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Abstract

Cancer is a disease caused by the abnormal growth of cells and tissues. One of the
main therapeutic approaches for cancer is chemotherapy. The use of plants as an alternative
treatment is considered quite relatively effective and efficient. Emprit ginger (Zingiber
officinale Rosc.) and tiwai onion (Eleutherine palmifolia) are plants that have potential
anticancer properties due to their active compounds. The purpose of this literature review
is to examine the various uses of these active compounds and their mechanisms of action as
anticancer agents, both in vitro and in vivo, from emprit ginger and tiwai onion. The results of
this literature review indicate that emprit ginger contains active compounds, namely gingerol
(6-gingerol and 10-gingerol), shogaol (4-shogaol, 6-shogaol, and 10-shogaol), and paradol,
which have anticancer activity. Similarly, tiwai onion contains active compounds, namely
flavonoids (isoliquiritigenin), polyphenols (oxyresveratrol), and naphtoquinones (elecanacin,
eleutherin, eleutherol, eleutherinol, eleutherinon, eleuthoside B, eleutherinoside A), which
have anticancer activity. Pre-clinical in vitro and in vivo studies show that emprit ginger
and tiwai onion have anticancer activity, including the inhibition of cancer growth through
modulation of cell signaling pathways, induction of apoptosis, and cell cycle arrest.

Keywords: anticancer activity, apoptosis, cell cycle arrest, emprit ginger (Zingiber officinale
Rosc.), tiwai onion (Eleutherine palmifolia).

INTRODUCTION

Cancer is a disease that arises from the
abnormal growth of body cells and tissues, which
eventually develop into cancer cells. In 2018, the
prevalence of cancer in Indonesia reached 1.79
cases per 1,000 population. This increase began in
2013, reached as high as 1.4 cases per 1,000 pop-
ulation (Riskesdas, 2018). According to data from
the Global Burden of Cancer (GLOBOCAN) in

2020, the incidence of cancer in Indonesia is nearly
400,000 new cases, with more than 230,000 deaths.
This figure places Indonesia in eighth position for
the highest number of cancer cases in Southeast
Asia and 23"in Asia.
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At present, efforts to prevent the spread
of cancer cells continue. One of these approaches
is treatment using synthetic cancer drugs;
however, this method is relatively expensive and
is associated with significant side effects. This
encourages the search for new natural source drugs
with potential anticancer properties. According to
recent research, herbal plants provide many health
benefits and are now being used more widely
because they are more accessible to the public in
terms of both price and availability.

Emprit  ginger (Zingiber officinale
Rosc.) is a plant that is still widely used to treat
various diseases and has been scientifically studied
for its  neuroprotective,  anti-inflammatory,
antitumor, antiradiation, antimicrobial, antidiabetic,
anti-obesity and  hepatoprotective  activities.
The active compounds contained in this plant
are gingerols, shogaols, paradol,
gingerenone, galanal, gingerdiols and ginger-
diones. The active compound 6-gingerol is strongly
suspected to possess anticancer activity (Wang, et
al.,2014).

The tiwai onion (Eleutherine palmifolia)
is a plant whose tubers are empirically efficacious
in treating diseases such as jaundice, cough,
stomachache, dysentery, intestinal inflammation,
breast

zingerone,

cancer, colon cancer, and as an emetic
stimulant. Tiwai onion contains active compounds
from the naphtoquinone group and their
derivatives such as elecanacin, eleutherin,
eleutherol, eleutherinol, eleutherinon, eleuthoside
B, and eleutherinoside A. Naphtoquinones are
known to have bioactivity as anticancer and
antioxidant agents (Narko, et al., 2017).

According to the WHO guidelines, a
substance or material used for medicinal purposes
in humans and animals must undergo pre-clinical
and clinical studies. An in vitro activity test is an
evaluation of a substance conducted using specific
biological culture media as the test system. The in
vivo activity test is an experiment conducted on

146

LA 11]ICIC

laboratory scientifically
demonstrating the efficacy of drugs using the
scientific method (Meles, 2010).

These issues make it necessary to conduct
this literature study so that it can provide the
general public and researchers with information
regarding the mechanism of action of the active
compounds contained in the rhizomes of emprit
ginger and bulbs of tiwai onion. This literature
review may later serve as a reference for future
clinical studies to determine appropriate doses
that can be used in humans and to provide
information regarding in vitro and in vivo studies
of the anticancer activity of emprit ginger rhizomes
and tiwai onion bulbs through induction of apoptosis
and cell cycle arrest. Apoptosis is a form of
programmed cell death regulated by genetic
mechanisms (DNA damage), whereas cell cycle
arrest is the suspension of cell cycle progression in
response to DNA damage.

