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ABSTRACT 

Dayak onion [Eleutherine bulbosa, Mill. (Urb)] is herbal plant believed to have 
anticancer effects. It contains triterpenoids, flavonoids, anthraquinones, and 
naphthoquinones which have antioxidants and anticancer activities. This 
study aimed to investigate the effect of ethanolic extract of dayak onion bulb 
(EEDO) on serum cancer antigen 15-3 (CA 15-3) levels in rats induced with 
7,12-dimethylbenz [α] anthracene (DMBA). Thirty female Sprague Dawley rats 
were randomly divided into six groups, namely Normal Group, Positive Control 
Group (tamoxifen), Negative Control Group (dimethyl sulfoxide/DMSO) 5%), 
Treatment Group I (EEDO 180 mg/kgBW), Treatment Group II (EEDO 360 mg/
kgBW) and Treatment Group III (EEDO 720 mg/kgBW). All groups, except the 
normal group, were induced with DMBA 20 mg/kg body weight. Serum CA 15-3 
levels were determined using enzyme-linked immunosorbent assay (ELISA) 
method. The results showed significantly lower (p< 0.05) CA 15-3 levels in the 
Treatment Groups compared to the Negative Control Group. The most significant 
reduction in serum CA 15-3 level was observed in the Treatment Group I 
receiving EEDO at a dose of 180 mg/kgBW. In conclusion, the EEDO possesses a 
chemopreventive effect on DMBA-induced breast cancer in rats.

ABSTRAK 

Bawang dayak [Eleutherine bulbosa, Mill. (Urb)] adalah tanaman herbal yang 
diyakini memiliki efek antikanker. Tanaman ini mengandung triterpenoid, 
flavonoid, antrakuinon, dan naftokuinon yang memiliki aktivitas antioksidan 
dan antikanker. Penelitian ini bertujuan mengkaji efek ekstrak etanol dari umbi 
bawang dayak (EEDO) terhadap kadar antigen kanker 15-3 (CA 15-3) dalam serum 
pada tikus yang diinduksi dengan 7,12-dimetilbenzen [α] antrasen (DMBA). Tiga 
puluh tikus Sprague Dawley betina, dibagi menjadi 6 kelompok secara acak, yaitu 
Kelompok Normal, Kelompok Kontrol Positif (tamoksifen), Kelompok Kontrol 
Negatif (dimetil sulfoksida/DMSO 5%), Kelompok Perlakuan I (EEDO 180 mg/
kgBB), Kelompok Perlakuan II (EEDO 360 mg/kgBB), dan Kelompok Perlakuan 
III (EEDO 720 mg/kgBB). Semua kelompok kecuali Kelompok Normal diinduksi 
dengan DMBA 20 mg/kgBB. Kadar CA 15-3 serum diukur menggunakan metode 
enzyme-linked immunosorbent assay (ELISA). Hasil penelitian menunjukkan 
bahwa terdapat penurunan signifikan (p< 0.05) pada kadar CA 15-3 Kelompok 
Perlakuan dibandingkan dengan Kelompok Kontrol Negatif. Penurunan kadar 
CA 15-3 serum yang paling signifikan terlihat pada Kelompok Perlakuan yang 
menerima EEDO dengan dosis 180 mg/kgBB. Dapat disimpulkan bahwa EEDO 
memiliki efek kemopreventif terhadap kanker payudara pada tikus yang 
diinduksi DMBA.
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INTRODUCTION

Cancer is the second leading cause of 
death in the world. Based on data from 
The International Agency for Research on 
Cancer (IARC)’s Global Cancer Statistics 
(GLOBOCAN), in 2018 there were an 
estimated 18.1 million new cancer cases 
and 9.6 million cancer deaths. In women, 
breast cancer is the most prevalent type, 
accounting 24.2% of the 8.6 million new 
cases and the highest mortality rate, 
comprising 15.0% of 4.2 million deaths.1

