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ABSTRACT

In the present study, we have investigated the anti-adenocarcinoma potential of isopulegol against human lung adenocarcinoma (A549) cells. 
The cytotoxic effects of isopulegol on A549 were evaluated through MTT assay drug modified morphological analysis. The status of reactive 
oxygen species (ROS) generation, mitochondrial membrane potential (Δψm), and apoptosis induction in A549 cells were identified through 
DCFH-DA, Rh-123, and DAPI staining, respectively. The effect of isopulegol on the activities of antioxidant and lipid peroxidation (LPO) 
enzymes and expression patterns of apoptosis and inflammatory proteins were investigated using the RT-PCR and Western blotting technique 
in the lung cancer cells. The results confirmed that isopulegol has strong cytotoxicity against A549 cells. Moreover, increased ROS generation 
through induced apoptosis in A549 cells was confirmed through DCFH-DA, Rh-123, DAPI, and PI staining. Isopulegol drastically suppressed 
cell proliferation. Decreased levels of the antioxidant and increased level of LPO enzymes were also observed to reduce the level of inflammatory 
markers such as TNF-α and NF-κB. The Cox-2 expression was noted in isopulegol treated A549 cells. Inclusively, the isopulegol noticeably 
stimulated the cytotoxicity through increased ROS and apoptotic protein expressions in lung cancer A549 cells, thus suggesting its potency as 
a viable anticancer agent against human lung epithelial carcinoma (HLEC).
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INTRODUCTION

Lung adenocarcinoma is the most common subtype of non-
small lung carcinomas, which has the highest mortality rate 
(30% or 0.1 million) globally.[1] At present, lung cancer is 
treated using several approaches, such as surgical elimination 
of tumors, chemotherapy, radiotherapy, and therapeutic 
medications, but in some cases, such approaches may fail to 
improve the condition of sarcoma patients, leading to death.[2] 
Even though pulmonary sarcoma is currently largely treated 
by surgical exclusion and medications, the success rate is low, 
with failure to improve the health condition of suffering patient, 
reported. Moreover, medical data showing that <15% of lung 
cancer patients benefited of the aforementioned treatments by 
surviving for ≥5 years.[3,4]

The chemotherapy is an extensively utilized treatment 
strategy of sarcoma in diminishing the number of malignant 
cells through cytotoxic actions of chemotherapeutic agents. 
Typically consecutive chemotherapeutic phases are used to 
reduce the recurrence of malignancy and to enhance treatment 
success. Conversely, in some cases, the chemotherapeutic 
strategy fails to reduce the malignant cells usually at the 
initial stage of treatment, due to drug resistance that may 
have been attained by the cancer patients. In addition, the 
existing chemotherapeutic strategy has less accuracy and 
results in significant toxicity to the normal cells, leading to 
a low survival rate of patients in many cases. Consequently, 
the ineffectiveness of existing chemotherapeutic strategy has 
urged the requisites of the development of novel and effective 
treatment approaches.[5-7]
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Apoptosis is an essential process for the sustained 
development of living things; simply, it is the regeneration 
of cells and depends on the intracellular system.[8] Usually, 
two processes contribute to the apoptotic mechanism, 
including the mitochondrial regulated inherent pathway 
and the endoplasmic reticulum regulated pathway. Both 
pathways are associated with each other and act together 
to support the apoptosis.[9] Oxidative stress is imbalanced 
due to the accumulation of reactive oxygen species (ROS) 
results in cell injury. This excessive ROS increase may occur 
due to several reasons such as the aging process, tobacco 
consumption (smoking and/or masticating), viral infections, 
and harsh chemical exposures.[10] The status of ROS is also 
associated with the oxidative stress that eventually promotes 
cell necrosis through the random destruction of proteins and 
DNA. Hence, it is clear that the apoptosis of tumor cells can 
be stimulated through the increase of ROS.[11] Surprisingly, 
the accretion of the ROS mechanism also highlights 
chemotherapeutic effects since it can mitigate cell necrosis. 
Therefore, the excess ROS accretion may be regarded as 
tumor suppressor mediators.[12]

