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APOPTOSIS IN LUNG CANCER CELLS INDUCED BY VIRGIN COCONUT OIL
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ABSTRACT
Introduction: National Cancer Statistics reported that lung cancer listed as third highest
among most prevalent cancer in Malaysia. Objectives: In this study, the possibility of using
virgin coconut oil (VCO) as new potential anti-apoptosis agent to combat this cancer was
evaluated. Experimental design: Two lung cancer cell lines were exposed to series of
concentration of virgin coconut oil for 72 hrs. Upon treatment, the morphological changes of
the cancer cells were observed. The apoptosis assay using Annexin V- FITC kit was also
carried out. Results: We found that VCO at IC50 value of 12.04% (v/v) and 8.64% (v/v)
induced apoptosis in NCI-H1299 and A549 lung cancer cell lines, respectively, with 3.57%
and 4.20% of the apoptotic cells following treatment. Morphological changes, such as the
appearance of massive cytoplasmic vacuolization and blebbing of the cell membrane, were
observed in both cell lines after treatment with VCO. When tested on skin-derived fibroblasts,
VCO at the IC50 values for both cell types was negative for toxicity. Conclusions: These
results suggest that VCO can induce cell death of lung cancer cells and safe to be consumed.

1.0 Introduction
Lung cancer is among the top ten most prevalent cancers in
Malaysia, with third most frequent cancer (14.2%) in men and
the sixth most frequent cancer (5.1%) in women.
Approximately 88% of cases are classified as non-small cell
lung cancer (NSCLC) and have a poor prognosis, as most
patients already have advanced disseminated disease at initial
presentation due to early subclinical mediastinal or distant
metastasis (1). Cigarette smoke is one of the cancerous agents
that can induce lung cancer development, especially NSCLC,
as deposition of the carcinogenic agents in the lung of the
smokers provides a favorable environment for cancer cells.
Some smokers are unaware about the causes and symptoms of
cancer in their body until they are diagnosed with a high stage
of the disease.
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Apoptosis, or programmed cell death (PCD), can be identified
by a series of distinct morphological and biochemical
alterations to cells, such as DNA fragmentation (2-4),
chromatin condensation (2, 5-8), cell shrinkage (2-4) and
plasma membrane blebbing (2, 4, 8, 9). Apoptosis is an
important process for balancing normal conditions, as cell
death allows new cells to emerge and helps to maintain a
favorable environment for cell growth. However, carcinogenic
agents can interfere with the apoptosis pathways, thereby
allowing cancer cells to develop.
The human lungs constitute the second largest organ in the
body, and the development of lung cancer reduces the efficacy
and function of the respiratory system in protecting the body.
To prevent and treat the progression of lung cancer, some
patients undergo chemotherapy, where they are exposed to
various drugs that combat the growth of cancer cells. However,
cancer cells can develop drug resistance due to genetic changes
30

that alter their biochemical properties and chemosensitivity
(10). In addition, chemotherapy has many unpleasant side
effects, such as hair loss, loss of appetite as well as the
emerging of second cancers.

All cell culture reagents were purchased from Gibco-Life
Technologies (Grand Island, NY, USA) unless otherwise
stated.
2.2 Test materials

Natural-based anti-cancer agents may provide new treatment
options for patients with lung cancer. Several plant-based
natural products have passed the clinical trial stages, including
Catharanthus roseus (11, 12), Campthotheca acuminate (12,
13), Berberineeris sp. (12, 14), Tabeuia avellanedae (12, 15),
Vicia faba, Amoora rohituka (16) and Dysoxylum
binectarierum (12). This study focused on the potential use of
virgin coconut oil (VCO) to combat lung cancer, as this product
is orally consumable and currently is a trend among those
seeking a healthy lifestyle.
VCO is commonly used in Asia, especially in Malaysia,
Thailand and the Philippines (17). The oil is obtained directly
from fresh coconut milk under controlled temperature, which
can prevent the loss of biologically active minor components
like vitamins and polyphenols (18, 19). This natural product is
rich in antioxidants; with high polyphenols content, including
high levels of lauric acid (20), ferulic acid, and p-coumaric
acid. It also exhibits anti-bacteria (21), anti-viral, anti-HIV,
anti-inflammatory (18, 22), and anti-diabetes (17, 23)
properties, and it has been used extensively as a topical
application to treat skin disorders (20, 24, 25). Calderon et al.
(26) studied the anti-cancer effects of VCO on a breast cancer
cell line, where the VCO is proven to inhibit the growth the of
the SKBr-3 cells while improving the ability of Trastuzumab
to decrease the cell survival with no dose dependent manner.
However, to date there are no studies of its effects on lung
cancer cell lines. Thus, the main objective of this study was to
examine the effect of VCO on lung cancer cell lines by
studying its ability to induce apoptosis.

