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 Summary

Purpose: Non-small lung cancer (NSLC) is one of the lead-
ing causes of cancer-related deaths world over. Excempting 
operable cases the treatments for NSCLC mainly include 
chemotherapy and radiotherapy. However, the survival rate 
for NSCLC is still far from satsifactory. Moreover, chemo-
therapy has lot of associated side effects. Therefore, there is 
an urgent need to look for novel and more viable treatment 
options. Against this background, the present study was 
designed to evaluate the anticancer activity of α-Bisabolol 
against NSCLC.

Methods: Cell viability was assessed by MTT assay. Apo-
ptosis was determined by DAPI and annexin V/propidium 
iodide (PI) staining. Mitochondrial membrane potential 
(MMP) and cell cycle analysis were determined by flow 
cytometry. Cell migration was investigated by wound heal-
ing assay and protein expression was evaluated by western 
blotting.

Results: α-Bisabolol exerted significant anticancer activity 
on A549 NSCLC cells with IC50 of 15 μM. The anticancer 
effects of α-Bisabolol were found to be due to G2/M cell cycle 
arrest and mitochondrial apoptosis. α-Bisabolol also inhib-
ited cell migration of A549 cells dose-dependently. Moreover, 
the results showed that α-Bisabolol could inhibit the PI3K/
AKT signalling pathway in a dose-dependent manner. The 
results of the present study indicate that α-Bisabolol exerted 
selective anticancer effects on A549 cells via induction of 
cell cycle arrest, mitochondrial apoptosis and inhibition of 
PI3K/Akt signalling pathways.

Conclusions: This molecule showed promising anticancer 
features and could be developed as a potent lead candidate 
for the management and treatment of NSCLC.
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Introduction

 Plants synthesize a diversity of chemical scaf-
fololds which include, but are not limited to a wide 
array of flavours and fragrances [1]. The molecules 
responsible for the flavour and the fragrance of the 
compounds are usually synthesized from plant es-
sential oils. It has been reported that there around 
3,000 plants that produce essential oils and only 
around 300 are considered commercially important 
[2]. Quite recently, the plant essential oils and their 

constituents are not only used as food preserva-
tives and additives, but also find their application 
in the pharmaceutical industry [3]. In plants they 
play several essential roles such as repelling of 
predators/herbivores and attraction of pollinators 
[4]. The pharmaceutical exploitation of essential 
oils is mainly based on the presence of several 
constituents which show a number of bioactivities. 
These constituents are considered of importance in 
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the development of products that promote human 
health. It has been reported that several essential 
oils have been used to prevent malaria by prevent-
ing the growth of mosquito [5]. α-Bisabolol (Figure 
1) is one of the important constituents of several 
plant species such as Matricaria chamomilla, Ere-
manthus erythropappus, and many other plant spe-
cies. α-Bisabolol containing oils has been shown to 
exhibit anti-inflammatory, analgesic, antibiotic and 
anticancer activities. In addition, α-Bisabolol has 
been shown to exhibit low cytotoxicity and its use 
as ingredient in several of the commercial prod-
ucts has therefore been regarded by FDA as safe 
[6]. Although anticancer activity of bisabolol has 
been reported to some extent [7], it has not been 
evaluated against lung cancer. Therefore, the pre-
sent study was designed to evaluate the anticancer 
activity of bisabolol against NSCLC cell line A459. 
NSCLC is one of the major causes of cancer-related 
deaths and in USA alone it is the leading cause of 
mortality due to cancer. Although the treatment 
of NSCLC involves chemotherapy, it only slightly 
improves the patient survival rate, but that too at 
the cost of considerable side effects [8,9]. This study 
was designed to investigate the anticancer effects 
of α-Bisabolol against the A549 NSCLC cell line 
and decipher the underlying mechanism.

Methods

Chemicals, reagents and cell cultures

 α-Bisabolol and other chemicals were of reagent-
grade and purchased from Sigma Chemical Co. (St. Louis, 
Missouri, USA) unless otherwise mentioned. NSCLC 
cell line A549 was procured from Cancer Research In-
stitute of Beijing, China, and was cultured continuously 
in RPMI-1640 supplemented with 10% fetal bovine se-
rum (FBS) and antibiotics (streptomycin 100 μg/ml and 
penicillin G 100 U/ml) and maintained at 37ºC .

