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ABSTRACT 

 
 This work described the investigation of chemical compositions and in vitro evaluation 

of anticancer activity of the essential oil obtained from Houttuynia cordata Thunb. against 

HepG2 (hepatocarcinoma), MCF-7 (breast cancer) and NCI-H187 (small cell lung cancer). The 

volatile essential oil compositions of H. cordata were analyzed by GC and GC/MS techniques. 

The main constituents were 2-undecanone (48.61%), -myrcene (11.94%), (Z)--ocimene 

(11.59%), 2-decanone (4.99%) and -terpinene (2.62%). The essential oil exhibited highest 

cytotoxic and selective activity against NCI-H187 cell lines with IC50 value of 17 µg mL-1, but 

was non-cytotoxic to HepG2 and MCF-7 human cancer cell lines. Furthermore, the essential oil 

also showed cytotoxic effect to Vero cells with IC50 value of 42 µg mL-1. Therefore, according 

to these results, we suggest that the essential oil from H. cordata might be another potential 

source for the discovery of new drugs to treat lung cancer and could be considered for the use 

of this plant. 
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INTRODUCTION 

 

 Cancer is one of the major causes of death worldwide, with there being high 

mortality rates and the numbers of new cancer cases are expected to continue rising 

(Siegal et al., 2018). In Thailand, approximately 60% of cancer burden is due to five 

types cancer including breast, cervix, colorectal, liver and lung cancer (Ferlay et al., 

2016). So, the continue searching for new and more effective anticancer drugs is 

urgently needed. 

 Essential oils exhibit a wide range of bioactivities, especially antibacterial, 

antioxidant, anti-inflammatory, antimalarial, anti-tumor, anti-mutagenic and anticancer 

activities against various cancer cells (Bakkali et al., 2008, Dhifi et al., 2016, Khamsan 

et al., 2011).  Therefore, the biological activity screening of the essential oil from plants 

source is the focus of our research. It might be a potential source for drug discovery for 

treatment disease, especially cancer.  
Many variety of plants, especially herb, can be found in the northern part of 

Thailand. Local people are used for consumption, processing into various products and 

also used as a traditional medicine such as antibiotics, anti-viral, inflammation, diabetes 

and anticancer activities (Mahidol et al., 2002). 

 Houttuynia cordata Thunb. belongs to Saururaceae family, Houttuynia genus. 

It is a flowering plant perennial herb native to Japan, Southern-China and Southeast 

Asia. This plant grows in moist shady places such as hillside, wayside and ridge of field 

with an altitude of 300 - 2600 m. H. cordata is extensively known by local people in 

the northern of Thailand as herb, vegetable for cooking and well known traditional 

medicine because of its medicinal properties (Jiangang et al., 2013).   In Thailand, it 

has been used for immune stimulation and as an anticancer agent (Nuengchamnong et 

al., 2009). 

The previous phytochemical studies on H. cordata revealed the possesses 

flavonoids (Meng et al., 2006), polyphenols (Meng et al., 2007), flavonoid glycosides 

(Nakamura et al., 1936) organic acids and fatty acids  (Shoe et al., 1989), sterols 

(Takagi et al., 1996, Bauer et al., 1996), amino acids,  alkaloids (Nishiya et al., 1988, 

Jong et al., 1993, Wang et al., 2007), as well as volatile oils (Bauer et al., 1996). The 

volatile oils of H. cordata were extracted by various methods such as steam distillation 

(Hao et al., 1995), supercritical CO2 extraction, petroleum ether extraction (Zeng et al., 

2003) and solid-phase microextraction (Zeng et al., 2005). The chemical compositions 

of essential oil from this species have been studied and terpenes, fatty acids, aldehydes, 

ketones were previously identified in the essential oil from H. cordata (Liu et al., 1979). 

Pharmacological activity studies of the essential oil from H. cordata were reported to 

exhibit anti-inflammatory activity (Li et al., 2013) antibacterial activity (Zhang et al., 

2008) and antiviral activity (Hayashi et al., 1995). 