2.0 Material and Method
2.1 Cell culture
Two human NSCLC cell lines, NCI-H1299 and A549
(American Type Culture Collection, Manassas, VA, USA),
were used in this study. The cells were cultured and maintained
in RPMI 1640 and Ham’s F-12 supplemented with 10% fetal
bovine serum (FBS), 2mM L-glutamine and 1% PenStrep (100
UI/ml penicillin and 100 µg/ml streptomycin).
Skin-derived fibroblasts cells isolated from New Zealand
White rabbits were used as control in toxicity assay. The cells
were maintained in high-glucose DMEM culture medium
supplemented with 10% fetal bovine serum (FBS), 2mM Lglutamine and 1% PenStrep (100 UI/ml penicillin and 100
µg/ml streptomycin).
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The 100% pure VCO was obtained from a local market
(Nutrifera Marketing Sdn Bhd, MY).
2.3 Testing the effects of VCO
2.3.1 Cell viability assay
NCI-H1299 and A549 cells were seeded in 6-well plates at a
density of 1x105 cells per well in 3 ml complete RPMI and
Ham’s F-12 medium. After 24 h, growth medium was replaced
by fresh normal medium only (control) or medium
supplemented with 10, 30, 50, 70 and 90% (v/v) VCO. The
cells were then incubated for another 72 h. In this study, the
cell viability assay was conducted using the trypan blue dye
exclusion method. At 72 h post-treatment, the cells were
trypsinised and the pellets were collected and resuspended in 1
ml fresh culture medium. Next, 50 µl cell suspensions were
mixed with 50 µl of trypan blue dye, and positive stained cells
were counted in the haemocytometric chamber. The cell
viability percentage was calculated as follows:
Cell viability % = (Viable cells in treated well/Viable cells in
control well) X 100%
The IC50 values for both NCI-H1299 and A549 cells were
determined at 50% reduction of the cell viability post-treatment
with VCO and were used throughout next assays.
2.3.2 Toxicity assay
The IC50 values of VCO for NCI-H1299 (12.04% (v/v)) and
A549 (8.64% (v/v)) were tested on rabbit skin-derived
fibroblasts to determine if VCO has a toxic effect on normal
cells. In this assay, skin-derived fibroblast cell were cultured
and maintained in DMEM supplemented with 10% FBS, 2mM
L-glutamine and 1% PenStrep (100 UI/ml penicillin and 100
µg/ml streptomycin). The cells were seeded in 6-well plates at
density of 1 x 105 cells per well in 3 ml complete DMEM
medium. After 24 h, VCO at the IC50 values was added to the
well. The trypan blue exclusion assay was performed and the
cell viability for skin-derived fibroblasts was determined and
compared with cell viability of NCI-H1299 and A549 cells.
2.3.3 Apoptosis assay
The apoptosis assay was conducted using the Annexin V
Apoptosis Kit and the BD FACSCanto II flow cytometer (BD
Pharmigen, Franklin Lakes, NJ, USA). NCI-H1299 and A549
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cells were seeded in 6-well plates, and after 24 h cells were
treated with 12.04 % (v/v) and 8.64 % (v/v) of VCO,
respectively. After 72 h, the cells were collected and washed
twice with cold phosphate-buffered saline (PBS). The cells
were then resuspended in 1X binding buffer, and 100 µl of cell
suspension was transferred into flow cytometry collection tube
and incubated with 5 µl Annexin V-FITC conjugated and 5 µl
propidium iodide (PI) for 15 min at room temperature in the
dark. Prior analysing the samples with flow cytometry, another
400 µl of 1X binding buffer was added into the collection tube.
The stained cells were analyzed within 1 h. The combination
of Annexin V and FITC can determine the presence of
apoptotic cells since cells undergo apoptosis allow Annexin V
to enter the cytoplasm and inhibit the PI dye from entering the
nucleus of the cells. The dyes act as indicators for different
phases of cell death: viable cells stain negative for both PI and
Annexin V (Q3); early apoptotic cells stain positive for
Annexin V and negative for PI (Q4); necrotic cells stain
positive for PI only (Q1); and late apoptotic cells stain positive
for both Annexin-V and PI (Q2).

