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Abstract

Moringa oleifera Lam (MO) plants have long been reported to have many pharmacotherapy benefits. In
vitro and in vivo studies have shown that MO extracts have various biological activities and therapeutic
effects, including cardioprotective, cardiometabolic, hypocholesterolemic, neuroprotective, anti-
inflammatory, antioxidant, anti-hypertensive, anti-diabetic, anti-bacterial, immunomodulatory and
anticancer. Researchers have tested extracts from various parts of the MO tree, both in vitro and in vivo, on
several types of cancer (such as liver cancer cells, breast cancer, colorectal, leukemia, lung cancer, and oral
cancer) with varying success. This review aims to explore the current state of the latest anticancer activity
research of MO plants in the last five years. We tried to explore the anticancer activities of MO extracts
from reported in vivo and in vitro studies. We searched systematically from three databases (PubMed,
Scopus, and Embase) and summarized the data. The keywords used were “Moringa oleifera” AND
“anticancer” AND “in vivo” OR “in vitro”. The inclusion criteria were in vivo or in vitro experimental
studies and exclusion criteria analyses i.e., in silico trials, study protocols, reviews, or observational studies.
This review includes 16 papers on nonclinical studies of MO anticancer activity. Several active compounds
have been purified and have reported their anticancer effectiveness, including glucomoringin-ITC/MIC-1,
7-octanoic acid, oleamide, 1-phenyl-2-pentanol, quercetin, gallic acid, p-coumaric acid, and 4-hydroxy 3 —
methoxy cinnamic acid, quinic acid. There was no difference in the mechanism of anticancer action based
on plant parts, leaves, roots, and seeds, even though using different extraction methods. The general
mechanism of action shown was apoptotic, antiproliferative, and cytotoxic. The dose used differed
depending on the type of cancer cells used. Some used conventional extraction methods, and others have
used modern techniques to extract the purified active compounds from the fractionation process. Our review
made it clear that MO could be an excellent and safe candidate for the development of novel therapies
against cancer and was most commonly reported in MCF-7, HepG2, and HCT-116 cancer cells. In addition,
the development of MO products as future cancer prevention is also interesting to be explored and
developed optimally in clinical settings.
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1. INTRODUCTION

Cancer is a disease characterized by uncontrolled proliferation of abnormal cells in the
body. It has the potential to spread/attack normal cells around it and other parts of the body.
Cancer is considered a major cause of morbidity and mortality in many high-income and
developing countries (Wu et al., 2021), (Barhoi et al., 2021). Based on the 2018 Riskesdas data,
the prevalence of cancer/tumors in Indonesia was found to have increased from 1.4/per 1000
population in 2013 to 1.79/1000 in 2018 (Badan Penelitian dan Pengembangan Kesehatan,
Kementerian Kesehatan Republik Indonesia, 2019). According to data from the Global Burden
of cancer study (Globocon) from the World Health Organization (WHO), the total cancer cases
in Indonesia in 2020 reached 396,914 cases and total deaths were 234, 511 cases.

So far, modern cancer treatment that is often done is chemotherapy, radiation therapy,
surgery, immunotherapy, and chemotherapy plus adjuvant therapy. However, these
interventions result in many side effects, which include nausea, vomiting, fever, pain at the
cancer site, causing discomfort to the patient, etc. Treatment with medicinal plants/herbs and
new phytochemicals with high effectiveness and low toxicity and side effects are very:
advantageous (Abd Rani et al., 2019). It is known that 74% of anticancer drugs come from
various plant species. MO plant is one of the plants that has been widely reported to have a
remarkable effect on the inhibition of various cancer cells (Khor et al., 2018)