However, the volatile components and anticancer activity of the essential oil 

from H. cordata growing in Thailand have rarely been studied. The pharmacological 

activity screening of essential oils from Thai medicinal plants for treatment of cancer 

is the focus of our ongoing research program. Therefore, the aims of this present work 

are to investigate the essential oil compositions using gas chromatography-mass 

spectrometry (GC-MS) and evaluate its anticancer activities.  
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METHODOLOGY 

 

Plant materials and essential oil extraction 

 H. cordata were collected from Phayao province, Thailand.  Amount 1200 g 

of the fresh aerial parts of plants were washed with distilled water, chopped into small 

pieces and subjected to hydrodistillation at the normal pressure for 3 hours in a 

modified Clevenger-type apparatus. The oil was collected, dried over with anhydrous 

Na2SO4. The essential oil was stored at 4°C for further analysis.  

 

Gas Chromatography-Mass Spectrometry analysis of the essential oil   

The analysis for volatile components of the essential oil from H. cordata were 

performed on a Hewlett-Packard (Agilent Tecnology GC 7890A) gas chromatograph 

equipped with HP-5 (HP 19091J-433E) fused silica capillary column 30 m X 0.25 mm, 

0.25 µm film thickness (composed of 5% phenyl methyl polysiloxane) for the volatile 

components separation, temperature programmed as follows: 80°C held for 4 min, then 

to 260°C at 8°C /min for 20 min. High purity helium was used as the carrier gas with a 

constant flow rate at 1.00 mL/min; injector port and detector temperature were 250 and 

280°C, respectively. Samples were injected by splitting and the split ratio was 100:1. 

GC/MS analysis was performed on Hewlett-Packard 6850GC coupled with a Hewlett-

Packard 5973N mass selective detector under the same conditions as for GC. 

Significant quadrupole MS operating parameters: interface temperature 240°C; 

electron impact ionization at 70 eV with scan mass range of 35-550 m/z in full scan at 

a sampling rate of 1.0 scan/s. The sample solutions were prepared by dissolving 10 mg 

essential oil into 1 mL of dichloromethane (RCI Labscan Ltd, Thailand) and filtered 

prior to injection. Then, 1.0 μL of essential oil solution was injected into above GC-

MS system. The volatile components were identified by comparison of their retention 

indices (RIs) which determined relatively to n-alkane series (C7-C30) with those given 

in the literature and their mass spectra authentic samples, which were compared with 

those libraries of mass spectral data (Wiely7n.1, the National Institute of Standards and 

Technology (NIST) mass spectral Database (2008) and W8NO8 library). The relative 

amounts of each components in the essential oil were calculated by normalization of 

peak areas as the percentage of total detected volatile components.  

 
Determination of anticancer activity  

The anticancer activities of the essential oil against the cancerous human-cell 

lines including MCF-7 (breast adenocarcinoma, ATCC HTB-22), NCI-H 187 (small 

cell lung carcinoma, ATCC CRL-5804) and HepG2 (hepatocarcinoma) cell lines were 

assayed employing the Resazurin microplate assay (REMA) as described by Brien et 

al. with suitable modification. In brief, cells at a logarithmic growth phase were 

harvested and diluted to 9x104 cells/mL, in fresh medium. Successively, 5 µL of the 

essential oil diluted in 5% DMSO, and 45 µL of cell suspension were added to 384-

well plates, incubated at 37ºC in 5% CO2 incubator. After the incubation period (5 

days), 12.5 µL of 62.5 µg/mL resazurin solution was added to each well, and the plates 

were then incubated at 37ºC for 4 hours. Fluorescence signal was measured using 

SpectraMax M5 multi-detection microplate reader (Molecular Devices, USA) at the 

excitation and emission wavelengths of 530 and 590 nm, respectively. Dose response 

curves were plotted from 6 concentrations of 2-fold serially diluted test compounds and 
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the sample concentrations that inhibit cell growth by 50% (IC50) can be derived using 

the SOFTMax Pro software (Molecular Devices, USA). Ellipticine and doxorubicine 

were used as positive controls. 