One of the tumor markers in breast 
cancer is cancer antigen 15-3 (CA 15-3), 
which is a part of the mucin glycoprotein 
1 (MUC1) found in the glandular and 
luminal epithelial cells of the mammary 
gland. In malignant conditions, MUC1 
in the epithelium will multiply and 
secrete CA 15-3 in large quantities.2 
This condition causes an increase in 
serum CA 15-3 levels. In comparison to 
normal condition, serum CA 15-3 level 
can be used as a cancer marker. Cancer 
cells will produce CA 15-3 which can be 
found in serum or cancer cells tissue.3 
The CA 15-3 levels have been shown 
to be an independent parameter for 
breast cancer prognosis and are used to 
assess chemoprevention and anticancer 
treatments.4,5

It has been reported that DMBA (7,12 
dimethylbenz(α)antracene) exposure 
can cause breast cancer in rats.6  
Metabolic by products from DMBA can 
damage DNA structure through binding 
of purines to DNA or depurination, 
resulting in DNA mutations, inhibition 
of apoptosis, and causing malignancy in 
mammary tissue.6,7 The DMBA induction 
leads to estrogen receptor positive (ER+) 
breast cancer.8

Tamoxifen was the first FDA-
approved chemopreventive agent, which 
reduces the risk of ER+ breast cancer. A 
systematic review by The United States 
Preventive Services Task Force (USPSTF) 
estimated that compared with placebo, 
tamoxifen reduced the incidence of 
invasive breast cancer by 7 events (95% 

CI) per 1,000 women over 5 years.9,10

Dayak onion (Eleutherine bulbosa) 
is a medicinal plant belonging to the 
Iridaceae family. This plant originates 
from South America and grows at an 
altitude of 600 – 2000 meters above sea 
level. Currently, dayak onion has been 
cultivated and spread to Indonesia 
(Kalimantan), Thailand, South China, and 
South Africa.11 This plant has been used 
empirically by people in Southeast Asia as 
a traditional medicine for hypertension, 
diabetes, cholesterol, dysentery, anti-
inflammatory, laxative, accelerate 
wound healing, and antifertility.12 
According to previous studies, dayak 
onion is also believed to have anticancer, 
antiosteoporosis, antibacterial, 
antiviral, and cytotoxic effects.11,13-15 
Based on previous studies, it is known 
that dayak onion has several active 
compounds such as naphthoquinones, 
anthraquinones, naphthalene, alkaloids, 
flavonoids, glycosides, saponins, tannins, 
triterpenoids, and steroids.11,13,16,17

Naphtoquinones    and  their 
derivatives such as eleutherine, 
eleutherol, eleutherinone, and 
elecanacine, exhibit biological activity 
as antimicrobial, antiviral, anti-
inflammatory, antipyretic, antifungal, 
and also have cytotoxic effect against 
colon cancer and breast cancer.  In 
silico studies by Lubis et al.13 found that 
the active compound eleutherinol from 
dayak onion has the highest affinity 
among other compound to bind with 
human estrogen receptor alpha and 
has anticancer potential.10 Based on 
previous in vitro studies by Fitri et 
al.18 the n-hexane, ethyl acetate, and 
ethanolic extract from dayak onion had 
a cytotoxic effect on WiDr colon cancer 
cells and T47D breast cancer cell.16 
However, all previous studies lacked in 
vivo experiments, leading to limitations 
in evaluating the effects of dayak onion 
on more complex living organism than 
single cell line. The in vivo experiment 
provides a better understanding 
of how the dayak onion affects the 
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tumorogenesis dan chemoprevention 
in more complex living organism. The 
purpose of this present study was to 
evaluate the in vivo chemopreventive 
effect of ethanolic extract of dayak onion 
in rats induced with DMBA.

MATERIAL AND METHODS

Animals

Thirty female Sprague dawley rats 
aged 5 wk at initiation of experiment 
were used. All animal-use procedures 
were ethically reviewed and approved 
by Ethical Clearance Committee of 
the Faculty of Medicine, University of 
Tanjungpura prior to experiment in 
accordance with the guidelines of the 
National Institutes of Health Guide for 
the Care and Use of Laboratory Animals. 
Animals were housed under a 12 h light/
dark cycle with free access to food and 
water. All efforts were made to minimize 
suffering and the number of animals 
used.