In the past decades, the exploration of herbal plants has 
been expanded worldwide for the development of novel 
enhanced therapeutic agents for the remedy and prevention 
of sarcoma. Several herbal plant extracts and their derivative 
phytochemicals have been demonstrated to possess strong 
chemoprotective properties against sarcoma through 
antioxidant actions. Therefore, highly reactive species in the 
way of lipid peroxidation (LPO)  which collectively reduce the 
antioxidant actions which leads to the carcinoma.[13,14] In fact, 
numerous findings have highlighted that over 60% of existing 
anticancer drugs were developed using active agents extracted 
from the herbal plants.[15]

Isopulegol (p-Menth-8-en-3-oil, C10H18O) is an important 
active compound. It is monoterpene alcohol derived from 
the grapes, mint, rosemary oil, and numerous plants such as 
Zanthoxylum schinifolium,[16] Corymbia citriodora,[17] Melissa 
officinalis,[18] and Eucalyptus citriodora Hook.[19]. Isopulegol 
can result in favorable pharmacological effects since it 
functions as an antioxidant, anti-epileptic, anticonvulsant, 
spasmolytic, and an analgesic anti-cancer agent.[20,21] Isopulegol 
has also been reported to be useful as a gastroprotective 
agent.[22] The possible molecular mechanism of isopulegol, 
responsible for earlier favorable effects, includes the support of 
endogenous GSH levels, inhibition of LPO,[23] the bioprotective 
effect, and suppression of aggressive factors.[24,25] Meanwhile, 
isopulegol inhibits the growth of non-mutagenic bacterial strain 
Salmonella Typhimurium.[15] Silva[22] demonstrated that the 
isopulegol increased antioxidant and reduced glutathione and 
lipid peroxidation (LPO) activity against pentylenetetrazol-
treated convulsions in mice. However, it is hard to find 
any scientific evidence to support claims of the anti-cancer 

potential of isopulegol in the treatment of human lung epithelial 
carcinoma (HLEC).

Therefore, the current research investigates the anti-cancer 
effect isopulegol on HLEC (A549) cells. We have analyzed 
MTT assay, its ROS synthesis potential, Δψm, oxidative stress 
reduction potential, antioxidant properties, and apoptosis 
induction. 

MATERIALS AND METHODS

Chemicals
Isopulegol, -(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium 
bromide (MTT), rhodamine 123 (Rh‐123), Dulbecco’s 
Modified Eagle Medium (DMEM), acrylamide, sodium 
dodecyl sulfate, 2‐mercaptoethanol, rhodamine-123 (Rh-123), 
3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide 
(MTT), acridine orange (AO), Trizol, ethidium bromide 
(EB), dichlorodihydrofluorescein diacetate (DCFH-DA), 
4′,6-diamidino-2-phenylindole (DAPI), phosphate buffer saline 
(PBS), and propidium iodide (PI) were purchased from Sigma-
Aldrich (USA).

Maintenance of Cell Culture
Human lung cancer (HLC) cells A549 were procured from 
Peking Union Cell Resource Centre (Beijing, China) and 
cultured in DMEM medium containing 10% fetal bovine serum 
(FBS) and 1% antibiotic solution (Sigma-Aldrich, USA). The 
cells were sustained at 37ºC in an atmosphere containing CO2 
(5%). The medium was discarded after 2 days. The cells were 
subcultured using the trypsin-EDTA (Sigma-Aldrich, USA) 
solution to obtain 80% confluence.