MTT assay for the determination of antiproliferative activ-
ity of a-Bisabolol

 The antiproliferative effect of α-Bisabolol against 
NSCLC A549 and normal FR2 lines was investigated 
by MTT assay. All cells were cultured at the density of 
1x106 cells/well in 96 well plates for 12 hrs. The cells 
were then exposed to 0-100 μM a-Bisabolol dose for 24 
hrs. Thereafter, 20 μl of MTT solution was added to each 
well. Prior to the addition of 500μl of DMSO, the cells 

were separated from the medium. For solubilizing the 
MTT formazan crystals 500 μl dimethylsufoxide were 
added. Thereafter, absorbance was assessed by ELISA 
plate reader at 570 nm. Since α-Bisabolol exhibited low-
est IC50 against A549 cells, further experiments were per-
formed only at the of 0, 10, 20 and 40 μM concentrations.

DAPI and annexin V/PI double staining for apoptosis

 A549 cells were cultured at a density of 1×106 cells 
per well in 6-well plates and then were exposed to 0, 
7.5, 15 and 30 μM α-Bisabolol for 24 hrs. This was im-
mediately followed by DAPI staining. Then, the cell 
samples were examined and photographs were taken 
via a fluorescence microscope. To estimate the apoptotic 
cell populations, A549 cells were platted at a density of 
1×106 cells/well in 6-well plates and treated with varied 
concentrations (0, 7.5, 15 and 30 μM) of α-Bisabolol for 
24 hrs. Thereafter, the cells were collected and washed 
with phosphate buffered saline (PBS). The cells were 
then incubated with Annexin V/FITC and PI for 15 min 
and the apoptotic cell populations were estimated by 
flow cytometry (BDBiosciences, San Jose, CA, USA).

Cell cycle analysis of A549 Cells

 To investigate the distribution of the A549 cells in 
different phases of the cell cycle, approximately 1x105 
cells in each well in 6-well plates were kept at 37°C 
overnight to allow the cells to adhere. This was followed 
by treatment with various concentrations of α-Bisabolol 
(0, 7.5, 15 and 30 μM) and then the plates were incubated 
at 37°C for 24 hrs. Thereafter, the cells were trypsinized 
followed by resuspension in ice-cold PBS. Finally, the 
cells were treated with ethanol (70%) at -20°C and al-
lowed to fix overnight. Following fixation with ethanol, 
the cells were treated with ice-cold PBS twice and and 
centrifuged (1000 rpm) for 10 min at 4°C. Afterwards, the 
cells were resuspended in 1 ml PI/Triton-X 100 solution 
for 30 min in the dark. Finally, the distribution of the 
cells at each phase was examined from 10,000 cells in 
a FacScan flow cytometer (BD Biosciences). The estima-
tion of the percentage of cells in each phase of the cell 
cycle was carried out by WinMDI software.

Boyden Chamber assay for cell migration

 Cell migration assay was carried out by Boyden 
chamber assay with some modifications. Cells at the 
density of 5×104 cells/well were suspended in 2% FBS 
medium and placed in the upper chamber of 8 μm pore 
size transwells. Afterwards, RPMI-1640 medium supple-
mented with 10% FBS was added to the lower chamber. 
This was followed by incubation of 24 hrs. On the up-
per surface of the membrane, unmigrated cells were re-
moved, while on the lower surface of the membrane the 
migrated cells were fixed in methanol (100%) and Giem-
sa-stained. The cell migration was estimated by counting 
the number of the migrated cells under microscope. 

Determination of protein expression by western blotting

 Protein expression was determined by western 
blot analysis. Briefly, proteins present in the cell ex-
tracts were resolved by SDS–PAGE. This was followed 

Figure 1. Chemical structure of α-Bisabolol.
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by transference on nitrocellulose membrane. Thereafter 
the membrane was treated with non-fat milk (5%) in PBS 
and incubated with suitable primary antibody for 2 hrs 
at room temperature followed by secondary antibody 
(Santa Cruz Biotechnology, Santa Cruz, CA, USA) for 1 
hr at room temperature. The western blots were then 
observed in an ECL western blot analysis system (Am-
ersham Biosciences). 

Statistics 

 The experiments were performed in triplicate and 
presented as mean ± standard deviation (SD). Student’s 
t-test with the help of GraphPad prism 7 software was 
used for analyses. Results were considered significant at 
*p<0.01, **p<0.001 and ***p<0.0001.