Ethanolic extract preparation

Eleutherine bulbosa was obtained 
from Sintang Regency, West Kalimantan 
Province, Indonesia. It was dried, 
powdered, and macerated with ethanol 
96% then processed using rotary 
evaporator to get ethanolic extract of 
E. bulbosa bulb (EEDO). The ethanolic 
extract of dayak onion was dissolved 
in 5% DMSO according to each group’s 
dosage before being administered to 
the rats. The DMBA (Tokyo Chemical 
Industry, Japan) was dissolved in corn 
oil with a final concentration of 4 mg/
mL. Tamoxifen (Kalbe Farma, Indonesia) 
was dissolved in 5% DMSO with a final 
concentration of 0.2 mg/mL.

Treatment

After acclimatization for 7 d, 30 rats 
were randomly divided into 6 groups 
with each group consist of 5 rats. The 

groups were as follows: (1) Normal 
Control Group: only got standard 
food and water, (2) Negative Control 
Group: DMBA induction and DMSO 
5%, (3) Positive Control Group: DMBA 
induction and tamoxifen 2 mg/kgBW/d, 
(4) Treatment Group I: DMBA induction 
and EEDO 180 mg/kgBW/d, (5) Treatment 
Group II: DMBA induction and EEDO 360 
mg/kgBW/d, and (6) Treatment Group 
III: DMBA induction and EEDO 720 mg/
kgBW/d.

The DMBA was administered 
intragastrically at a dose 20 mg/kgBW. 
The induction process was carried out 
twice weekly for 5 wk. The induction 
was evaluated by palpation on the 
chest and abdomen area; the induction 
was considered successful if a tumor 
nodule was palpable. Tamoxifen was 
administered intragastrically every 
day for 70 d in the Positive Control 
group (+). The EEDO was administered 
intragastrically every day for 70 d in 
Group I, Group II and Group III.

Examination of CA 15-3

After 70 d, all rats were anesthetized 
using chloroform and euthanized, then 
blood was drawn through the aorta. The 
blood was placed in a serum separator 
tube immediately after being taken 
from the aorta and stored at room 
temperature. The blood was allowed to 
clot for 30 min, then centrifuged for 20 
min at 2000 rpm at 8° C. The separated 
serum sample (supernatant) was 
aliquoted into 1.5 mL microtube and 
stored in a freezer at -20° C. After 7 d, the 
serum was thawed at room temperature 
and immediately underwent the ELISA 
procedure to measure the CA 15-3 level. 
The CA 15-3 level was measured using 
the appropriate ELISA Kit (Bioenzy, 
Indonesia, CAT No. BZ-08189311-EB).

Statistical analysis

Data are expressed as mean ± 
standard deviation (SD) and were 
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analysed by one-way analysis of variance 
(one-way Anova). Means between 
treatment groups were compared using 
the Least Significant Difference test. All 
statistical analysis were conducted using 
SPSS software (version 23, IBM Corp, 
Armonk, New York). A p value <0.05 was 
considered statistically significant.

RESULTS

Induction of breast tumors in test 
animals using DMBA was evaluated by 
palpating the thoracic and abdominal 
regions where the breast glands are 

located. Palpation was performed 
every week to determine the presence 
or absence of tumor nodules. Tumor 
nodules were first palpated in the 8th 
wk after induction. At the end of the 
treatment, all rats in all groups had 
tumor nodules confirmed by palpation.

