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ABSTRACT

Ovarian cancer is the seventh most common cancer worldwide in women. Many anticancer drugs
are currently used clinically have been isolated from plant species or are based on such sub-
stances. Thymol (5-methyl-2-isopropylphenol) and carvacrol are oxygenated aromatic compounds
from the monoterpene group. They are the main constituents of thyme essential oil and show
antiproliferative, antioxidant, and antiseptic properties. The aim of this study is to compare the
antiproliferative and apoptotic effects of thymol and carvacrol on SKOV-3 ovarian cancer cell line.
The cancer cells were treated with different concentrations of thymol and carvacrol (100, 200, 400,
600 uM) at 24 h and 48 h durations. The cell viability was investigated by MTT assay and analysis
of apoptosis with annexin V assay was determined. The study show that thymol and carvacrol
significantly induced apoptosis in all groups as dose and time-dependent (p < .05). The data in the
present study demonstrated that thymol and carvacrol have apoptotic and antiproliferative
properties in a concentration-dependent manner toward ovarian cancer cells. SKOV-3 cancer
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cell line was much more sensitive to the toxic effect of thymol than carvacrol.

Introduction

Ovarian cancer is the seventh most common can-
cer worldwide in women. It is the second most
common malignancy after breast cancer in women
over the age of 40, and the fifth leading cause of
cancer-related death in women and the most fatal
gynecologic cancer particularly in developed
countries." Ovarian cancer is rare in young
women, particularly under the age of 30; risk
increases with age, with the occurrence spiking
drastically after the age of 50, the maximum inci-
dence occurs in the 80- to 84-year old and average
diagnosis between the ages of 50 and 70 years."”
Epithelial ovarian cancer (EOC) is a relatively
common one.” Although the cause of EOC is not
known, it is thought to occur as a result of the
accumulation of genetic damage at the cellular
level, but the reason for the occurrence of this
damage is not fully defined.* While the role of
some factors, such as parity, is well defined, the
role of others, such as the exogenous administra-
tion of gonadotrophins, remains far more

controversial. Treatment of EOC was mainly by
surgery, combined with chemotherapy.’

Several agents including life habits, exposure to
chemical agents, and diet have been correlated with
the risk of cancer development.’ Besides, pharmaco-
logical or nutritional intervention can significantly
affect patients’ quality of life by delaying cancer
progression.’ Therefore, the role of dietary compo-
nents in the prevention of the onset and progression
of cancer is an area of scientific and clinical interest.”
The plant-derived products are expected to induce
lesser side effects compared to synthetic drugs.®
Many anticancer drugs currently used clinically have
been isolated from plant species based on their
substances.” A plant-derived compound, essential
oils are one among of the most valuable plant pro-
ducts used in medicine and complementary treatment
strategies.8

Extensive researches about biologically active com-
pounds from essential oils have proven to be potential
antibacterial, antifungal and antioxidant agents.'
Accumulating data has revealed the anticarcinogenic
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activity of plant-derived monoterpenes.** Thymol
(2-isopropyl-5-methylphenol) is a major phenolic
compound that is present in the essential oils of
various  plants, including Thymus  vulgaris
(Lamiaceae)."'* Several biological properties were
reported for thymol that it has antiinflammatory,
antibacterial, antispasmodic, wound healing and anti-
oxidant effects. It is also an active compound for the
inhibition of cancer cells.''”"* Thymol is a major phe-
nolic compound present in the essential oil of Thymus
vulgaris."">

Carvacrol is a natural-bioactive monoterpenoid
phenol, which is found in essential oils of the family
Lamiaceae, including the genera Origanum and
Thymus."®'® Previous studies have demonstrated
that carvacrol has antiangiogenic, analgesic, antioxi-
dant,  antimicrobial, and  anti-inflammatory
properties.'®'***  Furthermore, carvacrol  was
reported to have an antiproliferative effect on liver,
lung, colon, and breast cancer cell lines.'***%*

In this study, we compared the anticarcinogenic
and apoptotic effects of thymol and carvacrol on
SKOV-3 ovarian cancer cell line. We also expected
to reveal that the ultrastructural morphology of the
cell surface of SKOV-3 cancer cells after exposure to
these monoterpene phenols and investigated the
potential underlying mechanisms involved in these
effects.