Cell Viability
The in vitro cytotoxic effects of isopulegol against A549 cell 
lines were examined by the MTT assay.[26] In brief, the lung 
cancer cells were loaded in 2 × 104 population at 96-well plates 
along with DMEM cell growth medium and sustained at 5% 
of CO2 at 37°C for 24 h. The stock solution of isopulegol was 
dissolved in dimethyl sulfoxide (DMSO) to produce various 
concentrations of isopulegol (5–35 µM/mL), which were 
combined to well plates. The same volume of DMSO was 
utilized for control cells as a positive control. After 48 h, the 
fresh media were loaded with the well plates along with 50 µL 
of MTT stain. The incubation with the nutrient medium was 
replaced with 100 µL of DMSO for the solubilization after 
4 h. Finally, the ultraviolet (UV) absorbance was completed 
at 570 nm using a microplate reader to get the percentages of 
cell viability. All experiments were repeated 3 times, and then 
the IC50 value was determined.

Cell Morphology
For the morphological examination, A549 cells were loaded 
with the 96-well plates at a cell growth rate of 1 × 105. The A549 
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cells were then treated with 15 and 20 µM/ml of isopulegol 
and maintained for 24 h. After the incubation, the A549 cells 
were assessed using an optical microscope to distinguish 
morphological alterations.[27]

Dichlorofluorescein Diacetate (DCFH-DA) Staining
A549 cells were loaded into the 6-well plates at 1 × 106 cells 
per well and sustained for a day. Cells were propagated in the 
DMEM growth medium with 10% of FBS and sustained at 
37°C with CO2 (5%). Then, the medium was excluded and 
replaced with fresh medium containing 15 and 20 µM/ml of 
isopulegol, which were maintained for 24 h. After removing the 
medium, the cells were cleaned with a buffered saline solution. 
Fluorescent staining (DCFH-DA) (10 µg) was subsequently 
added to each well to cover the cells for 25 min to 30 min. 
Finally, the cells were cleaned with chilled buffered saline and 
then examined using a fluorescence microscope.[28]

AO/EB Staining
In brief, 1 × 105 cells were plated in 6-well plates and after 
24 h, exposed to increasing concentrations of isopulegol (15 
and 20 µM/mL) for about 24 h. The A549 cells were cultured 
in a humidified incubator at the temperature of 37°C with 5% 
CO2 for 24 h. The cell nuclei were counterstained with AO/
EB (AO: 100 μg/mL and EB: 100 μg/mL) for 10 min. Finally, 
the cells were examined using a fluorescence microscope for 
excitation at 350 nm and emission at 460 nm.

Rhodamine 123 Staining
The effect of isopulegol at concentrations of 15 µM/ml 
and 20 µM/ml of A549 cells was examined through the 
mitochondrial membrane potential (Δψm) using Rh-123 
staining technique. Furthermore, the cells were seeded in 
each well with 5 × 103 cells/well density in 6-well plates 
and incubated at the temperature of 37°C for the duration 
of 24 h. After removal of the cell culture medium, cells 
were washed using chilled buffered saline. The washed 
cells were then trypsinized and localized on a glass slide 
and stained using Rh-123 staining. Finally, the pattern of 
mitochondrial depolarization of A549 cells was examined 
using a fluorescence microscope at 377–355 nm excitation, 
with filter at ×40.

4,6-Diamidino-2-phenylindole (DAPI) Staining
The apoptosis induction of isopulegol was treated in A549 cells, 
which were examined using the DAPI staining test.[29] First, 
A549 cells were fixed firmly with 4% of paraformaldehyde 
for 2 h, followed to the 48 h of incubation along with 15 
and 20 µM/ml of isopulegol, in that order. Then, cells were 
cleaned with PBS and 0.1% of Triton-X-100 utilized in cell 
permeabilization. Afterward, the cells were stained using 
20 μg/mL of DAPI in a crooked area. Finally, the cells were 
examined using a fluorescence microscope at 350 nm–~360 nm 
excitation and 455 nm–~465 nm emission to detect chromatin 

remodeling or nucleus condensation-induced morphological 
alterations.

Propidium Iodide (PI) Staining
To differentiate between the apoptotic and necrotic cells, the 
PI staining technique was employed. First, the control and 
isopulegol (15 and 20 µM/mL) supplemented A549 cells were 
trypsinized and processed with the ethanol, then cell nuclei 
were stained through mixing 1 mg/mL of PI (BioVision, CA, 
USA) at a temperature of 37°C for 15 min in the dark. Finally, 
the stained lung cancer cells were inspected using an inverted 
fluorescence microscope at ×40 to detect the necrotic and 
apoptotic cells.