Several literature studies on the potential
of emprit ginger and tiwai onion as anticancer
agents have been conducted; however, these studies
have generally focused on a single plant species.
This literature study focuses on two plants, namely
emprit ginger and tiwai onion, through pre-clinical
in vitro and in vivo studies, with particular emphasis
on apoptosis induction and cell cycle arrest as the
mechanisms of anticancer action in both plants.
This review presents an integrated narrative that
connects and strengthens findings from various
studies, ranging from cancer pathology to the
mechanism of action of active compounds derived
from emprit ginger and tiwai onion as anticancer
agents through apoptosis induction and cell cycle
arrest.

animals aimed at

MATERIALS AND METHODS

This literature review employed the
systematic literature review with meta-synthesis
method because it combines findings from
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primary studies to generate a deeper understanding
of the problem under investigation. This method
aims to help synthesize abundant and sometimes
conflicting research findins, increase analytical
rigor, address uncertainty, and answer questions
raised in previous studies (Utomo, 2016).

This literature review covered publications
from 2002 to 2021, including scientific journals,
review articles, theses, conference proceedings,
articles, and books. The systematic literature search
identified 135 national and international publications
related to the anticancer activity of emprit ginger
and tiwai onion, with a focus on apoptosis induction
and cell cycle arrest.

The inclusion criteria consisted of
publications reporting anticancer activity testing
of emprit ginger and tiwai onion using in vitro
and in vivo assays, including studies evaluating
apoptosis induction and cell cycle arrest. The
exclusion  criteria  included  publications
investigating activities other than anticancer
effects of emprit ginger and tiwai onion, as well
as studies on anticancer activity that were not
available in full-text. The literature selection
process followed the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA)
procedure (Moher, et al., 2009).

The database search initially yielded 135
publications. The next step involved screening the
identified records using the PRISMA procedure,
as shown in Figure 1. Two publications were
identified as duplicates and removed. The remaining
records were screened based on title, abstract, and
keywords, resulting in three inaccessible articles.
The remaining 130 articles then proceeded to
the eligibility selection stage. After applying the
inclusion criteria, 30 publications were excluded
because their titles and abstracts were not
relevant to the objective of this literature review.
The remaining 100 full-text publications were then
assessed in detail, of which 58 publications were
excluded due to incomplete data or failure to meet
the inclusion criteria after full-text evaluation.
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Following an in-depth assessment, 42 publications
were included in the final review, specifically
discussing in vitro and in vivo studies of anticancer
activity of emprit ginger rhizomes and tiwai onion
bulbs. All included publications were published
between 2002 and 2021.

CANCER

Cancer is often associated with tumors;
however, not all tumors are classified as cancer. A
tumor is a general term for any lump or abnormal
mass that appears in the body, whether visible on
the body surface or hidden internally. In contrast,
cancer is a disease caused by the abnormal growth
of body tissue cells that subsequently develop
into cancer cells (Mangan, 2005). Cancer can be
characterized by four main features that distinguish
cancer cells from normal cells, namely: (1) clonality,
in which cancer originates from genetic changes
occuringinasingle cell that subsequently proliferates
into malignant cells; (2) autonomy,
cell growth is no longer properly regulated by
normal biochemical and physical influences from
the surrounding environment, (3) anaplasia, which
refers to the loss of normal and coordinated cell
differentiation; and (4) metastatis, in which cancer
cells continue to grow and spread to other parts of
the body (Wiseman, 2007).

Carcinogenesis is the process by which
neoplasms, or malignant tumors, are formed
(Liu, et al., 2015). Most evidence suggests that
cancer formation is a multistep process requiring
a long latency period, commonly referred to as
the initiation-promotion theory of carcinogenesis.
Cancer cells arise from normal cells through a
complex transformation process consisting of
initiation and promotion stages. This theory states
that the first step of carcinogenesis is the persistent
mutationof thecell’s DNAduring DN A transcription.
Cancers may develop from these initial events or
from sustained mutations that interact over time
with various promoting agents. Promoter substances

where
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Figure 1. PRISMA flowchart in this literature review.

stimulate cell reproduction and division. In general,
the carcinogenesis process includes the stages of
initiation, promotion, and progression (Liu, et al.,
2015).