All parts of the MO plant have been investigated and proven to have good anticancer
activity, including leaves, seeds, bark and roots. Regarding the data we collected, the anticancer
research of MO plants both in vivo and in vitro has mostly focused on leaf extracts. MO leaf
extract has been reported to have anticancer activity on liver cancer cells (HepG2)(Barhoi et
al., 2021),(Abd-Rabou et al., 2017), breast (MCF-7)(Abd-Rabou et al., 2017),(Mohd Fisall et
al., 2021), T47D (Diab et al., 2015), MDA-MB-231(Wisitpongpun et al., 2020), colorectal
(HCT-116 (Abd-Rabou et al., 2017),(Diab et al., 2015), Colo-205 (Diab et al., 2015), Caco2
(Abd-Rabou et al., 2017), leukemia (THP-1(Diab et al., 2015), HL-60 (Diab et al., 2015), K562
(Diab et al., 2015), EAC (Barhoi et al., 2021), prostate PC3 (Diab et al., 2015),(Bhadresha et
al., 2022), melanoma cells (A375)(Do et al., 2020),(Do et al., 2021), A2058 (Do et al., 2020):
(Do et al., 2021), lung cancer (A549)(Diab et al., 2015), cancer cells (HeLa)(Mumtaz et al.,
2021). MO seed extract was reported to have anticancer activity on colorectal cells (HCT-
116)(Aldakheel et al., 2020), melanoma cells (B16-F10)(de Andrade Luz et al., 2017), liver
cancer cells (HepG2) (Elsayed et al., 2015),(Mohamed et al., 2021), breast cancer (MCF-
7)(Elsayed et al., 2015), TNB C (Zunica et al., 2021), colorectal (Caco2 and L929) (Elsayed et
al., 2015), renal carsinoma cells (RCC), cells 786-O (Xie et al., 2022), OSRC-2(Xie et al.,
2022), 769-P (Xie et al., 2022), SK-NEP-1 and ACHN (Xie et al., 2022), and MO root extract
on ovarian cancer cells (Ghosh et al., 2021).

Several active compounds/contents of MO which are believed to be responsible for
anticancer activity are 4-/(a-L-Rhamnosyloxy) benzyl] isothiocyanate (MIC-1)19 also called
glucomoringin-ITC, MIC-1 can cause inactivation of several transcription factors to inhibit the
occurrence and development of inflammation. Another compound is 7-octenoic acid, oleamide,
1-phenyl-2-pentanol(Wisitpongpun et al., 2020), quercetin (Mohamed et al., 2021), gallic acid,
p-coumaric acid, and 4-hydroxy 3- methoxy cinnamic acid (Mumtaz et al., 2021), quinic acid
(Barhoi et al., 2021). The compound was purified from the MO extract and was tested singly.

The mechanism of action of MO plants as anticancer is reported to slow the cancer
process through targeting chemoprevention, inhibiting carcinogenic activation, inducing
carcinogen detoxification, anti-inflammatory, anti-tumor cell proliferation, activating
hormones and enzymes, stimulating DNA repair mechanisms, and increasing the production of
protective enzymes that generate antioxidants and induce cancer cell apoptosis. At the same
time, it is also proven that MO has excellent potential to inhibit the development of
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cancer/tumor without affecting the normal physiology and function of the body; hence, it can
be used as a cancer treatment drug.

According to our knowledge, what is exciting and not yet known is whether different
parts of MO plants (leaves, roots, bark, seeds, flowers), extraction methods, solvent, and doses
used will show differences in anticancer mechanism and potential for success. This review
aims to explore various studies on the anticancer activity of MO in the last five years, both in
vivo and in vitro. The study focused on plant parts, extracts, extraction methods, solvents, in
vivo/in vitro test methods, types of cancer cells, the doses used, the 1C50 value, and the effects.
The review results are anticipated to provide critical information for developing the synthesis
of active MO compounds, which could lead to new cancer drugs. To date, no clinical trials
involving MO extract for cancer treatment in humans have been reported.

2. RESEARCH METHOD

We used several electronic databases: PubMed, Scopus, and Embase, from May 1 to June 12,

2021. The keywords used in the search strategy were:

Pubmed: TITLE/ABS (Moringa oleifera) AND (anticancer) OR (in vivo) OR (in vitro)

Scopus : TITLE-ABS-KEY (Moringa oleifera) AND TITLE-ABS-KEY (anticancer) AND TITLE-
ABS-KEY (in-vivo) AND TITLE-ABS-KEY (in vitro)

Embase: TITLE-ABS-KEY (Moringa oleifera) AND (anticancer) OR (in vivo)) OR (in vitro)

The studies assessed were in vitro/in vivo/animal studies on MO as an anticancer agent
and were limited to the last five years. We included randomized or non-randomized controlled
trials and in vivo or in vitro experimental studies. Articles with irrelevant study designs were
excluded from analyses i.e., in silico trials, study protocols, reviews, or observational studies.
The first author (NTK) extracted data from an electronic database that met the eligibility
criteria.