 

Determination of cytotoxicity assay against Vero cell 

The cytotoxicity against primate cell line (Vero) of the extract was assayed by 

using green fluorescent protein (GFP) detection described by Hunt et al. with suitable 

modification.  In brief, the GFP-expressing Vero cell line was generated in-house by 

stably transfecting the African green monkey kidney cell line (Vero, ATCC CCL-81), 

with pEGFP-N-1 plasmid (Clontech). The cell line was maintained in minimal essential 

medium supplemented with 10% heat-inactivated fetal bovine serum, 2 mM L-

glutamine, 1 mM sodium pyruvate, 1.5 g/L sodium bicarbonate and 0.8 mg/mL 

geneticin, at 37 ºC in a humidified incubator with 5% CO2. The assay was carried out 

by adding 45 µL of cell suspension at 3.3x104 cells/mL to each well of 384-well plates 

containing 5 µL of test compounds previously diluted in 0.5% DMSO, and then 

incubating for 4 days in 37ºC incubator with 5% CO2. Fluorescence signals were 

measured by using SpectralMax M5 microplate reader (Molecular Devices, USA) in 

the bottom reading mode with excitation and emission wavelengths of 485 and 535 nm, 

respectively. Fluorescence signal at day 4 was subtracted with background fluorescence 

at day 0. The IC50 values were derived from dose-response curves, using 6 

concentrations of 2-fold serially diluted samples, by the SOFTMax Pro software 

(Molecular device). 0.5% DMSO was used as a negative control. Ellipticine and 

doxorubicine were used as positive controls. 

 

RESULTS AND DISCUSSION 

 

 The yields of clear pale yellow essential oil of H. cordata were 0.015% v/w. 
The volatile composition of this oil was determined using GC (FID) and GC-MS. Table 

1 shows the results of the qualitative and quantitative essential oil analyses listed in 

order of elution in the HP-5 capillary column. The relative amount of each components 

were calculated by peak-area normalization as list in Table 1. The main of the identified 

compounds consisted of ketones (54.80%), monoterpene hydrocarbons (28.19%) and 

oxygenated sesquiterpenes (3.29%) corresponding to 94.49% of the essential oil. In 

total, 26 compounds were identified, the most representative compounds containing 2-

undecanone (48.61%), -myrcene (11.94%), (Z)--ocimene (11.59%), 2-decanone 

(4.99%) and -terpinene (2.62%), respectively (Figure 1). The chemical compositions 

of essential oil of H. cordata have been studied. The detected compounds were 

corresponded to that of the previous reports. The analysis of essential oils from 

underground parts shows that 2-undecanone (23.96%) and -myrcene (14.29%) were 

the major constituents (Lu et al., 2006). The essential oil from leaves revealed that the 

main constituents were found to contain -myrcene (30.8%) and 2-undecanone (19.7%) 

(Do et al., 2015). It should be noted that, the chemical compositions in this study 

differed from previous reports, which can be attributed to the difference of plant parts 

used, the growing area, extraction condition method as well as instrumental analysis 

techniques. 

        The essential oil of H. cordata showed selective significant anticancer activity 

against NCI-H187 cell lines with IC50 value of 17 µg mL-1, but was non-cytotoxic to 
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HepG2 and MCF-7 human cancer cell lines (Table 2). The cytotoxicity of some major 

constituents present in the essential oil has been reported in the literature that 2-

undecanone inhibited effectively against lung tumorigenesis (Lou et al., 2019),  while 

β-myrcene possesses strong against MDA-MB-231 human breast cancer cells (Lee  et 

al., 2015). Furthermore, the pharmacological effect of the constituents has also reported 

that (Z)-β-ocimene was highly toxic on larvae of Anopheles Stephensi (Govindarajan et 

al., 2016) as well as -terpinene possesses anti-inflammatory activity (Ramalho et al., 

2015). 