Preparation of Cell Suspension
The A549 cells were cleaned with chilled buffered saline, 3 
times and treated using 0.25% of trypsin and 2 mM of EDTA 
along with saline buffer for 10 min, and then, the suspension 
was spun at 6000 rpm for 10 min. After that, the pellet was 
lysed using 50 mM of phosphate buffer (pH – 7.0) before 
ultrasonication for 3 min. The suspension was then spun at 
10,000 rpm for 10 min and the resulting supernatant, utilized 
for the enzymatic investigations.

Biochemical Analysis
The superoxide dismutase (SOD) enzyme activity in the A549 
cell lysate was examined using the technique proposed by Sun 
et al.[29] The enzymatic activity of catalase (CAT) in control 
and isopulegol treated A549 cell lysate was studied using 
the technique described by Goth.[30] The glutathione (GSH) 
enzyme activity in the A549 cells was examined through the 
procedure presented by Rotruck et al.[31] The intensity of MDA 
as an indicator of LPO product thiobarbituric acid reactive 
substances (TBARSs) level was examined through the TBARS 
assay in A549 cell lysate using the technique proposed by 
Buege and Aust.[32]

Western Blotting
A549 cells were treated with isopulegol at a concentration of 
15 and 20 µM/mL for 24 h incubation. After the incubation 
period, the cells were cleaned using buffered saline and 
processed using the cell lysis buffer. The lysed suspension 
was then subjected to the extraction of whole protein samples 
(50 µg) using the sodium dodecyl sulfate polyacrylamide gel 
electrophoresis (10% of SDS-PAGE) technique. The separated 
protein was placed on a polyvinylidene difluoride (PVDF) 
membrane (Bio-Rad, CA, USA) and subsequently blocked 
using fresh, non-fat milk (5%) with TBST at a temperature of 
37°C for a duration of 2 h. Afterward, the PVDF membrane 
was maintained for a night at the temperature of 4°C along 
with relevant primary monoclonal antibodies for p53, Bcl-2-
antagonist of cell death (Bad), B-cell lymphoma-2 (Bcl-2), 
caspase-3,-9, poly(ADP-ribose)polymerase (PARP), and 
β-actin (1:1000) (Invitrogen, Carlsbad, CA, USA). After the 
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addition of the chemiluminescence reagent, the bands were 
examined by densitometry analysis, which were carried out 
on the IISP flatbed scanner and blot examined by TotalLab 
1.11 software.

RT-PCR Technique
Isopulegol challenged A549 cells and the total RNA as control 
were extracted using the RNA extracting kit based on the 
protocol of the manufacturer (Sigma-Aldrich, USA). The 
cDNA was constructed by a commercial kit (Bio-Rad, CA, 
USA) using the extracted RNA from A549 cells. The RT-
PCR was carried out using a commercial PCR kit following 
the manufacturer’s guidelines (Hi-Media, USA). The primer 
sequences of the tumor necrosis factor-alpha (TNF-α), 
interleukin 6 (IL-6), cyclooxygenase-2 (Cox-2), nuclear factor 
kappa B (NF-κB), and β-actin are depicted in Table 1. All tests 
were carried out in triplicate to achieve an accurate result.

Statistical Analysis
Data were presented as mean ± SD and the statistical 
investigations were done using Statistical Package for the 
Social Sciences (SPSS, version 19, IBM, USA). Results of 
biochemical parameters were tested through one-way ANOVA 
after DMRT to assess statistical variations. Data were regarded 
as statistically relevant for values of P < 0.05.