Materials and methods

Opvarian epithelial adenocarcinoma cell line (SKOV-3,
ATCC® HTB-77"™) were purchased from American
Type Culture Collection (ATCC) (Rockville,
Maryland, USA). Cells were cultured in RPMI 1640
(Lonza, Basel, Switzerland) culture medium contain-
ing 10% heat-inactivated fetal bovine serum (Gibco,
Invitrogen Life Technologies, Paisley, UK), and 1%
penicillin/streptomycin  (Sigma-Aldrich, St Louis,
MO, USA). Cells were cultured in 25 cm? polystyrene
flasks (Corning Life Sciences, UK) and maintained in
an incubator at 37°C in a humidified atmosphere in
the presence of 5% CO,. Growth and morphology
were checked microscopically daily to ensure cell
health. Cells were passaged when they had reached
approximately 80% confluency. Cells were harvested
using 0.05% trypsin-EDTA (Sigma-Aldrich) and cen-
trifuged (Nuve NF200; Laboratory and Sterilization
Technology, Ankara, Turkey) after the addition of

RPMI 1640 for trypsin inactivation. After centrifuga-
tion, they were resuspended in a culture medium.
Thymol (Sigma-Aldrich, 16254) and carvacrol
(Sigma-Aldrich, 282197) were prepared as a 4 mM
stock solution in dimethyl sulfoxide (DMSO). The
DMSO concentration in the assay did not exceed
0.1% and was not cytotoxic to the cancer cells.

Cell viability assay

The viability of the cells was evaluated with the
MTT  3-(4,5-Dimethylthiazol-2-yl)-2,5-Diphenyl
tetrazolium Bromide) assay. Briefly, cells were
seeded in triplicate in 96-well plates at a density
of 2 x 10" cells/well. Cells were incubated for 24 h
before to treat with thymol and carvacrol to main-
tain the adhesion and then 100 uM, 200 pM,
400 uM ve 600 uM doses of each compound was
applied to determine ICs, (half maximal inhibitory
concentration) values. Then, plates were incubated
at 37°C in a 5% CO, incubator for 24 h and 48 h.
For the preparing MTT solution, 5 mg MTT (pow-
der) was dissolved in 5 mL PBS (phosphate buffer
saline). For each well of 96-well plates the media
were changed with 100 ul fresh RPMI-1640 (non-
containing FBS), then 10 pl MTT solution was
added into each well and plates were incubated at
37°C for 4 h. DMSO was added to all wells and
mixed thoroughly to dissolve the dark blue crys-
tals. After a few minutes at room temperature to
ensure that all crystals were dissolved, the plates
were read on a microplate reader (Bio-Rad), using
a test wavelength of 570 nm. ICs, values were
determined for thymol and carvacrol by evaluating
the results of MTT and these doses were used in
the later stages of the study.

Cell death analysis with Annexin V

The apoptotic cell profile was determined using
the Muse™ Annexin V & Dead Cell kit (Merck)
according to the manufacturer’s instructions.
Briefly, after treatment with thymol and carvacrol,
SKOV-3 cancer cells were incubated for 24 h, and
collected and diluted with PBS as a dilution buffer
to a concentration of 7 x 10° cells/ml. 100 uL of
cell suspension and 100 pL of Annexin V/dead
reagent were mixed and incubated 20 min at
room temperature. Then, cells were analyzed



with Muse™ Cell Analyzer (Merck Millipore). The
apoptotic profile was determined by the identifica-
tion of four populations: (i) non-apoptotic cells,
not undergoing detectable apoptosis: Annexin
V (=) and 7-amino-actinomycin D (AAD) (-),
(ii) early apoptotic cells, Annexin V (+) and
7-AAD (-), (iii) late apoptotic cells, Annexin
V (+) and 7-AAD (+), (iv) cells that have died
through non-apoptotic pathway: Annexin V (-)
and 7-AAD (+).

