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Nasopharyngeal carcinoma (NPC) is a less common but destructive cancer. Because of distant metastasis
and deleterious side effects, there is persistent need to identify effective treatment options for nasopha-
ryngeal cancer. In the current research work, the anticancer effects of Abietic acid were evaluated against
the cisplatin resistant nasopharyngeal cancer cells. MTT (3-(4,5-Dimethylthiazol-2-Yl)-2,5-Diphenyltetr
azolium Bromide) assay was executed for monitoring cell proliferation rate. Annexin V/propidium iodide
and acridine orange/ethidium bromide assays were executed to investigate effects on cell apoptosis. Flow
cytometry was employed to observe the effects on different phases of cell cycle. Cancer Cell migration
and cell invasion was checked by transwell assays. Western blotting was done to evaluate impact on pro-
tein expression. It was found that Abietic acid exerts potent antiproliferative against the nasopharyngeal
cancerous cell line and exhibited an IC50 of 20 lM. However the toxic effects of abietic acid in comparison
to cancerous cells were seen to be insignificant against the normal cells. The antitumor impact of abietic
acid was exerted through apoptosis induction and alteration of apoptosis related proteins (Bax, caspase 3
and 9). Abietic acid also caused (ROS) reactive oxygen species arbitrated changes in the MMP (mitochon-
drial transmembrane potential) and triggered cell cycle arrest at G2/M phase. Finally, Abietic acid could
also inhibit the invasiveness of cancer cells and migration of the NPC cells. Abietic acid could also block
the PI3K/AKT/mTOR biochemical signalling cascade in the HNE1 cells which remains a significant thera-
peutic objective of anticancer drugs. In conclusion, the results indicate that abietic acid might be a
promising drug candidate and promising treatment option for nasopharyngeal carcinoma.
� 2019 The Authors. Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Plants which get exposed to harsh environmental conditions
synthesize secondary metabolites to save themselves. These
metabolites have diverse structures and have shown the tendency
to act as drugs in human beings (Antonisamy et al., 2015;
Balamurugan, 2015; Kannan and Agastian, 2015; Rathi et al.,
2015; Newman and Cragg,2016; Valsalam et al., 2019a,b). Diter-
penoids constitute a large group of plant secondary metabolites
and have shown tremendous pharmacological potential (Zhang
et al., 2004). Recent studies about Abietane diterpenoids have
reported that they inhibit the progress of carcinoma cells, for
example, abietane diterpenoids isolated from salvia have revealed
the potential of apoptosis induction via several mechanisms
(Akaberi et al., 2015; Rajkumari et al., 2019; Gurusamy et al.,
2019; Arokiyaraj et al., 2015). Similarly, abietane diterpenoids
from Picea glehni have shown promising anticancer activity
(Kinouchi et al., 2000). Abietic acid is an abietane diterpenoid with
immense pharmacological potential. Although the anti-
inflammatory as well as anti-microbial effects of Abietic acid are
well known (Savluchinske-Feio et al., 2006; Abdulla, 2008), the
anticancer effects of Abietic acid against nasopharyngeal carci-
noma have not been investigated. This current research work
was designed to demonstrate the antitumor impact of abietic acid
against the cisplatin resistant human NPC HNE1 cells. In Southeast
Asia and Southern China NPC is one of the foremost ubiquitous
malignant tumors. The primary stage metastasis of nasopharyngeal
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carcinoma makes it one of lethal cancers (Xiao et al., 2018). Radio-
therapy and cisplatin chemotherapy show synergic effects on
improving the overall five year survival rate to 50–60% (8). Major
burden in currently available treatment strategies are constant
relapses and distant metastasis (Adham et al., 2012). Generally,
surgical removal, systemic chemotherapy or radiotherapy is
employed for nasopharyngeal carcinoma. However owing to the
severe adverse effects of these treatment strategies, the patient’s
quality of life drastically impaired (Chang and Adami, 2006;
Haleshappa et al., 2017). In the current study, the anticancer activ-
ity of abietic acid was examined for the first time against the cis-
platin resistant nasopharyngeal HNE1 cancer cells and the NP69
normal cells. It was established that abietic acid declined the cell
viability of HNE1 cancer cells with minimal effects on the normal
NP69 cells indicative of the selective cancer cells activity of test
molecule (abietic acid). Investigation of the mechanism of the
action of abietic acid revealed that abietic acid triggered apoptotic
cell death of the HNE1 cancerous cells which was also allied with
declination of Bax, caspase-3 and �9 and enhancement of Bcl-2
expressions. However, apoptosis alone could not be responsible
for such a potent anticancer property of abietic acid. Therefore cell
cycle examination of the abietic acid treated HNE1 cells was per-
formed and results showed that abietic acid triggers G2/M arrest.
Cell migration and cell invasion is the initial step for cancer metas-
tasis (Hazan et al., 2000). Herein we observed that abietic acid
could inhibit both migration as well as invasion of the cancer cells
indicative of potent anticancer effects of abietic acid.
Fig. 1. (A) Chemical structure of Abietic acid (B) MTT assay showing the effect of
abietic acid on the viability of the nasopharyngeal carcinoma HNE1 and normal
NP69 cells. The figure depicts that Abietic acid decrease the viability of HNE1 NPC
cells with comparatively lower effects on the normal NP69 cells. Triplicate
repetitions were given to individual experiments and data are expressed as
mean ± SD (*p < 0.05).
2. Materials and methods