The cell cycle in eukaryotic cells can be
divided into four stages: G1 (Gap 1), S (synthesis),
G2 (gap 2), and M (mitosis), as shown in Figure
7. The G1 phase is the interval between the M and
S phases, during which the cell continues to grow
and prepares for DNA synthesis. During the S
phase, DNA synthesis and chromosome replication
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occur. In the G2 phase, cells that have replicated
their chromosomes duplicate other cellular
components and synthesize mRNA as well as
specific proteins. In general, the GO, G1, S, and
G2 phases are known as interphase. Cell division
occurs during the M phase, which consists of four
sub-stages: prophase, metaphase, anaphase, and
telophase. Under certain conditions, cells that are
not actively dividing may exit the G1 stage and
enter the GO phase, a resting or quiescent (Murti,
et al., 2007). Cell cycle progression is regulated



Indonesian Journal of Cancer Chemoprevention, June 2025

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

by cyclins (D, E, A, and B), cyclin-dependent
kinases (4, 6, 2, and 1), and cyclin—dependent
kinase inhibitors.

Apoptosis is a form of programmed cell
death that occurs through enzymatic degradation.
When a cell experiences severe damage, apoptosis
can be activated, making this mechanism highly
efficient in eliminating cells that are unnecessary
or potentially harmful, thereby protecting the
organism (Nurhayati & Lusiyanti, 2014). The
mechanism of apoptosis is highly complex and
tightly regulated. Broadly, apoptosis can be divided
into four stages. The firs stage involves the presence
of death signals (apoptotic inducers), which are
physiological (hormones and cytokines), biological
(viruses, bacteria, and parasites), chemical (drugs),
or physical (radiation and toxins). The second stage
is the integration or regulation phase, involving
signal transduction and induction of apoptosis-
related genes. This is followed by the execution
stage, in which morphological and chemical changes
occur, including DNA degradation, cell disassembly,
and formation of apoptotic bodies. The final stage
is phagocytosis or elimination by macrophages,
dendritic cells, or neighboring cells surrounding the
apoptotic cells (Rastogi, et al., 2009).

PLANTS AS TRADITIONAL MEDICINE

Law No. 23 of 1992 concerning health
states that traditional medicines are ingredients
derived from plants, animals, minerals, or galenic
preparations, or mixtures of these ingredients that
have been used for generations for treatment based
on empirical experience or through pre-clinical or
clinical testing on standardized herbal medicines
and phytopharmaceuticals (Kemenkes RI, 2011).
Natural products are valuable in the development
of anticancer drugs, especially those derived from
plants (Pan, et al., 2012). The vast diversity of
plant species represents a potential source of active
compounds with antitumor and cytotoxic activities.
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compounds
identified in many plants; therefore, numerous
studies have been conducted to discover and
develop plant-derived anticancer drugs (Pratama &
Nuwarda, 2018).

An activity (efficacy) test is conducted
to determine the therapeutic effectiveness of a test
substance that has been scientifically evaluated
using experimental animals or certain biological
materials, with the testing methodology and

Anticancer bioactive have been

parameters  determined  based on  the
intended clinical use of the substance.
Similar to toxicity testing, activity testing

is generally classified into in vitro and in vivo
assays (Yadav, et al., 2016). In principle, in
vitro tests are carried out in test tubes, cell culture
dishes, or other systems outside a living organism.
Cell growth and viability in in vitro studies can be
measured using several methods, such as the MTT
assay and sulforhodamine B (SRB) assay (Avila
& Pugsley, 2011). Biological in vivo tests usually
use experimental animals to investigate effects
that cannot be directly studied in the human body,
based on the assumption that certain tissues, cells,
and enzymatic systems in these animals share
similarities with those of humans.

