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Abstract

The chemical composition of commercial thyme oils, freshly hydrodistilled EO (essetntial oil) from dried
thyme herb and thymol, the main thyme oil constituent, were analyzed in the aspect of possible cytotoxic
effect against MCF-7 breast cancer and normal L929 mouse fibroblast cell lines.

Based on the GC-MS analysis, it was found that the commercial essential oils revealed similarities in their
chemical composition. The content of main components such as thymol, linalool and a-pinene was almost
equal. Interestingly, the EO obtained by hydrodistillation from Thymi herba showed considerable differences
in the percentage content of some main constituents. The reason for the differences may be caused by the
intraspecific chemical variability of T. vulgaris L. Four types of tested EOs can be classified as a ‘thymol’
chemotype, with thymol as the predominant compound.

The thymol alone and the freshly hydrodistilled EO demonstrated the highest cytotoxic effect against used
cell lines. The difference in I1Csp values suggests more sensitive L929 cells are more sensitive in both the
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1. INTRODUCTION

Breast cancer, the most frequent malignancy in women, is
a global problem, which needs multimodal treatment and
novel drugs (Harbeck et al., 2018). The main causes that
limit the success of treatment in aggressive cancer cases are
resistance toward anticancer drugs and their side effects. Es-
sential oils isolated from plants can change the metabolism
of cancer cells in very low doses, therefore they are being con-
sidered a promising agent adiuvant for anticancer therapy as
a way to defeat side effects and the high cost of chemotherapy
approaches in breast cancer (Blowman et al., 2018).

A literature survey indicated that some essential oil con-
stituents have shown significant anticancer capabilities in
combination with chemotherapy agents (Lesgards et al., 2014).
For example, the combination of geraniol with 5-fluorouracil
significantly reduces (53%) colon tumour volume in mice,
while 5-fluorouracil alone had no effect (Lesgards et al., 2014).
Geraniol together with simvastatin significantly inhibits the
proliferation of liver cancer cells. Interestingly, these prod-
ucts applied separately are not effective (Polo et al., 2011).
Limonene in combination with docetaxel increases oxidative
stress in human prostate cancer cells and activates apoptosis
(Rabi and Bishayee, 2009).

CCK-8 assay (except EOs Kawon) and the NRU assay.

thyme, thymol, essential oil composition, cytotoxic/irritating effect, gas chromatography-mass spectrometry

Essential oil constituents, such as terpenoids and phenolic
compounds, also show their efficiency when used alone, with-
out conventional chemotherapy or radiotherapy treatments
(Lesgards et al., 2014). Thymol and its isomer carvacrol show
similar curative properties on liver, colon and lung cancer
(Slamenova et al., 2007). Results obtained by Kang and co-
workers (Kang et al., 2016) indicated that thymol suppressed
cell growth, and inducted apoptosis by causing morphological
changes, generation of intracellular reactive oxygen species
and depolarization of mitochondrial membrane potentials in
human gastric carcinoma. Thymoquinone activates apopto-
sis in colon cancer cells (Gali-Muhtasib et al., 2008). This
compound is also active in lung, liver and breast cancer cells
(Attoub et al., 2012). Several researchers documented molec-
ular mechanisms of apoptosis induced by eugenol in skin
tumours (Shin et al., 2007), leukaemia (Yoo et al., 2005),
gastric tumours (Manikandan et al., 2010) and breast cancer
(Vidhya and Devaraj, 2011).

Many essential oils (Salvia officinalis L., Laurus nobilis L.,
Origanum compactum Bentham L., Helichrysum gymno-
cephalum, Artemisia capillaris, Mentha spicata L., Lavandula
angustifolia Mill., Matricaria chamomilla L., Rosa damascena
Mill., Ocimum basilicum L., Thymus vulgaris L.) were eval-
uated for their anticancer activity (Lesgards et al., 2014).
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The highest cytotoxicity against three human cancer cell lines
(PC-3 prostate, A-549 lung and MCF-7 human mammary
carcinoma) showed thyme EO (Zu et al., 2010).

Thyme (Thymus vulgaris L.), a member of the Lamiaceae
family, is an aromatic plant commonly used to flavour sauces,
stews and soups (Torras et al., 2007). This evergreen herb
possesses omnidirectional properties demonstrated in Table 1.