Morphological analysis with hematoxylin and
eosin (H-E)

After fixation in 96% ethanol for 12 h, the SKOV-3
ovarian cancer cells were stained for 12 min with
hematoxylin, washed with phosphate-buffered sal-
ine (PBS) for development of the blue color for
3 min, and then incubated with eosin for another
3 min. During the next stage, the cells were
washed with PBS and dehydrated using a graded
series of increasing concentrations of ethanol
(50%; 70%; 80%; 90%; 96%; 99.6%). The slides
were left in a solution of ethanol: xylene (50:50)
in the tank for at last 1 min and then they were
exposed to pure xylene for 1 min. The mounted
slides were visually assessing with a Nikon Eclipse
80i image analyze system.

Ultrastructural analysis with scanning electron
microscopy (SEM)

Effects of thymol and carvacrol on the morphology
of SKOV-3 ovarian cancer cell line were observed by
SEM. Sterile circle glass coverslips (13 mm) were
placed into the wells of the cell culture plates.
3 x 10° cells were plated in each well. ICs, values
of thymol and carvacrol determined by the MTT
method were applied to cells. After 24 h incubation,
the coverslips were gently rinsed with PBS (pH 7.4)
and fixed with 2.5% glutaraldehyde at 4°C for 1 h.
After glutaraldehyde fixation, the coverslips were
washed again with PBS and dehydrated by increas-
ing concentrations of ethanol (50%, 70%, 90%, and
96%). Specimens were air-dried and coated by gold
(Emmitech K550, UK) before examination by SEM
(JSM-7600 F, JEOL Ltd., Tokyo, Japan).
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Statistical analysis

Statistical analysis was carried out using the SPSS
17.0 statistical program (SPSS Inc., Chicago, IIL,
USA). All experiments were carried out in tripli-
cate, and presented as mean+SD. Statistical analy-
sis was performed by using one-way analysis of
variance, followed by Tukey’s or Dunnett’s post
hoc test. p < .05 was considered to indicate a sta-
tistically significant difference.

Results
Effects of thymol and carvacrol on cell viability

The cell viability decreased in dose and time-
dependent manner in SKOV-3 ovarian cancer
cell line. These cells were much more sensitive to
the toxic effect of thymol than carvacrol. The ICs,
values of thymol and carvacrol were calculated as
316.08, 322.50 uM at 24 h and 258.38, 289.54 uM
at 48 h, respectively (Figure 1).

Effects of thymol and carvacrol on apoptosis

Thymol and carvacrol significantly induced apoptosis
in SKOV-3 ovarian cancer cell line as dose and time-
dependent. Statistical analyzes showed a significant
difference between thymol and carvacrol-treated cells
compared to non-treated cells (p < .05). At the IC5,
value of thymol, 44.81% of the cells were in the late
apoptosis phase and 1.06% were in the early apoptosis
phase. In the ICs, value of carvacrol, 41.93% of the
cells were in the late apoptosis phase and 5.36% were
in the early apoptosis phase. There was no significant
difference between elevated thymol concentration
and apoptotic cells (p > .05). As the concentration
of carvacrol increased, early apoptotic cells (p < .001)
and late apoptotic cells (p < .0001) were found to
increase at high rates (Figure 2).