RESULTS

Effect of Isopulegol on A549 Cell Viability
Figure  1a demonstrates that the isopulegol substantially 
inhibited the A549 cell viability in a dose-dependent manner. 
In other words, increasing the concentration of isopulegol also 
resulted in an appropriate increase in inhibitory effects on the 
growth of A549 cells. Isopulegol (20 µM/mL) was observed 
to inhibit 50% of A549 cell growth after test in various 
concentrations (5–35 µM/mL). Therefore, the half maximal 
inhibitory concentration (IC50) was fixed at 20 µM/mL for 
further experiments utilized in additional investigations.

Effect of Isopulegol on A549 Cell Morphology
The synergistic effect of isopulegol on the morphology of 
A549 cells was assessed. Isopulegol affects changes in the 
morphology of A549 cells, as highlighted by changes in the 

shape of cells. A decrease in the cell number (50%) was also 
observed. In addition, isopulegol (15–20 µM/mL) treated A549 
cells have significant morphological changes, including shape 
variations, cell shrinkages, and cell detachments [Figure 1b].

Effect of Isopulegol on Intracellular ROS in A549 
Cells
The improvement of intracellular ROS production on the A549 
cells was examined using DCFH-DA fluorescence staining. 
Figure  2a shows that the isopulegol (15 and 20 µM/mL) 
noticeably increased the intracellular ROS production in the 
A549 cells. A bright green fluorescence reveals the enhanced 
accumulation of intracellular ROS, promoting the apoptotic 
process in the isopulegol treated A549 cells. The untreated 
control cells exhibit none of the green fluorescence that indicates 
the excess generation of intracellular ROS in A549 cells.

Effect of Isopulegol on Mitochondrial Membrane 
Potential (Δψm) in A549 Cells
The isopulegol stimulated alterations in the Δψm of A549 cells 
were examined using the Rh-123 fluorescence staining. The 
increased status of Δψm of A549 cells exhibits bright green 
fluorescence while the diminished levels of Δψm indicate 
weak green fluorescence. Figure  2b demonstrates that the 
control cells have strong green fluorescence; alternatively, the 
isopulegol treated A549 cells have weak green fluorescence. 
The later evidentiary exhibits the decreased value of Δψm of 
A549 cells. Therefore, it is obvious that isopulegol has the 
capability to reduce the Δψm of lung cancer cells.

Effect of Isopulegol on Apoptotic Induction in A549 
Cells
Isopulegol was also assessed to detect the apoptosis stimulating 
effect on the A549 cancer cells by dual (AO/EB) staining 
technique. The AO/EB fluorescence staining method was 
used to find the apoptosis linked nuclear damages during 
the apoptotic process. Figure 3a represents that the untreated 
control cells displayed the AO stained green fluorescence. 
Isopulegol treated A549 cells show an intense EB stained 
orange fluorescence that indicates the late apoptotic stage 
cells. Hence, the test proves that isopulegol has the potential 
to stimulate apoptosis in lung cancer cells. Both concentrations 
(15 and 20 µM/mL) of the isopulegol have induced apoptosis 

Table 1: Primer sequences for RT-PCR
Gene Forward Reverse
NF-κB 5′-ATGGACGATCTGTTTCCCCT-3′ 5′-CGGTTTACTCGGCAGATCTT-3′
Cox-2 5’-TGGGCCATGGAGTGGACTTA-3’ 5’-ATGAGCCTGCTGGTTTGGAA-3’
TNF-α 5′-TCTGGGCAGGTCTACTTTGG-3′ 5′-TCTTCTCAAGTCCTGCAGCA-3′
IL-6 5′-AAACAACCTGAACCTTCCAAAGA-3′ 5′-GCAAGTCTCCTCATTGAATCCA-3′
β-actin 5’-AACCGCGAGAAGATGACCCAGATC 

ATGTTT-3’
5’-AGCAGCCGTGGCCATCTCTTGC 
TCGAAGTC-3’
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Effect of Isopulegol on Changes of Nuclear 
Morphology of A549 Cells
Nuclear fragmentation of the A549 cells was analyzed using 
DAPI staining assay. Figure  3b shows that the isopulegol 
has noticeably altered the nuclear morphology as well as 
the quantity of A549 cells. The bright blue fluorescence has 
been noted in the A549 cells that are treated with isopulegol 
compared to the control A549 cells. Moreover, isopulegol 
treatment efficiently changed the nuclear content, promoting 
A549 cell death. Therefore, earlier observed nuclear changes 
indicate that isopulegol can be used inhibits of lung cancer 
cells.

