
International Journal of Scientific Research and Engineering Development-– Volume 6 Issue 6, Nov- Dec 2023 

          Available at www.ijsred.com                                 

ISSN : 2581-7175                             ©IJSRED: All Rights are Reserved Page 498 

 

In-vitro synergistic cytotoxicity effect of Eurycoma longifolia 

herbal infusion with Tamoxifen drug against breast cancer cell 

line MDA-MB-231 
 

Lusia Barek Moses*, Mohd. Fadzelly Abu Bakar**, Hasmadi Mamat***,  
Zaleha Abd Aziz**** 

*Preparatory Center for Science and Technology, Universiti Malaysia Sabah (UMS),  

Jalan UMS, 88400, Kota Kinabalu, Sabah, Malaysia 
** Faculty of Applied Sciences and Technology, Universiti Tun Hussien Onn Malaysia (UTHM),  
Pagoh Campus, Hub Pendidikan Tinggi Pagoh, KM1, Jalan Panchor, 84600 Muar, Johor, Malaysia 

*** Food Science and Nutrition, Universiti Malaysia Sabah (UMS),  

Jalan UMS, 88400, Kota Kinabalu, Sabah, Malaysia 
**** Faculty of Science and Natural Resources, Universiti Malaysia Sabah (UMS),  

Jalan UMS, 88400, Kota Kinabalu, Sabah, Malaysia 
Corresponding authors: lusiamoses@ums.edu.my and zalehaaz@ums.edu.my  

----------------------------------------************************----------------------------------

Abstract: 
          Breast cancer is considered as one of the most common diagnosed cases among prevalent 

malignancy cancer. This study explores the synergistic interactions between Eurycoma longifolia Jack 
herbal infusion (ELH) and tamoxifen in inhibiting breast cancer cell viability. Methodologically, E. 

longifolia leaves were collected, steam-blanched, ground, and freeze-dried. Herbal infusion, replicating 
common brewing conditions, was prepared using hot water extraction. The MDA-MB-231 human breast 
cancer cell line was employed for combinatorial MTT assays, assessing cell viability with various 
concentrations of extract and tamoxifen. Combination indices were calculated to determine the degree of 
synergy. The finding presented through combination indices, suggest varying degrees of synergy between 
the extract and tamoxifen, indicating enhanced therapeutic efficacy. The lowest percentage of MDA-MB-
231 cell viability was shown by the combination of 2.5 µg/ml tamoxifen and 100 µg/ml ELH at 25.95%. 
Meanwhile, the combination of 10 ug/ml tamoxifen and 100 ug/ml of ELH displayed a strong synergistic 
effect of cytotoxicity towards cancer cell viability. Therefore, it is validated that the potential of ELH to 
exerted cytotoxicity synergistic effect with tamoxifen against the breast cancer cell. 
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I.     INTRODUCTION 

Breast cancer is a global health concern with 2.3 
million new cases worldwide in 2020. It's the 
leading cancer for women, causing 685,000 deaths 
[1]. According to the latest WHO data published in 
2020, breast cancer new cases in Malaysia 
reached 8,418 cases and mortality number of 3,503 
deaths which rank second highest contributor after 
lung cancer [2]. The risk factors for cancer 

occurrence are mainly due to age, family history, 
genetics, hormones, and lifestyle [1]. 

Cancer treatment employs a multifaceted 
approach with various drug classes. Chemotherapy 
disrupts cancer cell division, targeted therapies 
focus on specific molecules, and immunotherapy 
enhances the immune system's ability to combat 
cancer [3]. Tamoxifen is a selective estrogen 
receptor modulator (SERM) used in the treatment 
of hormone receptor-positive breast cancer. It 
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functions by blocking estrogen receptors in breast 
cells, inhibiting the growth of estrogen-stimulated 
cancers. Additionally, tamoxifen is utilized for 
breast cancer risk reduction and as adjuvant therapy 
post-surgery [4],[5]. 

Cancer patients often explore herbal remedies 
alongside conventional treatments to manage 
symptoms and improve quality of life [6],[7]. Some 
medicinal plants, rich in bioactive compounds like 
polyphenols and flavonoids, have shown anti-
cancer properties in lab studies, with potential 
antioxidant, anti-inflammatory, and anti-
proliferative effects [8]-[11]. However, using 
medicinal plants for cancer treatment poses risks, 
including interactions with conventional treatments 
or medications [12]. Understanding the synergistic 
interaction between herbal and cancer medicine is 
crucial for unlocking new treatment modalities.  

Eurycoma longifolia Jack. or “Tongkat Ali”, is a 
flowering plant native to Southeast Asian countries 
such as Malaysia, Indonesia, Thailand, and 
Vietnam. It is a tall, slender shrub that can grow up 
to 10 meters in height. It has long history of 
traditional use in Southeast Asian folk medicine. It 
is often used to treat various ailments, including 
malaria, fevers, and sexual dysfunction [13]-[15]. In 
previous studies, the cytotoxicity effect of this 
plant’s root had been demonstrated against many 
cancer cell lines, such as leukemia cell lines K-562 
and HL-60 [16], human breast cancer cell line 
MCF-7 [17] and cervical cancer cell line HeLa [18]. 
However, the consumption of its leaf infusion using 
hot water is rare and to date, its scientific 
information regarding its benefit remains 
inadequate. 

