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Abstract
Pancreatic cancer is known to have one of the highest mortality rates among other
cancer. Monoterpenes are natural compounds obtained from essential oils of plants.
Carvacrol is a monoterpene phenolic derived from essential oils of various aromatic
plants. In this study, the effects of carvacrol on proliferation, apoptosis and metastasis
of PANC-1 human pancreatic cancer cells were investigated. XTT assay was used to
determine cell proliferation and viability. mRNA level expression levels of BAX,
BCL2, CASP3, CASP7, CASP8, CASP9, CYCS, FADD, FAS and P53 were
evaluated for determining the effect of carvacrol on apoptosis by qRT-PCR analysis.
In addition, gene expressions of CDH1, CDH2, TIMP1, TIMP2, TIMP3, ZEB1 and
ZEB2 were analyzed to evaluate its effect on metastasis. Carvacrol inhibited the
PANC-1 pancreatic cancer cell proliferation in dose and time dependent manner.
Carvacrol treatment induced apoptosis by changing the expressions of genes
important in apoptosis. Moreover, it suppressed the metastasis by effecting CDH1,
CDH2, TIMP2, TIMP3 and ZEB2 expressions. In conclusion, carvacrol showed
apoptotic and anti-metastatic effects in PANC-1 human pancreatic cancer cells. It is
thereby concluded that carvacrol may have a therapeutic potential in pancreatic
cancer.
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1. INTRODUCTION

Pancreatic cancer ranks seventh in cancer-related deaths in the worldwide (Sung et al.,
2021). It is estimated that 62,210 new cases will be diagnosed and 49,830 patients are expected
to die from the pancreatic cancer in the United States in 2022. The incidence of this disease has
been increasing by approximately 1% per year. Mortality rates from pancreatic cancer have
increased by 0.2% each year in recent years (American Cancer Society, 2022).
High toxicity in cancer treatment may affect the specificity of the treatment. For this
reason, the search for non-toxic treatment methods for normal cells continues. Therefore, it has
been observed that natural compounds can be used clinically and interest in the use of these
compounds in medicine has increased. Monoterpenes are natural compounds obtained from
essential oils of plants (Rejhová et al., 2018). One of these, carvacrol (5-isopropyl-2methylphenol) is a natural bioactive monoterpenoid phenol derived from some aromatic plant
essential oils of Lamiaceae family (Baj et al., 2020). Studies have demonstrated that this natural
compound have anticancer (Li et al., 2021), gastroprotective (Souza et al., 2017), antiinflammatory (Guimarães et al., 2012), antibacterial (Ben Arfa et al., 2006), antioxidant
(Guimarães et al., 2010) and analgesic (Can Baser, 2008) effects. In addition, it was reported
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that carvacrol showed antiproliferative effect in many cancer cells including prostate (Luo et
al., 2016), stomach (Günes-Bayir et al., 2018a), colon (Fan et al., 2015), liver (Yin et al., 2012)
and lung (Koparal and Zeytinoglu, 2003) cancer cells. The anticancer effect of carvacrol
however has not been fully elucidated.
Previously, it was shown that carvacrol suppressed cell viability of human prostate cancer
PC-3 cell line in a dose and time dependent manner. Moreover, it induced apoptosis by
modulating BAX, BCL2 and caspase (CASP) activity (Khan et al., 2019). Khan et al. (2018a)
reported that carvacrol nanoemulsion caused apoptosis induction by elevating BAX,
cytochrome c (CYCS), CASP3 and CASP9 by decreasing BCL2 in doxorubicin resistant human
lung adenocarcinoma A549 cells. Previously, it was stated that carvacrol had an apoptotic effect
by elevating BAX level and downregulating BCL2 expression in U2OS and 143B human
osteosarcoma cells. Moreover, carvacrol suppressed MMP9 expression, invasion and migration
in the same study (Zhang et al., 2021). Liang et al. (2022) showed that carvacrol significantly
decreased leukemia cell viability. In a study, it was reported that carvacrol could contribute to
human Jurkat T cell activity modulation by suppressing IL-2 and IFN-γ levels and also NFAT2 and AP-1 transcription factors (Gholijani et al., 2015). In a previous study, MCF-7, MDAMB-453, MDA-MB-231, BT-474 and BT-483 breast cancer cells were treated with 10-500 μM
carvacrol for 24 h. CCK-8 cell viability assay results showed that carvacrol between 50 and 500
μM dose-dependently suppresses cell viability in all cells. In the same study, it was shown that
200 µM carvacrol treatment caused cell cycle arrest by regulating some cyclin proteins in
MDA-MB-231 cells (Li et al., 2021). In this study, we aimed to investigate possible effect of
carvacrol on cell proliferation and the expression of apoptosis and metastasis related genes in
PANC-1 human pancreatic cancer cells.
2. MATERIAL and METHODS
2.1. Chemicals
Carvacrol was commercially purchased from Tokyo Chemical Industry (TCI). XTT kit
and FBS were obtained from Biological Industries. DMEM, penicillin/streptomycin and PBS
purchased from Gibco. QIAzol and cDNA synthesis kits were obtained from Qiagen and BioRad, respectively.