Results 

α-Bisabolol exerts antiproliferative effects on A549 
cells

 To determine the antiproliferative activity of 
α-Bisabolol on A549 NSCLC cell line, cancer cells 
were exposed to α-Bisabolol at different concen-
trations and IC50 was determined. α-Bisabolol dis-
played significant anticancer effects against A549 
cells with an observed IC50 15 μM. The effect of 
α-Bisabolol on the cell viability showed a dose de-
pendent trend (Figure 2). 

α-Bisabolol causes apoptosis in A549 cells

 We further investigated if the anticancer ef-
fects of α-Bisabolol were due to induction of apo-
ptosis. Therefore, α-Bisabolol-treated A549 cells 
were subjected to DAPI staining. It was observed 
that α-Bisabolol caused apoptosis in A549 cells in 
a concentration-dependent manner as it was obvi-
ous from the increased number of cells with white 
colour nuclei (Figure 3). Estimation of apoptotic 
cell population was determined by flow cytometry 
as indicated in Figure 4. The percentage of apop-
totic cells increased from 2.15% in the control to 
48.5% at 30 μM concentration of α-Bisabolol. To 
examine if apoptosis followed the mitochondrial 
pathway we determined the protein expression of 
Bax and Bcl-2. The results showed that the protein 

Figure 2. Effect of indicated concentrations of α-Bisabolol 
on cell viability. All experiments were carried out in trip-
licate and shown as mean±SD. ± SD. Results were consid-
ered significant at *p<0.001, **p<0.001 and ***p<0.0001.

Figure 4. Estimation of apoptotic cell populations at indi-
cated concentrations of α-Bisabolol by annexin V/PI stain-
ing followed flow cytometry. Experiments were carried 
out in triplicate. The Figure shows that the apoptotic cell 
populations increase with increase in the concentrations 
of α-Bisabolol.

Figure 3. Induction of apoptosis by α-Bisabolol at indicat-
ed concentrations as depicted by DAPI staining. All experi-
ments were carried out in triplicate. The results show that 
α-Bisabolol induces apoptosis in A549 cells in a concentra-
tion-dependent manner. Arrows show apoptotic cells.
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expression of Bax was upregulated in a concentra-
tion-dependent manner and that of Bcl-2 decreased 
(Figure 5).

α-Bisabolol induces G2/M cell cycle arrest of A549 cells

 To assess the effect of α-Bisabolol on the cell 
cycle phase distribution of A549 cells, the cells 
were exposed to 0, 7.5, 15 and 30 μM of α-Bisabolol 

for 24 hrs. It was revealed that the number of cells 
at G2 phase increased in a dose-dependent manner 
causing cell cycle arrest (Figure 6). At 30 μM there 
was a marked increase in sub-G1 phase cells.

α-Bisabolol suppresses cell migration of A549 cells

 We also investigated the effect of α-Bisabolol 
on cell migration of A549 cells (Figure 7). The re-
sults of cell migration assay after α-Bisabolol treat-
ment at 30 μM concentration for 24 hrs, indicated 
that α-Bisabolol reduced the motility and migra-
tion of the of A549 cells in a dose-dependent man-
ner (Figure 7).

α-Bisabolol inhibits PI3K/Akt signalling pathway

 PI3K/Akt signalling cascade is considered as 
one of the crucial pathways that could be targeted for 
the treatment of cancer. In the present study we ex-
amined the effect of α-Bisabolol on the expression of 
some of the important proteins of this pathway. Our 
results showed that, in comparison to the untreated 
cells, α-Bisabolol-treated cells exhibited a dose-de-
pendent downregulation of p-PI3K and p-AKT pro-
teins (Figure 8). However, PI3K and Akt expression 
levels remained more or less unaffected. Therefore, 
we believe that that α-Bisabolol induced antican-
cer effect partly via PI3K/Akt signalling cascade.

Discussion 

 Plants extracts and plant-derived molecules 
are considered to possess important pharmaco-
logical potential. Plants synthesize a wide array of 
secondary metabolites for their own defence and 

Figure 5. Effect of α-Bisabolol on the protein expression 
of Bax and Bcl-2 as observed by western blot analysis. 
The experiments were carried out in triplicate. The Fig-
ure depicts that α-Bisabolol decreased the expression of 
Bcl-2 and increased the expression of Bax concentration-
dependently.

