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Abstract: Aim of the study is to evaluate the potential use of Thymus capitatus (L.) Hoffm. & Link and
Origanum dubium Boiss. essential oils and their major constituents; thymol and carvacrol in cancer therapies. For
this aim hMSC-telol cells and their tumorigenic counterpart were exposed to varying concentrations of Thymus
capitatus (L.) Hoffm. & Link and Origanum dubium Boiss. essential oils, thymol and carvacrol and cellular
viability and proliferation have been evaluated by MTT assay. TUNEL assay has used for evaluation of apoptosis.
Study suggested that, Thymus capitatus (L.) Hoffm. & Link essential oil and thymol have an enhancer effect once
combined with conventional chemotherapeutic agents. 0.005 v/v % of Thymus capitatus (L.) Hoffm. & Link,
0.005 v/v % and 0.05 v/v % of thymol showed enchancer effect by sparing the normal hMSC-telol cells from the
cytotoxicity of Deferasirox while these combinations were cytotoxic towards tumorigenic hMSC-telol cells.
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1. Plant Source

Aerial parts of Thymus capitatus (L.) Hoffm. & Link and Origanum dubium Boiss. growing wild
in Northern Cyprus were collected during the post- flowering phases. The former was collected from
Yedidalga-35°8’36.03"N 32°48’ 11.37"E while the latter was collected from Yesilirmak- 35°10’1"N
32°44° 01.2"E. The voucher specimens were deposited in Herbarium of the Near East University,
Turkish Republic of Northern Cyprus (NEUN).

2. Previous Studies

The essential oil composition of Thymus capitatus (L.) Hoffm. & Link [1] and Origanum
dubium Boiss. [2] were reported previously. The major components of T. capitatus were identified as
thymol (62.3%) followed by p-cymene (10.9%), carvacrol (6.7%) and y-terpinene (5.1%) [1].

To date, there are very few reports on cytotoxic activity of the North Cyprus T. capitatus EO.
Previously it was shown that T. capitatus has proapoptotic and anticancer activity in Colo-320, CD133+
Colo-320, and CD133- Colo-320 primary colon adenocarcinoma cell lines [3]. However, to the best of
our knowledge there is not any study that has investigated the anticancer potential of Northern Cyprus
specific T. capitatus EO on previously established and well characterized expanded life span human
mesenchymal stem cells (hMSC-telol) and their tumorigenic counterpart (tumorigenic hMSC-telol)
where hMSCs can give rise to variety of differentiated tissue and many tissues of mesenchymal origin
give rise to cancer.

Previous study by our group has shown that the concentration of 0.5 v/v % of T. capitatus EO
has an anti-proliferative effect on hMSC-telol and tumorigenic hMSC-telol cells [4]. In this current
study lower concentrations (0.001 v/v %, 0.0025 v/v %, 0.005 v/v %, 0.025 v/v % and 0.05 v/v %) of T.
capitatus EO have been tested.

The anticancer effects of major constituent of 7. capitatus, thymol, have been observed during
in vivo and in vitro studies [5]. From different experimental model studies, thymol has been reported to
exert anticancer activities through different mechanisms including inducing depolarizing mitochondrial
membrane potential, and activating the pro-apoptotic caspase proteins [6, 7, 8].

The major components of O. dubium (Lamiaceae) were determined as carvacrol (88.3%), p-
cymene (3.8%) and y- terpinene (2.7%) [9, 2]. There are studies showing the anticancer,
antiproliferative and apoptotic potential of EOs derived from Origanum species and their constituents
on different cell types such as leukemic cell, platelets and breast adenocarcinoma cells [10, 11].

There is no study on the potential cytotoxic activity of T. capitatus and O. dubium EOs, thymol and
carvacrol on hMSC-telol cells and their tumorigenic counterparts.

3. Present Study

Potential cytotoxic effect of T. capitatus and O. dubium essential oils and their major
components, thymol and carvacrol on hMSC-telol and tumorigenic hMSC-telol has been assessed with
MTT assay. Thymol preserved the viability of normal healthy hMSC-telol cells at 0.001 v/v %,
0.0025 v/v %, 0.005 v/v % and 0.05 v/v % concentrations but not at 0.025 v/v % (Figure 1A and 1B).
0.005 v/v % and 0.05 v/v % concentrations of thymol enchanced the viability of normal hMSC-telol
cells compared to control cells whilst led to a excessive tumorigenic hMSC-telol cell death compared to
control cells.
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Figure 1. Viability of hMSC-telol cells and tumorigenic hMSC-telol cells. (A) hMSC-telol cells and
(B) tumorigenic hMSC-telol cells were treated with different concentrations of Origanum
dubium and Thymus capitatus EOs, thymol and carvacrol and incubated 24 h. The cell
viability was assessed with MTT assay. The data are presented as the mean + SD.
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T. capitatus EO was also highly cytotoxic both for hMSC-telol cells and their tumorigenic
counterpart except at 0.005 v/v % concentration where it preserved the viability of hMSC-telol cells
compared to control cells while led to reduction in the viability of tumorigenic ones.

