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ABSTRACT 
 Many problems in cancer therapy have prompted researchers to explore natural materials to discover new 

anticancer substances with higher efficacy and more minimal side effects. Purple nutsedge (Cyperus rotundus L.) 

is one of the potential medicinal plants being studied as an anticancer substance. A variety of studies have been 

conducted on the use of the purple nutsedge tuber as an anticancer substance, but not about the effects of its 

essential oils on cervical cancer. The method used in this research was a cytotoxic test on HeLa cervical cancer 

cells using an MTT assay. The cells were incubated with purple nutsedge essential oil in a 96-well plate with eight 

series of doses (3.9-500 μg/ml), and each dose was performed three times. After the absorbance of the cells was 

measured using an ELISA reader, the percentage of cell viability was calculated for each dose, followed by the 

calculation of the inhibitory concentration 50% rate (IC50) using probit regression analysis. This research conclude 

that purple nutsedge essential oil IC50 on HeLa cells is 35.062 + 11.258μg/ml. This indicates that there is a 

cytotoxic effect of purple nutsedge essential oil on the HeLa cervical cancer cell line. 
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INTRODUCTION 

 Cancer is still a major problem in the health 

sector due to its increasing prevalence rate. Death 

rates due to cancer are also still very high. In 

2012, about 8.2 million deaths in the world were 

caused by cancer. The prevalence rate of cancer 

in the population of Indonesia in 2013 amounted 

to 1.4‰, or 347,792 people. From the 2013 data, 

cervical and breast cancer prevalence rates are the 

highest among all types of cancer in women in 

Indonesia. Women with cervical cancer amoun-

ted to about 0.8‰ of women population and those 

with breast cancer totaled 0.5‰ (Pusat Data dan 

Informasi Kementerian Kesehatan Republik 

Indonesia, 2015). 

 Cancer treatment is currently carried out in a 

number of ways, including surgery, radiotherapy, 

chemotherapy, hormonal therapy, biological the-

rapy and precision medicine (Hilli et al., 2010; 

Ramu and Jayanthi, 2017). Some of the chemo-

therapy drugs often used include antimetabolites, 

DNA-interactive agents, antitubulin substances, 

hormones, and other substances that have mole-

cular targets. However, the use of chemotherapy 

drugs often leads to undesirable effects, such as 

hair loss, bone marrow suppression, drug resis-

tance, gastrointestinal system damage, neurolo-

gical dysfunction, and cardiac toxicity (Hosseini, 

2015). Other cancer treatment problems include 

the high cost of treatment, relapse among patients 

who had improved, and a decreased quality of life  

 

(Kundu et al., 2014; Gautam et al., 2014). These 

problems have prompted researchers to explore 

natural materials to discover new anticancer subs-

tances with higher efficacy and more minimal 

side effects. Many natural materials are good 

sources for the development of medicines for 

various diseases (Hosseini, 2015; Gautam et al., 

2014). 

 Many plants have been studied both in vitro 

and in vivo and many of them have potent chemo-

preventive and chemotherapy (anticancer) effects 

by reducing proliferation, inducing apoptosis, 

slowing metastasis, and inhibiting angiogenesis 

(Galati and O’Brien, 2004; Hosseini, 2015). 

Some plants are known to have a fairly selective 

cytotoxic effect by inducing apoptosis in cancer 

cells but not in normal cells. This has encouraged 

the continuous screening of anticancer agents that 

may induce apoptosis and are derived from pla-

nts, either as extracts or active compounds isola-

ted from them (Taraphdar et al., 2001). 

 One of the medicinal plants that has the 

potential to be developed as an anticancer subs-

tance is purple nutsedge (Cyperus rotundus L.). 