Figure 6. α-Bisabolol triggers G2/M cell cycle arrest at 
indicated doses. Experiments were carried out in triplicate 
and show that α-Bisabolol triggers G2/M cycle arrest of 
A549 cells concentration-dependently.

Figure 7. Effect of α-Bisabolol on the migration of A549 
cells at indicated concentrations. The experiments were 
carried out in triplicate and show that α-Bisabolol inhibits 
the migration of A549 cells.

Figure 8. Effect of α-Bisabolol on PI3K/AKT pathway of 
A549 cells at indicated concentrations. The experiments 
were performed in triplicate and show that α-Bisabolol in-
hibits this pathway.
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these metabolites have also been shown to exhibit 
health-promoting effects on human [10]. Among 
these metabolites, essential oils have been shown 
to exhibit considerable antiproliferative effects 
due to the presence of a number of biochemical 
constituents [11]. For instance, the essential oil of 
Salvia and Artemisia species exhibits strong anti-
cancer activity [12,13]. These essential oils are rich 
sources of α-Bisabolol. 
 In the current study we evaluated the antican-
cer properties of purified α-Bisabolol against NSCLC 
line A549. The results showed that α-Bisabolol ex-
hibits significant anticancer activity against these 
cells with an IC50 of 15 μM. Our results are also 
supported by previous studies wherein α-Bisabolol 
has been shown to inhibit the growth of several 
types of cancer cells such as pancreatic cancer cells. 
 Previously, it has been reported that many of 
the essential oils induce apoptosis in cancer cells. 
For example the essential oil of Curcuma wenyujin 
induces apoptosis in cancer cells [14,15]. There-
fore, we also checked whether α-Bisabolol triggers 
apoptosis in A549 cells. For this, we carried out 
DAPI and annexin V/PI double staining and the 
results showed that α-Bisabolol triggered apoptosis 
in A459 cells in a concentration-dependent manner 
which was also associated with alteration in the 
Bax/Bcl-2 expression ratio. 
 Furthermore, essential oils and their constitu-
ents have also been reported to induce cycle arrest 
in cancer cells [16]. For instance, Germacrone, a 
constituent of several essential oils induces cell 
cycle arrest [17]. We therefore, also evaluated the 
effect of α-Bisabolol on the cell cycle phase distri-

bution of A549 cells and the results clearly showed 
that α-Bisabolol could induce G2/M cell cycle ar-
rest in these cells. 
 Molecules that can inhibit the migration of 
cancer cells are considered potent anticancer agents 
[18], therefore we evaluated whether α-Bisabolol 
could exert its effects on the migration of A549 
cells. It was observed that in wound healing as-
say α-Bisabolol could significantly inhibit the mi-
gration of A549 cells. These results suggest that 
α-Bisabolol could prove useful in preventing the 
metastasis of cancer cells in vivo as well. PI3K/AKT 
is one of the important signalling pathways that 
has been found to be responsible for tumorigenesis 
and progression of several cancers. Evaluation of 
the protein expression by western blotting revealed 
that α-Bisabolol could inhibit the expression of p-
AKT and p-PI3K. However, the expression levels 
of AKT and PI3 remained almost unaltered. Taken 
together, these results show that α-Bisabolol could 
prove a potent anticancer agent.

Conclusion

 From our results we conclude that α-Bisabolol 
induces apoptosis and cell cycle arrest in A549 
cells. α-Bisabolol also inhibits cell migration. 
These results suggest that α-Bisabolol could prove 
an important molecule for the treatment of NSCLC 
and deserves further research endeavours.

Conflict of interests

 The authors declare no conflict of interests.

References

1. Sangwan NS, Farooqi AH, Shabih F, Sangwan RS. 
Regulation of essential oil production in plants. Plant 
Growth Regulat 2001;34s:3-21.

2. Mondello L, Zappia G, Cotroneo A. Studies on the es-
sential oil-bearing plants of Bangladesh. Part VIII. 
Composition of some Ocimum oils O. basilicum L. 
var. purpurascens; O. sanctum L. green; O. sanctum L. 
purple; O. americanum L., citral type; O. americanum 
L., camphor type. Flavour Fragrance J 2002;17:335-40.