Emprit Ginger (Zingiber officinale Rosc.)
and Tiwai Onion (Eleutherine palmifolia)

Emprit ginger is a perennial herbaceous
plant that grows wild in fields with moist soil and
abundant sunlight. It has an errect stem, fibrous
roots, and horizontally growing rhizome bulbs.
In general, the rhizome of emprit ginger contains
similar phytochemicals in varying amounts,
including starch, resin, malate, oxalate, gingerin,
fats, carbohydrates, vitamins (A, B, and C),
and bioactive compounds such as flavonoids,
polyphenols, zingiberin, shogaol,  gingerol,
zerumbon, zingiberol, zingiberen, chavicol,
geraniol, linalool, cineol, B-elemene, limonene, and
camphene (Hapsoh, et al., 2010).
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The active compound gingerol, a
phenolic alkanone, can inhibit the activity of
cyclooxygenase-2, the p38 mitogen-activated
protein kinase (MAPK), and the transcription factor
NF-«kB and is therefore classified as a compound
with strong antioxidant and anti-inflammatory
properties (Stoilova, et al., 2007). Gingerol is also
known to induce tumor necrosis factor-related
apoptosis-inducing ligand (TRAIL), reduce the
viability of gastric cancer cells, and increase the
expression of caspase-3/7, making it a potential
pro-apoptotic compound  (Ishiguro, et al.,
2007). Shogaol is another phenolic compound
found in emprit ginger that is known to have
anti-inflammatory, anticancer, and antitumor
effects. In addition to its functional health benefits,
shogaol is an important constituent responsible for
the characteristic taste and aroma of emprit ginger.
The active compound 6-shogaol also exhibits free
anti-radical scavenging activity (Abdullah, et al.,
2010).

Tiwai onion, also known as the Dayak
onion, is a plant native to Kalimantan. The Tiwai
onion grows in clusters, has wet stems, reaches
approximately 50 cm in height, and possesses
layered, red, oval to elongated bulbs (Naspiah,
et al., 2014). Tiwai
phytochemical constituents, including alkaloids,
glycosides, flavonoids, phenolics, steroids, tannins,
anthraquinones, triterpenoids, and saponins.

These active compounds, particularly
alkaloids, glycosides, flavonoids, phenolics,
steroids, and tannins, represent potential a
source for the development of medicinal agents.
Flavonoids and phenolic compounds exhibit
antioxidant activity as well as a-glucosidase
inhibitory effects (Febrinda, et al., 2014). The
combination of antioxidant capacity and inhibition
of the o-glucosidase enzyme suggests that tiwai
onion has potential as an antidiabetic agent for
the prevention and management of diabetes
mellitus (Febrinda, et al., 2014). According to
epidemiological studies, flavonoids can interact with

onion contains various
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genes and enzymes involved in antiproliferation,
regulation of the cell cycle, and apoptosis
(Yerlikaya, et al., 2017). Anticancer activity may be
achieved by inhibiting cell proliferation through the
K-Ras and PI3K pathways, which play important
roles in cell proliferation and differentiation (Chen,
et al., 2009).

Pre-Clinical Studies on Emprit Ginger
(Zingiber officinale Rosc.)

Emprit ginger is a plant that has the
potential to be used as an anticancer agent. The
active compounds found in its rhizomes, such as
gingerol (6-gingerol and 10-gingerol) and shogaol
(4-shogaol, 6-shogaol, and 10-shogaol), have been
shown to inhibit the growth of cancer cells in
several studies conducted on cell lines and
experimental animals (such as mice, rats,
and hamsters). In addition, the bioactive
compounds of emprit ginger can directly or
indirectly suppress the growth of cancer cells
through various mechanisms. Several in vifro and
in vivo studies on emprit ginger as an anticancer
candidate are summarized in Tables 1 and Table 2.

Mechanism of Emprit Ginger
officinale Rosc.) as Anticancer

Emprit ginger is a plant with considerable
potential to be developed as an anticancer agent
(Zachariah, 2008). Active compounds such as
gingerols (6-gingerol, 8-gingerol, and 10-gingerol),
shogaols  (6-shogaol and 10-shogaol), and
paradol in emprit ginger have shown promising
roles in cancer prevention and management through
various mechanisms. The mechanisms of action
of these active compounds are associated with
inhibition of cell proliferation, induction of
apoptosis, suppression of NF-kB activity to reduce
inflammation, and induction of cell cycle arrest
(Yusof, 2016).

6-gingerol is capable of inducing cell
cycle arrest and cell death of cancer cells expressing
pS3. It also decreases the expression of cyclin

(Zingiber
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Table 1. In vitro studies on emprit ginger (Zingiber officinale Rosc.).

