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ABSTRACT 

Objective: Despite advanced treatment options available for colorectal cancer, many reported resistance and unresponsiveness to conventional 
chemotherapeutic agents. Therefore, it is urgent to discover a novel drug for colon cancer. Sarang Semut (Myrmecodia pendans), an Indonesian 
native plant, has been studied extensively due to its anti-cancer profiles. This study aimed to evaluate the anti-tumour activity of Sarang Semut in 
colon cancer cells. 

Methods: We evaluated cytotoxic activity of methanol extract as well as n-hexane and ethyl acetate fraction towards colon cancer cell lines (Caco-2 
and HCT-116 cells) utilizing 3-[4,5-dimethylthiazol-2-yl]-2,5 diphenyl tetrazolium bromide (MTT) assay. The most potent fraction was evaluated 
further in inhibiting cell survival using MTT assay and cell proliferation using trypan blue exclusion assay as well as a clonogenic assay.  

Results: Our data showed that the n-hexane fraction of Sarang Semut induces more cell death than the methanol extract and ethyl acetate fraction. 
Therefore, we analyzed the n-hexane fraction further and found that the inhibitory concentration 50% (IC50

Conclusion: The n-hexane fraction of Sarang Semut demonstrates a high potential antitumor activity in colon cancer cell line. 

) of the n-hexane fraction was 24 and 30 
parts per million (ppm) for Caco-2 and HCT-116 cells, respectively. Moreover, it inhibited cell growth as well as cell colony formation, in particular, 
shown by the plating efficiency (P<0.05) and colony area per seed (P<0.01) of the control group were different to the treatment group.  
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INTRODUCTION 

Colorectal cancer is a major cause of morbidity and mortality in the 
world [1]. According to Global Burden of Cancer Study (GLOBOCAN) 
2012, colorectal cancer is the third most common cancers in men 
(incidence of 746 298, 10.0% of the total cancer cases) and the 
second most common cancers in women (incidence of 614 304, 
9.2% of the total cancer cases) worldwide and around half of them 
were death due to colorectal cancer [2]. 

Currently, patients with stage I or II colorectal cancer are treated 
with surgery, while patients with stage III colorectal cancer are 
treated with surgery followed by adjuvant chemotherapy, and 
patients with metastatic colorectal cancer (mCRC) are treated with 
systemic chemotherapies alone or in combination with targeted 
biologics [3-4]. However, most of the colon cancer patients develop 
resistance to adjuvant chemotherapy [5]. Despite advances in 
cytotoxic agents and targeted therapy available, resistance to 
chemotherapy remains one of the greatest challenges in long-term 
management of incurable metastatic disease and eventually 
contributes to death as tumors accumulate [5]. Therefore, it is 
urgent to discover a novel drug for colon cancer to overcome the 
resistance and provide better treatment response, which will lead to 
improving the survival of patients with colon cancer. 

Sarang Semut (Myrmecodia pendans) is one of the traditional plants 
that have been used by locals in Indonesia to empirically treat 
various diseases [6-7]. Sarang Semut is a member of Rubiaceae 
family, which two genus are naturally become ant nest (Sarang 
Semut) including Myrmecodia (45 species) and Hypnophytum (26 
species) [8]. Some studies have proven the efficacy of Sarang Semut 

in different cancer entities, including breast, uterus, tongue, and oral 
cancer [8-10]. Sarang Semut is typically found in Indonesia in 
particular in Papua and areas with tropical forests such as Sumatra, 
Borneo, and Toraja [11]. 

Chemical screening tests showed that Sarang Semut contains 
flavonoid and tannin [7-9]. Many mechanisms of action of flavonoid 
have been revealed, such as carcinogen inactivation, anti-
proliferation, apoptotic induction, antioxidants, inhibition of 
angiogenesis as well as cell cycle or combination of these 
mechanisms [12]. 

Here we aimed to evaluate anti-tumour activities of Sarang Semut in 
colon cancer cell lines (Caco-2 and HCT-116 cells). 