2.1. Cell culture conditions

Current study involves HNE1 (nasopharyngeal cancer cell line)
and NP69 (normal nasopharyngeal cell line) which were obtained
from Cancer Research Institute of Beijing (Beijing, China). Dul-
becco’s modified Eagle’s medium bought from Invitrogen Life
Technologies, Massachusetts, USA was used to maintain and cul-
ture procured cell lines. After supplementation of FBS (fetal bovine
serum) (10%) penicillin G (100 U/ml) and streptomycin (100 lg/
ml) (Himedia, Pennsylvania, USA), media was put in a CO2 (5%)
incubator at 37 �C of temperature.

2.2. Cell viability assay

Briefly, 96-well plates were used for seeding of the HNE1 and
the NP69 cells at around 70% confluence and then treated with
0–640 mM of Abietic acid. Afterwards these cells were incubated
for one complete day followed by further incubation with MTT
(2.5 mg/ml) for 4 h. All the media was completely drawn-off after
4 h of incubation and the formazan crystals remaining were solu-
bilized in DMSO (dimethyl sulfoxide) (100 ml). Finally, through
absorbance measurement at 570 nm with spectrophotometer (BD
Biosciences, San Jose, CA, USA) cellular viability of indicated
HNE1 and the NP69 cells was estimated.

2.3. Acridine orange/ethidium bromide (AO/EB) and annexin V/PI
staining assay

For this assay, the cells (with a cell density of 0.6 � 106 cells per
well) were cultured in 6-well plates and then subjected to 12 h of
incubation. Subsequently, the nasopharyngeal cancerous cells
were subjected to abietic acid treatment of increasing doses viz.,
0, 10, 20 and 40 mM for 24 h. Afterwards, glass slides were pre-
pared, loaded with cell culture and then stained with DAPI. The
glass slides laden with cell cultures were then covered with cover
slips and then using a fluorescence microscope (BioTek Instru-
ments, Inc., Winooski, VT, USA,) the cells were analysed. Quantifi-
cation of apoptosis was done with annexin V/PI staining assay
which was performed as reported already (Hua et al., 2018).

2.4. Measurement of ROS (reactive oxygen species) and MMP
(mitochondrial membrane potential)

The HNE1 cells were cultured for 24 h at 37 �C and then treated
with increasing concentrations of abietic acid viz., 0, 10, 20 and
40 mM and then left as such for 12 h. Following drug treatment,
for estimation of ROS generation the abietic acid treated cells were
exposed with DCH-DA (5 lM). MMP estimation were performed
through rhodamine 123 (5 mM) treatment of cells and then the
cells were analysed under flow cytometer (FACSCalibur flow
cytometer, BD Biosciences, San Jose, CA, USA).

2.5. Cell cycle analysis by flow cytometry

The HNE1 nasopharyngeal cells were initially incubated with
increasing doses of abietic acid viz., 0, 10, 20, and 40 mM for 24 h.
Following treatment, the nasopharyngeal cells were stained with
PI (propidium iodide) for 20 min. Staining was followed by cell
cycle phase distribution analysis via FACS flow cytometer (BD Bio-
sciences, San Jose, CA, USA).

2.6. Cell migration and cell invasion assays

The impact of abietic acid on HNE1 nasopharyngeal cells was
examined by using transwell chamber assay, the cells at a density



Fig. 2. Induction of apoptosis in the HNE1 cells by Abietic acid treatment as evident
from the AO/EB staining. The figure depicts that Abietic acid induces concentration
dependent apoptosis in the HEN1 cells. Triplicate repetitions were given to
individual experiments (orange color cells depict early apoptosis and Red color
cells depict late apoptosis).