The extracted data were then examined by a second author (EHP). We reported non-
clinical data (in vitro and in vivo), namely the author's name and year of publication, MO
extract used, MO dose and type of control, duration, cancer cell type, and effects for nonclinical
trials. Safety results were reported when available. The three reviewers (NTK, EHP, and ML)
checked the extracted data, followed by discussion by all reviewers to harmonize perceptions
and resolve any differences.
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Figure 1. Flow of article selection in research
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Author, year Type of Methods of  In vitro/in vivo Treatment Toxicity Effects Mechanism
(Reference)  extracts/mai  extracts/ models used dosis/ duration  /1C50
n bioactive bioactive
compound preparation
used
Abd Rabou,  Nano MO Nanoparticle In vitro (0, 20, 40, 60, - Caco2 - inhibited cell Apoptosis
2017 (Abd- leaves Manufacturi  MTT Assay using 80, 100 uM) at (Rc=32,16p proliferation
Rabou etal.,, extracts, root ng hepatocarcinoma 37°C for 4 h. M), and exhibited
2017) core (Rc) PLGA-CS- HepG2, breast (Ro=39,51 apoptosis-
and outer PEG MCF7, and HM) mediated cell
(Ro) colorectal HCT - HCT-116 death in
116/Caco-2 cells (Rc=29,14 HepG2, HCT
and normal kidney uM), 116 and Caco-
BHK-21 cell lines (Ro=51,42 2, MCF7,
UM) Rc extract is
- HepG2 safe on BHK-
(Rc=29,1 21 cells with
uM), minimal
(Ro=53,9 cytotoxic
uM) effect
- MCF7
(Rc=46,15
uMm),
(Ro=>100)
- BHK-21
(Rc=>100
uMm),
(Ro=49,75

uM)
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Aldakheel MO seeds Diversified In vitro (30-100 pg/mL)  Not mention Inhibition of inhibit cell
RK, 2020 etanol ratios of the  MTT Assay using  for4h HCT-116 . cell proliferation
(Aldakheel et extracts MO powder  colorectal cells growth
al., 2020) between 5~  HCT-116 and Does not
25 g was normal cells inhibit HEK-
mingled with (HEK-293) 293 . cells
220 mL of
ethanol and
were stirred
for 5 h.
Barhoi, MO leaves Soxhletation In vivo In vivo Not mention Reduce tumor - Apoptosis
2021(Barhoi  aquaeos Method (30  Anti-tumor activity 200 and 400 size alters the
etal., 2021)  extracts g with 200 of AEMO was mg/kg BW of Maintain mitochondrial
mL water for assessed in EAC MO aquaeos levels of AST, membrane
6-8 hours (Ehrlich acites extracts ALT, urea, potential
carcinoma) Hb, WBC, antiproliferati
induced solid RBC, on
tumor bearing mice cytotoxic to
by analyzing tumor In vitro cancer cells
weight (TW) and (0.05, 0.1, 0.25, and reduces
Tumor volume 0.5 (Lmg/ml) for the potential
(TV). both 48h and for tumor cell
72h proliferation,

In vitro
MTT Asay and

trypan blue using

EAC and Hep-2
cells

thereby
increasing the
survival time
of mice
containing
tumors.
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Bhadresha, MO leaves
2022(Bhadres aquaeos
ha et al., 2022) extracts

10 grams of
dried leaf
powder were
boiled with
100 mL of
distilled
water (70
°C) with
stirring for
30-60
minutes on a
hot plate,
centrifuged
at 1,000 g
for 10
minutes at
room
temperature.
The
collected top
agqueous
layer was
stored at 40
°C.

In vitro

human prostate
bone metastasis
cell line (PC3)

100-400 pg/mL  Not mention
for 24 hr

- inhibition PC3  Apoptosis

cell growth
increase Bax
gene
expression and
decrease Bcl2
expression

MO seeds
lectin

de Andrade,
2017(de
Andrade Luz
etal., 2017)

Preparation
of coagulant
M. oleifera
lectin
(cMoL), MO
seed powder
was

In vitro

Trypan blue assay
and analisis
flowcytometry
B16-F10 murine
melanoma cells

cMoL (1.5-16
uM) reduced

9.72 yM

- induces

apoptosis
necrosis and

suggests the

presence of

cells in late

apoptosis.
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extracted - The

with 0.15 M specificity for

NaCl at 25 tumor cells

°C for 6 h. was observed
since the
death of
normal human
fibroblasts
(GN) was not
higher than
20% in the
treatment with
cMoL from
1.5t016 M

- cMoL

increased
mitochondrial
ROS
production
and promoted
caspases 3, 8
and 9
activation in
B16-F10 cells,
indicating the
activation of

apoptosis-

related

pathway
Diab, K.A, MO leaves Percolation In vitro (10, 30, 50, 70 (ng/mL) Inhibits cell cytotoxic and
2015(Diab et  etanol 50% Methods SRB and MTT and 100 pg/mL) - A549 growth antiproliferation

al., 2015) extract 13.2+1.8
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Assay on cancers
of lung (A549),
prostate (PC-3),
breast (T47D and
MCEF-7), colon
(HCT-16 and
Colo-205) and
leukemia (THP-1,
HL-60 and K562)

PC-3
(22.2+4.9)
T74D
(33.5+2.5)
MCF-7
(26.4%5.7)
HCT-16
(28.8+2.2)
Colo-205
(49.7£0.8)
THP-1
(35.8+1.7)
HL-60
(50.0£1.0)
K562
(149.9+1.7)

Do.B.H,
2020(Do et
al., 2020)

MO leaves
aquaeos
extracts

Dried MO
leaf powder
(200 g) was
incubated
with boiling
water (95°C,
7,500 mL)
for 2 hours
and then
vacuumed.

