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Abstract – Objective: The incidence of liver cancer is still high in many countries, including
Iran. Drug resistance and various side effects are the main obstacles to treating this cancer. Herbs,
which are traditionally used, are now widely regarded as treatment options for cancer. Pogostone
is a natural substance isolated from Indian mint (Pogostemon cablin) and has various medicinal
activities. This study aimed to determine the effect of Pogostone on liver cancer cell line (viability,
membrane integrity, and apoptosis).
Materials and methods: The liver cancer cell line was prepared from Pasteur Institute of Iran and
treated with appropriate concentrations of Pogostone. Cytotoxicity was determined by MTT, trypan
blue, and lactate dehydrogenase assay. Apoptosis induction was evaluated by diphenylamine assay,
Annexin V-FITC staining and a Real-time PCR test. Data were analyzed by SPSS statistical software using
Tukey’s test one-way analysis of variance.
Results: After all three time periods, a significant decrease in viability was observed (p <0.05) in
a concentration- and time-dependent manner. The cytotoxicity of Pogostone to liver cancer cells was
in a concentration- and time-dependent manner. Pogostone significantly induced apoptosis compared to control cells (p<0.05). Treatment of liver cancer cells with Pogostone significantly reduced
Bcl-2 gene expression (p<0.05). On the other hand, expression of all three Bax, p53, and caspase 3
genes showed a significant increase after treatment (p<0.05).
Conclusions: Pogostone had a concentration- and time-dependent toxic effect on liver cancer
cells. It induced apoptosis by increasing the Bax to Bcl-2 ratio.
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INTRODUCTION
Cancer is the second leading cause of death worldwide behind cardiovascular disease1. In 2015, approximately 90.5 million people worldwide were
diagnosed with cancer2. In 2019, the annual incidence of cancer increased to 23.6 million people

and 10 million deaths worldwide, representing an
increase of 26% and 21% in the last decade, respectively3.
Liver cancer or hepatocellular carcinoma is a
cancer that occurs in the liver. It can be primary
(originates in the liver) or secondary (liver metastasis). The global liver cancer incidence and mor-
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tality have been increasing4,5. Primary liver cancer is the sixth most common cancer worldwide
and the fourth leading cause of cancer death. In
2018, it occurred in 841,000 people and resulted in
the deaths of 782,000 people worldwide. Higher
rates of liver cancer occur where hepatitis B and
C are prevalent, including in Asia and sub-Saharan Africa. Men are more likely than women to
develop liver cancer. Most diagnoses are between
the ages of 55 and 656,7. Most of the patients are
currently diagnosed at advanced stages of the disease and are not suitable candidates for surgical
resection of the tumor. Systemic chemotherapy
with cytotoxic agents (5-Fluoracil, doxorubicin,
cisplatin, and oxaliplatin) and targeted therapy
with the tyrosine kinase inhibitor sorafenib are
the main approaches for these patients; however,
chemotherapy resistance, adverse effects and high
costs remains are the major obstacles8. Extensive
studies have been carried out in the last few decades to enhance the efficacy of anticancer drugs
by overcoming chemoresistance.
Over the past millions of years, a large number of natural products have been used to treat a
variety of ailments, despite the lack of scientific
confirmation of their effectiveness and safety9.
Following the development of various therapeutic side effects and drug resistance, conventional drugs are ineffective for the complete cure of
some diseases. Thus, efforts are underway to
find new drugs to complement or replace conventional therapies. Some plants have anti-cancer agents whose derivatives have been proven
to be used to treat or prevent cancer in humans.
In the 1950s, scientists began a systematic study
of natural products as a source of beneficial anti-cancer substances. It has recently been suggested that the use of natural products has been
the most successful strategy in the discovery of
new drugs10,11.
Indian mint (Pogostemon cablin) is a species
of flowering plant in the Lamiaceae family, commonly referred to as the mint or nettle family. It
is native to the island region of Southeast Asia
including Sri Lanka, Indonesia, the Malay Peninsula, New Guinea, and the Philippines, and is
also found in many parts of northeastern India12.
Pogostone is one of the main components of Indian mint and has various biological activities.
Pogostone has been reported to have potent anti-fungal, anti-bacterial, anti-inflammatory, and
pesticide activities. Studies of its pharmacokinetic properties showed that Pogostone is readily
absorbed with high bioavailability after oral administration13.
Surgery, chemotherapy, and radiation therapy
are common methods of treating most cancers.
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Liver tumors usually do not respond to chemotherapy, and chemotherapy has many side effects.
Therefore, efforts to discover new therapies are
always ongoing. The present study aimed to investigate the effect of Pogostone on the liver cancer cell line.