MATERIALS AND METHODS 

Chemicals and reagents  

Dulbecco's modified eagle's medium (DMEM) fetal bovine serum 
(FBS), and penicillin-streptomycin were purchased from Gibco, USA. 
Dimethylsulfoxide (DMSO), 3-[4, 5-dimethylthiazol-2-yl]-2, 5 
diphenyl tetrazolium bromide (MTT), and trypan blue were 
purchased from Sigma-Aldrich, USA. All the other chemicals of 
analytical grade were purchased from Merck, USA. 

Cell culture and conditions 

The Caco-2 and HCT-116 cells are humans originated colorectal 
adenocarcinoma. Caco-2 was a gift from Prof. Henning Schulze-
Bergkamen (NCT, Heidelberg, Germany). HCT-116 was also a gift 
from Ahmad Faried, MD, PhD (Universitas Padjadjaran, Indonesia). 
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Both cell lines were cultured using DMEM, supplemented with 10% 
FBS and 1% penicillin-streptomycin, incubated with a controlled 
temperature of 37 °C and 5% CO2 

Preparation of extracts and fraction of sarang semut 

[13]. 

Dried Sarang Semut was collected in June 2014 from Papua, 
Indonesia. The specimen was determined and deposited at 
Laboratory of Plants Taxonomy, Department of Biology, Faculty of 
Mathematics and Natural Sciences, Universitas Padjadjaran, 
Indonesia. Briefly, the Sarang Semut hypocotyl/tuber is sorted, 
washed with water, cleaned, cut, sliced into small pieces, dried and 
grounded into dry powder. This grounded Sarang Semut was then 
macerated with methanol for 2-3 d followed by filtration then 
evaporated and dried into a dry powder. This methanol extract was 
then partitioned using n-hexane or ethyl acetate to produce n-
hexane fraction or ethyl acetate fraction.  

A stock solution of 40 000 ppm was made in DMSO. The stock 
solution was further diluted to obtain the appropriate 
concentration. 

Cytotoxicity assay  

The cytotoxic effect of extract or fraction of Sarang Semut was 
evaluated in colon cancer cells using MTT assay, modified from our 
previous study [14-15]. Briefly, cells were seeded on 96-well plate 
then treated with indicated concentrations on the next day followed 
by incubation for 72 h in an incubator with 5% CO2 at the 
temperature of 37 °C. Cells with 1% DMSO were used as a control. 
The MTT solution was added and incubated for 4 h before DMSO 
was added to dissolve the formazan crystal. Absorbance was 
measured at the wavelength of 450 nm for finding the percentages 
of viable cells on treated cells compared to the control cells. 

Trypan blue exclusion assay  

Cells were seeded on a 6-well plate and incubated for 24 h before 
treated with indicated concentrations of n-hexane fraction of Sarang 
Semut. Cells were harvested, stained with trypan blue and counted 
under a microscope at 0, 24, 48, and 72 h after treatment [16]. We 
also calculated the doubling time of n-hexane fraction of Sarang 
Semut to determine its anti-proliferative effect. The formula for 
calculating doubling time:  

Doubling time =T ln2/ln(Xe/Xb) 

Where T is incubation time, Xe is the number of cells after 
incubation, and Xb is the number of cells seeded. 

Clonogenic assay 

To evaluate the anti-proliferative effect of Sarang Semut, we used 
clonogenic assay or colony formation assay by analyzing plating 
efficiency (PE) and area per seed according to the previous study 
[17]. Briefly, an indicated numbers of the colon cancer cells number 
were seeded on 6-well plate, respectively. After the cells were 
attached to the well, they were untreated (control) or treated with 
n-hexane fraction of Sarang Semut for 3 d then the medium was 
replaced with a fresh complete medium and incubated for 2 w. 
Control group was treated with complete medium containing 1% 
DMSO. On the last day, the medium was removed, cells were fixed 
with methanol for 5 min followed by staining with crystal violet for 
3 min then rinsed with tap water [17]. 