Effect of Isopulegol-Induced Apoptosis on A549 
Cells
The propidium iodide (PI) is a fluorescence staining and widely 
employed to differentiate the necrotic cells from viable cells. 
PI cannot penetrate the membrane of viable cells, thereby, only 
apoptotic or necrotic cells take up the PI staining. Figure 3c 
shows an intense red fluorescence in the morphology of 
isopulegol treated A549 cells compared to the untreated control 
cells. The intensity of the red fluorescence may be indicative 
of a large number of apoptotic cells. Hence, it is clear that the 
isopulegol treatment has stimulated necrosis in the A549 cells.

in the lung cancer A549 cells and it is confirmed by the intense 
orange fluorescence, compared to the control cells.

Figure 1: Effects of isopulegol on A549 cell viability: (a) Treated with various concentrations of isopulegol and evaluation using MTT assay 
and (b) morphological observation of cells after isopulegol treatment for 24 h

a

b

Figure 2: Effects of isopulegol on intracellular ROS and MMP in 
A549 cells (treated with isopulegol for 24 h). (a) ROS detection 

through DCFH-DA staining and (b) MMP evaluation is using Rh-
123 staining

ba
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Effect of Isopulegol on SOD, CAT, GSH, and 
TBARS Levels in A549 Cells
The effects of isopulegol on the action of antioxidant enzymes 
are shown in Figure  4. The treatment of A549 cells using 
isopulegol results in a noticeable reduction in antioxidant 
enzymes (SOD, CAT, and GSH). Besides, isopulegol also 
encourages the production of LPO product (TBARS) in A549 
cells. The results prove that isopulegol can promote free 
radicals mediated apoptosis in A549 cells.

Effect of Isopulegol on Apoptotic Protein 
Expression in A549 Cells
The Western blot study of isopulegol treated A549 cells reveals 
the status of apoptotic protein expressions, that is, p53, Bad, 
caspase-3 and-9, and PARP. These proteins are the major proteins, 
which are responsible for cell apoptosis. Figure 5 shows that 
isopulegol treatment has significantly enhanced the expression 
level of apoptotic proteins in the A549 cells. It proves that the 
isopulegol can stimulate apoptosis in human lung sarcoma cells.

Effect of Isopulegol on the Expression of 
Inflammatory Modulators in A549 Cells
The expression status of mRNA of inflammatory regulators, 
that is, tumor necrosis factor-alpha (TNF-α), nuclear factor-
kappa B (NF-κB), interleukin-6 (Il-6), and cyclooxygenase-2 
(Cox-2) in the A549 cells was investigated through the RT-PCR 
technique. Figure 6 demonstrates that isopulegol treated A549 
cells have a noticeable reduction in the expression status of 
mRNA of inflammatory regulators than the untreated control 
cells [Figure 6].

DISCUSSION

Lung cancer is the second most dangerous cancers accountable 
for numerous cancer-associated deaths worldwide.[33] In general, 
if the pulmonary sarcoma is diagnosed at a very late stage, many 
lung cancer incidences are no longer treatable by remedial 
methods. Cort et al.[34] demonstrated that the multiple redox – 
various mechanisms implicated in multidrug resistance (MDR) 
prompted signifying redox-active drugs (antioxidants and pro-
oxidants) or suppressor of inducible antioxidant resistance as a 
novel approach to decreased MDR. Cell death can happen if the 
cells get exposed to cytotoxic causes.[35] Normally, two kinds of 
cells are detected frequently, that is, apoptosis and necrosis. The 
apoptotic cells are affected by the various molecular and cellular 
mechanisms such as condensation, fragmentation of DNA, 
blebbing of membranes, and generation of apoptotic bodies. 
To investigate the apoptotic stimulating agents, a fluorescence 
microscopic examination of several stained techniques was 
utilized.[12,36] The determination of the apoptotic level was often 
carried out through fluorescence microscopy, which reveals the 
image of apoptotic bodies and condensed chromatin compared 
to non-apoptotic cells.[36-38]