Therefore, this present study aim is to determine 
the potential of E. longifolia leaves as an herbal tea 
with tamoxifen drug to contribute a synergistic 
cytotoxic effect towards a cancer cell line, MDA-
MB-231. Throughout the paper, the studied sample 
is the crude extract obtained from E. longifolia leaf 
herbal infusion which is labelled as ELH. 

 
 
 

II.     MATERIAL AND METHOD 

A. Plant collection and drying 

The leaves of Eurycoma longifolia were collected 
from Kota Kinabalu in Sabah which located in East 
Malaysia. The leaves undergo steam blanching for 
30 sec before ground and dried using freeze drying 
method. 
 
B. Herbal infusion preparation 

To simulate typical brewing conditions, an herbal 
infusion was created through a hot water extraction 
process. Precisely measured amounts of 2.0 g of 
dried unfermented and fermented leaves were 
steeped in hot water (98 ± 2�C) with continuous 
stirring at 300 rpm for 2 minutes using a magnetic 
stirrer. The mixture was then allowed to steep for 
an additional 10 minutes and subsequently filtered 
through a Whatman No.4 filter paper. The resulting 
filtered infusions were frozen at -20˚C and 
subjected to a 48-hour drying process at -50˚C and 
0.125mbar under vacuum conditions using a freeze 
drier. Each 1.0 g of the lyophilized material, 
denoted as the crude extract, was mixed with 1.0 ml 
of dimethyl sulphoxide (DMSO) and stored at -
20˚C for further testing. 

C. Cell culture 

The MDA-MB-231 human breast cancer cells were 
acquired from the American Type Culture 
Collection (ATCC, USA). Cultivation and 
maintenance were carried out in T75 flasks using 
RPMI 1640 growth medium supplemented with a 
combination of fetal bovine serum (FBS) and 
penicillin/streptomycin in a ratio of 100:10:1 
(v/v/v). The cells were incubated at 37°C in a 
humidified environment with 5% carbon dioxide 
(CO2). Upon reaching confluence or near-
confluence density, the cells were harvested using 
trypsin. Subsequently, cell counting was performed 
utilizing a 0.0025 mm2 hemocytometer and a 0.4% 
trypan blue exclusion assay. 
 

D. Combinatorial MTT assay  

The cell line was initially seeded at 1 x 10^3 cells 
per well and incubated for 24 hours at 37 °C          
in a 5% CO2 environment. After this period, the 
growth medium was replaced with ELH and 
tamoxifen as stated in Table 1. For the negative 
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control, cells were treated with only the growth 
medium. 
 

TABLE 1 
Combination of ELH and tamoxifen. 

 ID Tamoxifen 

(ug/ml) 

ELH 

(ug/ml) 

ID Tamoxifen 

(ug/ml) 

ELH 

(ug/ml) 

C-01 2.5 25 C-07 10.0 50 

C-02 5.0 25 C-08 15.0 50 

C-03 10.0 25 C-09 2.5 100 

C-04 15.0 25 C-10 5.0 100 

C-05 2.5 50 C-11 10.0 100 

C-06 5.0 50 C-12 15.0 100 

 
Following another 24h of incubation, MTT 

solution (0.5 mg/ml) was added for 3 hours. Then, 
DMSO (100 µl) was used to dissolve formazan 
crystals within viable cells. The plates were shaken 
for 30 minutes in the dark at room temperature (25 
± 2 °C), and absorbance was measured at 540 nm 
using an ELISA reader. 

   

 

 
The combination index (CI) is a valuable metric 

used to assess the interaction between two drugs 
when administered together. Calculated as the ratio 
of the doses of each drug in combination to the 
doses that produce the same effect individually, the 
formula is given by:  

 
CI = (a/A) + (b/B) 

 
where "a" represents the small dose of the first drug 
combined with "b," the small dose of the second 
drug. Similarly, "A" denotes the large dose of the 
first drug that achieves the same effect, and "B" 
signifies the large dose of the second drug that 
produces an equivalent outcome.  
 

III. RESULT AND DISCUSSION 
Synergism is described as a positive interaction 

arising from the combination of two agents, leading 
to a collective inhibitory effect on the targeted 
organisms that exceeds the sum of their individual 
effects [19]. When the combination index (CI) 

equals 1, it indicates an additive effect, suggesting 
that the combined impact of the drugs is no greater 
or less than the sum of their individual effects. A CI 
less than 1 signifies synergy, where the combined 
effect is more potent than expected. Conversely, a 
CI greater than 1 indicates antagonism, revealing 
that the combined effect is less than anticipated.  