2.2. Cell Culture
PANC-1 human pancreatic cancer cells (ATCC®CRL-1469TM) were obtained from the
American Type Culture Collection (USA). PANC-1 cells were cultured in DMEM medium
containing 1% penicillin/streptomycin, 10% FBS and 2 mM L-glutamine, and proliferated in
an incubator at 37oC, 5% CO2 and humidified 95% air.
2.3. Cell Viability Assay
PANC-1 cells were treated to prepared carvacrol solutions for 25, 50, 100, 200, 500 and
1000 µM for 24, 48 and 72 h. Carvacrol was dissolved in ethanol. The XTT method was used
to evaluate the cytotoxic effect of carvacrol on PANC-1 cells. XTT test was performed
according to the protocol in our previous study (Secme et al., 2018). IC50 value of carvacrol in
PANC-1 cells was determined by calculating with the CompuSyn Version 1.0 software.
2.4. Total RNA Isolation, cDNA Synthesis and qRT-PCR Analysis
Expressions of important genes in apoptosis (BAX, BCL2, CASP3, CASP7, CASP8,
CASP9, CYCS, FADD, FAS and P53) and metastasis (CDH1, CDH2, TIMP1, TIMP2, TIMP3,
ZEB1 and ZEB2) pathways were evaluated after total RNA isolation and cDNA synthesis.
ACTB was used as housekeeping gene and internal control. Expressions of these genes were
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determined by qRT-PCR analysis using the primers and the protocol described in elsewhere
(Eroğlu-Güneş et al., 2021).
2.5. Statistical Analysis
After three technical replicates, Ct values were obtained and normalized using the
reference gene and the data were shown as mean ± SD. The qRT-PCR analysis was conducted
with the 2(-∆Ct) method. Experimental groups were compared using the independent samples ttest in SPSS 26.0 statistical analysis program. p< 0.05 was considered as statistically significant.
3. RESULTS and DISCUSSION
3.1. Cytotoxic Effect of Carvacrol in PANC-1 Cells
Cytotoxic effect of carvacrol in PANC-1 was determined by XTT assay. Carvacrol
inhibited the cell proliferation of pancreatic cancer cells time and dose dependent manner. The
half maximal inhibitory concentration (IC50) dose of carvacrol in PANC-1 cells was found to
be 664.02 µM for 24 h using CompuSyn version 1.0 software (Figure 1).
Figure 1. Effect of carvacrol on the PANC-1 cell viability. IC50 dose of carvacrol in PANC-1 cells was
found to be 664.02 µM.

Apoptosis is an important cell death mechanism in cancer therapy. Anti-apoptotic BCL2,
pro-apoptotic BAX, apoptotic proteins including CASP3, CASP7, CASP8, CASP9, CYCS,
FADD and FAS play a critical role in regulation of programmed cell death. P53, known as a
tumor suppressor protein and transcription factor, regulates the expression of several genes,
including the cell cycle and apoptosis (Aubrey et al., 2018).
Essential oils obtained from aromatic plants are known to have strong anticancer effects.
In a previous study, it was shown that carvacrol suppressed cell viability in dose and time
dependent manner in human prostate cancer DU145 cells. In the same study, it was reported
that the IC50 dose of carvacrol in these cells was 84.39 µM for 24 h and 42.39 µM for 48 h
(Khan et al., 2017). Günes-Bayir et al. (2018b) showed that IC50 value of carvacrol was 82.57
µM for 24 h in gastric adenocarcinoma AGS cells. In addition, carvacrol has been reported to
induce cytotoxicity, apoptosis and increased reactive oxygen species in these cells. In a previous
study, effects of carvacrol in eight liver hepatocellular carcinoma cell lines were evaluated.
Carvacrol suppressed cell viability of all these cells between 10-300 µM. Hep-G2 was the most
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sensitive cell with inhibition rate 90% at 300 µM. SNU-182 and SNU-389 were least sensitive
cells with 40% inhibition rate at 300 µM (Yin et al., 2022). In another previous study (Heidarian
and Keloushadi, 2019), IC50 dose of carvacrol was 360 μM in PC3 human prostate cancer cells.
Fan et al. (2015) reported that IC50 doses of carvacrol were 544.4 and 530.2 μM in HCT116
and LoVo human colon cancer cells, respectively. Also, the cell viability of HeLa human
cervical cancer cells was suppressed with carvacrol treatment at IC50 dose of 556 µM
(Potočnjak et al., 2018). In a study investigating the effect of carvacrol on ovarian cancer, it
was reported that its IC50 value in SKOV-3 ovarian cancer cells was 322.50 µM at 24 h and
289.54 µM at 48 h (Elbe et al., 2020).
3.2. Expression of Apoptosis Related Genes in Carvacrol Treated PANC-1 Cells
Expression changes of genes in apoptosis pathway were evaluated by using qRT-PCR in
carvacrol treated PANC-1 cells. Carvacrol caused a significant increase in BAX, CASP3,
CASP8, CYCS, FADD, FAS and P53 but a decrease in BCL2 expression. Moreover, it was
also observed that it insignificantly downregulated CASP7 expression but elevated CASP9
expression (Figure 2).