Oxidative stress condition is a dysfunction of cells that occurs 
due to the accumulation of excessive ROS in the cells, leading 
to cell damage and cell death. To reduce cell damages due 
to excess ROS, free radicals must be converted into other 
non-toxic substances, it is commonly done using antioxidant 
enzymes in normal cells. There is a need to suppress the level 
of the antioxidant enzyme, which eventually leads to elevated 
ROS accumulation, thereby resulting in apoptosis in cancer 

Figure 3: (a-c) Effects of isopulegol induced apoptosis in A549 cells treated with various concentrations of isopulegol (15 and 20 μM/ml) 
for 24 h and the nuclei stained by AO/EB, DAPI, and PI

b ca
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cells.[39,40] In the same way, A549 cells treated with isopulegol 
have markedly suppressed levels of antioxidant enzymes (CAT, 
SOD, and GSH) and eventually elevated levels of the LPO 
product (TBARS).

The dual (AO/EB) fluorescence staining technique was widely 
used to distinguish the nuclear damages due to apoptosis, in 
which the stained cells were examined with a fluorescence 
microscope. It can distinctly differentiate the various stages of 
apoptosis.[41] The DAPI staining is commonly used to detect the 
DNA fragmentation and nuclear condensation, which is directly 
linked to the apoptotic process.[42] The level of intracellular 
ROS synthesis is inspected using the fluorescence dye DCFH-
DA and the MMP level of the treated cells can be visualized 
through the Rh-123 staining method.[43] In the present study, 
the results of fluorescence staining assays demonstrate that the 
isopulegol effectively induces apoptosis through elevated ROS 
accretion and reduced MMP in the A549 cells.

Interestingly, Dragovich et al.[44] highlighted that the treatment 
with imexon, to moderate metastatic cancer and also 
reduction on the GSH status in the cells, thereby promoted the 
overaccumulation of ROS in the patients. Besides, the treatment 
with mangafodipir, a novel adjuvant chemotherapeutic agent, 
particularly blocked the SOD in cancer cells, thus, promoting 
the discharge of H2O2 radicals in cells.[45] Similarly, isopulegol 
possesses the anticonvulsant effect on the pentylenetetrazol-
induced mouse model which increases the activity of 
antioxidants (CAT and GSH) and LPO in brain hippocampus 
of mice. Moreover, chemotherapeutic agents target excess 
accumulation of ROS in cancer cells that were proved on both 
experimental and pre-clinical investigations.[46]

The cells under oxidative stress condition promote the 
expression level of p53 genes that eventually secrete ROS for 

Figure 4: Effects of isopulegol of antioxidant enzymes action on A549 cells treated with different concentrations (15 and 20 μM/ml) of 
isopulegol

Figure 5: Effects of isopulegol on the expression of apoptotic 
markers in A549 cells. (a) Treated with various concentrations of 
isopulegol (15 and 20 μM/ml) and detection of the expressions of 
p53, Bad, Bcl-2, caspase-3 and caspase-9, PARP, and β-actin by 