In vitro

WST-1 assay on
Melanoma cells
A375 and A2058
cells

(0-200 pg/mL)

for 24-72 h

Not mention

- increased
Bax/Bcl-2 ratio,
leading to loss

of
mitochondrial

membrane
integrity

- activation of
Caspase 3/7,
Caspase 9,
PARP cleavage
and Caspase

independent

pathways via

inhibits cell
proliferation and
induces
apoptosis in
human
melanoma cells
A375
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AlF
translocation

Do.B.H, MO leaves Ultrasonic

2021(Do et aguaeos assisted

al., 2021) extracts extraction
(40 kHz)
with
methanol for
3 hours.
Fractination

In vitro

WST-1 assay on
Melanoma cells
A375 cells and
A2058 cells.
Apoptotic activity
was assessed by
DNA
condensation,
DNA
fragmentation, and
phosphatidylserine
(PS)
externalization
assays.

(25, 50, 75
pg/ml) for 48 h

A375 cells
(40.80 £
2.12 pg/ml)
A2058 cells.
(52.74
1.87 pg/ml)

increased ROS
production and
reduced
mitochondrial
membrane
potential.

MO activates
Bax while
reducing Bcl-2
expression,
leading to an
increase in the
Bax/Bcl-2
ratio.
activation of
Caspase-3/7
and Caspase-9
(Caspase-
dependent
pathway),
activation and
translocation of
apoptosis-
inducing factor
(AIF) into the
nucleus
(Caspase-
independent
pathway).

DNA
condensation
and DNA
fragmentation
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Elsayed, MO seeds Oil extracted In vitro 156 uyg/mLtol - MCF-7 cells significant cytotoxic
2015(Elsayed aquaeos by cold MTT assay on mg/mL. (226.1 decrease in cell activity
etal., 2015)  extracts pressing HelLa, HepG2, pg/mL), viability
MCF-7, Caco-2 - Helacells
and L929 cell lines (422.8
Hg/mL)
- HepG2 cells
(751.9
pg/mL)
Ghost.A, MO root MO root In vitro Not Mention (Cisplatin: dose MO root antiproliferative
2021(Ghosh et aquaeos powder MTT assay, used in extract effect and
al., 2021) extracts extracted in  clonogenic assay, combination exhibited antagonistic role
water cell cycle analysis, 0.25 mM, IC- cytotoxic of FSHR
filtered with ~ flow cytometry, 50 value: 0.35 activity,
sterile gauze, western blot mM; induces
0.45 mm analysis, Paclitaxel: dose apoptosis, and
porous. immunocytochemi used in attenuated
OAW42 cal analysis of combination expression of
paper. FSHRand c-Myc 0.035 nM, IC- FSHR and c-
expression. 50 value: 0.058 Myc in
nM) along OAW42
In vivo ovarian cancer
tumour xenograft cells.
mouse model. MRE

attenuates the
development
of a mouse
model of
ovarian
carcinoma
through
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downregulatio
n of FSHR, c-
Myc and
PECAML.

- The MO
extract also
attenuated the
expression of

CD31, FSHR,
and c-Myc in a
tumour
xenograft
mouse model
Mohamed. M, MO leaves MO leaf In vitro 0, 20, 40, 60, 80, - Petroleum - hepatoprotecti  cytotoxic
2021(Mohame and seeds powder 100g Screening of and 100 pg/ml ether ve effect activity
detal, 2021) methanol was hepatoprotective fraction(19.2 - Inhibits the
extracts. macerated activity on the 5 ug/ml, growth of
with 80% protection of - methanolic cancer cells
methanol. human liver- extract 21.09
derived HepG2 pg/ml,
MO seed cells against CCl4- - methylene
powder is induced damage. chloride
extracted by fraction21.52
3 methods MTT Assay on pg/ml.
(cold press,  HepG2. cells
solvent
extraction,
and
ultrasound-
assisted