After measurement with ELISA 
method, the optical density values of each 
sample were obtained. Subsequently, 
we calculated the CA 15-3 level in each 
sample using the formula from the 
standard curve. The CA 15-3 serum level 
are shown in FIGURE 1.
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FIGURE 1. Effect of EEDO on CA 15-3 serum level in DMBA-induced breast 
cancer in rats. The graph shows the mean CA 15-3 serum 
level (μIU/mL) across different experimental groups. Data 
are expressed as mean ± SD. *p< 0.05 versus Negative Control 
group. The groups are as follows: Normal (received standard 
food and water), Negative Control (DMBA induction and 5% 
DMSO), Positive Control (DMBA induction and tamoxifen 2 mg/
kg body weight/day), Group I (DMBA induction and EEDO 180 
mg/kg body weight/day), Group II (DMBA induction and EEDO 
360 mg/kg body weight/day), and Group III (DMBA induction 
and EEDO 720 mg/kg body weight/day). CA 15-3: cancer 
antigen 15-3; EEDO: ethanolic extract of dayak onion; DMBA: 
7,12-dimethylbenz[α]anthracene; SD: standard deviation.
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This study showed that the average 
of serum CA 15-3 level in Normal Group, 
Negative Control Group, Positive Control 
Group, Treatment Group I, Treatment 
Group II, and Treatment Group III were 
13.26±1.20 µIU/mL, 17.60±1.68 µIU/mL, 
12.79±1.15 µIU /mL, 12.24±0.72 µIU/
mL, 14.04±0.69 µIU/mL, and 13.71±1.32 
µUI/mL, respectively (FIGURE 1). A 
significantly different in the serum CA 
15-3 level between the Normal Group, 
Positive Control Group, Treatment Group 
I, II and III compared to the Negative 
Control Group was observed (p<0.05). 
However, there was no significance 
difference between the Normal Group, 
Positive Control Group, Treatment 
Group I, II and III (LSD test and HSD test; 
p>0.05). Therefore, the most effective 
dose of EEDO for chemoprevention on 
DMBA induced breast cancer in rats 
cannot be concluded in this study.

DISCUSSION

7,12 Dimethylbenz(α)antracene is 
a potential carcinogen compound. This 
compound is an inactive procarcinogen 
(proximate carcinogen) in the body. It 
undergoes changes to become a primary 
carcinogen or an ultimate carcinogen. 
The ultimate carcinogen is the final 
metabolite of DMBA, which damages the 
DNA structure through the formation of 
radical cations and epoxide dihydrodiol. 
Epoxide dihydrodiol alters the DNA 
structure by covalently binding to the 
exocyclic amino groups of DNA purines 
and forming a stable DNA adduct, while 
the radical cation binds to N7 or C8 
positions, resulting in unstable DNA 
adducts due to the loss of purines in DNA 
or depurination.19-21

7,12 Dimethylbenz(α)antracene  
undergoes activation in mammary 
gland epithelial cells and produces 
active metabolites in the form of DNA 
adducts, which are complexes formed by 
spesific DNA sections that are covalently 
bound to DMBA mutagen compounds.21 

Reactive oxygen species (ROS) are also 
products of DMBA metabolism and 
are formed during DMBA metabolic 
activation. Reactive oxygen spesies cause 
DNA adducts to bind to guanine bases in 
DNA, causing oxidative damage to the 
structure and function of DNA, proteins 
and lipids. This oxidative damage results 
in DNA to mutation. Cellular DNA can 
return to normal if the DNA repair 
mechanism takes place normally, if this 
mechanism does not function normally 
then the mutated cells will grow and 
develop into tumors.20,21

There is a difference in serum CA 
15-3 levels between the Normal Group 
and the Negative Control Group, where 
the serum CA 15-3 level in the Negative 
Group was higher than the Normal 
Group. This was one of the pieces of 
evidence for the success of breast tumor 
induction in the negative control group.22 
According to Lee et al.22 serum CA 15-3 
levels in patients with breast tumors 
tend to increase compared to normal 
conditions, this increase tends to be even 
higher when the tumor becomes invasive 
and metastasizes to other tissues. 

The difference in serum CA 15-3 
levels between the Negative Control 
Group and Treatment Groups I, II, and 
III demonstrated that there is an effect 
of the administration of the EEDO on 
the serum CA 15-3 levels in rats with 
breast tumors. Spesifically, the EEDO 
was effective in reducing serum CA 15-3 
levels in these rats. The most effective 
dose in reducing serum CA 15-3 levels in 
this study was the dose in the Treatment 
Group I (180 mg/kgBW). 

Based on several previous studies, 
the EEDO has anticancer activities.13,18,23,24 
Dayak onion bulbs contain active 
compounds such as naphthoquinones, 
anthraquinones, and naphthalene.11,13,16,17 
Eleutherinol which is one of the 
derivatives of naphthoquinones, is an 
active compound known to have the most 
potent anticancer activity among other 
active compounds in dayak onion.13,18 
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One of the known effects of dayak onion 
extract is the suppression of mutant p53 
expression. Mutant p53 is a p53 protein 
that undergoes a missense mutation, 
resulting in the p53 protein losing its 
tumor suppression ability and promote 
tumorigenesis.25,26