Table 1. Thyme essential oil and thymol biological activity (Islam
et al., 2019).

References
Dapkevicius et al., 2002

Therapeutic properties
Antispasmodic, antiseptic,
expectorant, carminative,
antitussive
Oxidative stress Satooka et al., 2012
and cancer cell death

Salehi et al., 2018a
Salehi et al., 2018b

Apoptosis of cancer cell
Antiproliferative effects
on cancer cells
Antioxidant and Cicvarek et al., 1964
antiapoptotic activity

Maclagan et al., 1974

Kang et al., 2016

Protective activity

Anti-inflammatory/
immunomodulatory effects

Habtemariam and Lentini,
2018

Antigenotoxic effects

Thymi herba contains tannins, flavonoids, triterpene com-
pounds and up to 2.5% of EO (Anzlovar et al., 2014). The
essential oil isolated from leaves and flowering tops of thyme
possesses antimicrobial, antifungal, antioxidant and anticancer
activities (Sertel et al., 2011). Thyme oil contains mainly thy-
mol (23-60%), y—terpinene (18-50%), p—cymene (8-44%),
carvacrol (2-8%), and linalool (3-4%) (Duke, 1992). The
chemical composition of EOs depends on several factors such
as the environment, growing region and cultivation practices
(Hudaib and Aburjai, 2007). The chemical composition (the
constituents of the EOs) determines the biological properties
and applications of thyme oil in medicine (Basch et al., 2004).

The main goal of this study was to determine cytotoxic effect
of thyme oils (commercially available as well as essential oil
obtained from Thymi herba by hydrodistillation) and the main
thyme oil constituent — thymol on human MCF-7 breast cancer
and normal L929 cell lines. Additionaly, the relation of the
cytotoxicity towards human MCF-7 breast cancer and normal
L929 cell lines and chemical composition was evaluated.

2. MATERIALS AND METHODS

2.1. Essential oils, Thymi herba and thymol

Three thyme essential oils were purchased from the man-
ufacturers (Bamer batch number 840003, Senti Oils batch
number 542362 and Ecospa batch number 4347401, Poland).
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Particular EOs and thyme herb were selected due to de-
scription of particular products available on the company
website. The chemical compositions of EOs were determined
by gas chromatography-mass spectrometry (GC-MS). Also,
the chemical composition of essential oil isolated by hydrodis-
tillation from dried thyme herb ( Thymi herba was purchased
from the herb company of Kawon, Poland) was analyzed.

The plant material (30 g) was subjected to hydrodistillation
for 2 hours in a Clevenger-type apparatus, according to the
method recommended by European Pharmacopoeia (2010).
The collected essential oil (EOQ) was separated from water
and dried over sodium sulfate. Three replicates were carried
out. The overall yield of the EO was 1.42% (v/w) established
on a dry basis.

The thymol crystals were purchased from the company of
POCH, Poland.

2.2. Gas Chromatography-Mass Spectrometry
(GC-MS) Analysis

Thyme essential oils were analyzed by GC-MS using a Hewlett
Packard 6890 GC coupled with a Hewlett Packard 5973 Mass
Selective Detector. The gas chromatograph was equipped
with a fused silica HP-5MS (30 m x 0.25 mm, film thickness
0.25 pum) capillary column. Helium was used as the carrier gas
at a flow rate of 1 mL/min. The EOs (20 mg) were diluted
in dichloromethane (1.5 mL) and 1 pL of the solution was
injected. The inlet temperature was set at 280 °C with a split
injection mode for a split ratio of 5:1. The oven temperature
program was as follows: the initial temperature of the column
was 40°C (held for 5 minutes); then increased to 60°C at
a rate of 30°C/min, next to 230°C at a rate of 6°C/min
(kept constant for 10 minutes), and finally to 280 °C at a rate
of 30°C/min. The oven was held at this temperature for 5
minutes. The total running time for a single sample was about
51 minutes.

Mass spectra were recorded at 70 €V at a scan mode from
m/z 50 to 500. The transfer line temperature was 280 °C.
The ion source and quadrupole temperatures were 230 °C and
150°C, respectively. The quantitative data were expressed as
the relative percentage of the oil components calculated from
the GC peak areas without using correction factors.

For all essential oil samples, the GC-MS analysis was per-
formed in triplicate.