O. dubium EO and carvacrol, have showed varying levels of cytotoxicity at all tested
concentrations both towards tumorigenic and normal hMSC-telol cells (Figure 1A and 1B).

To further investigate the cellular response of hMSC-telol and tumorigenic hMSC — telol cells
that are subjected to O. dubium EO and carvacrol and to further assess the cytotoxicity of O. dubium EO
and carvacrol towards these cells lines TUNEL assay has been performed. DNA fragmantation has been
detected for all tested concentrations of O. dubium EO and carvacrol both for hMSC-telol and
tumorigenic hMSC — telol cells with TUNEL assay (Figure 2A and 2B).

These results suggest that O. dubium EO and carvacrol have been cytotoxic towards both the
normal hMSC-telol cells and their tumorigenic counterpart and their use cannot be suggested at all
tested concentrations.

As 0.005 v/v % T. capitatus EO and 0.05 v/v % and 0.005 v/v % thymol have showed promising
cytotoxic activities towards tumorigenic cells whilst preserving the normal cells, they were assessed
together with Deferasirox, an anti-cancer agent, for their potential complementary activity on a
chemotherapeutic agent.

MTT assay was performed to assess the biological response of hMSC-telol and tumorigenic
hMSC-telol cells after incubation with 0.005 v/iv % and 0.05 v/iv % T. capitatus EO, thymol,
Deferasirox, Deferasirox in combination with T. capitatus EO and Deferasirox in combination with
thymol for 24 h.

Deferasirox, T. capitatus EO and thymol at 0.005 v/v % concentration have negatively affected the
viability of tumorigenic hMSC-telol cells whilst preserved the viability of non-tumorigenic hMSC-telo1
cells compared to the control cells (Figure 3A). The viability of hMSC-telol cells has augmented
compared once T. capitatus EO and thymol has used in combination with Deferasirox compared to cells
treated only with Deferasirox. T. capitatus EO and thymol have also reduced the viability of
tumorigenic hMSC-telol cells compared to control cells (Figure 3A) suggesting that using T. capitatus
EO and thymol in combination with Deferasirox could be preferred to spare the viability of hMSC-telol
cells.
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Figure 2. Detection of apoptosis. (A) hMSC-telol and (B) tumorigenic hMSC-telol cells were exposed
to different concentrations of Origanum dubium Boiss. EO and carvacrol for 24 h and then
TUNEL assay was conducted to detect if cells undergo apoptosis due to the cytotoxic effect
of O. dubium EO and carvacrol. As a positive control DNase | recombinant has been used.

Both hMSC-telol and tumorigenic hMSC-telol cells after incubation with 0.05 v/v % T. capitatus
EO were non-viable when compared to control cells (Figure 1B). Deferasirox at concentration of 0.05
v/v % had reduced the viability of hMSC-telol compared to control cells however there was not any
reduction but enhancement in the viability of tumorigenic hMSC-telol cells compared to control cells
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(Figure 3B). Unlike T. capitatus EO that led to a significant hMSC-telol cell death, its major
constituent, thymol at 0.05 v/v % concentration has enhanced the viability of hMSC-telol cells and led
to the reduction in the viability of tumorigenic hMSC-telol cells compared to the control cells (Figure
3B). Similar trend was observed among the hMSC-telol cells and tumorigenic hMSC-telol cells when
T. capitatus EO or thymol was used in combination with Deferasirox (Figure 3B).
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Figure 3. Comparison of response of hMSC-telol and tumorigenic hMSC-telol cells to EOs, their
major components and Deferasirox. (A) Concentration of 0.005 v/v % and (B) concentration
of 0.05 v/v % has been used for Thymus capitatus, thymol, Deferasirox and combination of
Thymus capitatus/thymol with Deferasirox. The viability was measured with MTT assay,
and the data are presented as the mean + SD.

Thus, in this study in vitro observations suggest that 0.005 v/iv % T. capitatus EO and
0.05 viv% and 0.005 v/v % thymol can act as enhancers for chemotherapeutic agents/drugs while
promoting proliferation in normal cells with proliferative capacity. When T. capitatus EO and thymol
have been applied in combination with Deferasirox, the viability of normal, non-tumorigenic hMSC-
telol cells have been enhanced and the negative effect of Deferasirox on non-tumorigenic hMSC-telo1
cells have been greatly eliminated by the use of T. capitatus EO and thymol together with Deferasirox.

They might potentially be used in combination with chemotherapeutic agents to spare the
normal, healthy cells from the side effects of the chemotherapeutic agents and also to preserve and/or
augment their viability. Current results are somewhat in line with the previous study which showed that
thymol and carvacrol had positive effects on healthy mesenchymal stem cells in respect to their
viability, proliferation and also protection from cytotoxicity [12].

In the light of literature and our results, it could be suggested that combinational therapy can
have a notable benefit by additionally combining complementary medicine. Thus, the combined use of
EOs or their major components together with chemotherapeutic agents may be considered as a potential
new approach to increase the therapeutic effect of conventional cancer therapies.
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