Purple nutsedge has different name for different 

locations. In Arabic it is called Saed, Sajal and 

Seil. In English it is often called nut grass, purple 

nutsedge, or Nagarmotha; in China it is called 

Xiang Fu (Al-Jumaily et al., 2014); and in Indo-

nesia it is called purple nutsedge. This plant’s is 
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potential to develop because it is cheap and easy 

to obtain. Purple nutsedge is a wild grass that is 

scattered among various places in the tropics and 

grows in the lowlands up to a height of 1000 m 

above sea level. This grass is widespread and 

grows in South Africa, Korea, China, Japan, Tai-

wan, Malaysia, Indonesia, and Southeast Asia. It 

grows on unusually dry farmland, in fields, and in 

gardens (Sudarsono et al., 1996). It has long been 

used as a remedy for various diseases, such as 

diarrhea, inflammation, diabetes, fungus, and 

cancer; has antimicrobial, antioxidant, antimuta-

genic, antipyretic, analgesic, anti-emetic, and anti 

-obesity effects; and can be used as a stimulant, 

diuretic, and sedative (Susianti 2009; Sivapalan, 

2013; Singh et al., 2012).  

 Purple nutsedge is classified in the Spermato-

phyta division, Angiospermae subdivision, Mono-

cotyledonae class, Cyperales order, Cyperaceae 

family, Cyperus genus, and C. rotundus L. spec-

ies. The purple nutsedge plant grows to a height 

of about 40 cm. Its trunk is soft, triangular, and 

pale green. The leaves are green, single, and obl-

ong shaped, with a tapered tip and flat edge. Their 

average length is +50 cm and width is +5 mm. 

The purple nutsedge flower is at the end of the 

stem, brown, and grain shaped. The flower is 1-3 

cm in length and +2 mm in width, has three stam-

ens, red anthers, and pistils that are +1.5 cm long. 

The fruit is oval, 1.5 cm long +, and brown. The 

roots are fibrous and white. The tuber is shaped 

like a little finger and can be round or oval and 

wrinkled or grooved. It feels a bit prickly and the 

outside is brown while the inside is white, similar 

to spices; it tastes bitter (Anonymous, 2000; 

Sudarsono et al., 1996). A variety of studies have 

been done on the purple nutsedge tuber as an 

anticancer substance, but not on the effects of its 

essential oil on cervical cancer, which was 

investigated in this research. 
 

MATERIALS AND METHODS 

Plant Material: The purple nutsedge tubers used 

in this study came from the wild areas surround-

ing Bandar Lampung City, Lampung Province, 

Indonesia. The initial process in this research was 

to identify and determine which plants would be 

used based on the observation of plant physiolo-

gical characteristics such as flowers, leaves, stems, 

roots, and tubers. The next step was to ensure the 

true convinced purple nutsedge (C. rotundus L.) 

by using the material test determination in the 

Botanical Laboratory in the Biology Department 

of Mathematics and Natural Sciences Faculty at 

Lampung University. After this determination 

was done, several stages of material test prepa-

ration process were performed, namely taking 

essential oil from the purple nutsedge tubers 

through the process of steam distillation. The 

purple nutsedge tubers were washed and then 

dried at room temperature for about one week, 

after which they were cut into small sizes. A total 

of 10kg of dry tubers were distilled with aqua 2/3 

of pumpkin contents for approximately 4 hours. 

Furthermore, the essential oil, which was still 

mixed with a little water, was removed by adding 

MgSO4 7H2O until the liquid was saturated. A 

total of 15 ml of volatile oil was produced by the 

steam distillation process and then stored in dark 

and closed glass bottles. 

Cytotoxicity Test with MTT Assay: Based on 

Mosman (1983), the cytotoxic test was assessed 

by using an MTT (3-[4,5-dimethylthiazol-2-yl]-

2,5 diphenyltetrazolium bromide) dye reduction 

assay. It was performed using a 96-well microcul-

ture plate. Each well in the plate was filled with a 

HeLa cell suspension of 2 x 104 cells dissolved in 

100μl culture medium (RPMI 1640) containing 

0.5% FBS (fetal bovine serum). The cells were 

then incubated (starvation) for 24 hours in a 5% 

CO2 incubator at 37°C. After incubation, the me-

dia in each well was removed, then replaced with 

new media containing 10% FBS and treatment 

with material test (purple nutsedge tuber essential 

oil) was done in 8 serial doses 3.9; 7.8; 15.6; 31.2; 

62.5; 125; 250; 500μg/ml and doxorubicin (posi-

tive control) in 8 serial doses 0.625; 1.25; 2.5; 5; 