The number of colonies formed was counted manually by 
measuring each of colonies using a ruler. The colony was counted 
if the diameter measured more than 1 mm. The formula for 
calculating PE:  

PE (%) =  
number of colony formed

number of cells seeded  x 100% 

The area of the colony was calculated semi-automatically by 
scanning the plate, then measuring the area using Colony Area 
plugin in ImageJ software (NIH, USA) [18]. The formula for 
calculating area per cell seeded:  

Area per seed (mm2) =  
total area of colony formed

number of cells seeded
 

Statistical analysis 

Drug curves, as well as IC50 were created and predicted using four 
parametric logistic regression by Sigmaplot ver.12 (SYSTAT 
Software Inc., USA). Data from clonogenic assay results in PE (%) 
and area per seed (mm2

RESULTS 

) that were analyzed using the statistical 
product and service solutions version 20 (SPSS; IBM, USA). To 
determine the association of inhibition of colony formation by each 
treatment group, we used one-way analysis of variance (ANOVA) 
test with post-hoc least significance difference (LSD) for plating 
efficiency and Tukey for area per seed. The statistical analysis was 
considered significant if P value<0.05. 

The n-hexane fraction of sarang semut has potent cytotoxic 
activity in Caco-2 and HCT-116 cells 

We started with an evaluation of cytotoxic activity of different 
extract or fraction of Sarang Semut in Coco-2 cells. Our data showed 
that the n-hexane fraction induced more cell death of Caco-2 cells 
compared to the methanol extract as well as ethyl acetate fraction 
(fig. 1). Percentage of cell death was 56.27, 88.43 and 70.38 upon 
treatment of 50 ppm of methanol extract, n-hexane fraction and 
ethyl acetate fraction, respectively. Moreover, both concentrations of 
50, as well as 100 ppm of n-hexane fraction, triggered cell death 
more than 80% indicating that n-hexane fraction is promising to be 
evaluated further.  

 

 

Fig. 1: The n-hexane fraction of sarang semut triggers cell death 
in Caco-2 cells. Caco-2 cells were untreated or treated with 

indicated concentration of extract or fractions of sarang semut 
for 3 d followed by cytotoxic analysis using MTT assay. Data was 

presented as mean, SD, of triplication of three individual 
experiments 

 

We then conducted a further cytotoxic assay of n-hexane fraction of 
Sarang Semut in colon cancer cells, HCT-116 and Caco-2. 
Interestingly, n-hexane fraction actively induced cell death in both 
cell lines in a dose-dependent manner (fig. 2). The IC50

Next, we evaluated cell growth using trypan blue exclusion assay. 
Consistently, out data showed that concentration of 15 ppm of n-
hexane fraction of Sarang Semut inhibited cell growth (fig. 3a). 
Increasing of viable cells numbers were depleted upon treatment of 
n-hexane fraction. Moreover, the doubling time of control cells and 
treated cells at 48 h after treatment were 11 and 25 h, respectively. 
In addition, the portion of non-viable cells was bigger in the 
exposure of n-hexane fraction (fig. 3b). At 48 h after treatment, the 
percentage of non-viable cells to total cells were 15.2 and 49.2 in 
control and n-hexane fraction, respectively. 

 of n-hexane 
fraction was achieved at 33 and 24 ppm in HCT-116 and Caco-2, 
respectively. 

HCT-116 cells are known to have KRAS mutation while Caco-2 cells 
are wild type [19-20]. KRAS mutations in colon cancer contribute to 
aggressive cancer phenotype and poorer prognostic [21]. 

The n-hexane fraction of sarang semut inhibits cell growth in 
Caco-2 cells 
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Fig. 2: The n-hexane fraction of sarang semut inhibits cell survival of colon cancer cells, Caco-2 (a) and HCT-116 (b) cells were untreated 
or treated with indicated concentration of n-hexane fraction of sarang semut for 3 d followed by cytotoxic analysis using MTT assay. Data 

was presented as mean, SD, of triplication from three individual experiments. Drug curves, as well as IC50,  

 

were created and predicted 
using four parametric logistic regression by Sigmaplot ver.12 

 

Fig. 3: The n-hexane fraction of sarang semut inhibits growth and survival of Caco-2 cells, the n-hexane fraction suppressed cell numbers 
(a) and induced cell death (b) of Caco-2 cells. Caco-2 cells were untreated or treated with 15 ppm of n-hexane fractions. Cell numbers 

were counted at 0, 24, 48 and 72 h after treatment using trypan blue exclusion assay, data were presented as mean, SD of triplication of 
three individual experiments 

 

The n-hexane fraction of sarang semut inhibits colony formation 
in Caco-2 cells 

Data above indicate that n-hexane fraction of Sarang Semut not 
only induces cell death but also inhibits cell proliferation. To 
further confirm these findings, we utilized clonogenic assay or 
colony formation assay. The colony formation of Caco-2 cells 
after 3 d of treatment and 2 w of incubation were shown (fig. 
4a).  