VCO (10% (v/v)). The IC50 values of VCO are 12.04% (v/v)
for NCI-H1299 cells and 8.64% (v/v) for the A549 cells.

2.4 Statistical analysis
All data were expressed as the mean ± standard deviation of
triplicate analyses. Statistical differences among the data were
determined using Mann-Whitney two-sided non-parametric
independent tests run using SPSS 20. Differences of p ˂ 0.05
were considered to be significant.

Fig. 1: Cell viability (%) of two lung cancer cell lines, NCI-H1299 and A549,
after 72 h of incubation with different concentrations of VCO.

3.0 Result
3.1 VCO treatment affected the viability of NCI-H1299 and
A549 cells
After exposure of lung cancer cells to various concentration of
VCO, the concentration that result in a 50% reduction in cell
growth being identified (Figure 1). Cell viability is reducing
even when the cells are exposing to the lowest concentration of
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Fig. 2: Morphological changes in NCI-H1299 and the A549 cells after 72 h of
exposure to VCO: (a) Untreated NCI-H1299 cells, (b) NCI-H1299 cells treated
with 12.04 % (v/v) VCO: (c) Untreated A549 cells; and (d) A549 cells treated
with 8.64% (v/v) VCO. Massive vacuoles and apoptotic bodies (black
arrowheads) can be observed in cells treated with VCO in both lung cancer cell
lines ((b) and (d)).

3.2 VCO treatment caused changes in cancer cells
morphology
Exposure of NCI-H1299 and A549 cells to several
concentrations of VCO has causing changes in cell
morphology, which include the formation of a single, giant
bubble and formation of massive vacuoles at the cytoplasmic
level (Figure 2). Some apoptotic bodies are also observe in both
cell lines.
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3.3 VCO is not toxic to skin-derived fibroblast cells
Exposure of skin-derived fibroblasts to the IC5o values of VCO
revealed that VCO is not toxic to the normal cells (Figure 3).
A treatment is considered toxic if exposure to it results in
reduction of cell viability to below 50%. In this study, cell
viability of skin-derived fibroblasts was 59.11% and 62.35%
when expose to IC50 values for NCI-H1299 and A549 cells,
respectively.

Fig. 3: The toxicity of VCO is tested on skin-derived fibroblast cells. The IC50
values are not toxic to these cells.

3.4 VCO induce apoptosis in NCI-H1299 and A549 cells
The apoptosis assay show different stages of cell death; debris
(Q1), early apoptosis (Q3), apoptosis (Q4), and late apoptosis
(Q2). The scatterplot (Figure 4) represent the percentage of cell
undergo apoptosis for both lung cancer cell line tests in this
experiment. After exposure to 12.04% (v/v) of VCO, the
percentage of apoptotic cells (Q2 and Q4) in the NCI-H1299
(Figure 4) sample are decreasing post-treatment with VCO
(p=0.050) with reduction about 16.90% (Table 1). However,
the percentage of apoptotic cells (Q2 and Q4) in the A549
sample (Figure 4) are increasing significantly after 72 h of
exposure to 8.64% (v/v) VCO (p=0.046) with 18.03%
increment (Table 1).
Table 1. Apoptotic cells percentage during pre- and post- VCO
treatment of two lung cancer cells.
Cell types