2.3. Identification of essential oil constituents

Qualitative analysis of the essential oil constituents was based
on the comparison of their calculated retention indices (rela-
tive to n-alkanes C7—Czg; Supelco Park Bellefonte, PA USA
on the HP-5MS column) with those reported in NIST Chem-
istry WebBook and the literature (Babushok et al., 2011),
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and by comparison of their mass spectra with those of au-
thentic standards (thymol, carvacrol, p—cymene, f—pinene,
purchased from Sigma—Aldrich) as well as those from MS
Libraries (NBS75K.L and NIST 2002).

2.4. Cell lines and cell culture conditions

The effect of the thyme oils and thymol was analyzed on two
chosen cell lines — mouse L929 fibroblast (ATCC®CCL-1 ™)
and MCF-7 human breast adenocarcinoma (ATCCRHTB-
22TM),

The L929 and MCF-7 cells were seeded into 96-well plates
(Corning Inc., Corning, NY, USA) at the density of 3 x 103
(into the 96-well plate for CCK-8, LDH and NRU assays)
and 3.5 x 10* (into 24-well plates for cellular morphology
analysis) per well and were maintained (for 24-hour before
cells treatment) at standard culture conditions at 37°C, 5%
CO3, 95% relative humidity (RH) as was described elsewhere
(Jedrzejczak-Silicka et al., 2017; Jedrzejczak-Silicka, 2017;
Jedrzejczak-Silicka et al., 2020). The complete DMEM cul-
ture medium (Dulbecco’s Modified Eagle Medium, High Glu-
cose, Corning Inc., Corning, NY, USA) was supplemented
with 10% fetal bovine serum (FBS, heat-inactivated, Corning
Inc., Corning, NY, USA), 2 mM L-glutamine (Corning Inc.,
Corning, NY, USA), 50 IlUmL™? penicillin and 50 pg-mL~?
streptomycin (Corning Inc., Corning, NY, USA) and ampho-
tericin B (2.5 ug-mL~1; Sigma—Aldrich, St. Louis, MO, USA).
The maintained cultures were monitored every 24 hours with
a Nikon TS-100 microscope (NIS Elements F Package, cam-
era Nikon DS-Fil, Nikon, Melville, NY, USA). All the analyses
were conducted in three independent experiments.

2.5. Experimental treatment

After 24 hours of cell seeding, five different final concentra-
tions — 50, 100, 250, 500 and 1000 pg-mL~! of essential oils
and thymol were prepared in DMEM culture medium (with
0.1% of DMSO independently forming EO’s concentration)
and added to cell cultures. Additionally, three control cultures
were prepared — the first one (‘w DMSO control’) — cells were
treated with the equivalent volume of DMSO solution (0.1%),
the second one (‘w/o DMSO control’) — cells cultured in
standard DMEM medium in the absence of EO and DMSO
(to evaluate the effect of DMSO on cellular metabolism) and
the third one — the positive control — L929 and MCF-7 cells
incubated with the camptothecin solution (final concentration
6 uM). Cell lines were incubated with three thyme commercial
EOs, one thyme essential oil isolated from dried thyme herb
by hydrodistillation and thymol for 48 h.

2.6. Phase contrast microscopy analysis

Firstly, the morphology of the L929 and MCF-7 cell lines
exposed to EOs and thymol at different concentrations: 50,
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100, 250, 500 and 1000 ug-mL~! and the control samples
for both cell lines (after 48-hour cultures) were analyzed by
phase contrast inverted Nikon TS-100 microscope (objective
lens — CFI Achromat DL 10X, N.A. 0.25, W.D. 6.2 mm, Phl)
and Nikon DS-Fil camera (5-megapixels; acquisition software
— NIS Elements F Package Ver. 4.00.06 — Nikon, Melville, NY,
USA) at 100x magnification.