Based on Fig. 1, the obvious decreasing pattern 
can be observed as the concentration of 
combination between the extract and tamoxifen 
increased. The cell viability percentage recorded 
high at 99.06% for the lowest concentration (2.5 
µg/ml) of tamoxifen, whereas the cell viability 
percentage recorded lower at 66.75%, for the lowest 
concentration (25 µg/ml) of ELH. However, the 
lowest percentage of cell viability was shown by 
the combination of 2.5 µg/ml tamoxifen and 100 
µg/ml ELH at 25.95%. A dose-dependent pattern is 
also evident with the increasing concentration of 
ELH in combination with the same tamoxifen 
concentration. 

 

 
Fig. 1 Cell viability of various combination of ELH 

and tamoxifen. 

 
Based on Table 2, most of the samples (C-05, C-

06, C-07, C-08, C-09, C-10, C-11 and C-12) exhibit 
synergy, suggesting that the combination of 
tamoxifen and ELH at the given concentrations has 
a greater effect than expected based on the 
individual effects of each substance alone. 
Combinations of C-01, C-03, and C-04 show 
additive effects, while combination of C-02 shows 
antagonism. Only C-11 with the combination of 
100 µg/ml ELH and 10 µg/ml tamoxifen showed 
strong synergy effect (CI = 0.66 ± 0.09) compared 
to the other combinations. These present findings 
suggested that synergistic effects can be obtained 
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for the combination of tamoxifen concentration 
ranged from 2.5 to 15.0 µg/ml and ELH 
concentration ranged from 50 to 100 µg/ml. 
 

TABLE 2 
Combination index of ELH and tamoxifen. 

ID Combination 
index (CI) 

Effect 

C-01 1.05 ± 0.24 Additive 

C-02 2.14 ± 0.01 Antagonism  

C-03 1.85 ± 0.08 Additive  

C-04 1.65 ± 0.07 Additive  

C-05 0.84 ± 0.11 Synergy  

C-06 0.85 ± 0.24 Synergy  

C-07 0.86 ± 0.14 Synergy  

C-08 0.90 ± 0.07 Synergy  

C-09 0.68 ± 0.11 Synergy  

C-10 0.71 ± 0.14 Synergy 

C-11 0.66 ± 0.09 Strong synergy 

C-11 0.69 ± 0.01 Synergy  

 
 
In similar study by Yaacob et al. [20], tamoxifen 

at the concentration of 15 µM induced cytotoxicity 
in dose-dependent manner within 24 hours and 
time-dependent manner from 12 hours to 48 hours 
for both MCF-7 and MDA-MB-231 cancer breast 
lines. Co-treatment with subfraction of 
Strobilanthes crispus (SCS) (8.5 µg/ml or 10.0 
µg/ml) able to enhance the cell death. Notably, 
lower tamoxifen concentrations (2.5 and 5 µM) 
induced 90% cell death in MCF-7 cells when 
combined with SCS at 24 hours (p <0.001). In 
MDA-MB-231 cells, the combination of 2.5 and 5 
µM tamoxifen with SCS induced 85% and     95% 
cell death at 24 hours (p <0.001).  

In contrast, Jacobs and Browner's study [21] 
involving 20 women with early breast cancer 
revealed that the concurrent administration of 
Ginkgo biloba extract had no substantial impact on 
the pharmacokinetics of tamoxifen. The LC-
MS/MS results indicated no significant differences 
in drug concentration and toxicity levels before and 
after a 3-week Ginkgo biloba extract treatment, 
administered at a dosage of 120 mg twice daily. 

The presence or absence of synergistic effects 
between plant extracts and tamoxifen in cancer 
treatment arises from the distinctive chemical 
compositions of different plants and their 
interaction with tamoxifen's mechanisms of action. 
Synergy is more likely when plant compounds 
target similar or complementary molecular 
pathways relevant to cancer progression. Some 
plant extract and cancer medicine combination can 
exhibit effects beyond a singular target, influencing 
various functional or structural components within 
a cell, such as metabolites, receptors, enzymes, ion 
channels, transporters, nucleic acids, ribosomes, 
and proteins [22]. Factors such as antioxidant 
properties, anti-inflammatory effects, and 
influences on drug metabolism contribute to this 
complexity. Additionally, individual variability, 
tumor cell line specificity, and resistance 
mechanisms further contribute to varied outcomes.  

 
 

IV. CONCLUSIONS 
Based on the results, it is evident that specific 
combinations, particularly the mixture of 2.5 µg/ml 
tamoxifen and 100 µg/ml E. longifolia herbal 
infusion, exhibit the highest toxicity against breast 
cancer cells. The application of the combination 
index serves as a crucial quantitative metric for 
comprehending drug interactions. Over time, the 
pursuit of optimal combinations requires meticulous 
attention to factors such as concentration, dosage, 
and hormonal context to optimize the effectiveness 
of cancer therapy. Further research is warranted to 
elucidate the potential anticancer mechanisms of 
action, conduct bioavailability studies, and delve 
into toxicology aspects for a comprehensive 
understanding. 
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