10; 20; 40; 80μg/ml. Each dose was performed 

three times. The microculture plate was then 

incubated for 24 hours in a 5% CO2 incubator at 

37°C. After that the media was removed and 100 

μl of new medium and 10μl MTT solution were 

added to each well and then incubated for 4 hours 

in a 5% CO2 incubator at 37°C. After that, 100μl 

of sodium dodecyl sulfate (SDS) was added amo-

unted 10% in 0.01% HCl and then the microplate 

was shaken at room temperature for 5 minutes, 

wrapped with aluminum foil, and incubated at 

room temperature overnight. The microplate was 

then read for absorbance using an ELISA reader 

at 595 nm wavelength. The percentage of living 

cells for each repetition (cell viability) was obtai-

ned by the formula: 

(A-B) x 100%,             

(C-B)                       

A = Average absorbance of media + cell + test 

material 

B = Average media absorbance 

C = Average absorbance of media + cell 
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Ethics Approval: This research was experimen-

tal research using a human cervical cancer cell 

line (HeLa), so ethics approval was needed. Ethi-

cal clearance for this research was approved by 

the Research Ethics Committee of the Faculty of 

Medicine, Lampung University N0. 228/ UN26/ 

8/ DT/ 2016, dated January 28, 2016. 

Statistical Analysis: The percentage of cell 

viability of each test material was converted into 

a dose-response curve using probit analysis, and 

then inhibitory concentration IC50, which is the 

concentration of each test material that causes the 

number of living cells about 50%, was obtained. 
 

RESULTS AND DISCUSSION 

       The cytotoxic activity of the purple nutsedge 

essential oil as shown by a dose-response curve 

can be seen in Table 1. The table clearly shows 

that by increasing the concentration of essential 

oils provided to the HeLa cells, the viability of 

the HeLa cells decreases.  
 

Table 1: HeLa Cell Viability After Treatment with 

Essential Oil 

The viability of Hela cell after treatment with 

1.81μg/ml of the purple nutsedge essential oil is 

81.681%, whereas the viability after treatment 

with 500μg/ml of the purple nutsedge essential oil 

is 1.324%. This shows that the essential oils have 

cytotoxic activity in the HeLa cells. From the 

percentage of cell viability, the inhibitory conc-

entration (IC50) can be calculated using probit 

regression analysis, and the obtained IC50 of 

essential oil to HeLa cells is 35.062 + 11.258μg/ 

ml. The cytotoxic activity of doxorubicin (posi-

tive control) is shown in Table 2.  
 

Table 2: HeLa Cell Viability After Treatment with 

Doxorubicin 

 

The viability of Hela cell after treatment with 

0.625μg/ml of the doxorubicin is 68.76%, where-

as the viability after treatment with 80μg/ml of 

the doxorubicin is 8.80%. The percentage of cell 

viability can be calculated. The inhibitory conc-

entration (IC50) can be calculated using probit 

regression analysis, and the IC50 of doxorubicin 

to HeLa cells is 5.588 + 0.490μg/ml. The comp-

arative curve between the purple nutsedge essen-

tial oils and doxorubicin is illustrated in Figure 1. 

The curve shows that increasing the concentra-

tion of the purple nutsedge doses can decrease the 

viability of HeLa cells.

 

 
Figure 1: Dose-Response Curve of Essential Oil and Doxorubicin on HeLa Cells 

 

Based on the standards of the National Cancer 

Institute (NCI) in the United States, an extract has 

quite a lot of potential to be developed as an 

anticancer agent if it has 50% inhibitory concen-

tration (IC50) < 50μg/ml (Mans et al., 2000). If a 

compound has IC50 > 100μg/ml, then it has a 
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weak cytotoxic effect, whereas if it has IC50 > 

400μg/ml, it is not toxic (Mathabe et al., 2008). 

This means that the essential oils tested in this 

study have a strong cytotoxic effect and the 

potential to be developed as an anticancer subs-

tance. This result does not differ from other 

research where purple nutsedge tuber essential oil 

was investigated and found to have a very strong 

cytotoxic effect on murine lymphoblastic leuke-

mia (L1210) cells. However, that research did not 

provide information about IC50 (Kilani et al., 

2008a). 

