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ABSTRACT

Objective: This study aimed to evaluate the effects of papaya (Carica papaya L.) male flower hexane fraction (PHF) on cell cycle of colon adenocarcinoma 
(WiDr) cell and its combination index (CI) with doxorubicin.

Methods: Flow cytometer and the CI were used to show the PHF on cell cycle of colon adenocarcinoma (WiDr) cell and to calculate the synergism 
potential, respectively.

Result: The result showed that the PHF giving inhibition on cell cycle of colon adenocarcinoma (WiDr) cell in G0-G1, S, G2-M phase. Furthermore, the 
combination of PHF with doxorubicin in colon adenocarcinoma (WiDr) cell gave a strong synergistic effect with optimal concentration of 8 μg/ml–50 
nM (PHF-Doxorubicin) with the IC score lower than 1.

Conclusion: This study provides evidence that PHF could be a new potential co-chemotherapeutic agent with doxorubicin on colon adenocarcinoma cell.
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INTRODUCTION

Cancer is a disease in which disorder occurs in the normal processes 
of cell division, which are controlled by the genetic material (DNA) of 
the cell. Viruses, chemical carcinogens, chromosomal rearrangement, 
tumor suppressor genes, or spontaneous transformation have been 
implicated in the causes of cancer. Cancer is the leading cause of 
mortality worldwide. According to the cancer reports published by 
the World Health Organization and the World Cancer Research Fund, 
the incidence of cancer is still increasing, especially due to diet, 
environment, and carcinogenic virus infections [1,2].

The World Health Organization estimates that about 10% of deaths in 
developing countries are caused by cancer-related illnesses and about 
10 million new cancer cases are reported every year [3]. This number 
is projected to increase to 12.0 million in 2030. Cancers may be caused 
in one of three ways, namely, incorrect diet, genetic predisposition, and 
through the environment. At least 35% of all cancers worldwide are 
caused by an incorrect diet, and in the case of colon cancer, diet may 
account for 80% of the cases. When one adds alcohol and cigarettes to 
their diet, the percentage may increase to 60%. Genetic predisposition to 
cancer lends itself to ~20% of cancer cases, thus leaving the majority of 
cancers being associated with a host of environmental carcinogens [4].

Cancer is a disease characterized by uncontrolled cell growth [5]. In 
most cases, these cells divide uncontrollably forming lumps or tumors 
and consequently interfering with the normal functioning of the cells. 
In leukemia, the cancerous cells do not form lumps or tumors but 
rather causes cell deformation, resulting in interference with normal 
blood functions. Not all tumors are cancerous. Cells of cancerous 
tumors differ from cells of non-cancerous tumors in their ability to 
relocate to other parts of the body and invade healthy cells. Cancerous 
uncontrolled cell division is primarily due to oxidative cell damage 
caused by free radicals. Free radicals are acquired from the environment 
through exposure to cigarette smoke and other products of incomplete 

combustion and ultraviolet radiation and are also produced in the body 
during the normal process of food breakdown [6].

In Indonesia, colon and rectal cancer are ranked fourth of cancer 
deaths after lung, liver, and stomach cancer every year [7]. Therefore, 
proper prevention and treatment efforts are needed to reduce the 
incidence of death from colon cancer. Diet with high consumption of 
antioxidant-rich fruits and vegetables significantly reduces the risk of 
many cancer diseases, suggesting that confident antioxidants could be 
effective agents for the inhibition of cancer spread [8]. Papaya (Carica 
papaya  L.) male flower is a potential chemopreventive agent. The 
previous study showed that the hexane fraction of papaya male flower 
has a good antioxidant activity (IC50: 100.81±1.180 μg/ml). Cytotoxic 
study using MTT assay on colon adenocarcinoma (WiDr) cell showed 
that PHF has a good IC50 value on cell viability (IC50: 64.105 µg/ml) [9]. 
This result indicated that hexane fraction could suppress the growth of 
WiDr cell. Therefore, the aim of the present study was to continue the 
investigation on cell cycle of colon adenocarcinoma (WiDr) cell and its 
combination index (CI) with doxorubicin.