Elements

Study Type

Potential Mechanisms

Reference

Emprit ginger
extract

Emprit ginger
extract-based on
fluorescent carbon
nanodots

Emprit ginger
extract

Gingerol and
shogaol

Gingerol

6-gingerol

6-gingerol

6-gingerol

|0-gingerol

6-gingerol, 10-
gingerol, 6-shogaol
dan [0-shogaol

In vitro on K-562 blood cancer
cells and A-549 lung cancer
cells

In vitro on human HepG2
hepatocellular carcinoma cells

In vitro on human colon
adenocarcinoma cells, HT-29

In vitro on blood cancer cells, K-
562

In vitro on HepG2 cancer cells

In vitro in YYT mouse colon
cancer cells

In vitro on LNCaP prostate
cancer cells

In vitro on human Hela cervical
cancer cells

In vitro in rat and human breast
cancer cells

In vitro on human PC3R
prostate cancer cells

Able to inhibit the proliferation

of K-562 cell lines and A-549 cells

Increases ROS levels, upregulates
p53 expression and promotes
apoptosis promotion

Regulates the promotion of
apoptosis, upregulates the
caspase-9 gene and
downregulates KRAS, ERK, Akt
and Bcl-xL
Increases the cytolytic response
of natural killer (NK) cells against
target cancer cells K-562
Reducing levels of 8-OHdG
causes oxidative stress in liver
cancer cells (HepG2)
Suppression of colon cancer cell
growth and inhibition of tumor
blood supply through
angiogenesis
Gingerol affects the cell cycle by
increasing the GO phase and is
able to induce apoptosis by
increasing the expression of
caspase-3 in LNCaP cells
Decreased levels of cyclin A,
cyclin D1 and cyclin El, increased
caspase expression and inhibited
the mTOR signaling pathway
Inhibits cell growth, reduces cell
division, and induces phase S cell
cycle arrest and apoptosis
Inhibits prostate cancer cell
proliferation, and upregulates
MRPI and GSTm expression

Agustinisari &
Zakaria, 2006

Li, et al,, 2014

Tahir, et al.,, 2015

Tejasari & Zakaria,
2006

Harliansyah, 201 |

Brown, et al., 2008

Kim, et al., 201 |

Zhang, et al., 2017

Bernard, et al.,
2017

Liu, et al., 2017
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Table 2. In vivo studies on emprit ginger (Zingiber officinale Rosc.).

Elements S

tudy Type

Potential Mechanisms

Reference

Emprit ginger
ethanol extract

Emprit ginger
extract

Emprit ginger
extract

Ginger essential
oil (GSO)

GDNPs2

Ginger oleoresin
emprit-lipid
nanoparticle
Aqueous ginger
extract (AGE)
Ginger extract
emprit -chitosan
nanoparticles
(CNPS)

Gingerol and
shogaol

6-shogaol rich
ginger oleoresin

In vivo in Syrian golden hamster

In vivo with research subjects,
the number of fibroblast cells in
mice

In vivo in Swiss female albino rats

In vivo in Swiss male albino rats

In vivo in C57BL/6 or FVB/N]
female mice

In vivo in BALB/c mice

In vivo in adult male albino rats

In vivo in male albino mice

In vivo in diabetic rat models

In vivo in Swiss male albino rats

Upregulation of MDRI and MRP3
against cholangiocarcinoma
(CCA) resistance
Increases the number of
fibroblast cells in the proliferative
phase in mice with initiation
wounds
Activates AMPK, reduces cyclin
DI expression, and NF-kB levels
and increases p53 expression
Reducing the volume of tumor
development and increasing the
lifespan of mice carrying tumor
ascites
Reduces acute colitis, improves
intestinal repair and prevents
chronic colitis and colitis-
associated cancer (CAC)
Decreased LLC lung tumor
growth and induced IL-2 and IL-
10 production
Decreased mitotic index and
increased MNPCE in somatic

Increases antioxidant activity,
downregulates MDR| and
induces apoptosis

Maintaining super oxide
dismutase (SOD) levels and
reducing the amount of necrosis
of glomerular epithelial cells in
rat kidneys
Increases rat life span, controls
tumor volume and normalizes
hematological parameters