The results of this study are consistent 
with in vitro studies by Lubis et al.13 
which showed a suppressive effect of the 
EEDO on the expression of mutant p53 
protein in T47D cancer cells.18 According 
to Fitri et al.18 the anticancer mechanism 
of dayak onion is achieved by inhibiting 
the cell cycle at the G0-G1 phase, causing 
the cell to be trapped in the G0 or G1 
phase. This mechanism occurs through 
the process of inhibiting the expression 
of cyclin D, so that cyclin D cannot 
bind to CDK4 and CDK6. As a result, the 
phosphate group on CDK is unable to 
phosphorylate Retinoblastoma protein 
(Rb). Unphosphorylated Rb protein will 
bind to the E2F transcription factor and 
inhibit the transcription of cyclin E and 
cyclin A, which are needed to enter the S 
phase of cell replication, causing the cell 
will be stuck in the G1 phase.18

The termination of the cell cycle in 
the G0-G1 phase provides an opportunity 
for the repair process to occur in the 
mutated DNA, or if the mutated DNA 
cannot be repaired, the cell will undergo 
apoptosis to prevent further spreading. 
This apoptosis process is trigerred by 
the inhibition of BCL2, which is an anti-
apoptotic protein.18 The decreased rate of 
cell proliferation and the cessation of the 
cell cycle result in the inhibition of the 
growth and development of mammary 
tumor cells, preventing the metastasis 
process from occuring.

Cancer antigen 15-3 protein is the 
epitope part of Mucin 1 (MUC1). MUC1 
is a transmembrane glycoprotein that is 
found on the surface of epithelial cells 
of mammary glands, pancreas, prostate, 
testes, liver, lungs, and kidneys.27 In 
normal condition, MUC1 plays a role 
in cell hydration, defense against 

microorganisms and degenerative 
enzymes, as well as inhibiting 
interactions between cells. When the cells 
become malignant, MUC1 levels increase 
above normal, and MUC1 becomes 
underglycosylated and overexpressed. 
The location of MUC1 and growth factor 
receptors also become irregular due to 
changes in cell shape.2,28

Due to its extracellular location, CA 
15-3 can be released and go along with 
the bloodstream. The amount of CA 15-3 
is directly proportional to the amount of 
MUC1. If the levels of MUC1 increases, 
the levels of CA 15-3 in the blood will also 
increase.2,29

MUCI 1 and CA 15-3 are known to 
be predictors of prognosis in patients 
with breast tumors, with elevated 
MUC1 levels being associated with poor 
prognosis. MUC1 is likely to play a role 
in tumorigenesis, progression and 
metastasis in tumors. The association 
of MUC1 with EGFRs, β-catenin, and NF-
κb can also affect tumor progression 
and invasiveness.30 Overexpression 
of MUC1 has been shown to increase 
angiogenesis and chemoresistance in 
breast tumors.29,31,32 Therefore, a low 
level of MUC1 is a factor associated with 
a positive prognosis in breast tumor 
patients.

Increased tumorigenesis activity 
and the number of tumor cells in breast 
tissue lead to increased MUC1, which 
in turn further worsens the condition 
of the tumor.2,28 Conversely, a decrease 
in the amount of MUC1 increases the 
possibility of a good prognosis for 
patients with breast tumors. Inhibition 
of cyclin D by the EEDO can lead to a 
decrease in the number of tumor cells, 
resulting in a reduction in the amount 
of MUC1 in tumor cells.2,28 The decrease 
in the number of MUC1 can be predicted 
from the decreased CA 15-3 protein levels 
in the serum, which are lower than in 
the Negative Control Group that did not 
receive the EEDO.

This study has some limitations. The 
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EEDO use in this study is not an isolated 
pure bioactive compound. In addition, 
the most effective dose of the EEDO 
for breast cancer chemoprevention 
could not be concluded, yet. Therefore, 
we recommend isolating bioactive 
compounds from dayak onion and 
investigating the most effective dose of 
dayak onion for chemoprevention.

CONCLUSION

In conclusion, the EEDO possesses 
a chemopreventive effect on DMBA-
induced breast cancer in rats. Further 
study to investigate the most effective 
dose of the EEDO is recommended.  
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