Apoptotic cells
Pre-treatment
(Mean ± S.D)

P value

Post-treatment
(Mean ± S.D)

NCI-H1299

10.40 ± 0.44

8.57 ± 0.24

0.050

A549

9.43 ± 0.43

11.13 ± 0.51

0.046*

* Significantly different
The statistical analysis was done using the Mann-Whitney twosided non-parametric independent test. The number of
apoptotic cells (mean ± S.D) post-treatment for NCI-H1299
Regenerative Research Vol4 Issue1 June 2015

(8.57 ± 0.24) is reduced (1.83% reduction) meanwhile
increased in A549 (11.13 ± 0.51) (1.7% increment). The p <
0.05 is considered to be significantly different from the pretreatment group.

4.0 Discussion
The aim of the present study is to investigate the effect of VCO
on two commonest lung cancer cell lines, NCI-H1299 and
A549. To the best of our knowledge, no similar study has been
conducted. In this study, cell viability differ significantly
between cells exposed to the VCO and untreated cells. The IC50
values of VCO are 12.04% for NCI-H1299 and 8.64% for
A549 cells. However, even at the concentration as low as 10%
(v/v), VCO suppress the growth of lung cancer cells. This result
suggests that VCO may combat the growth of lung cancer cells
in a dose-dependent manner. Moreover consumption of VCO
appears to be safe, as the toxicity assay using normal skinderived fibroblast shows that the IC50 values for NCI-H1299
and A549 cells are not toxic to normal cells. The finding
suggests that treating cancer cells within a heterogeneous
population of cells in the recipient body will not harm to the
non-cancerous cells.
The major problem that occurs during lung cancer
chemotherapy is the emergence of inherent and acquired drug
resistance of the cancer cells (10). Thus, finding an alternative
treatment is critical for providing better choices for lung cancer
patients. In drug development and assessment studies, cell
growth and viability assays are crucial for determining the
minimum effective working dosage of the drug that able to
inhibit or suppress the target cells with no or minimal effect on
normal cells. The ability of VCO to suppress the growth of lung
cancer cells is also shows by the morphological changes that
occur in the cells, including the formation of apoptotic bodies,
cytoplasmic vacuolization, and nuclei condensation. Both lung
cancer cell lines shows similar morphological changes
following treatment with VCO, which indicates that VCO is
effective at suppressing cell growth and inducing cell death
regardless of cancer cell types.
Programmed cell death is an important biological process that
require for cells to maintain tissue homeostasis. ‘Sick’ cells
will be programmed to undergo cell death, thereby allowing
other healthy cells to take over the function of maintaining the
favorable growth environment and maintaining cell
populations in tissues (2). However, defects can occur at any
point along these pathways, leading to malignant
transformation of the affected cells, tumor metastasis and
anticancer-drug resistance (27). The ability of VCO to induce
apoptosis in lung cancer cells was supported by the
morphological changes that occurred in cells upon the
treatment with VCO. Common morphological changes that
occurs during apoptosis include loss of membrane integrity,
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Fig. 4: Apoptotic assay of the cancer cells following VCO-treatment. The assessment of apoptotic cells was carried out using Annexin V-FITC and propidium iodide
(PI) dye. The scatterplot represent the percentage of total number of cells stained for different stages of cell death. (a) Q1-Debris, stained positive for PI and negative
Annexin V; Q2- Necrosis/Late apoptosis, positive for both PI and Annexin V; Q3-Viable cells, negative PI and Annexin V; Q4- Early apoptosis, positive for Annexin
V and negative for PI.