Plengsuriyakarn,
etal, 2012

Etika, et al., 2017

Elashmawy, et al.,
2018

Jeena, et al,, 2015

Zhang, et al., 2016

Thao, et al., 2019

Aziz, et al., 2020

Abomansour,
et al.,, 2020

Hardiyanto, et al.,
2018

Kemkar, et al.,
2018

A and CDK, leading to reduced retinoblastoma
(Rb) phosphorylation, followed by blockage of
entry into the S phase. As a result, cell growth is
inhibited through cell cycle arrests at the G1 phase.
In addition, 6-gingerol can induce significant G2/M
phase arrest by increasing the levels of reactive
oxygen species (ROS), p53, p27Kipl, and
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p2lcipl, which subsequently reduces the levels
of CDKI, cyclin A, and cyclin B1. These findings
indicate that 6-gingerol can inhibit the growth of
cancer cells by inducing cell cycle arrest at both
the G1 and G2/M phases (Wang, et al., 2014).
Furthermore, 6-gingerol suppresses cyclin DI
expression and induces NAG-1 expression through
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Figure 2. Mechanism of 6-gingerol in anticancer activity through induction of cell cycle arrest and

apoptosis.

the PKC and glycogen synthase kinase (GSK)-3[3
pathways. Tumor  necrosis factor-related
apoptosis-inducing ligand (TNF-TRAIL) plays an
important role in triggering apoptosis. In addition,
6-gingerol enhances TRAIL-induced apoptosis by
increasing caspase-3/7 activity (Ashkenazi, et al.,
2010).

Experimental studies have shown that
several active compounds in emprit ginger can
modulate cell cycle progression as part of their
chemopreventive mechanisms (Zadorozhna
& Mangieri, 2021). Among these compounds,
6-gingerol appears to exhibit the most prominent
anticancer activity. Therefore, 6-gingerol has
multiple anticancer mechanisms of action,
including the induction of apoptosis and cell cycle
arrest, as shown in Figure 2.

Apart from 6-gingerol, emprit ginger
(Zingiber officinale Rosc.) also contains 6-shogaol,

another bioactive compound with notable
anticancer potential. The anticancer mechanism
of 6-shogaol involves the action via ROS, ER
stress, autophagy, and the MAPK and Akt
signaling pathways. Interactions among these
signaling networks at different cellular levels enable
6-shogaol to induce apoptosis and cell cycle arrest
(Figure 3). The antiproliferative effects of 6-shogaol
are mediated through the targeting of multiple
signaling pathways, resulting in broad-spectrum
modulation of several signaling factors, including
ER stress-related proteins, GSK3p, LC3-I1I, MAP
kinases, caspase-3 activation, ROS production,
and cell cycle regulatory proteins. These effects
ultimately lead to G2/M phase cell cycle arrest and
apoptosis. In addition, 6-shogaol induces cyclin
protein expression and promotes cleavages of
protein kinase C-delta (Wu, et al., 2015).
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Figure 3. Mechanism of 6-shogaol in anticancer activity through induction of cell cycle arrest and

apoptosis.

PRE-CLINICAL STUDY ON TIWAI ONION
(Eleutherine palmifolia)

The tiwai onion is a plant with the potential
to be developed as an anticancer agent. Active
compounds found in tiwai onion, such as flavonoids
and their derivatives, as well as compounds
from the naphtoquinone group (eleutherinone,
eleutherin, isoeleutherin and eleutherol), have
demonstrated inhibitory activity against the
growth of cancer cells in several studies conducted
using cell lines and experimental animals (such as
mice, rats and hamsters). In addition, the bioactive
compounds of the tiwai onion can inhibit the growth
of cancer cells directly or indirectly through several
mechanisms. Several in vitro and in vivo studies on
tiwai onion as a potential anticancer candidate are
summarized in Table 4 and Table 5.
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Mechanism of Action of Tiwai Onion
(Eleutherine palmifolia) as Anticancer

Tiwai onion (Eleutherine palmifolia),
also known as the Dayak onion, has several
derivatives that can inhibit cancer cells through the
mechanisms of apoptosis and cell cycle arrest.
Some of these derivatives include flavonoid
compounds and naphthoquinone compounds, such
as eleutherinone, eleutherin, isoeleutherin and
eleutherol (Muti’ah, et al., 2018). Flavonoids
are active compounds that have been shown to
induce cell apoptosis and inhibit the proliferation
of various cancer cells (Mardiyaningsih & Ismiyati,
2014). The mechanism of action of flavonoids in
cell apoptosis induction is shown in Figure 4.

Flavonoids can act as anticancer agents
by modulating both intrinsic and extrinsic



Indonesian Journal of Cancer Chemoprevention, June 2025

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

SR 11]ICIC

Table 4. In vitro studies on Tiwai Onions (Eleutherine palmifolia).