MATERIALS AND METHODS
Cell culture and treatment
For this experimental in vitro study, HepG2
cell line was obtained from the Pasteur Institute (Tehran, Iran) and cultured in Roswell Park
Memorial Institute-1640 medium (Gibco, Grand
Island, NY, USA), supplemented with 10% fetal bovine serum (FBS) (Invitrogen, Carlsbad,
CA, USA). The cell culture was maintained at
37°C with 5% CO2 in a humidified atmosphere.
Pogostone (Sigma-Aldrich, St. Louis, MO, USA)
was dissolved in dimethyl sulfoxide (DMSO)
(Gibco, Grand Island, NY, USA) to a concentration of 3 mg/ml. The cells were treated with 1,
2, 4, 8, 16, 32, 64, and 128 µg/ml of Pogostone
for 24, 48, and 72 hr for trypan blue, MTT, and
lactate dehydrogenase tests. They were treated
with the half-maximal inhibitory concentration
(IC50) concentration of Pogostone for 24 hr for
apoptosis tests. The study was approved by the
Ethical Committee of Kermanshah University of
Medical Sciences, Kermanshah, Iran (Code: IR.
KUMS.MED.REC.1400.032).
Cell viability tests
The cells were seeded in a 96-well plate and incubated overnight to adhere to the bed. They
were treated with Pogostone. For trypan blue
staining, after trypsinization, the cell suspension
was mixed with trypan blue stain solution (0.4%)
(Sigma-Aldrich, St. Louis, MO, USA) and incubated for 3 min at room temperature. A drop of
the trypan blue/cell mixture was applied to a hemacytometer. The unstained (viable) and stained
(nonviable) cells were counted by a microscope.
The percentage of cell viability was calculated by
dividing the number of viable cells by the number
of total cells×100.
For 2,5-diphenyl-2H-tetrazolium bromide
(MTT) assay 50 μl of MTT solution (5 mg / 1 ml)
(Sigma-Aldrich, St. Louis, MO, USA) was added
to each well and incubated in the dark. After 4 hr,
100 µl of DMSO was added to each well and the
plate was placed on a shaker at room temperature
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for 20 min. Absorbance was read at a wavelength
of 570 nm against a reference wavelength of 630
nm using a plate reader and the percentage of cell
viability was calculated by dividing the absorbance of the treated group by the absorption of
the control group×100.
The IC50 values were calculated using GraphPad Prism version 6 software (La Jolla, CA, USA).
Cytotoxicity assay
This study was performed using the lactate dehydrogenase activity kit (Abcam Inc., Cambridge,
MA, USA). After treatment, the medium on the
cells was removed and after centrifugation, 50 μl
of supernatant of each sample was added to the
wells of a 96-well plate, and lactate dehydrogenase activity was measured per the kit instructions and using the standard nicotinamide adenine dinucleotide curve.
Apoptosis tests
After treatment, the cells were trypsinized and
counted after centrifugation. 105 × 5 cells were
suspended in 500 μl of binding buffer (BioLegend, London, UK). 5 μl of annexin V-FITC
(Abcam Inc., Cambridge, MA, USA) and 5 μl of
Propidium Iodide (Sigma-Aldrich, St. Louis, MO,
USA) were added. Samples were incubated in
the dark at room temperature for 5 min. Finally,
10,000 cell events in each sample were analyzed
by DML program.
The percentage of DNA fragmentation after treatment was determined by diphenylamine
assay as described by Cohen and Duke and the
absorbance of samples was measured at 600 nm
using a spectrophotometer.
Gene expression analysis
Apoptosis-related gene expression levels were
evaluated by Real-time PCR. After treatment,
total RNA was extracted from cells by TRIzol
reagent (Thermo Fisher Scientific, Waltham,
MA, USA). The quantity and quality of the
RNAs were verified by nanodrop spectrophotometer and electrophoresis using 1% agarose
gel, respectively. Complementary DNA was synthesized using a cDNA synthesis kit (Vivantis
Technologies, Selangor DE, Malaysia) according
to the manufacturer’s protocol. Glyceraldehyde
3-phosphate dehydrogenase (GAPDH) served
as an internal control. Real-time PCR was per-