extraction).
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Jing Xie, MO seeds Soxhlet In vitro In vitro Not mention induce apoptosis inhibits PTP1B-
2021(Xieet  petroleum extractor renal cell 0,1,2,and 4 and cell cycle mediated
al., 2022) eter extracts. carcinoma (RCC)  uM) for 24 h or arrest, increase activation of the
cells 786-0, 48 h. After 24 or the Bax/Bcl-2 Src/Ras/Raf/ER
OSRC-2, 769-P, 48 h ratio, and K signaling
SK-NEP-1, and decrease pathway.
ACHN In vivo expression of cell
MIC-1 low-dose cycle-associated
(25 mg/kg) proteins in 786-O
In vivo group, and a cells and 769-P
6-week-old male MIC-1 high- cells.
BALB/C nude dose (50 mg/kg)
mice. After 1 week group
of adaptive
feeding, 786-0O
cells (5 x 108) were
subcutaneously
injected into each
mouse.
Umiey F. M. MO leaves Maceration,  Invitro 5 pug/mL increased inhibit the
Fisall, Methanol with breast cancer cells expression of the  proliferation of
2021(Mohd  extracts. methanol (MCF7). pro-apoptotic MCF7 cells
Fisall et al., 80% proteins Bax, through the
2021) caspase 8 and induction of
p53 in MCF7. apoptosis
cells
Mumtaz, MO leaves Percolation In vitro 26, 52, 104, 206, Not mention - chloroform -increased
2021(Mumtaz Methanol with MTT Assay on and 416 pg/mL fraction (CF) apoptosis
etal., 2021)  extracts. Methanol HeLa cells followed by n-  through
(Fraksinatio 80% hexane (HF) downregulation
n) and butanol of E2F1 and
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(BF) fraction upregulation of
showed the Bax protein.
highest - cessation of
anticancer cancer survival
activity pathways
- While the including the
water fraction NF-Kf
(AF) followed signaling
by the ethyl cascade via
acetate (EAF) downregulation
fraction of p65
showed lowest  components.
anticancer
activity
- decreased cell
viability in
HeLa cancer
cells
Wisitpongpun. MO leaves Not mention In vitro 75, 100, and 150 - Etyl asetat significant stop the cell
P, 2020 hexane, ethyl MTT Assay on pg/mL for 24 h. EtOAC reduction in cell  cycle and induce
(Wisitpongpu acetate Breast Cancer extracts viability, striking apoptosis of
netal., 2020) (EtOAc) Cells MDA-MB- (233.5 pg/mL) reduction in MDA-MB-231
extracts 231 - Etanol EtOH  colony cells
(fraksination) extracts formation, and
(2411 induction of
pg/mL), apoptosis and
- hexane extract cell cycle arrest
(342.6 pg/mL) inthe G2/M
phase.
Zunica E.R.M, MO seeds In vitro In vivo Not Mention - Single MO reduce angio-
2021 (Zunica extracts powder was MO concentrate supplementatio genesis in
etal., 2021) incubated in (MC; HFD n does not tumors
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water at a
controlled
temperature
with constant
stirring.

Triple negative
breast cancer
(TNBC)

In vivo
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Most of the researchers in this study started by examining the antioxidant and anti-
inflammatory activity of MO leaf extract as an initial screening for anticancer activity. It is
known that oxidative stress occurs when there is an imbalance between the production of free
radicals and antioxidants. Antioxidants can decrease free radical formation, reduce oxidative
stress, and potentially prevent cancer.

An in vitro assay will assess the impact of MO extract on cancer cell growth,
proliferation, and morphology. If the results demonstrate significant anticancer activity without
harming normal cells, molecular analysis will be conducted to identify the specific pathway
disrupted by the extract. Subsequently, in vivo studies will be conducted to assess the anticancer
efficacy of MO extracts using rat or mouse models with induced cancer.

The reviewed articles demonstrated antioxidant and anticancer properties of MO extracts
in both in vitro and in vivo models, as well as elucidating the underlying pathways and
mechanisms of action.

Types of Plants Parts and Extraction Method

Our search results for the last five years (2017-2022) show that the most widely used
parts of the MO plant in anticancer research are leaves, 12/16 articles (67%), 5 articles using
seeds and 2 articles using roots. MO leaves are rich in polyphenols and polyflavonoids, which
are potent antioxidants and anticancer compounds. The solvent used also varies, polar: water
(7) > ethanol (4) > methanol (3); and non polar n-hexane (1)> ethyl acetate(1) > petroleum
ether (1).