Elements

Study Type

Potential Mechanisms

Naphtoquinone
(Tiwai ethanol
extract)

Flavonoids (Tiwai
onion ethanol
extract)

Flavonoids (Tiwai
onion ethanol
extract)

Isoliquiritigenin
and
oxyresveratrol

Isoliquiritigenin
and
oxyresveratrol

Tiwai onion ethyl
acetate extract

Flavonoids (Tiwai
Onion Extract)

Tiwai onion
extract

Hexadecanoic
acid,
octadecadienoic
acid, linoleic
acid (Tiwai onion
chloroform
extract)

Tiwai onion ethyl
acetate extract

In vitro on colorectal cancer

cells, STF293

In vitro on breast cancer
cells, T47D

In vitro on cervical cancer
cells, HelLa

In vitro on cervical cancer
cells, HelLa

In vitro on Hela cervical
cancer cells

In vitro on T47D breast
cancer cells

In vitro on breast cancer
cells T47D

In vitro on T47D cells

In vitro on L1210 leukemia
cells

In vitro on colon cancer
cells. WiDr

Inhibits transcription of
TCF/B-catenin, forms
topoisomerase |l complex and
increases c-myc for apoptosis
Inhibits proliferation through
the inhibition of oxidative
processes and inhibits the
expression of the enzyme
topoisomerase I
Inhibits the estrogen/ER-a
pathway, inhibits cancer cells
through inhibition of neo
angiogenesis in VEGF/VEGFR-2
and inhibits cell proliferation
in the G2/M phase
The ethyl acetate fraction has
high potential as an
anticancer with an ICso value
of 44.335 pg/mL
Antiproliferative activity,
induces cell accumulation in
the G2/M phase and inhibits
NF-xB activity against cell
lines
Induction of apoptosis and cell
accumulation in the GO/G1
phase of breast cancer
Suppresses mutant p53 gene
expression levels and induces
cell cycle arrest

Cell cycle arrest in GO phase
and causes apoptosis

The chloroform fraction has
high potential as an
anticancer with an ICs value
of 9.56 ppm

Has a toxic effect on colon
cancer cells WiDr, induces cell
cycle arrest and apoptosis

Li, et al., 2009

Putri & Haryoto,
2018

Muti‘ah, et al.,
2018

Minggarwati,
2017

Muti‘ah,
2019

eta l.,

Yuniarti, eta (.,
2019

Sudarmawan, et
al., 2010

Fitri & Rosidah,
2014

Lestari, et al.,
2019

Lubis, et al.,
2018
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Table 5. In vivo study on Tiwai onion (Eleutherine palmifolia).

Elements Study Type Potential Mechanisms Reference
Isoliquiritigenin and Increases TNF-a expression, .
Lo . . . Muti‘ah, et al.,
oxyresveratrol In vivo in BALB/c mice CAC induces apoptosis, and decreases 2020

(Tiwai onion model

extract)

colon goblet cell count and TGF-
B levels

In vivo in albino male mice
BALB/c model CAIA

Ethanol extract of
tiwai onion

Reduces the incidence of arthritis
and increases the regulation of
inflammatory cytokines, TNF-a,

IL6 and 7

Hanh, et al., 2018

Tiwai onion ethanol L .
In vivo in female Wistar rats
extract

There was no sign of toxicity
with a dose of 2000 mg/kg BW in
rats

Wati, et al., 2021

Flavonoids and
naphthoquinone e . .

p. .q . In vivo in male white mice
(Tiwai onion

chloroform extract)

Toxic effect with marked death
in mice

Lestari, et al., 2019

Tiwai onion ethanol In vivo in lead-induced BALB/c

Maintaining testosterone and

Gayatri, et dl.,
2017

extract male mice seminiferous tubule thickness
Increased macrophage activation,
Tiwai onion ethanol increased IFN-y expression and Toemon, 2015

In vivo in BALB/c mice
extract

increased number of cells
expressing CD 14

Flavonoids (Tiwai
onion ethanol In vivo in BALB/c mice

extract)

Increased serum IgG levels,
increased B lymphocyte
activation and increased germinal
center