Light microscopic changes of ovarian cancer cells

When the hematoxylin-eosin (H-E) staining of the
control group (untreated) SKOV-3 ovarian cancer
cell line was examined, three different cell morpholo-
gies, epithelial, round and spindle-shaped, were deter-
mined. The number of epithelial-shaped (+++) cells
were higher than spindle-shaped cells; spindle-shaped
cells were found to be more than round (+) shaped
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Figure 1. Effects of thymol and carvacrol on cell viability by MTT analysis. Thymol and carvacrol suppressed the cell proliferation of
ovarian cancer cells. As shown in graph, time and dose-dependent decrease in the growth of SKOV-3 ovarian cancer cells was
observed with increasing concentrations of (a) thymol and (b) carvacrol. The percent viable cells were calculated in comparison to
untreated cells taken as 100%. Data were expressed as mean%SD (p < .05).
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Figure 2. Effects of thymol and carvacrol on apoptosis by Annexin-V analysis. Cell death analysis with Annexin V/PI staining of SKOV-
3 ovarian cancer line. The non-stained population (bottom left) represents viable cells. Thymol and carvacrol induced apoptosis in
ovarian cancer cells. Cells were incubated for 24 h. Data were expressed as mean+SD (p < .05).



cells. In the DMSO group, the cell morphology is
similar to the control group. The concentration of
DMSO used as the solvent did not appear to cause
cytotoxic effects on cells. In the thymol group,
although the number of cells with three different
morphologies was observed to decrease, the decrease
in the number of epithelial (+) shaped cells was more
prominent. In this group, the cell population consists
mainly of the spindle (++) and round (+) shaped cells.
In the carvacrol group, there was a decrease in the
number of cells with three different morphologies.
Although not as much as the thymol group, the
decrease number in epithelial (++) shaped cells in
the carvacrol group is remarkable. Spindle (++) and
round (+) shaped cells also decreased (Figure 3).

Ultrastructural changes of ovarian cancer cells

Control group cells without any treatment were found
to be abundant and spreading on the substrate sur-
face. On the other hand, thymol and carvacrol treated
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group cells were found to have lower amounts. The
number of cells was found to be decreased. Control
group cells displayed epithelial morphology with mul-
tipolar shape. Thymol and carvacrol treated group
cells were mostly elongated and were bipolar/spindle-
like shaped. Control group cells had clear nuclei and
relatively higher amounts of cytoplasm. The nuclei of
the thymol and carvacrol treated group cells were less
distinct and the cells had a lower amount of cyto-
plasm. Control group cells appear more grouped and
closer to each other. Thymol and carvacrol treated
cells were observed to be spread onto the substrate
surface independently (Figure 4).

Discussion

Today, chemotherapy is one of the main methods of
modern cancer treatment.** Epithelial ovarian cancer
treatment was mainly performed with cytoreductive
surgery in combination with cisplatin and paclitaxel
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Figure 3. Light microscopic changes of SKOV-3 ovarian cancer line. When the control group (untreated) hematoxylin-eosin (H&E)
staining of the SKOV-3 ovarian cancer cells was examined, three different cell morphologies, epithelial, round and spindle shaped,
were determined. Cells were incubated for 24 h. (a) Control group X10; H-E. In the DMSO group, the cell morphology is similar to
that of the control group. (b) DMSO group X10; H-E. In the thymol group, although the number of cells with three different
morphologies was observed to decrease, the decrease in the number of epithelial (+) shaped cells was more prominent. (c) Thymol
group X10; H-E. In the carvacrol group, there was a decrease in the number of cells with three different morphologies. (d) Carvacrol

group X10; H-E.
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Figure 4. Ultrastructural changes of SKOV-3 ovarian cancer line by SEM. Cells of control group (untreated) were found to be
abundant and spreading on the substrate surface. Cells were incubated for 24 h. (a) Control group X250. Cells of thymol and
carvacrol treated groups were found to have lower amounts. (b) Thymol group 1Cso X250, (c) Carvacrol group ICsq X250. Control cells
displayed epithelial morphology with multipolar shape. Cells of thymol and carvacrol treated groups were mostly elongated and
were bipolar/spindle-like shaped. (d) Control group X1000, (e) Thymol group X1000, (f) Carvacrol group X1000.

