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Abstract 

Lemongrass (Cymbopogon citratus) is a major crop in Asia, South and Central America, Africa and 

other tropical countries. It is commonly used as a culinary herb in Asian cuisine and also as medicinal 

herb in India. The objective of the present study was to investigate the anticancer effect of 

Cymbopogon citratus essential oil on human head and neck cancer cell lines.  Lemongrass essential 

oil was obtained from fresh lemongrass leaves using the microwave extractor. The yield of the highly 

purified oil obtained was 0.62%. The oil was investigated for its in-vitro cytotoxicity and apoptosis 

induction againts human head and neck HTB43 cancer cell lines. The results showed promising 

cytotoxic effects with IC50 value of 15.42  6.10       (HTB43) respectively. In addition, the 

essential oil has found inducing apoptotic effect within HTB43 cells (25.71 ± 1.43 %). These 

preliminary results indicated that the oil had apoptosis-based cytotoxicity against head and neck 

cancer cells. However, further investigations need to be carried out in order to elucidate the anti-

cancer properties of the oil. The phytochemical properties of the active compounds found in the oil 

also need to be studied. 
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INTRODUCTION 

“Head and neck cancer” is a general term used to describe the epithelial malignancies that emerge in the 

nasopharyx, oral cavity, lips, nose and paranasal sinuses, larynx, oropharynx, hypopharynx, thyroid and salivary 

glands. Almost 95% of these carcinomas are squamous cell carcinoma of the head and neck (SCCHN). 

Worldwide, SCCHN is the sixth most common type of cancer and approximately 650,000 new cases, and 

350,000 deaths were reported every year. It has been well established that head and neck cancer is highly related 

to living style. Risk factor studies have shown that the use of tobacco and/or excessive consumption of alcohol, 

and infection by HPV, increase the risk of SCCHN.[1]  

Epidemiologic studies suggest that dietary factors may also play substantial role in getting these type of 

cancers. For example, chewing of betel quid and/or areca-nuts (is prevalent in some Asian countries) is highly 

associated with oral cavity cancer.[2-5] The clinical outcome of this type of disease has improved following the 

advancements in surgery techniques and radiotherapy delivery over the past decade.[1] The combination of 

surgery, radiotherapy and neoadjuvant induction chemotherapy is often now preferred for the treatment of 

locally advanced head and neck cancer. However, about half of the patients develop disease relapses within two 

years of treatment, and these „newly developed tumors‟ are more aggressive and resistant to radiation and 

chemotherapy treatments. Thus, the overall survivability of this cancer is generally low.[1].  

Bioactive compounds derived from plants have been an important source of several clinical useful 

anticancer agents. The search for new anticancer agents from plants has been one of the mainstays of cancer 

chemotherapy for the past few decades. Pharmaceutical companies and research institutes see the rich 

biodiversity, especially of the tropics and subtropics regions as a source of new anticancer drugs. The genius of 

Cymbopogon has many species that grow in these hot and humid regions. Essential oil of these plants has shown 

antifungal, antimicrobiol and anticancer activities [6,7]. One of the species, Cymbopogon citratus (CC) of 

Malaysia origin (Figure 1), locally known as lemongrass, produces essential oil used in perfumery and 

aromatherapy. Becasue of the strong „lemon-like‟ aroma, lemongrass is commonly used in the preparation of 

local cuisines. Lemongrass oil is mobile, pale yellow in color, with strong, fresh and pleasant smell. [8]. The CC 

is inexpensive in Malaysia, therefore, is an abundant resource for research purposes. The oil contains two active 

compounds, d-limonene and geraniol. Previous studies have shown that these compounds inhibit the growh of 



several cancer cells lines.(9) These preliminary results suggest that the oil can be considered as potential 

anticancer agent.  

The aim of the present study was to evaluate the anticancer effects of Cymbopogon citratus essential oil 

on head an neck cancer cell lines (HTB43). The in vitro cytotoxicity activity was analyzed using MTT method. 

To further elucidate the anti-proliferative activity, the mechanism of cancer cell death (apoptosis) was examined 

using Hoechst method. 

 

 

 

 
 

Figure 1: Cymbopogon citratus (Lemongrass).  