Figure 2. Effect of carvacrol on apoptosis genes in PANC-1 cells. (*, p<0.05)

One of the most important points in the occurrence of cancer is the disruption of the
balance between cell proliferation and apoptosis. Pancreatic cancer is treated with standard
treatment options that cause cell death including chemotherapy and radiotherapy. However, the
side effects experienced in the treatments limit the therapeutic applications. For pancreatic
cancer therapy, it is important to discover novel agents that specifically target cancer cells and
are less toxic to normal cells. Bhakkiyalakshmi et al. (2016) showed that carvacrol induced
apoptosis in HL-60 human acute promyelocytic leukemia and Jurkat human acute T cell
leukemia cells. The IC50 value of carvacrol was reported to be 100 µM for HL-60 cells and 50
µM for Jurkat cells. It was stated that BAX and CASP3 expressions were increased, however
BCL2 expression was downregulated in carvacrol treated cells (Bhakkiyalakshmi et al., 2016).
Khan et al. (2018b) reported that carvacrol nanoemulsion caused apoptosis by effecting proteins
associated with apoptosis including BAX, BCL2, CYCS, CASP3 and CASP9 in A549 human
lung cancer cells. Carvacrol also suppressed proliferation of cervical cancer HeLa cells via
caspase-dependent apoptosis (Ahmad and Ansari., 2021). In a previous study, 300 μM of
carvacrol significantly induced population of apoptosis in both JAR and JEG3 choriocarcinoma
cells compared with nontreated cells by activating expression of BAX, BAK and CYCS (Lim
et al., 2019).
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3.3. Expression of Metastasis Related Genes in Carvacrol Treated PANC-1 Cells
In order to determine the effects of carvacrol on metastasis, changes in CDH1, CDH2,
TIMP1, TIMP2, TIMP3, ZEB1 and ZEB2 gene expression were evaluated by qRT-PCR. The
results showed that carvacrol significantly upregulated CDH1, TIMP2 and TIMP3 expressions.
It also significantly reduced CDH2 and ZEB2 expressions. No significant changes were
observed in ZEB1 expression (Figure 3).
Figure 3. Effect of carvacrol on metastasis genes in PANC-1 cells. (*, p<0.05)

Approximately 80% of pancreatic cancer patients are diagnosed after metastasis and
disease progression due to the late onset of symptoms (Kuehn, 2020). EMT (Epithelial
mesenchymal transition) is an important step in the formation of invasion and metastasis. In the
EMT process, epithelial cells lose their epithelial properties by proteins altering the expression
of cell-cell junction proteins. For example, E-cadherin was downregulated and initiate
expression of mesenchymal-related proteins including N-cadherin (Hay and Zuk, 1995). In
addition, ZEB1 and ZEB2 transcription factors are considered as the main transcriptional
regulators of epithelial mesenchymal transition in this process (Peinado et al., 2007). Carvacrol
application resulted in an elevated E-cadherin (CDH1) level and a downregulation in Ncadherin (CDH2) and vimentin expression on oral squamous cell carcinoma CAL-27 cells in a
previous study (Liu et al., 2021). Heidarian and Keloushadi (2019) reported that carvacrol
significantly reduced invasion in dose dependent manner in PC3 human prostate cancer cells.
In a study, 500 µM doses of carvacrol significantly reduced expression of MMP2 protein in
PC-3 and DU145 prostate cancer cells (Luo et al., 2016). Chen et al. (2015) stated that 561.3
μM IC50 dose for 24 h of carvacrol suppressed the proliferation, migration and invasion in U87
glioblastoma cells. In a previous study, carvacrol significantly suppressed invasion and
migration in human oral squamous cell carcinoma Tca-8113 and SCC-25 cells by inhibiting
MMP2, MMP9, ZEB1 and β-catenin expressions (Dai et al., 2016). It was shown that carvacrol
suppressed cell invasion by decreasing MMP2 and MMP9 expression levels in HCT116 and
LoVo human colon cancer cells (Fan et al., 2015). The results of the present study showed that
increased E-cadherin (CDH1) and decreased N-cadherin (CDH2) and ZEB2 expression may
cause suppression of EMT, an important process in metastasis, by carvacrol. Moreover, it
showed antimetastatic effect by reducing TIMP2 and TIMP3 expressions, which play an
important role in metastasis.
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4. CONCLUSION
In this study, apoptotic and anti-metastatic effects of carvacrol were investigated in
PANC-1 human pancreatic cancer cells. Carvacrol stimulated apoptosis by effecting expression
levels of BAX, BCL2, CASP3, CASP8, CYCS, FADD, FAS and P53 genes. Moreover, it
showed anti-metastatic effect by changing gene expressions of CDH1, CDH2, TIMP2, TIMP3
and ZEB2. In conclusion, further studies are needed to determine whether carvacrol can be used
as an anti-cancer agent in the treatment of pancreatic cancer because of its apoptotic and antimetastatic effect on PANC-1 cells.
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