Fig. 4. Representation of abietic acid exposure on the expression apoptosis
concomitant proteins as illustrated by the western blotting analysis. The figure
depicts that the expression of Bax, caspase-3 and 9 is augmented while as that of
Bcl-2 is dwindled by abietic acid treatment. Triplicate repetitions were given to
individual experiments.
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of 1x104 cells per ml of cell culture were placed in upper chamber
and grown in it with a 8 lm pore size polycarbonate filters. These
chambers were then placed into 24-well plates and then incubated
at 37 �C for 24 h. For invasion assay, a little modification was done
Fig. 3. At each phase of cell cycle Annexin V/PI staining representation of percentage of
increase in the concentration of Abietic acid. Triplicate repetitions were given to individ
and the chambers were covered with extracellular matrix gel
(30 ll) (Sigma Aldrich, USA). After this, swabbing was performed
to separate non-migrated cells as well as non-invaded cells from
other cells. Following this the cells which migrated and invaded
to other parts were fixed with methanol for 30 min followed by
crystal violet staining (0.5%) for about 20 min. The cells were then
apoptotic cells. The figure depicts that the apoptotic cell percentage increases with
ual experiments.



Fig. 5. Fluorescence microscopy of abietic acid treated HNE1 cells showing increase
in ROS and reduction in MMP levels after abietic acid treatment to HNE1 cells. The
figure depicts that Abietic acid increases ROS and decreases MMP concentration
dependently in HNE1 cells. The experiments were performed in triplicates.
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washed with PBS and finally using light microscope, the cells were
counted using 5 random fields.

2.7. Western blotting assay

The HNE1 nasopharyngeal cells were cultured and then har-
vested and then washed twice with ice-cold PBS. Cells were treated
with changing concentrations of abietic acid viz 0, 10, 20, and
40 mM followed by preparation of lysates. Protein content was
measured using BCA assay and separation of 30 lM of proteins
Fig. 6. Impact of Abietic acid on distribution of different phases of the cell cycle of HNE1
G2/M arrest of the HNE1 cells. The experiments were performed in triplicate.
was performed through electrophoresis via SDS-PAGE gels. Elec-
trophoresis was followed by transference to Hybond-C super mem-
brane (Amersham Pharmacia Biotech, Piscataway, NJ). Strictly
sticking to manufacturer’s protocol and under enhanced chemilu-
minescence protein bands were observed.

2.8. Statistical analysis

Whole of the experimental data is presented as mean ± SD. One-
way analysis of variance ANOVA was utilized for data analysis and
for multiple comparisons Student-Newman-Keuls test was used.
P < 0.05 was considered for revealing statistically significant
differences.
3. Results

3.1. Abietic acid inhibits the proliferation of HNE1 NPC cells

The antiproliferative effects of Abietic acid (Fig. 1A) were
inspected on the normal NP69 and HNE1 NPC cells by MTT assay
at concentration stretched from 0 to 640 mM. Abietic acid was
found to hamper the growth and development of the HNE1 cells
concentration dependently (Fig. 1B). The IC50 of Abietic acid
against the HNE1 cells was observed to be 20 mM. However, prolif-
eration rate of NP69 normal cells didn’t alter much after drug expo-
sure. The IC50 of Abietic acid against the normal NP69 cells was
>100 mM (Fig. 1B).
cells as portrayed by flow cytometery. The figure depicts that Abietic acid induces
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4. Abietic acid induces apoptotic cell death of HNE1 cells via ROS
production

AO/EB staining was performed to detect the apoptotic effect by
Abietic acid treated HNE1 cells. It was quite evident that the num-
ber of apoptotic cells amplified on increasing the dose of Abietic
acid as shown by AO/EB (Fig. 2) as well as the annexin V/PI staining
(Fig. 3). Apoptosis allied protein expressions further validated the
apoptosis inducing impact of Abietic acid on HNE1 carcinoma cells.
It was established through results of western blotting analysis that
Abietic acid augmented the manifestation of Bax, caspase-3 and -9
in dose-reliant fashion. Further the manifestation of Bcl-2 dimin-
ished upon Abietic acid treatment (Fig. 4). The ROS and the MMP
levels were measured in the HNE1NPC cells and it was concluded
that abietic acid resulted in considerable production of ROS and
also caused declination in percentage of MMP in HNE1 carcinoma
cells (Fig. 5).