 

 

MATERIAL AND METHODS 

Raw materials and essential oil extraction 

The lemongrass leaves was collected from a farm at Bukit Rambai, Melaka, and was delivered to the laboratory 

at room temperature. In the laboratory, the leaves were washed with running tap water to remove pesticides and 

dirt. Then, the fresh sample was cut into small pieces and was placed inside the microwave reactor glass vessel 

(NEOS-GR Solvent-free Microwave Gravity Station) (Milestone, Italy). The extraction process required 45 

minutes with the microwave power of 500W. Upon the extraction process has completed, the oil was collected in 

a glass vial and stored at 4
0
C until use. 

Cell culture 

The human HTB43 (purchased from ATCC, USA) were cultured in DMEM medium with 10% fetal bovine 

serum (FBS), 100 U/ml penicillin, 100 μg/ml streptomycin, 0.03% glutamine and 1 mM sodium pyruvate (Sigma 

& Co.). The cells were incubated at 37°C in a humidified atmosphere containing 5% CO2 incubator (Galaxy, 

USA). 

Cell viability assay : MTT 

Essential oil was dissolved in DMSO and added to medium to make the final concentration of DMSO less than 

1%. Cell proliferation was determine by the MTT (3-(4, 5-dimethylthiazolyl-2)-2, 5-diphenyltetrazolium  

bromide) assay. The yellow MTT is reduced by metabolically active cells, in part by the action of dehydrogenase 

enzymes, to generate reducing equivalents such as NADH and NADPH. The resulting intracellular purple 

formazan can be solubilized and quantified by spectrophotometric means. HTB43 cells were plated at a density 

of 1 × 10
5
cells/well in a 96-well cell culture plate and treated with oil at doses of 0.5, 0.125, 0.062, 0031, 0.015, 

0.0075 and 0.0039 mg/ml and were incubated 37°C in a humidified atmosphere containing 5% CO2 for 72 hours 



in completed DMEM, 10% FBS, 2mM L-glutamine. After incubation, the old culture medium was discarded. 

Then, 20 L (0.1mg) of MTT reagent was added to each well and incubated for 4 hours in CO2 incubator. Then, 

the existing media was discard and the purple substance was dissolved using 100 ml DMSO. Finally, the cells 

viability was analyzed using the Multimode Plate Reader (Perkin Elmer, USA), at wavelength of 570 nm.  

Apoptosis evaluation 

HTB43 cells were seeded at a density of 7000 cells per well in a 96-well plate (Nunc). The plate was incubated 

at 37°C in a humidified atmosphere containing 5% CO2 for 24 hours in completed DMEM media. Then, the cells 

were incubated for a further 24 hours with lemongrass oil with concentration of 15 g/ml, and Doxorubicin (0.1 

M) as postive control. Prior to imaging, the cells were wash 3 times with PBS and was incubated with serum 

free media containing 4g/ml Hoech reagent for 45 minutes. The plate was imaged using DAPI channel (Cell 

Reporter, Molecular Devices, USA) 

Statistical Analysis 

All data are presented as means ±S.E 

RESULTS 

The extraction of the essential oil was performed using the NEOS-GR station with the energy of 500W. 

Microwave extraction makes use of physical and chemical phenomena that are fundamentally different 

compared to those applied in conventional isolation techniques. These novel processes can produce essential oil 

in concentrated form, free from any residual solvents, contaminants, or artifacts. The whole experiment required 

about 1 hour. At the end of the process, it was possible to see two layers on the extraction module. The two 

phases were separated by simple decantation. The oil obtained was 3.1 ml (0.62%). The color of the oil is dark 

brown with strong „lemon-like‟ smell. No further testing was done and the oil was kept at 4
0
C until further use.  

Cell viability assays 

MTT assay is a simple and reliable technique to measure the cell viability for screening of anti-proliferative 

agents. Treatment with the essential oil in HTB43 cancer cells resulted in growth inhibition with IC50 = 15.42 

 6.10      . 

