MCF-7 cells viability after

treatment.
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Figure 2. Morphology of the MCF-7 cells treated by ethanol extract (E), ethyl acetate fraction (AE), hexane
fraction (HE), water fraction (A). INV100 microscope (200x). Scale bar 100 pm.

RESULTS

The cytotoxic activity of the extract and the
fractions from the strongest to the weakest obtained
were ethyl acetate fraction, hexane fraction, etha-
nol extract, and water fraction with IC, values of
125.0 ppm, 132.6 ppm, 388.4 ppm, and 517.7 ppm,
respectively. The cytotoxic activity of the main
compounds from the strongest to the weakest
obtained was aloe-emodin, emodin, and kaempferol
with IC values of 12.7 ppm, 18.1 ppm, and 131.3
ppm, respectively. Doxorubicin gave superior
results with an IC, value of 2.2 ppm. The graph
showing the relationship between the concentra-

tion of the compounds and cell viability can be
seen in Figure 1. The compounds treatment gave
changes in the morphology of MCF-7 cells. Cell
morphology changes can be seen in Figures 2 and 3.

DISCUSSION

Based on the results, ethyl acetate frac-
tion had the highest cytotoxic activity against
MCEF-7 cells; followed by hexane fraction, etha-
nol extract, and water fraction. C. alata L. leaves
ethanol extract is known to contain alkaloids, fla-
vonoids, terpenoids, saponins, and tannins. Chemi-
cal compounds detected were emodin, kaempferol,
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Figure 3. Morphology of the MCF-7 cells treated by aloe-emodin (AE), emodin (E), kaempferol (K), doxoru-
bicin (D). INV100 microscope (200x). Scale bar 100 pm.

kaempferol-3,7-diglucoside, kaempferol-3-O-B-D-
glucopyranoside, aloe emodin, ®-hydroxyemodin,
lunatin, physcion, ziganein, apigenin, 7,4-dihy-
droxy-5-methoxyflavone,  diosmetin, luteolin,
trans-dihydrokaempferol, trans-resveratrol, querce-
tin, etc. (Angelina, et al., 2021). Research con-
ducted by Sogandi, et al. (2019) revealed that the
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screening results of licorice ethanol extract frac-
tions contained different compounds in each frac-
tion. The fractionation principle is the separa-
tion of compounds based on their polarity level.
Compounds will dissolve in solvents of the same
polarity. Butanol and water are polar solvents. Ethyl
acetate is semi-polar. Hexane is non-polar.
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The main compound contained in C.
alata extract having the highest cytotoxic activity
against MCF-7 cells was aloe-emodin with an IC,
value of 12.7 ppm. Aloe-emodin was reported to
induce cell apoptosis by damaging mitochondrial
membrane permeability and providing an oxidative
stress response (excess ROS production). Aloe-e-
modin can arrest the cell cycle by downregulating
cyclin and cyclin-dependent kinase. Aloe-emodin
can also decrease the activity of transcription fac-
tors and alter the expression of transcription that
is important for cell proliferation and metabolism
(Sanders, et al., 2017). Emodin has the second
highest cytotoxic activity after aloe emodin with an
IC,, value of 18.1 ppm. The mechanism of emodin
as an anticancer was reported by increasing ROS,
levels of Bax (pro-apoptotic protein), and cytoso-
lic levels. Emodin can also reduce levels of Bcl-2
(anti-apoptotic protein) (Akkol, et al., 2021).
Kaempferol ranks third after emodin with an IC,
value of 131.3 ppm. Kaempferol was reported to
be able to induce cell apoptosis, disturb the cell
cycle, and downregulate phosphoinositide 3-kinase
(Imran, et al., 2019).

Doxorubicin had a more effective ability to
decrease cancer cells viability with an IC, value
of 2.2 ppm. However, doxorubicin was reported
to have many side effects. Doxorubicin is a class
1 anthracycline drug that is non-selective (toxic to
normal cells) and has many side effects (Micallef
& Baron, 2020; Mulia, et al., 2016). Doxorubicin
works by blocking the topoisomerase enzyme that
plays a role in the growth of cancer cells (Micallef
& Baron, 2020).

CONCLUSION

The compounds contained in C.
alata L. leaves namely aloe-emodin, emodin, and
kaempferol showed better cytotoxic activity than
the extract and fractions of C. alata L. leaves with
IC, values of 12.7 ppm, 18.1 ppm, and 131.3 ppm,
respectively.
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