The chemical compositions indicated that high sesquiterpene contents and 

structural diversity in the essential oil were responsible for its potent anticancer activity 

in particular, α-cadinol presenting in the essential showed selective toxicity against 

human colon adenocarcinoma cell lines HT-29 (He et al., 1997) and β-caryophyllene 

exhibited against cancer cell lines (Sylvestre et al., 2006). Hexadecanoic acid has 

shown selective cytotoxic activity to human leukemic cells (Harada et al., 2002), while 

methyl hexadecanoate possesses strong antitumor activity (Harada et al., 2002) and 

shows potent cytotoxicity in human gastric cancer cells (Lee et al., 1997). Furthermore, 

the essential oil also showed cytotoxic effect to Vero cells with IC50 value of 42 µg  

mL-1.  Findings from this study, the essential oil from H. cordata possessed potent 

anticancer activity. It might be another potential source for the discovery of new drugs 

to treat cancer especially in lung cancer treatment. This scientific supporting data might 

be helpful in their utilization as useful plant resources on traditional medicine herb, 

food supplement and pharmaceutical proposes. 
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Figure 1 Major constituents of H. cordata essential oil 
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Table 1 Chemical constituents of the essential oil from H. cordata  

 

Identified Compounds RIa percentageb Identificationc 

Monoterpene hydrocarbons    

α-Pinene   935 0.68 RI, MS 

Camphene 953 0.42 RI, MS 

β-Pinene  979 0.52 RI, MS 

β-Myrcene  990 11.94 RI, MS 

Limonene  1032 0.21 RI, MS 

(Z)-β-Ocimene  1042 11.59 RI, MS 

(E)-β-Ocimene  1044 0.21 RI, MS 

γ-Terpinene  1063 2.62 RI, MS 

Esters    

Octyl acetate  1132 0.33 RI, MS 

Oxygenated monoterpene    

Terpen-4-ol  1175 0.41 RI, MS 

Ketones    

2-Decanone  1190 4.99 RI, MS 

Aldehydes    

Decanal  1209 1.76 RI, MS 

Ketones    

Piperitone  1240 0.88 RI, MS 

2-Undecanone  1291 48.60 RI, MS 

Sesquiterpene hydrocarbons    

β-Caryophyllene  1415 0.87 RI, MS 

α-Humulene  

Oxygenated sesquiterpenes 

(E)-β-Farnansene  

1452 

 

1454 

0.82 

 

0.23 

RI, MS 

 

RI, MS 

Aldehydes    

1-Dodecanal  1469 0.48 RI, MS 

Oxygenated sesquiterpenes    

β-Selinene  1485 1.17 RI, MS 

Ketones    

2-Tridecanone  1497 0.33 RI, MS 

Oxygenated sesquiterpenes    

(E)-Nerolidol  1564 0.22 RI, MS 

Caryophyllene oxide  1572 0.26 RI, MS 

α-Cadinol  1657 1.41 RI, MS 

Esters     

Methyl hexdecanoate  

Carboxylic acids 

Hecadecanoic acid 

Others 

1929 

 

1940 

1.06 

 

1.57 

RI, MS 

 

RI, MS 

 

(Z)-9-Octadecenamide 2398 0.91 RI, MS 

    

Monoterpene hydrocarbons  28.19  

Oxygenated monoterpene  0.41  
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Sesquiterpene hydrocarbons  1.69  

Oxygenated sesquiterpenes  3.29  

Ketones  54.80  

Aldehydes  2.24  

Esters 

Carboxylic acids 

 1.39 

1.57 

 

Others  0.91  

Total  94.49  
aRI retention indices; relative to n-alkane series (C7-C30)  
bResults obtained by peak area normalization 
cMethods of identification: MS, comparison of the mass spectrum with MS libraries; 

 RI of literature 

 

Table 2 Cytotoxicity of H. cordata essential oil on human cancer cell lines 

 

aConcentration that killed 50% of cell lines 
b - Inactive at 50 µg mL-1   

c, d, eAnticancer drugs used as positive controls 

 

CONCLUSIONS  

 

 In conclusion, the chemical constituents of the essential oil of H. cordata was 

analyzed by GC and GC-MS techniques and contained ketones (54.80%), monoterpene 

hydrocarbons (28.19%) and oxygenated sesquiterpenes (3.29%) and 2-undecanone 

(48.61%), -myrcene (11.94%) were the major constituents. The essential oil possessed 

selective cytotoxic activity against NCI-H187 cell lines, but was non-cytotoxic to 

HepG2 and MCF-7 human cancer cell lines. The cytotoxicity of the essential oil against 

Vero cells. This scientific finding could be helpful for the use of this plant. 
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