4.1. Abietic acid arrests the HNE1 cells at G2/M phase

To further decipher themechanism of action of anti-proliferative
effects of Abietic acid, flow cytometry was set up to check the cycle
phase distribution of cancerous HNE1 cells at 0, 10, 20 and 40 mM
concentrations of Abietic acid. Results unveiled that with increasing
abietic acid drug concentration the percentage number of cells at
G2/M-phase augmented considerablywith 3.7% (approx.) in control
to 41.2% at 40 mM concentration of Abietic acid (Fig. 6).
5. Abietic acid inhibits cell migration and cell invasion of HNE1
cancer cells

Next, the effect of Abietic acid on the cellmigration and cell inva-
sionof theHNE1cancer cellswas investigatedbywoundhealing and
Fig. 7. Effect of abietic acid on the migration of the HNE1 cells as depicted by
transwell assays. The figure depicts that abietic acid inhibits the migration of the
HNE1 cells. Triplicate repetitions were given to individual experiments and data are
expressed as mean ± SD (*p < 0.05).
transwell assays respectively. The results showed that at IC50, Abi-
etic acid could inhibit the migration of the HNE1 cancer cells
(Fig. 7). Similar trend was perceived in case cell invasion (Fig. 8).

5.1. Abietic acid inhibits the PI3K/AKT/mTORsignalling pathway of
HNE1 cancer cells

PI3K/AKT/mTOR signalling pathway is among important
therupetic targets for the management of cancer. Hence, the
Fig. 8. Effect of abietic acid on the invasion of the HNE1 cells as depicted by
transwell assays. The figure depicts that abietic acid inhibits the invasion of the
HNE1 cells. Triplicate repetitions were given to individual experiments and data are
expressed as mean ± SD (*p < 0.05).

Fig. 9. Representation of Western blotting analysis depicting the effect of abietic
acid over PI3K/AKT/mTOR signalling pathway of HNE1 cells. The figure depicts that
abietic acid blocks the PI3K/AKT/mTOR signalling pathway in HNE1 cells. Triplicate
repetitions were given to individual experiments.
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consequences of Abietic acid treatment was also inspected on this
signalling pathway. The results showed that Abietic acid caused a
significant suppression in the expression of p-PI3K and p-AKT
and p-mTOR dose dependently while no effect was found on total
PI3K, AKT and mTOR protein expression (Fig. 9).
6. Discussion

Nasopharyngeal carcinoma (NPC) is one of the prevalent types
of neck and head malignancy (Seow, 2017). The treatment of
nasopharyngeal carcinoma is obstructed by early metastasis and
the adverse effects of the accessible existing chemotherapeutic
agents (Chen et al., 2018). Moreover with the progress of drug
resistance in NPC cells it is even difficult to overcome NPC
(Wang et al., 2015; Zhang et al., 2014). Plants serve as a pool
of chemical entities that can assist in curbing various diseases
including cancer (Adham et al., 2012). Herein, Abietic acid- natu-
rally available plant extracted diterpenoid, was testified for its
anticancer potency against the HNE1NPC and normal nasopha-
ryngeal NP69 cells. It was found that Abietic acidshowsdose-
dependent growth inhibitory effects on the HNE1 cells. However,
Abietic acid showed relatively less toxic effects over normal NP69
cells. These observations were in agreement with investigations
wherein abietane diterpenoids have been revealed to inhibit the
growth cancer cells (Burmistrova et al., 2013). Previous studies
regarding Abietic acid and its derivatives have also depicted its
suppressive effects on growth and progression of different types
of cancer cells (Lin et al., 2006). Many plant derived molecules
have been reported to interfere with the ROS levels in the cancer
cells (Hua et al., 2018). In the current study, it was found that
Abietic acid triggered the formation ROS in the HNE1 cells and
this was also accompanied by the disruption of MMP. Since,
apoptosis is a vital process to eliminate the cancer cells to main-
tain the tissue homeostasis and (Lopez and Tait, 2015), we car-
ried out AO/EB double staining as well as the annexin V/PI
staining of the Abietic acid treated-HNE1 cells and it was found
that Abietic acid triggered apoptosis in the HNE1 cells. The Abi-
etic acid-induced apoptosis was also accompanied by upsurge
of caspases, 3 and 9 and Bax and decline in Bcl-2. Abietic acid
treatment could also halt the HNE1 cells at cell cycle G2/M-
phase and dose dependently. These observations are also well
supported wherein abietane diterpenoids have been reported to
trigger cell cycle arrest (Chen et al., 2010). The cancer cell migra-
tion and invasion is considered to be imperative for the metasta-
sis of cancer cells. Herein we observed that abietic acid could
inhibit both migration capacity and invasion ability of the
HNE1 cells. Finally, abietic acid could also block the PI3K/AKT/
mTOR signalling pathway in the HNE1 cells which has been
reported to be an essential therapeutic biochemical target of anti-
cancer drugs (Porta et al., 2014).
7. Conclusion

The results indicate that abietic acid targets nasopharyngeal
cancer cells by initiating apoptosis and cell cycle arrest along with
inhibiting cellular invasion and migration and mTOR/PI3K/AKT sig-
nalling pathway.
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