3. Burt S. Essential oils: their antibacterial properties and 
potential applications in foods - a review. Intern J Food 
Microbiol 2004;94:223-53.

4. Svoboda KP, Hampson JB. Bioactivity of essential oils 
of selected temperate aromatic plants: antibacterial, 
antioxidant, antiinflammatory and other related phar-
macological activities. Plant Biology Department, SAC 
Auchincruive, Ayr, Scotland, UK., KA6 5HW.1999;16:1-7.

5. Pushpanathan T, Jebanesan A, Govindarajan M. The es-
sential oil of Zingiber officinalis Linn (Zingiberaceae) 
as a mosquito larvicidal and repellent agent against 
the filarial vector Culex quinquefasciatus Say (Diptera: 
Culicidae). Parasit Res 2008;102:1289-91.

6. Kamatou GP, Viljoen AM. A review of the application 
and pharmacological properties of α-bisabolol and 
α-bisabolol-rich oils. J Am Oil Chem 2010;87:1-7.

7. Vila R, Santana AI, Pérez-Rosés R et al. Composition and 
biological activity of the essential oil from leaves of 
Plinia cerrocampanensis, a new source of α-Bisabolol. 
Bioresource Technol 2010;101:2510-4.

8. Zhou JN, Huang XE, Ye Z et al. Weekly paclitaxel/Doc-
etaxel combined with a paltinum in the treatment of 
advanced non-samll cell lung cancer: a study on ef-
ficacy, safety and pre-medication. Asian Pac J Cancer 
Prev 2009;10:1147-50.



α-Bisabolol exerts anticancer activity in lung cancer cells1412

JBUON 2018; 23(5): 1412

9. Li CG, Huang XE, Xu L, Li Y, Lu YY. Clinical applica-
tion of serum tumor associated material (TAM) from 
non-small cell lung cancer patients. Asian Pac J Cancer 
Prev 2012;13:301-4.

10. Briskin DP. Medicinal plants and phytomedicines. 
Linking plant biochemistry and physiology to human 
health. Plant Physiol 2000;124:507-14.

11. Tilaoui M, Mouse HA, Jaafari A, Aboufatima R, Chait 
A, Zyad A. Chemical composition and antiproliferative 
activity of essential oil from aerial parts of a medicinal 
herb Artemisia herba-alba. Revista Brasileira de Farma-
cognosia 2011;21:781-5.

12. Bakkali F, Averbeck S, Averbeck D, Idaomar M. Biologi-
cal effects of essential oils–a review. Food Chem Toxicol 
2008;46:446-75.

13. Loizzo MR, Tundis R, Menichini F, Saab AM, Statti GA, 
Menichini F. Cytotoxic activity of essential oils from 
Labiatae and Lauraceae families against in vitro human 
tumor models. Anticancer Res 2007;27:3293-9.

14. Xiao Y, Yang FQ, Li SP, Hu G, Lee SM, Wang YT. Essential 
oil of Curcuma wenyujin induces apoptosis in human 
hepatoma cells. World J Gastroenterol 2008;14:4309.

15. Banday JA, Shah SA, Kanth AH et al. In vitro screening 
for anticancer activity of petroleum ether and ethyl ac-
etate extracts of Conyza canedensis growing in Kashmir 
region. Adv Biomed Pharma 2015;2:82-5.

16. Xiao Y, Feng-Qing Y, Shao-Ping L et al. Furanodiene 
induces G2/M cell cycle arrest and apoptosis through 
MAPK signalling and mitochondria-caspase pathway 
in human hepatocellular carcinoma cells. Cancer Biol 
Ther 2007;6:1044-50.

17. Zhong Z, Chen X, Tan W et al. Germacrone inhibits the 
proliferation of breast cancer cell lines by inducing cell 
cycle arrest and promoting apoptosis. Eur J Pharmacol 
2011; 667:50-5.

18. Takano S, Gately S, Neville ME et al. Suramin, an 
anticancer and angiosuppressive agent, inhibits en-
dothelial cell binding of basic fibroblast growth factor, 
migration, proliferation, and induction of urokinase-
type plasminogen activator. Cancer Res 1994;54:2654-
60.

19. Hennessy BT, Smith DL, Ram PT, Lu Y, Mills GB. Ex-
ploiting the PI3K/AKT pathway for cancer drug discov-
ery. Nat Rev 2005;4:988.