formed using SYBR Premix Ex Taq Technology (TaKaRa Bio Inc., Otsu, Shiga, Japan) on the
Applied Biosystems StepOne Real-time PCR
System. Gene expression analyses was quantified according to the 2−∆Ct method. All the primers were designed using GeneRunner software
and checked in NCBI Primer Blast. The primer
sequences were as follows:
— Bax Forward: 5´-CCTGTGCACCAAGGTGCCGGAACT-3´
— Reverse:
5´-CCACCCTGGTCTTGGATCCAGCCC-3´
— Bcl-2 Forward: 5´-TTGTGGCCTTCTTTGAGTTCGGTG-3´
— Reverse:
5´-GGTGCCGGTTCAGGTACTCAGTCA-3´
— p53 Forward: 5´-TAACAGTTCCTGCATGGGCGGC-3´
— Reverse: 5´-AGGACAGGCACAAACACGCACC-3´
— Caspase 3 Forward: 5´-CAAACTTTTTCAGAGGGGATCG-3´
— Reverse: 5´-GCATACTGTTTCAGCATGGCAC-3´
— GAPDH Forward: 5´-TCCCTGAGCTGAACGGGAAG-3´
— Reverse:
5´-GGAGGAGTGGGTGTCGCTGT-3´
Statistical analysis
The tests were repeated at least three times independently. All data are expressed as means ±
standard deviation (SD). Comparisons between
groups were performed by Tukey’s test one-way
analysis of variance and differences were considered significant when p<0.05.

RESULTS
The effect of Pogostone on cell viability
The effects of different concentrations of Pogostone on cell viability after 24, 48, and 72 hr
were measured by Trypan blue and MTT tests
(Figure 1). After all three time periods, a significant decrease in viability was observed in
all concentrations ( p<0.05). This decrease was
in a concentration- and time-dependent manner. The IC50 values calculated in trypan blue
test were 38.38±4.15, 19.43±4.37, and 2.01±0.17
μg/ml, respectively, and in MTT test were
15.72±2.82, 13.89±2.2, and 2.36±1.22 µg/ml for
24, 48 and 72 hr.
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Fig. 1. Effect of Pogostone on the viability of liver cancer cells. Cell viability was assessed by (A) trypan blue staining and (B)
MTT assay after 24, 48 and 72 hr. Control cells received the same volume of drug-free medium. *** Indicates p<0.001 compared
to control.

The cytotoxic effect of Pogostone
As shown in Figure 2, the cytotoxicity of Pogostone to liver cancer cells was in a concentrationand time-dependent manner. This toxicity after
24 hr at concentrations of 8, 16, 32, 64 and 128
µg/ml, after 48 hr at concentrations of 4, 8, 16,
32, 64 and 128 µg/ml, and after 72 hr at concentrations of 2, 4, 8, 16, 32, 64 and 128 μg/ml, was
significant (p<0.05).
The effect of Pogostone on cell apoptosis
Percentage of intact cells, early apoptosis, late
apoptosis, and necrotic cells after treatment with
IC50 concentration for 24 hr showed that there
were significant differences between treated and
control cells. The results showed that 98.2% of the
control cells were live, 0.24% were early apoptot-

ic cells, and 0.28% were late apoptotic cells. The
treatment group showed a significant increase
in early (28.6%) and late (3.28%) apoptotic cells
(Figure 3).
The results of diphenylamine assay showed
that Pogostone significantly induced apoptosis
compared to control cells (p<0.05) (Figure 4).
The effect of Pogostone
on the expression of Bax, Bcl-2, p53,
and caspase 3 genes
Gene expression assays showed that treatment
of liver cancer cells with IC50 concentration of
Pogostone for 24 hr significantly reduced Bcl2 gene expression (p<0.05). On the other hand,
expression of all three Bax, p53, and caspase 3
genes showed a significant increase after treatment (p<0.05) (Figure 5).