Several extraction methods used in the reviewed studies aim to be able to attract as many
bioactive components as possible. Conventional extraction methods are still used, including
stirring using magnetic stirrer (Aldakheel et al., 2020), soxhletation (Barhoi et al., 2021):(Xie
etal., 2022), soxhletation for oil extraction (Das et al., 2024), boiling with hot water (Bhadresha
et al., 2022)'(Do et al., 2021), percolation(Diab et al., 2015), and maseration (Mohd Fisall et
al., 2021):(Mohamed et al., 2021). Non-conventional/modern methods also continue to develop
in updated research, including the manufacture of nanoparticles (Abd-Rabou et al., 2017),
manufacture of coagulant MO lectin (cMoL)(de Andrade Luz et al., 2017), ultrasonic assisted
extraction (UAE)(Do et al., 2021), ultrasound and microwave (Esparza et al., 2024), cold
pressing(Mohamed et al., 2021)-(Zunica et al., 2021) notable for MO seeds.

The analysis found that the distribution of bioactive/phytochemical components varied
in the MO plant parts (leaves, seeds, roots) and that different extraction processing techniques
could affect the withdrawal of the active substances; thus, it is necessary to choose a well-
characterized extraction method.

Compounds believed to act as anticancer

One of the compounds that has been tested for its effectiveness as an anticancer is 4-/(a-
L-Rhamnosyloxy) benzyl] isothiocyanate (MIC-1). Recent research from Xie Jing, et al proved
that MIC-1 isolated from MO seeds with a concentration of 10 M significantly inhibited the
growth of 5 RCC cell lines including cells 786-O, OSRC-2, 769-P, SK-NEP-1, and ACHN, but
not toxic to normal renal cells (HK?2). It also showed that MIC-1 suppressed the migration and
invasion ability of 786-O and 769-P cells, and reduced expression of matrix metalloproteinases
(MMP)-2 and MMP-9. Furthermore, MIC-1 induced apoptosis and cell cycle arrest increased
the Bax/Bcl-2 ratio and decreased expression of cell cycle-associated proteins in 786-O cells
and 769-P cells. (Xie et al., 2022)

The investigated mechanism of action is that MIC-1 can suppress 786-O cell growth and
migration by inhibiting the PTP1B-mediated activation of the Src/Ras/Raf/ERK signalling
pathway. Further, in vivo experiments demonstrated that MIC-1 inhibited xenograft tumor
growth in mice, and increased the Bax/Bcl-2 ratio in tumor tissue. Moreover, MIC-1 had no
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effect on the PTP1B-dependent Src/Ras/Raf/ERK signalling pathway in HCT-116 cells, Hep-
G2 cells, and cell A431.(Xie et al., 2022)

Zonica, et al also reported that MIC-1 assay as a single supplementation did not attenuate
tumor growth but, in combination with chemotherapy, decreased tumor progression. In
addition, single MO supplementation reduced angiogenesis, but this effect was abolished in
combination with chemotherapy.(Zunica et al., 2021)

Rajan, et al has previously reported in vitro antitumor activity of glycosylated moringin
isothiocyanate [4-(a-L-rhamnopyranosyloxy) benzyl isothiocyanate] resulting from
quantitative myrosinase-induced hydrolysis of glucomoringin (GMG) under neutral pH values.
Its glucosinolate precursor isothiocyanates (ITCs) have been shown to inhibit tumorigenesis of
Astrocytoma grade 1V, the most common and most malignant primary brain tumour in
adults.(Rajan et al., 2016)

Rajan et al also showed the potency of moringin to induce apoptosis and cell death of
human astrocytoma CCF-STTGL1 grade 1V. Moringin was shown to induce apoptosis through
p53 and Bax activation and Bcl-2 inhibition. In addition, oxidative stress-associated
transcription factor Nrf2 and upstream regulator of CK2 alpha expression at higher doses
suggest the involvement of moringa-induced oxidative stress-mediated apoptosis.(Rajan et al.,
2016)

While the extraction of bioactive components often requires more than a single method,
recent research has advanced the field by employing fractionation with different solvents to
pinpoint specific bioactive compounds responsible for observed effects. This approach, as
reported by Wisitpongpun et al. (2020), Muntaz et al. (2021), and Mohamed et al. (2021), has
proven effective in identifying these crucial components. Wisitpongpun, et al reported that MO
leaves were sequentially extracted with hexane, ethyl acetate (EtOAc), and ethanol. MO
extracts and their derivative fractions were continuously screened for anticancer activity. They
selected the most decisive bit for refraction and identified ten bioactive compounds using LC-
ESI-QTOF-MS/MS analysis. The EtOAc extracts and their fractions were screened for
anticancer activity using different bioassays. The study concluded that oleamide has the
strongest potential as an anticancer treatment by inducing apoptosis through suppression of
Bcl-2 expression and further promoting caspase three activation. This is one of the first report
regarding MOL extract and oleamide activity against the MDA-MB-231 cell
line.(Wisitpongpun et al., 2020)