METHODS

Preparation of plant material and hexane fraction
Fresh PHF was collected from a local area of Porsea district (North 
Sumatra, Indonesia) and authenticated by Herbarium Medanense 
University of Sumatera Utara. Voucher specimen was collected and 
deposited in the Pharmacognosy Laboratory, Faculty of Pharmacy, 
University of Sumatera Utara.

The extraction was done by percolation method using ethanol solvent. 
200 g of powdered PHF are percolated in 1 L ethanol solvent 24 h, then 
filtered, and do it continuously until the filtrate obtained is clear and 
colorless. 10 g of concentrated ethanolic extract was then suspended in 
water and partitioned using hexane solvent to the PHF [10,11].
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Flow cytometry assay
WiDr  cell with a density 5.105  cells/well was transferred into 6-well 
plate and then incubated for 24  h. At the end of incubation time, all 
the cells both adherent and floating are harvested using trypsin-EDTA 
0.25% in the conical tube. The cells were washed thrice with cold 
phosphate-buffered saline (PBS) and resuspended in PBS containing 
propidium iodide. The samples were then analyzed using flow 
cytometer. Percentage of cells in each stage of the cell cycle (sub G1, 
G1, S, and G2/M) was calculated using CellQuest program [12-14].

CI assay
The CI is a quantitative representation of pharmacological interaction 
between two drugs. For this purpose, WiDr  cells were incubated 
with doxorubicin and PHF alone and in combination. WiDr  cells 
were treated with increasing doses of PHF (8–32  µg/ml) and 
doxorubicin  (25–200 nM). Cell growth inhibition was detected by 
applying MTT assay. CI value of 1 shows an addictive effect, while CI<1 
or CI>1 exhibit synergism or antagonism, respectively [15,16].

RESULTS

Flow cytometry assay
Cell cycle line analysis using flow cytometry of WiDr cells showed that 
the treatment using PHF induced Go-G1, S, and G2-M phase. Fig.  1 
shows the result of flow cytometry assay on cell cycle line.

CI assay
Our study showed that a combination of PHF (8  µg/ml) along with 
doxorubicin (50 nM) for 24 h elevated the CI of 0.03 (Table 1).

DISCUSSIONS

Plants have been demonstrated to be a very viable source of many 
compounds that have a good beneficial for human life such as 
anticancer compounds [17,18]. This study was conducted using 
plants which aimed to evaluate the effects of PHF on cell cycle of 
colon adenocarcinoma (WiDr) cell and its CI with doxorubicin. Our 
previous study showed that the PHF has a good antioxidant activity 
(IC50: 100.81±1.180 μg/ml). Cytotoxic study using MTT assay on colon 
adenocarcinoma (WiDr) cell showed that PHF has a good IC50 value on 
cell viability (IC50: 64.105  µg/ml) [9]. This present study performed 
the effect of PHF on the cell cycle line and its combination effect with 
doxorubicin. Cell cycle line analysis of WiDr cells showed that the PHF 
can induce G0-G1, S, and G2-M phases. The higher doses of PHF, the 
better result will  be obtained. The CI is a widely accepted qualitative 
measure of the extent of drug interaction [19]. The CI analysis showed 
that PHF is suitable and a good co-chemotherapeutic agent with 
doxorubicin with CI value is 0.03.

One of the main possibilities for this good result is that the triterpenoid 
compounds in PHF are capable of inhibiting topoisomerase enzymes 
in mammalian cells. There are two classes of topoisomerase enzymes 
in mammalian cells, Type I which cut and break a single strand of DNA 
and Type II that cuts and divides double-stranded DNA. Topoisomerase 
enzyme inhibitors will stabilize topoisomerase and truncated the 
DNA complexes, which can lead to DNA damage. The presence of DNA 
damage can lead to the expression of proapoptosis protein so that it 
can spur apoptosis [20]. Another possibility is because of the high 
antioxidant activity from the hexane fraction of PHF [21,22].

CONCLUSIONS

Based on the results, we concluded that PHF has a good potential effect as 
a co-chemotherapeutic agent for doxorubicin in colon adenocarcinoma 
(WiDr) cell. These findings indicate the medicinal value of papaya in 
terms of cancer chemotherapy and chemoprevention.
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Fig. 1: Cell cycle analysis using flowcytometry. (a) WiDr control 
cell; (b) 2. IC50 on control cell; (c) 3. IC50 on control cell
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