Fig. 2. Pogostone toxicity
on liver cancer cells after
24, 48 and 72 hr was examined by lactate dehydrogenase activity assay. The
control group cells received the same volume of
drug-free medium. * Indicates p<0.05 and *** indicates p<0.001 compared to
controls.
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Fig. 3. The rate of apoptosis in liver cancer cells was
measured by flow cytometry after 24 hr treatment
with Pogostone. Control
cells received serum-free
culture medium.

Fig. 4. Effect of Pogostone on the apoptosis of liver cancer cells. Cell apoptosis
was assessed by Diphenylamine assay
after 24 hr. Control cells received the
same volume of drug-free medium. ***
Indicates p<0.001 compared to control.

Fig. 5. The effect of Pogostone on the expression
of apoptotic genes in liver
cancer cells. Gene expression was assessed after 24
hr of treatment with IC50
concentration, and control
group cells received the
same volume of drug-free
medium. *** Indicates
p<0.001 compared to control.
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DISCUSSION
In this project, the effect of Pogostone on the viability of liver cancer cells was first investigated.
The results showed that after all three periods of
treatment, the viability of the cells gradually decreased with increasing Pogostone concentration
and time (p<0.05). Also, lactate dehydrogenase activity assay in cell culture medium after treatment
and comparison with the control group showed that
this decrease in viability was associated with cell
membrane damage. In the later stages, cell death is
accompanied by loss of membrane integrity and release of the cytoplasm contents out of the cell. Lactate dehydrogenase is a relatively stable enzyme
that is measured to assess the presence of damage
or toxicity to cells in cell culture media14.
In a study, the anti-tumor activity of Pogostone on colorectal cells was evaluated in vitro
using MTT assay. Pogostone showed significant
anti-tumor activity against human colorectal cancer cell lines, particularly HCT11615 which confirms our results. The level of IC50 obtained in
this study was lower than in our study, which can
be attributed to differences in the type and origin
of the cell lines. Our data showed that Pogostone
induced apoptosis in the liver cancer cell line.
The ability to induce apoptosis and autophagy by
this compound in the colorectal cell line was also
investigated by Annexin V, tunnel test, transmission electron microscopy, and mRFP-GFP-LC3
fluorescence analysis. Results showed that Pogostone induced autophagy and apoptosis by regulating the expression of LC3-dependent, caspase-3,
and caspase-7, and reduction of AKT / mTOR
phosphorylation15. The induction of apoptosis in
this study is consistent with our results.
Also in vivo, the anti-tumor effect of Pogostone
was tested. 150 mg/kg Pogostone inhibited HCT116
tumor growth in immunocompromised mice with
a 43.3% inhibition rate, reduced Ki67 expression,
and induced apoptosis within three days15.
The toxicity of Indian peppermint extract on
some cancer cells has been confirmed in other studies. The plant suppressed cell growth in a dose-dependent manner in colorectal cancer cells HCT116
and SW480. In addition, it reduced cell growth in
MCF7, BxPC3, PC3, and HUVEC cells. Exposure
of HCT116 and SW480 cells activated p21 expression and suppressed the expression of cyclin D1 and
cyclin-dependent kinase 4 (CDK4) in a dose-dependent manner. In addition, it decreased the expression of histone deacetylase 2 and the activity
of c-myc and HDAC enzymes. The plant induced
NF-κB transcriptional activity by increasing P65
nucleus translocation. These findings suggested
that the plant exerted anti-cancer activity by reduc6