Carmelita, 2016

Polyphenols and

. o o o Increase levels of MDA, which Wijayanti &
flavonoids (Tiwai In vivo in mice induced by . . .
] . are mutagenic and increase levels Hasyati, 2018
onion ethanol dextran sulfate sodium (DSS) .
of tissue SOD
extract)
Tiwai onion ethanol In vivo in BALB/c mice Increased number (natural killer) Meiliana, 2016
extract NK cells and CD 8+
Inhibits th h of |
In vivo tiwai onion In vivo in DMBA-induced female n ,I 'ts the growt .o .n?op asms Widayati &
in all organs and inhibits cell
extract Sprague Dawley rats Rompas, 2019

proliferation

apoptotic pathways. The intrinsic pathway is
mediated through the mitochondria, where the
release of mitrochondrial protein and regulation by
the Bcl-2 initiates activation of caspase-9, caspase-3,
and caspase-7. In cancer cells, overexpression of
oncogenes (e.g., c-Myc) can promote uncontrolled
cell proliferation and activate the suppression of
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p53, an anti-apoptotic protein of the Bcl-2 family
in cancer cells. In contrast, pro-apoptotic proteins
and caspases can be downregulated. Flavonoids can
target these apoptotic signalling pathways and
thereby promote cancer cell death. The extrinsic
pathway is linked to tumor necrosis factor (TNF)
and other major signaling proteins. Cancer cells
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Extrinsic (reseptor-
driven) pathways

1 TNF-family receptor
proteins on cellular
membranes

8
SR o B
1 Caspase8
Jlu

tCaspase-3,6,7 [l 10,12

G
121
— : influence Apoptosome
L : inhibit
T : increase
References: : Sdecrene
1. Abotaleberal, 2018 .
> Information
2. Mocarthur & Kile, 2018 TNF : tumornecrosis factor
3. Elango etal, 2018 tBid - truncated bid
4. Nm efai., 2011 Bel : Bcell lymphomaprotein 2
5. Pandeyeral, 2012 BelxL, Bel-2 : homologue splice variants
6. Shuklaeral,2014 Cito UL A
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Figure 4. Mechanism of flavonoids in anticancer activity through induction of apoptosis.
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Figure 5. Mechanism of flavonoids in anticancer activity through cell cycle arrest.
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Figure 6. Mechanism of naphtoquinone in anticancer activity.

often develop resistance to programmed cell death
(apoptosis) induced by a series of signal transduction
pathways, as well as through altered expression
of pro-apoptotic caspase proteins and Bcl-2
family proteins. Flavonoids may act as pro-oxidants,
suppressing cancer cell proliferation by inhibiting the
epidermal growth factor receptor (EFGR/MAPK)
pathway, (PI3K), protein kinase B activation,
and nuclear factor kappa-B (NF-xB) signal-
ing. Thus, flavonoids can activate programmed
cell death signaling pathways in cancer cells
through dual mechanism: activating anti-apoptotic
proteins while suppressing pro-apoptotic proteins
and capacities (Kopustinskiene, et al., 2020). Cell
cycle arrest may also induced by the flavonoid
compounds contained in the ethyl acetate extract
of tiwai onion bulbs. These compounds can
increase the expression of p21 and p27, which binds
to cyclin D and cyclin-dependent kinase 4/6 (CDK)
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complexes, thereby inhibiting PRB phosphorylation
and causing cell cycle arrests (Figure 5).

In addition, tiwai onion bulbs contain
active compounds from the naphthoquinone group.
The mechanism of action of naphthoquinone as an
anticancer agent is shown in Figure 6.
Naphthoquinone can kill or induce cell death by
more than one mechanism. Their cytotoxicity
effects have been associated with inhibition of
human DNA topoisomerase I and II, induction
of DNA damage (through ROS generation
and oxidative stress), activation of p53 in
response to DNA damage, regulation of
tumor-associated inflammation, inhibition
of MALTI, induction of apoptosis through
suppression of ER, repression of telomerase
activity, and suppression of NQO1 (Pereyra, et al.,
2019).
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CONCLUSION

The activities of gingerol, shogaol,
and their derivatives found in the rhizome of
emprit ginger (Zingiber officinale Rosc.), as well as
flavonoids, naphthoquinones, and their derivatives
in the bulbs of tiwai onion (Eleutherine palmifolia),
have been scientifically demonstrated through both
in vitro and in vivo studies, indicating their potential
use as anticancer medicine. Pre-clinical in
vitro and in vivo studies on the rhizomes of emprit
ginger (Zingiber officinale Rosc.) and tiwai onion
(Eleutherine palmifolia) have also shown that
these two plants are able to inhibit cell signaling
pathways by inducing apoptosis and causing cell
cycle arrest.
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