Muntaz, et al reported that the chloroform fraction (CF) followed by n-hexane (HF) and
butanol (BF) fractions showed the highest anticancer activity while the water fraction (AF)
followed by ethyl acetate (EAF) fraction showed the lowest anticancer activity and decreased
cell viability in cancer cells (HeLa). In vitro and in silico results showed that quercetin, gallic
acid, p-coumaric acid, and 4-hydroxy 3-methoxycinnamic acid showed strong anticancer
activity and good therapeutic potential against cancer. (Mumtaz et al., 2021)

Mohamed. M, et al also reported that different fatty acids were identified in MO seed oil
with solid biological activities such as antioxidant activity, demonstrated by palmitic and oleic
acids. Futher, the hepatoprotective activity for palmitoleic acid was reported. Additionally,
oleic acid demonstrated potent anticancer activity. These findings underscore the biological
observation that plant seed oil exhibits both hepatoprotective and cytotoxic properties.So,
further biological studies should be carried out to make optimal use of the obtained MO seed
oil, especially by extraction using ultrasonic technique. (Mohamed et al., 2021)

Types of Cancer Cells
Our study showed that the most common types of cancer cells used for anticancer activity
of MO leaves and MO seeds were HepG2, HCT-116, and Caco2. Most of the articles focused
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on the leaves. Several types of cancer cells that have been tested are liver cancer cells (HepG2)
(Barhoi et al., 2021) (Abd-Rabou et al., 2017), breast (MCF-7)(Abd-Rabou et al., 2017):(Mohd
Fisall et al., 2021), T47D(Diab et al., 2015), MDA-MB-231(Wisitpongpun et al., 2020))
colorectal (HCT-116)(Abd-Rabou et al., 2017)(Diab et al., 2015), Colo-205(Diab et al., 2015),
Caco2(Abd-Rabou et al., 2017)), leukemia (THP-1(Diab et al., 2015), HL-60(Diab et al., 2015),
K562(Diab et al., 2015), EAC(Barhoi et al., 2021)), prostate PC3(Diab et al., 2015):(Bhadresha
et al., 2022), melanoma cell (A375(Do et al., 2020):(Do et al., 2021), A2058(Do et al.,
2020)(Do et al., 2021)), lung cancer (A549)(Diab et al., 2015): , cancer cell HeLa(Mumtaz et
al., 2021). MO Seed Extract was reported to have anticancer activity on HCT-116. colorectal
cells(Aldakheel et al., 2020), melanoma cell B16-F10(de Andrade Luz etal., 2017), liver cancer
cells HepG2(Elsayed et al., 2015)-(Mohamed et al., 2021), breast cancer (MCF-7(Elsayed et
al., 2015), TNBC(Zunicaet al., 2021)), colorectal Caco2 and L929(Elsayed et al., 2015)), renal
cell carcinoma (RCC), cell 786-O(Xie et al., 2022), OSRC-2(Xie et al., 2022), 769-P(Xie et al.,
2022), SK-NEP-1 and ACHN(Xie et al., 2022), CAL27 and SCC15 (Das et al., 2024) and root
extract on ovarian cancer cells.(Ghosh et al., 2021) It was not explained in every article the
basis for selecting the type of cancer cell.

Mechanism of action in vitro and in vivo

Apoptosis is programmed cell death. It comes from the Greek word, which means fall
(falling off). Apoptotic cells experience morphological changes such as cell shrinkage,
chromatin condensation, and nuclear fragmentation.(Luo et al., 2020) In general, apoptosis is
divided into three phases, namely the induction phase, the effector phase, and the degradation
phase. The induction phase depends on signals that cause cell death including reactive oxygen
species (ROS), B-cell lymphoma-2 (Bcl-2) family proteins such as Bcl-2 associated x protein
(Bax) and Bcl-2 associated death promoter (Bad). During the effector phase, the cell undergoes
death due to the actions of the regulatory center, the mitochondria.The last phase, namely the
degradation phase, involves a series of events that occur both in the cytoplasm and in the cell
nucleus.(Edlich, 2018)

The regulation of apoptosis is largely determined by the ratio between Bcl-2 and Bax to
determine whether the cell will react by becoming apoptotic or surviving. There are several
models to describe the ratio of prosurvival (Bcl-2) and proapoptosis (Bax) in inhibiting or
causing apoptosis (Figure 2). The first model shows that Bcl-2 inhibits apoptosis, and Bax
removes this inhibition resulting in apoptosis. The second model states that Bax induces
apoptosis, and Bcl-2 inhibits this induction. The third model is a model that mentions the
existence of interdependence. Bcl-2 inhibits apoptosis and Bax induces it.(Hadi, 2011)-(Hafezi
& Rahmani, 2021) However, apoptosis is actually a combination of the three existing models
and occurs complexly.