Our data showed that the PE decreases upon treatment of n-hexane 
fraction in a dose-dependent manner (fig. 4b). PE of control group, 2 
and 15 ppm group are 52.00%±0.191, 34.25%±0.061 and 
24.37%±0.083, respectively.  

We then analyzed area of the colonies formed. We can see in fig. 4a 
that area was clearly increased in 15 ppm group compared to 2 ppm 
group.  

But, after divided by the number of cells seeded, the area per seed 
was also significantly decreased in a dose-dependent manner (fig. 
4c). The area per seed of control group, 2 and 15 ppm group are 
2.295 mm2±0.083, 1.143 mm2±0.383, and 0.778 mm2

ANOVA test showed that n-hexane fraction of Sarang Semut has a 
significant effect of colony formation inhibition, as shown by PE (P = 
0.01) and area per seed (P = 0.003) between treatment and control 
group. 

±0.338, 
respectively.  

 

Fig. 4: The n-hexane fraction of Sarang semut inhibits colony 
formation in Caco-2 cells, a colony of Caco-2 cells after fixation 

and staining (a). The n-hexane fraction of Sarang semut inhibits 
colony formation in Caco-2 cells plating efficiency (b) and area 

per seed (c). Caco-2 cells were seeded on 6-well plate and 
treated with n-hexane fraction of Sarang semut or untreated as 

indicated for 3 d followed by replacing with new culture 
medium then incubated for 2 w. Colonies were fixed and 

stained with crystal violet. Colony numbers were counted 
manually. Area per seed was calculated using ImageJ software. 

Data were presented as mean±SD from duplicate of 3 individual 
experiments (*P<0.05, **P<0.01 to control) 
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Post-hoc analysis for PE showed there was a significant difference 
between the control group and the 2 ppm group (P = 0.033), and 
between the control group and the 15 ppm group (P = 0.003). 
However, there was no statistically significant difference between 
the 2 ppm group and the 15 ppm group (P = 0.182). 

For the area per seed, post-hoc analysis showed there was a 
significant difference between the control group and the 2 ppm 
group (P = 0.015), and between the control group and the 15 
ppm group (P = 0.002). However, there was no statistically 
significant difference between the 2 ppm group and the 15 ppm 
group (P = 0.494). 

DISCUSSION 

Carcinogenesis is a complex process of cancer formation in which 
molecular and cellular alterations occur from the normal cells. There 
are three stages of carcinogenesis; initiation, promotion, and 
progression. Initiation is a rapid phase, consisting of exposure and 
interaction of cells, particularly DNA, with carcinogenic agents. 
Promotion is the second phase, in which the abnormal cells persist, 
replicate, and form pre-neoplastic cells. The final stage is 
progression, involving the gradual shift of premalignant cells to 
neoplastic cells with increased invasiveness, metastasis and the 
formation of new blood vessels (angiogenesis) [12]. 

Sarang Semut is an Indonesian plant that can be found in Papua, and 
areas with tropical forests such as Sumatra, Borneo, and Toraja [11]. 
It is traditionally used for the treatment of various diseases, from 
minor ailments such as nausea to severe illnesses such as breast 
cancer [6].  

Previous studies revealed that flavonoids are the main active 
compounds in Sarang Semut. Flavonoids can be obtained from 
different extractions, including n-hexane fractionation. A 

phytochemical study of Sarang Semut reported active phenolic 
compounds found in ethanol 70% extract and boiling water extract 
including flavonoids, tannin, phenolic, and alkaloid [7]. Other study 
showed that water extract of Sarang Semut contains flavonoid 
compounds, saponin, glycoside, and tannin; while the n-butanol 
extract contains flavonoids, tannins, and quinons; and the ethyl 
acetate extract contains only flavonoids and tannins [8]. Flavonoid 
compounds were also found in ethyl acetate, methanol, as well as 
ethanol extract and also in ethyl acetate fraction as well as n-hexane 
fraction of Sarang Semut [22, 23]. 