ing cell growth and increasing apoptosis in human
colon cancer cells. Proposed mechanisms included
inhibition of HDAC2 expression and HDAC enzyme activity and subsequent reduction of c-myc
regulation and activation of the NF-κB pathway16.
The compound, isolated from peppermint oil,
also exerts anti-tumor activity against the ability
of A549 human lung cancer cells, both in vitro and
in vivo. Measurement of caspase activity showed
that caspase-9 and caspase-3 activated mitochondrial-mediated apoptosis. Continuously, this substance inhibited xenograft tumors in the body.
Further investigation of the underlying molecular
mechanism showed that the MAPK and EGFR
pathways may contribute to the anti-tumor effect17.
Molecular studies showed that the mRNA expression of two apoptosis-promoting genes (p53,
Bax, and caspase-3) is significantly increased
by Pogostone. Also, the expression of Bcl-2 (anti-apoptotic gene) decreased after treatment.
Many proteins with anti-apoptotic and
pre-apoptotic activity have been reported. The ratio between these proteins plays an important role
in regulating cell death. The Bcl-2 family of proteins consists of anti-apoptotic and pro-apoptotic
proteins that play an important role in the regulation of apoptosis. These proteins act mainly on
the mitochondrial level. All members of the Bcl-2
family are located in the outer membrane of the mitochondria, where they are demyelinated and are
responsible for membrane permeability by forming
ion channels or by creating pores in the membrane.
Bcl-2 is the first known protein in this family to
be encoded by the BCL-2 gene on chromosome
18q21, which inhibits apoptosis without affecting
cell proliferation. Bax protein is a member of the
Bcl-2 family and promotes apoptosis. Bax / Bcl-2
ratio determines the occurrence of apoptosis in the
cell. In many human cancers, Bcl-2 expression is
increased, while Bax expression is decreased. This
factor causes most cancer cells to become resistant
to stimuli, including chemotherapy drugs18.
The results of our studies showed that after 24
hr of treatment, decreased Bcl-2 expression, and
increased Caspase 3 and Bax expression were observed. Bax/Bcl-2 mRNA ratio was increased in
liver cancer cells after treatment. Therefore, the
expression ratio of pre-apoptotic to anti-apoptotic
proteins had changed to perform apoptosis.
CONCLUSIONS
Pogostone showed anti-cancer effects on liver
cancer cells, which were associated with induction of apoptosis by increasing Bax/Bcl-2 expression.

THE ANTI-LIVER CANCER EFFECT OF POGOSTONE

Financial

support:

This study was funded in full by the Vice-Chancellor for
Research of Kermanshah University of Medical Sciences,
grant number [4000677].

Acknowledgement:

The authors want to thank the vice-chancellor for research
of Kermanshah University of Medical Sciences for financial
supported.

Conflict

of

Interests:

The authors have no conflicts of interest to declare that are
relevant to the content of this article.

Author

   8.

contributions:

D. R. designed the experiments, supervised the research,
and co-authored the manuscript. S. A, and H. N. performed
the cell culture experiments. C. J. analysed data, wrote the
manuscript and carried out one gene expression analysis of
this work. All authors read and approved the final manuscript.

  9.
10.
11.

REFERENCES
  1. Nagai H, Kim YH. Cancer prevention from the perspective of global cancer burden patterns. J Thorac
Dis 2017; 9: 448-451.
  2. GBD 2015 Disease and Injury Incidence and Prevalence Collaborators. Global, regional, and national
incidence, prevalence, and years lived with disability
for 310 diseases and injuries, 1990-2015: a systematic
analysis for the Global Burden of Disease Study 2015.
Lancet 2016; 388: 1545-1602.
  3. Fendt SM, Frezza C, Erez A. Targeting Metabolic
Plasticity and Flexibility Dynamics for Cancer Therapy.
Cancer Discov 2020; 10: 1797-1807.
   4. Bruix J, Han KH, Gores G, Llovet JM, Mazzaferro V. Liver cancer: Approaching a personalized care. J Hepatol
2015; 62: S144-56.
   5. Mantovani A, Targher G. Type 2 diabetes mellitus and
risk of hepatocellular carcinoma: spotlight on nonalcoholic fatty liver disease. Ann Transl Med 2017; 5: 270.
   6. Bray F, Ferlay J, Soerjomataram I, Siegel RL, Torre LA,
Jemal A. Global cancer statistics 2018: GLOBOCAN
estimates of incidence and mortality worldwide for 36
cancers in 185 countries. CA Cancer J Clin 2018; 68:
394-424.
   7. Global Burden of Disease Liver Cancer Collaboration,
Akinyemiju T, Abera S, Ahmed M, Alam N, Alemayohu
MA, Allen C, Al-Raddadi R, Alvis-Guzman N, Amoako
Y, Artaman A, Ayele TA, Barac A, Bensenor I, Berhane
A, Bhutta Z, Castillo-Rivas J, Chitheer A, Choi JY, Cowie B, Dandona L, Dandona R, Dey S, Dicker D, Phuc H,
Ekwueme DU, Zaki MS, Fischer F, Fürst T, Hancock J,
Hay SI, Hotez P, Jee SH, Kasaeian A, Khader Y, Khang
YH, Kumar A, Kutz M, Larson H, Lopez A, Lunevicius

12.