symptoms improved, but most patients with complete
remission were prone to recurrent tumors, and some
patients developed resistance.” However, most che-
motherapeutic agents have several important short-
and long-term side effects.”* Recently, researchers
have focused on the biologically active derivatives of
medicinal plants which have been considered for the
development of novel potential nontoxic drugs and
for the prevention and treatment of certain types of
cancer.'®** The medicinal plants of the Lamiaceae
family have been used by humans for thousands of
years and are known for their therapeutic
properties.”>*® Particular attention has been given to
the in vitro anticarcinogenic effects of thyme essential
oils.”

In recent years, anticarcinogenic effects of thymol
and carvacrol have been investigated; however, its
effect on cancer has not yet been fully elucidated.
Several studies have been performed with extracts of
Thymus spp., and some studies have evaluated the
therapeutic effects of thymol and carvacrol. These
studies have shown that thymol and carvacrol have
cytotoxic effects on cancer cells. Ferraz et al.”” evalu-
ated the cytotoxic activity of essential oil of L. gracilis
is chemically characterized by the presence of thymol,
as major constituent on K562 (human chronic mye-
logenous leukemia), HepG2 (human hepatocellular

carcinoma), B16-F10 (mouse melanoma), and normal
peripheral blood mononuclear (PBMC) cell lines.
Three tumor cell lines were treated with increasing
concentrations of essential oil and thymol for 72 h.
Thymol showed cytotoxicity only for the B16-F10
melanoma cell line at ICs, value of 18.23 pg/ml. The
essential oil was cytotoxic on both cancer cells and
normal PBMC cells. But, thymol did not show cyto-
toxicity to normal cells at the tested concentrations.””
Similarly, Deb et al.*® investigated the anticancer
activity of thymol on PBMC and HL-60 (human
acute promyelotic leukemia) cells. In this study, thy-
mol demonstrated dose-dependent cytotoxic effects
on HL-60 cells after 24 h of exposure. However,
thymol did not show any cytotoxic effect in human
normal PBMC cell line like the previous study.** Calo
et al. *° treated 1-8 g/mL thymol to the NCTC 2544
(human keratinocyte) cell line. Cell viability of sam-
ples exposed to thymol never decreased under 80%.>
In the study of Khan et al.* carvacrol nanoemulsion
displayed no cytotoxicity up to 100 pg/ml against
normal bronchial epithelium cells (BEAS-2B).*
Koparal et al.*' reported that carvacrol has no signifi-
cant effects on HFL1 (Human Lung fibroblast) cells.
Literature studies show that the cytotoxic effect of
thymol and carvacrol on normal cells is relatively
very low.”! On the other hand, Masteli¢ et al.’!



reported that thymol had dose-dependent (0.1--
10 mM) antiproliferative effects on HeLa (human
epithelial cervical cancer) cell line.”" Stammati et al.*
reported that thymol has been shown to induce non-
apoptotic cell death in human laryngeal carcinoma
Hep-2 cells at ICs5, value of 700 pM.3 % Previous studies
reported that thymol has cytotoxic and apoptotic
effects on human gastric carcinoma cells, on P815
mastocytoma cells, on Caco-2 human colon adeno-
carcinoma cells, and HepG2 human hepatoma
cells.""**** The different results in these studies may
be due to different metabolic activities of the cells and
the methods used to measure cytotoxic activity. Yeh
et al.” reported that thymol (100-900 uM) was cyto-
toxic to PC-3 cells in a concentration-dependent
manner. Thymol also induced cell death in PC-3
cells.”® In a comprehensive study, Abed*® have ana-
lyzed the effect of thymol on two cancer (HeLa, Hep)
cell lines at five concentrations (15, 30.5, 61, 122,
244 ng/ml). They observed a dose-dependent decrease
in survival of the two tumor cell lines. Thymol exhib-
ited stronger cytotoxicity at concentrations of 30.5 ng/
ml toward HeLa (human epithelial cervical cancer)
and Hep (Human larynx epidermoid carcinoma) cell
lines.”® In our study, we also detected that thymol
reduced cell viability in SKOV-3 ovarian cancer cells.
ICs, values of thymol were 316.08 pM at 24 h and
258.38 at 48 h. The exact mechanisms underlying the
cytotoxic effects of thymol on cancer cells are not fully
understood.