Flavonoids are polyphenol compounds derived from 2-phenyl-
chromane commonly found in many plants, vegetables and flowers 
[24]. Flavonoids have several benefits for human health, such as 
antioxidant activity, anti-proliferative, anti-cancer, anti-bacterial, 
anti-inflammatory, anti-allergic and anti-viral effects [24]. 

Many researchers have conducted in vitro studies on anticancer 
activity potential of flavonoids in various cell lines including in 
breast cancer, oral cancer, thyroid cancer, lung cancer, prostate 
cancer, leukemia as well as colon cancer cell lines [12]. 

The molecular mechanism of flavonoids in cancer prevention 
remains unclear; some studies proposed that flavonoids interact 
with different types of genes and enzymes. Some mechanisms of 
action of flavonoids have been identified, such as inactivation of 
carcinogens, anti-proliferation, cell cycle inhibition, apoptotic 
induction, inhibition of angiogenesis, antioxidants, or the 
combination of such mechanisms [12]. 

Recent studies showed the potency of Sarang Semut in different 
cancer entities. Until now, studies tested Sarang Semut were in 
extract or fraction levels. It demonstrates different finding of IC50

 

 in 
different cancer cell lines (table 1). 

Table 1: Cytotoxic activity of sarang semut 

Cancer cell lines Extraction methods IC50 References  (ppm) 
KB (oral cancer) Ethanol extract 215  [10] 
B88 (tongue cancer) Ethanol extract 471.79  [25] 
SCOV-3 (ovarian cancer) Terpenoid bioactive compound 463 [26] 
SP-C1 (tongue cancer)  Ethyl acetate fraction 452.06 [9] 
SP-C1 (tongue cancer)  Ethanol extract 938 [9] 
SP-C1 (tongue cancer)  Hexane fraction 2691 [9] 
SP-C1 (tongue cancer)  Water extract 12302.69 [9] 
Hela cell (cervical cancer) Water extract 27.61  [8] 
MCM-B2 cell (canine mammary tumor cell) Water extract 74.20  [8] 

 

Here, we analyzed the anti-tumour activities of n-hexane extract of 
Sarang Semut in colon cancer. A functional assay that was tested in 
this study were cytotoxicity and antiproliferative effect of Sarang 
Semut. Our data revealed better results than previous studies that 
the IC50 of the n-hexane fraction of Sarang Semut in colon cancer 
cells, Caco-2 and HCT-116, are 24 and 33 ppm, respectively. This 
data indicates that n-hexane fraction inhibits cell survival and has 
potent cytotoxic activity in colon cancer cells because the IC50 

Furthermore, this study is the first study that evaluates anti-
proliferative effects of n-hexane fraction of Sarang Semut in Caco-2 
cells. Our data showed that n-hexane fraction inhibits plating 
efficiency and area per seed in dose-dependent manner which 
indicates that Sarang Semut has a highly inhibitory effect of colony 
formation. The clonogenic assay is an in vitro assay used to test the 
ability of a single cell to grow into a colony. This method is basically 
used to evaluate the ability of each cell to perform unlimited cell 
division [17]. The cells that do not die reproductively and still have 
the capacity to split and can proliferate indefinitely will form 
colonies [27]. An ongoing study is conducted to isolate active 
compounds from this n-hexane fraction to get novel potent anti-
cancer compound from sarang semut. 

is less 
than 100 ppm. Moreover, trypan blue exclusion assay showed that 
n-hexane fraction inhibits the proliferation of colon cancer cell and 
prolongs cell doubling time (fig. 3). 

CONCLUSION 

In summary, n-hexane fraction of Sarang Semut demonstrates a high 
potential antitumor activity in colon cancer cell lines, hence further 
extent of study is necessary to be elucidated more about n-hexane 
fraction of Sarang Semut anti-tumor activity. 
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