13.

14.
15.

16.

17.

18.

R, Malekzadeh R, McAlinden C, Meier T, Mendoza
W, Mokdad A, Moradi-Lakeh M, Nagel G, Nguyen Q,
Nguyen G, Ogbo F, Patton G, Pereira DM, Pourmalek
F, Qorbani M, Radfar A, Roshandel G, Salomon JA,
Sanabria J, Sartorius B, Satpathy M, Sawhney M,
Sepanlou S, Shackelford K, Shore H, Sun J, Mengistu
DT, Topór-Mądry R, Tran B, Ukwaja KN, Vlassov V,
Vollset SE, Vos T, Wakayo T, Weiderpass E, Werdecker
A, Yonemoto N, Younis M, Yu C, Zaidi Z, Zhu L, Murray
CJL, Naghavi M, Fitzmaurice C. The Burden of Primary
Liver Cancer and Underlying Etiologies From 1990 to
2015 at the Global, Regional, and National Level: Results From the Global Burden of Disease Study 2015.
JAMA Oncol 2017; 3: 1683-1691.
Duan B, Huang C, Bai J, Zhang YL, Wang X, Yang J,
Li J. Multidrug Resistance in Hepatocellular Carcinoma.
In: Tirnitz-Parker JEE, editor. Hepatocellular Carcinoma
[Internet]. Brisbane (AU): Codon Publications; 2019
Oct 24. Chapter 8.
Mann J. Natural products in cancer chemotherapy:
past, present and future. Nat Rev Cancer 2002; 2:
143-8.
Cragg GM, Newman DJ. Plants as a source of anti-cancer agents. J Ethnopharmacol 2005; 100: 72-9.
Tulp M, Bohlin L. Functional versus chemical diversity:
is biodiversity important for drug discovery? Trends
Pharmacol Sci 2002; 23: 225-31.
Swamy MK, Sinniah UR. A Comprehensive Review on
the Phytochemical Constituents and Pharmacological
Activities of Pogostemon cablin Benth.: An Aromatic
Medicinal Plant of Industrial Importance. Molecules
2015; 20: 8521-47.
Li QQ, Huo YY, Chen CJ, Zeng ZY, Xu FR, Cheng YX,
Dong X. Biological Activities of Two Essential Oils from
Pogostemon cablin and Eupatorium fortunei and Their
Major Components against Fungi Isolated from Panax
notoginseng. Chem Biodivers 2020; 17: e2000520.
Kumar P, Nagarajan A, Uchil PD. Analysis of Cell Viability by the Lactate Dehydrogenase Assay. Cold Spring
Harb Protoc 2018; 2018: 6.
Cao ZX, Yang YT, Yu S, Li YZ, Wang WW, Huang J,
Xie XF, Xiong L, Lei S, Peng C. Pogostone induces
autophagy and apoptosis involving PI3K/Akt/mTOR
axis in human colorectal carcinoma HCT116 cells. J
Ethnopharmacol 2017; 202: 20-27.
Tsai CC, Chang YH, Chang CC, Cheng YM, Ou YC,
Chien CC, Hsu YC. Induction of Apoptosis in Endometrial Cancer (Ishikawa) Cells by Pogostemon cablin
Aqueous Extract (PCAE). Int J Mol Sci 2015; 16: 1242435.
Lu X, Yang L, Lu C, Xu Z, Qiu H, Wu J, Wang J, Tong J,
Zhu Y, Shen J. Molecular Role of EGFR-MAPK Pathway
in Patchouli Alcohol-Induced Apoptosis and Cell Cycle
Arrest on A549 Cells In Vitro and In Vivo. Biomed Res
Int 2016; 2016: 4567580.
Koka PS, Mondal D, Schultz M, Abdel-Mageed AB,
Agrawal KC. Studies on molecular mechanisms of
growth inhibitory effects of thymoquinone against
prostate cancer cells: role of reactive oxygen species.
Exp Biol Med (Maywood) 2010; 235: 751-60.

7