Apoptosis induction of lemongrass essential oil treated HTB43 cancer cells 

To further examine the mechanism of HTB43 cancer cell death induced by the oil, the Hoechst reagent was used 

to stain the DNA of the cells. Apoptotic cells were easily distinguished by the condensation and fragmentation of 

DNA, while non-apoptotic cells showed chromatin with an even, flat , disc-like morphology (Figure 3). In 

contrast, apoptotic cells exhibited an uneven morphology consisting of cluster of comparatively bright fragments 

of concensed DNA. The percentage of apoptotic cells in HTB43 treated with IC50 concentration of lemongrass 

oil for 24 hours was 25.43 ± 1.23 %, and 42.04 16.56% for doxorubicin as shown in Figure 2. 

 

 

Figure 2:  Histogram plot shows distribution of standard deviations of nuclear intensities in the DAPI  

                   channel. Two cell population were gated: apoptotic and non-apoptotic. (A) HTB43 treated   

                   with 15 g/ml oil and incubated for 24 hours; Apoptotic: 25.431.23%); (B) HTB43 treated  

                   with 0.1 M doxorubicin; apoptotic: 42.04 16.56%)  
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Figure 3:  (A) Essential oil treated HTB43 cancer cells; (B) HTB43 treated with doxorubicin. The apoptotic cells   

                 can be easily identified by the presence of condensed and fragmented chromatin, this morphological  

                 change is common in all apoptotic cells. 

 

 
DISCUSSION 

 

Essential oils have been used therapeutically for centuries, however, there is little published research on many of 

them. This is beginning to change in the past decade as more scientific studies on essential oils are conducted 

around the world. The development of new extraction method has led to the production of high quality and high 

yield of essential oil. The extraction method used in the present study, solvent-free microwave extraction has 

been regarded as an important alternative method because of its advantages including reduction of extraction 

time, solvent free, environmetal friendly and high yield. The oil obtained can be analyzed directly by GC-MS 

without any preliminary cleaning or solvent exchange steps. In this study, we evaluated the anticancer effect of 

lemongrass oil obtaind using slovent-free microwave extraction method in head and neck HTB43 cancer cell 

line.  

The present study shows a novel finding that lemongrass oil has a potent cytotoxicity effect on HTB43 

head and neck cancer cells. Lemongrass oil treatment for 72 hours significantly decreased the percentage of the 

cell viability with IC50 value of 15.42  6.10      . In the same experiment, DMSO was used as a solubilizing 

agent at the concentration of 1% showed no cytotoxic effect on cell proliferation (data not shown). Our new 

finding is supported by several previous studies. In one study, the essential oil also have been tested for 

cytotoxicity againts P388 leukimia cells with IC50 value of 5.7 g/ml.(10) A ealier study also found that oil from 

Cymbopogon flexuosus induced cytotoxicity in vitro in 12 human cancer cell lines and inhibit tumor progression 

in murine, Erlich and S-180 tumor models (9). In addition, compounds isolated from the oil observed increased 

glutathione-S-transferase (GST) activity two-to three fold than controls in the mouse liver and the mucosa of the 

small and large intestines. The increased in GST activity is associated with the reduction of carcinogenic 

chemicals found in the body, thus may reduce the risk of cancer development (11). 

The mechanism of cell death caused by many anticancer drugs is through direct or indirect apoptosis-

inducing DNA damage (12). In the present study, the mechanism of cell death caused by leomongrass oil was 

investigated. Hoechst stanning suggested that DNA damage is involved in lemongrass oil-induced apoptosis. The 

fragmented DNA and condensed chromatin observed confirmed the presence of apoptotic cells. This result is 

supported by several studies done earlier, that the oil caused dose dependent increase in apoptosis in cancer cells 

(9). In addition, citral, the main component of lemongrass oil, was found to induce apoptosis in cancer cells, 

while no cytotoxic effect on normal cells (13).  

 

 

CONCLUSION 

 

In this study, the effects of lemongrass oil on head an neck cancer cells were investigated. The results have 

demonstrated that the oil induced cancer cell death through the induction of apoptosis. These findings suggest 

that the lomongrass oil has the potential to be developed as potential new anticancer agent againts head and neck 

cancer. Investigation on chemical constituents of the oil is ongoing. 
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