Arunasree'® and Abid et al.*’ reported that carva-
crol inhibits cell growth and induces apoptosis on
human breast cancer cell lines.'®* Fan et al.*
reported that carvacrol has anticarcinogenic effects
on HCT116 and LoVo colon cancer cell lines.”* Yin
et al.” reported that carvacrol has a cytotoxic effect on
HepG2 human hepatocellular carcinoma cell line.>®
Koparal and Zeytinoglu*' reported that carvacrol
inhibits dose-dependent cell growth on A549 non-
small cell lung cancer cell lines at the concentrations
of 250, 500 and 1000 M for 24 h.*! Esmaeili-Mahani
et al.** reported that Thymus caramanicus extract, the
major constituents of essential oil is carvacrol and
thymol, has a potential apoptotic and antiproliferative
property against MCF-7 human breast cancer cells
and the combination with vincristine, a chemother-
apeutic agent, may effectively induce cell death and be
a potent modality to treat this type of cancer.*
Karkabounas et al.”’ showed that the anticancer
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effects of carvacrol in MDA-MB-231 human meta-
static breast cancer cells were based on the activation
of the classical apoptosis response, including decrease
in mitochondrial membrane potential and increase in
cytochrome-c release from mitochondria, increase in
caspase activity, decrease in Bcl-2/Bax ratio, and clea-
vage of PARP and fragmentation of DNA, which
belong to the mitochondrial pathway of the
apoptosis.”” Kahn et al. *°, Mehdi et al.*® and Liang
et al.”® found that carvacrol has cytotoxic effects to
different cancer cells including human lung adeno-
carcinoma A549 cells, servical cancer cells and human
glioblastoma cells, respectively.’>**** In our study, we
detected that carvacrol also reduced cell viability in
SKOV-3 ovarian cancer cell line. IC5, values of carva-
crol were 322.50 uM at 24 h and 289.54 at 48 h. When
we compared the IC5, values of thymol and carvacrol,
thymol was much more effective on ovarian cancer
cells than carvacrol.