blebbing, nuclear morphological changes (17, 16, 15),
formation of massive vacuoles, and appearance of some
apoptotic bodies (28). Elmore (2) and Hacker (29) described
changes that take place during apoptosis, such as protrusions
from the cell surface (visible both by light and electron
microscopy), plasma membrane blebbing, vacuoles in the
cytoplasm of dying cells and formation of apoptotic bodies.
Park et al. (9) reported that apoptosis can be induced in lung
cancer cells by exposure to the extract of the root of Panax
notoginseng, but this is the first study for the effect of VCO on
lung cancer cells.
In the present study, results of the apoptosis assay reveal that
the number of apoptotic cells significantly increase (p<0.05)
only in A549 cells after treatment with VCO. The different
effect of VCO on apoptosis in NCI-H1299 and A549 cells
might be due to the origin and types of lung cancer: The NCIH1299 cell line originates from lymph node metastasis,
whereas the A549 cell line originates from alveolar basal
epithelial cells. The changes in the percentage of cells
undergoing apoptosis between pre- and post-treatments with
VCO in NCI-H1299 and A549 cells suggest that the VCO acts
as an apoptosis inducer especially in A549 and acts in a celldependent manner.
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5.0 Conclusion
This study shows the potential for VCO to be used in treating
lung cancer. For the two lung cancer cell lines tested, VCO
inhibited the growth of cancer cells and induced cell death via
the apoptosis pathway at concentrations as low as 8.64% (v/v)
and 12.04% (v/v). However, the mechanism of action by which
VCO activates the apoptosis pathway remains unknown, and
further studies are needed to address this issue.

Acknowledgement
This study was supported by grants from the Ministry of
Science, Technology and Innovation (MOSTI); Science Fund
Grant 305/CIPPT/613224 and Universiti Sains Malaysia.

References
1. A Sachithanandan and B Badmanaban. Screening for lung
cancer in Malaysia: are we there yet? Med J Malaysia. 2012;
67: 3-6.
2. S Elmore. Apoptosis: a review of programmed cell death.
Toxicol Pathol. 2007; 35: 495-516.

34

3. L Wang, JF Scabilloni, JM Antonini, Y Rojanasakul, V
Castranova and RR Mercer. Induction of secondary apoptosis,
inflammation, and lung fibrosis after intratracheal instillation
of apoptotic cells in rats. Am J Physiol Lung Cell Mol Physiol.
2006; 290: L695-L702.

15. RA. Higa, RD Aydos, IS Silva, RT Ramalho and AS d.
Souza. Study of the antineoplastic action of Tabebuia
avellanedae in carcinogenesis induced by azoxymethane in
mice. Acta Cirurgica Brasileira. 2011; 26: 125-128.

4. P Saikumar, Z Dong, V Mikhailov, M Denton, JM Weinberg
and MA Venkatachalam. Apoptosis: definition, mechanisms,
and relevance to disease. The Am J Med. 1999; 107: 489-506.

16. DRA Mans, AB da Rocha and G Schwartsmann. AntiCancer Drug Discovery and Development in Brazil: Targeted
Plant Collection as a Rational Strategy to Acquire Candidate
Anti-Cancer Compounds. The Onco. 2000; 5: 185-198.

5. KJ Nho, JM Chun and HK. Kim. Ethanol Extract of Dianthus
chinensis L. Induces Apoptosis in Human Hepatocellular
Carcinoma HepG2 Cells In Vitro. Evid Based Complement
Alternat Med. 2012; 2012: 573527.

17. KM Liau, YY Lee, CK Chen and AH Rasool. An openlabel pilot study to assess the efficacy and safety of virgin
coconut oil in reducing visceral adiposity. ISRN Pharmacol.
2011; 2011: 949686.

6. Z. Jubri and N. Karim. Antiproliferative Activity and
Apoptosis Induction by Gelam Honey on Liver Cancer Cell
Line. Inter J Appl Scie Tech 2012; 2: 135-141.

18. ZA Zakaria, MN Somchit, AM Mat Jais, LK Teh, MZ
Salleh and K. Long. In vivo antinociceptive and antiinflammatory activities of dried and fermented processed
virgin coconut oil. Med Princ Pract. 2011; 20: 231-6.