Apoptosis Apoptosis Apoptosis

Bax Bcl-2

Bcl-2 Bcl-2
Figure 2. Model of the ratio of Bcl-2 and Bax in causing apopt05|s (Chao and Korsmeyeyv,
1998 in Hadi, 2011).
Based on our study, most of the mechanisms of action are apoptosis and antiproliferation.
Extracts derived from plant parts mostly showed the mechanism of action of inhibiting cancer
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cell growth and increasing Bax gene expression, and decreasing Bcl-2 expression.(Bhadresha
et al., 2022) The coagulant MO lectin cMoL derived from seeds showed cMoL activity
increased mitochondrial ROS production and promoted activation of caspases 3, 8 and 9 in
B16-F10 cells, suggesting activation of apoptosis-associated pathways.(de Andrade Luz et al.,
2017) Do.B.H, et al used the same plant parts, namely MO leaves with different extraction
methods but found the same mechanism of action, namely an increase in the Bax/Bcl-2 ratio,
which causes loss of mitochondrial membrane integrity, activation of Caspase 3/7, Caspase 9,
cleavage PARP and Caspase-independent pathways via AlF translocation.(Do et al., 2020):(Do
etal., 2021)

MO root extract reported by Ghost et al showed slightly different mechanisms,
accentuated antiproliferative/cytotoxic effects, and antagonistic role of FSHR wherein MO root
extract exhibited cytotoxic activity, induces apoptosis, and attenuated expression of FSHR and
c-Myc in ovarian cancer cells OAW42.(Ghosh et al., 2021) In vivo studies using animal models
reported that the MRE mechanism attenuated the development of mouse ovarian carcinoma
models through downregulation of FSHR, c-Myc and PECAML1. The MO extract also
attenuated the expression of CD31, FSHR, and c-Myc in a mouse model of xenograft tumors.

Recent research by Susanto et al, on MO powder in the form of bio-fabricated silver
nanoparticles (AgNPs) showed effectiveness in reducing the viability and proliferation of HT-
29 cells. In addition, MO AgNPs also reduced the expression of genes associated with
metastasis. These findings suggest that MO AgNPs may be considered as a potential strategy
for the treatment of colon cancer. (Susanto et al., 2024). To fully utilize the potential of Moringa
nanoparticles, future research should focus on increasing production, optimizing the synthesis
process, and investigating alternative applications. (Choudhary et al., 2024). Standardized
procedures for quality control and quantification of bioactive compounds are essential to ensure
consistent and effective application in the pharmaceutical industry. In vivo toxicity, safety tests
and even clinical trials are essential, especially for long-term use. (Das et al., 2024).

We recommend the development of active compounds of MO as industrially developed
anticancer candidates. Clinical trials of MO pharmaceutical products that have been formulated
and believed to be stable and effective are necessary for the future progress of the
pharmaceutical industry. In-depth research at the cellular and molecular level is essential to
continue discovering potential active compounds. Development of the most effective clinical
trial design is needed to test active compounds that have been proven in vitro to inhibit cancer
cell growth. Utilization of MO formula preparations as a companion adjuvant to synthetic
cancer drugs is also needed for further research.

The use of MO preparations as traditional medicine, such as brews, herbs, extracts,
powders, flour, gels, and creams, has drawbacks including non-specific therapeutic targets and
potential side effects from unintended active ingredients. Consequently, MO-based traditional
therapies are unlikely to be effective for treating advanced-stage cancer.Purification of specific
compounds from traditional MO preparations is necessary to obtain effective and maximum
therapeutic effects. Clinical trials to validate therapeutic claims and studies on interactions with
conventional drugs are essential for evidence-based use of MO.

Several limitations were encountered in this study. The majority of references were
derived from in vitro studies, with a paucity of in vivo data. Furthermore, there was a dearth of
reports on in vivo efficacy or clinical trials investigating the anticancer properties of MO. The
search was restricted to three databases (Scopus, Embase, PubMed), which may have
contributed to the limited number of retrieved references. Additionally, we were unable to
identify and report on each specific active compound responsible for the observed anticancer
activity.
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4. CONCLUSION

We did not find any difference in the mechanism of action of the leaves, roots, and seeds
even at different extraction methods. The general mechanism of action shown is apoptotic,
antiproliferative, and cytotoxic. The doses used differed depending on the type of cancer cells
used. Some articles used extracts, but others have used active compounds purified from the
fractionation process. Thus, we demonstrate that MO plants could be excellent and safe
candidates for the development of new therapies against cancer.
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