Apoptosis is a physiological process that leads to
cell death.*' Excessive cell proliferation and loss of
apoptosis control lead to the onset and progression
of cancer.”® So, apoptosis is an important phenom-
enon in cytotoxicity induced by antitumor agents.*
In recent years, the induction of apoptosis has become
a targeted strategy for antitumor drug discovery.*'
Hence, natural products causing apoptosis in the can-
cer cells are valuable resources in cancer suppression.®
Deb et al.*® reported that thymol-induced apoptosis in
HL-60 cells involves both caspase-dependent and cas-
pase independent pathways.*® Koparal et al*'
reported that A549 lung cancer cells treated with
100 M carvacrol did not show any apoptotic morpho-
logical changes for 24 h. The cells were treated with
500 and 1000 M carvacrol showed some apoptotic
characteristics as well as morphological changes.'
Our results showed that thymol and carvacrol acti-
vated apoptosis in a dose-dependent manner.
Although the utility of thymol and carvacrol in the
treatment of malignancy has started to be understood,
the mechanism of apoptosis induced by these mole-
cules is unknown. Perhaps both thymol and carvacrol
may affect the cell membrane and the cytoplasm. The
hydrophobic properties appear to be responsible for
the deterioration of cancer cell structures that cause
increased cytoplasmic membrane permeability. From
these data, the cytotoxic effects of thymol and carva-
crol on SKOV-3 ovarian cancer cell line was found to
be associated with apoptotic cell death.
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The literature regarding ultrastructural features of
thymol or carvacrol-treated ovarian cancer cells is
scant. Few studies refer to the ultrastructural morphol-
ogy of the ovarian cancer cells.*'™** Bailey et al.*'
reported that for epithelial ovarian cancer cells, there
is an abundance of microvilli that appear as dense
microscopic protrusions on the cell surface in the
SEM images. The LPA-treated ovarian cancer cells
have a bare, smooth cell surface. This finding suggests
that the loss or reconstruction of microvilli and cell
surface proteins correspond to the cellular sheddings
observed and newly formed larger protrusions.*
Gilloteaux et al.***) reported that MDAH 2774
human ovarian cancer cells are oblong to round in
shape in SEM images. Mitotically active cells display
bulging, spheroidal shapes during the cell cycle pre-
ceding metaphase. In general, cell surfaces do not dis-
play blisters; instead, they are smooth and flat except
for the bulge around the nucleus. Numerous long,
delicate, branching filopodia or microspikes and
large, flattened lamellipodia emanate from the cell
surface and extend to adjacent cells or overlap each
other. On the other hand, SEM views reveal that
Vitamin-C treated MDAH 2774 human ovarian can-
cer cells are oblong to polygonal in shape. In addition,
Vitamin-K3-treated ovarian cancer cells show
a profound alteration in shape, which suggests
a large degree of intracellular defects in SEM views.
These cells display large, thick, cytoplasmic extensions
as well as spherical blisters or blebs.**** Gilloteaux
et al.***%) reported that combined treatment with
ascorbate and menadione exacerbated human bladder
carcinoma cell damage caused by individual vitamins
and accelerated cell death primarily through the
induction of a new cell death called autoschizis.*>*°
This mode of induced cancer cells is different that
apoptosis as it is not programmed. Autoschizis exhi-
bits a unique set of morphological alterations.**** This
morphological characterization of autoschizic cell
death confirms and extends the previous studies and
demonstrates that this cell death is distinct from
apoptosis.*>"* Tumor cells undergo a progressive ser-
ies of profound cellular changes such as membranous,
nuclear chromatin decondensation, and nucleolar
changes.*” Our study revealed that both thymol and
carvacrol-treated cells have similar ultrastructural fea-
tures; by SEM. Thymol and carvacrol treated cancer
cells were found to have lower amounts. The number
of SKOV-3 cancer cells was found to be decreased.

Untreated control cells displayed epithelial morphol-
ogy with multipolar shape and had clear nuclei and
relatively higher amounts of cytoplasm. Thymol and
carvacrol-treated cells were mostly elongated and were
bipolar/spindle-like shaped and nuclei of the thymol
and carvacrol-treated cells were less distinct and the
cells had a lower amount of cytoplasm.

Conclusion

In conclusion, this is the first study about ultrastruc-
tural changes in SKOV-3 ovarian cancer cells under
the treatment of monoterpene phenols. Traditional
treatment of ovarian cancer has been proven to be
effective but there are many highly undesirable side
effects. Thus, alternative agents are needed which
have similar efficacy of conventional chemotherapy
with minimal side effects. Our study showed that
thymol and carvacrol were cytotoxic to SKOV-3 ovar-
ian cancer cell line based on dose and time-dependant
manner. When we compared the ICs, values of thy-
mol and carvacrol, thymol was much more effective
on ovarian cancer cells than carvacrol. Ultrastructural
changes of cells under the effects of thymol and car-
vacrol were similar. Our observations suggested that
thymol is highly efficacious in reducing cancer cell
number and that the growth inhibitory effect of thy-
mol is time and dose-dependent. These findings sug-
gest that thymol and carvacrol may be a potential
chemopreventive agents in cancer, and further experi-
ments to investigate these possibilities are required.
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