 In some studies, purple nutsedge was shown 

as having cytotoxic effects on cancer cells, thus 

revealing its potential for development as an anti-

cancer agent. The methanol extract of the purple 

nutsedge stem has been found to have a weak 

cytotoxic effect on leukemia cell K562 and in 

L1210 cells through the induction of apoptosis in 

L1210 (Soumaya et al., 2014). Sayed et al. (2007) 

proved that steroid glycosides from the purple 

nutsedge stem have a cytotoxic effect on mouse 

lymphoma cells (L5178Y). Kilani et al. (2008a, 

2008b) tested purple nutsedge tuber extract on 

leukemia cells (L1210) and found that the extract 

has a cytotoxic effect by inducing apoptosis. Res-

earch that isolated the essential oils contained 

within the purple nutsedge also found the same 

effect. Chloroform and methanolic extracts of 

purple nutsedge tuber have also been found to 

have cytotoxic effects on HeLa and SiHa cervical 

cancer cells through apoptotic mechanisms. The 

cytotoxic effect of chloroform extract was stron-

ger than the methanol extract (Susianti, 2009). 

 Most essential oils were initially identified 

and used for the treatment of inflammatory and 

oxidative diseases. But in the development of 

purple nutsedge, its research as an anticancer 

substance continued because there is a relation-

ship between the production of reactive oxygen 

species with the origins of oxidation and inflam-

mation that can cause cancer. A variety of studies 

have identified various compounds in purple nut-

sedge in the form of antioxidants and variuous 

compounds that are suspected to have medical 

effects and the potential to be developed as drugs. 

Purple nutsedge contains alkaloids, flavonoids, 

glycosides, furochromones, monoterpenes, sesq-

uiterpenes, tannins, sitosterol, fats, polyphenols, 

and essential oils (Singh et al., 2012; Zhou and 

Yin, 2012; Soumaya et al., 2014). Essential oils 

have been widely studied to have anticancer effe-

cts as both antioxidants and triggers of apoptosis. 

The induction of apoptosis by essential oils can 

occur through various mechanisms, including 

through p53, increasing Bax protein, and decree-

sing Bcl-2 protein (Gautam et al., 2014). The 

main essential oil compounds that have been iso-

lated from purple nutsedge are α-Cyperone, cype-

rene, cyperotundone, cyperol, β-selinene, β-cary-

ophyllene, valerenal, sugeonyl acetate, α-copa-

ene, patchhoulene, trans-pinocarveol, patchouli-

nenone, aristrol-9-en-3-one, selina-4, 11 diene, 

aristrol-9-en-8-one, kobusone, sugetriol, isoko-

busone, isocyperol, sugeonol, and sitosterol 

(Singh et al., 2012). Differences in the soil condi-

tions, climate, and environment where purple 

nutsedge grows will cause differences in the 

composition of its essential oils. In a study that 

compared purple nutsedge from different parts of 

Africa, the same primary compounds of cyperene 

and α-Cyperone (Lawal and Oyedeji, 2009) were 

obtained. However, the essential oils from C. 

rotundus obtained from the Riyadh region revea-

led some variations in the composition and per-

centage of their compounds when compa red with 

other C. rotundus essential oils from different 

areas around the world (Al-Massarani, 2016). 

Based on Chen et al.’s research (2011), the main 

components of the essential oil of purple nutse-

dge tubers are cyperene (41.03%), β-caryophy-

llene oxide (5.32%), α-selinene (4.37%), α-

copaene (4.36%), naphthalene, 6-isoproenyl-4, 

8a-dimethyl-1, 2, 3, 5, 6, 7, 8, 8a-octahydro- 

(3.80%), and α-Cyperone (3.11%). From several 

researchs above, the composition of essential oil 

of the purple nutsedge tuber in different place is 

not same. So, the further investigation is need.   
 

CONCLUSION 

 This research found that purple nutsedge 

essential oil IC50 on HeLa cells is 35.062 + 11.258 

μg/ml), which means that purple nutsedge essen-

tial oil has a cytotoxic effect on the HeLa cervical 

cancer cell line. 
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