Western blot and (b) the intensity of the bands expressed as optical 
density (OD) analysis (data presented as mean ± SD and *P < 0.05 

relative to control group)
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cell apoptosis. Conversely, in the normal cells, it reduces the 
secretion of ROS, thereby, guarding the cells against severe 
effects of ROS. Due to this dual action, p53 was regarded as 
a double-edged sword, in additional, it is known as a tumor-
suppressing gene for its effects on inhibiting the ROS and 
promoting the transforming growth factor.[47,48] Reducing 
the uninhibited cell growth of tumors has been regarded as 
a possible way of healing cancer by utilizing the natural cell 
necrotic mechanism. Furthermore, promoting apoptosis in 
malignant cells constitutes a promising non-surgical or non-
radiotherapy approach in cancer treatment. The application of 
apoptosis in cancer treatment has the potential of treating all 
kinds of sarcomas. It was already highlighted that numerous 
new anti-cancer agents targeted the several pathways of 
both intrinsic and extrinsic mechanisms of apoptosis in 
sarcoma cells.[49,50] Dias et al.[21] reported that (-) isopulegol 
epoxide coated bioinspired-metalloporphyrins magnetic 
nanocomposites suppress the growth of human osteosarcoma 
(MG-63) cells.

The stimulation of caspase proteins and BAD proteins is an 
essential approach in the apoptotic mechanism that is mediated 
through Bcl-2 types. The caspases are identified as dormant 
state zymogen and undergo proteolytic stimulation during the 
apoptotic process. Caspase-9 is a mediator in the caspase and 
contributes to the mitochondrial regulated inherent apoptotic 
pathway; also, caspase-3 is a prime factor that prompts the 
investigation of apoptosis.[51] As depicted in Figure  6, the 
expression status of caspase-3 and caspase-9 has significantly 

elevated the expression status of isopulegol treated A549 cells. 
Besides, it suppressed the anti-apoptotic protein, that is, Bcl-2 
expression level in A549 cells. Hence, it proves that isopulegol 
can stimulate apoptosis in A549 cells. The PARP has an essential 
role in the protection of DNA as well as a substrate for the 
caspase-3 that contributes to apoptosis. PARP gets broken-down 
through caspase-3 that directs DNA fragments in apoptosis. We 
noted that isopulegol treatment results in cleaved subsets in 
A549 cells. Thus, the results of the present research have proven 
that the isopulegol can commence and promote apoptosis in 
A549 cells. Besides, a marked reduction in the survival of A549 
cells has been noticed after isopulegol treatment and it may 
be due to the apoptosis induction capacity of isopulegol. The 
DAPI staining cancer cells and Western blotting examination 
of apoptotic protein expression of isopulegol treated A549 cells 
have confirmed the same result.

The NF-κB signaling is a highly imperative pathway for the 
stimulation of transcription of genes for encoding the proteins 
that contribute to complicated apoptotic mechanisms in cells.

The triggered NF-κB has promoted the transcription range of 
anti-apoptotic proteins, for example, Bcl-2 which results in 
the resistance to the chemotherapeutic apoptotic system.[52,53] 
Thus, it is necessary to suppress the NF-κB status in the cancer 
cells. Moreover, the result of RT-PCR analysis confirmed that 
the isopulegol treatment has noticeably suppressed the mRNA 
expression of NF-κB and other anti-inflammatory markers, 
for example, TNF-α, IL-6, and Cox-2 in the human lung 

Figure 6: Effects of isopulegol on the mRNA expression of inflammatory markers in A549 cells. Isopulegol treated with various 
concentrations (15 and 20 μM/ml) of TNF-α, NF-κB, IL-6, and Cox-2 detected by RT-PCR
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adenocarcinoma (A549) cells, which proved the therapeutic 
values of isopulegol.

CONCLUSIONS

The potential benefit of isopulegol as a therapeutic agent that targets 
cell proliferative mechanisms in A549 cells has been demonstrated 
in the present study. The findings of the present research study 
revealed that the isopulegol was highly effective against the A549 
cells. Isopulegol treatment diminished the antioxidant shielding 
system and elevated the intercellular ROS accumulation, therefore, 
promoting apoptotic cell death in lung cancer cells. Isopulegol 
also increases levels of TNF-α and NF-κB in cells. The levels 
of earlier inflammatory mediators were significantly modulated 
in the induced A549 cancer cells, which could be related to the 
ROS increased on the induction of apoptosis. Accordingly, it is 
concluded that isopulegol can be a promising chemotherapeutic 
agent toward the treatment of lung cancer.
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