7. JFR Kerr, AH Wyllie and AR Currie. Apoptosis: a basic
biological phenomenon with wide-ranging implications in
tissue kinetics. Brit J Canc. 1972; 26: 239-258.
8. C Haanen and I Vermes. Apoptosis and inflammation
Mediators of inflammation. 1995; 4: 5-15.
9. SC Park, HS Yoo, C Park, CK Cho, GY Kim, WJ Kim, YW
Lee and YH Choi. Induction of apoptosis in human lung
carcinoma cells by the water extract of Panax notoginseng is
associated with the activation of caspase-3 through
downregulation of Akt. Int J Oncol. 2009; 35: 121-7.
10. K Nishio, T Nakamura, Y Koh, T Suzuki, H Fukumoto and
N Saijo. Drug resistance in lung cancer. Curr Opin Oncol.
1999; 11: 109-15.
11. Y Lu, SX Hou and T Chen. Advances in the study of
vincristine: an anticancer ingredient from Catharanthus roseus.
China Journal of Chinese Materia Medica. 2003; 28: 10061009.
12. JM Nirmala, A Samundeeswari and SPD. Natural plant
resources in anti-cancer therapy-A review. Res Plan Bio. 2011;
1: 01-14.
13. B Lisa, LB Stacey and SMB. The development of
camptothecin analogs in childhood cancer. The Onco. 2001; 6:
506-516.
14. S Han, T Fukazawa, T Yamatsuji, J Matsuoka, H Miyachi,
Y Maeda, M Durbin and Y Naomoto. Anti-Tumor Effect in
Human Lung Cancer by a Combination Treatment of Novel
Histone Deacetylase Inhibitors: SL142 or SL325 and Retinoic
Acids. PLoS ONE. 2010; 5: e13834.

Regenerative Research Vol4 Issue1 June 2015

19. ZA Zakaria, MS Rofiee, MN Somchit, A Zuraini, MR
Sulaiman, LK Teh, MZ Salleh and K Long. Hepatoprotective
activity of dried- and fermented-processed virgin coconut oil.
Evid Based Complement Alternat Med. 2011; 2011: 142739.
20. KG Nevin and T Rajamohan. Wet and dry extraction of
coconut oil: impact on lipid metabolic and antioxidant status in
cholesterol coadministered rats. Can J Physiol Pharmacol.
2009; 87: 610-6.
21. KG Nevin and T Rajamohan. Effect of topical application
of virgin coconut oil on skin components and antioxidant status
during dermal wound healing in young rats. Skin Pharmacol
Physiol. 2010; 23: 290-7.
22. S Intahpuak, P Khonsung and A Panthong. Antiinflammatory, analgesic, and antipyretic activities of virgin
coconut oil. Pharmaceu Bio. 2010; 48: 151-157.
23. KG Nevin and T Rajamohan. Beneficial effects of virgin
coconut oil on lipid parameters and in vitro LDL oxidation.
Clin Biochem. 2004; 37: 830-5.
24. VM Verallo-Rowell, KM Dillague and BS SyahTjundawan. Novel antibacterial and emollient effects of
coconut and virgin olive oils in adult atopic dermatitis. Derma.
2008; 19: 308-15.
25. AL Agero and VM Verallo-Rowell. A randomized doubleblind controlled trial comparing extra virgin coconut oil with
mineral oil as a moisturizer for mild to moderate xerosis.
Derma. 2004; 15: 109-16.

35

26. J Calderon, J Brillantes, M Burenafe, N Cabrera, E
Campos, I Canoy, C Capili, M Carasco, P Cielo, M Co, P
Collantes, F Concepcion, J Concha, R de la Cruz, A de Vera,
R de Vera, F Chung, C Jimeno and C Valencia. Virgin coconut
oil inhibits skbr-3 breast cancer cell proliferation and
synergistically enhances the growth inhibitory effects of
trastuzumab (herceptin). Euro J Med Resear. 2009; 14: 43.

27. RSY Wong. Apoptosis in cancer: from pathogenesis to
treatment. J Exp & Clinic Canc Res. 2011; 30: 1-14.
28. VL Johnson, SC Ko, TH Holmstrom, JE Eriksson and SC
Chow. Effector caspases are dispensable for the early nuclear
morphological changes during chemical-induced apoptosis. J
Cell Sci. 2000; 113 ( Pt 17): 2941-53.
29. G Hacker. The morphology of apoptosis. Cell Tissue Res.
2000; 301: 5-17.

Regenerative Research Vol4 Issue1 June 2015

36