2.7. CCK-8 assay — determination of cell viability

The effect on the relative cell viability of L929 and MCF-7 cell
lines after 48-hour exposition was determined using the Cell
Counting Kit-8 (CCK-8; Sigma—Aldrich, St. Louis, MO, USA).
CCK-8 assay (using WST-8, 2-(2-methoxy-4-nitrophenyl)-3-(4-
nitrophenyl)-5-(2,4-disulfophenyl)-2H-tetrazolium, monosodium
salt)) proceeds via the conversion of tetrazolium salt into
coloured formazan by living cells. The bioreduction of the WST-
8 is possible due to active cellular dehydrogenases, thus the
amount of the coloured formazan is proportional to the number
of metabolically active cells. The CCK-8 solution (10 uL per
well) was added to each well and incubated for 2 hours at 37 °C.
After incubation, the absorbance was recorded at 450 nm (with
a reference wavelength at 650 nm), according to the manufac-
turer's instructions, on a Sunrise Absorbance Reader (Sunrise,
Tecan, Ménnedorf, Switzerland) as was described elsewhere
(Aleksandrzak et al., 2019). All the analyses were conducted in
three independent experiments.

The effect of EOs and thymol on cellular metabolic activity
was calculated using the following Formula (1):

Relative viability from CCK-8 assay (%) =

sample Ay50_650 nm
positive control Assq_es50 nm

) 1100 (1)

where A is absorbance.

2.8. LDH assay — determination of lactate
dehydrogenase leaking

The effect of the thyme EOs and thymol on cellular mem-
branes (after 48 h culture) was also evaluated using the LDH
CytoTox 96® Non-Radioactive Cytotoxicity Assay (Promega,
Madison, WI, USA) as was described elsewhere (Aleksan-
drzak et al., 2019). The lactate dehydrogenase (LDH) is
a stable cytosolic enzyme that is released upon cell lysis, thus
the higher the cellular membrane damage the higher the
LDH level determined in cell cultures. The LDH release was
determined by the absorbance measured at 490 nm using
a microplate spectrophotometer (Sunrise, Absorbance Reader,
Tecan, Mannedorf, Switzerland) according to the manufac-
turer's instructions. All the analyses were conducted in three
independent experiments.
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The relative cell viability was determined according to the
equation described by Verrax and Buc (2011) and expressed
as 100% minus the ratio of released LDH activity to the total
activity of LDH using Equation (2):

LDH released (%) =

100 — ( Aggo nm of treated and untreated cells—As99 nm of control

Asgo nm of maximum of untreated cells—Asgo nm of control

1100) (2)

where A is absorbance.

2.9. Neutral red uptake assay

Moreover, the biological activity of the thyme EOs and thymol
was analysed using neutral red uptake (NRU) assay (In Vitro
Toxicology Assay Kit, Neutral Red based, Sigma—Aldrich,
St. Louis, MO, USA). The neutral red assay is based on the
measuring of living cells that are able to take up the neutral red
dye by active transport and incorporate the dye into lysosomes.
After the 48-h exposition of L929 and MCF-7 cells to EOs
and thymol the cells were washed with phosphate-buffered
saline (1xDPBS) (Corning Inc., Corning, NY, USA). Then,
DMEM medium containing 10% of neutral red dye was added
to the cultures and incubated at standard culture conditions
for 3 hours. Lately, cells were washed with DPBS and Neutral
Red Assay Solubilization Solution (Sigma—Aldrich, St. Louis,
MO, USA) was added to cells to release the incorporated NR
and the absorbance at 540 nm was measured (the background
absorbance of multiwell plates at 690 nm) using Tecan Sunrise
microplate reader (Sunrise, Tecan, Mannedorf, Switzerland)
as was described elsewhere (Aleksandrzak et al., 2019). All the
analyses were conducted in three independent experiments.
The cell viability was calculated using Eq. (3):

Neutral red uptake assay (%) =

sample As4o_90 nm
positive control Assy_g90 nm

) x 100  (3)

where A is absorbance.

2.10. Statistical analysis

The composition data presented in this study are given as
the mean values + standard deviation (SD). The statistical
analyses were determined by one-way analysis of variance
(one-way ANOVA) using Fisher's Least Significant Difference
(LSD) and a two-way ANOVA using Tukey's honest significant
difference test (HSD). The p—values 0.05 were considered
significant and are represented by different small letters (Table
A1-A8, Appendix). The statistical analyses were performed
using STATISTICA 13.3 (StatSoft Inc., Tulsa, OK, USA).

The ICsq values for each test were calculated by non-linear re-
gression analysis (Sebaugh, 2011) using Equation (4) (Graph-
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Pad Prism, San Diego, CA, USA), as follows:
(a—d)

y=d+

where:

y — the cellular response,

x — the concentration of ASA,

a — the lower asymptote (lower plateau),
d — the upper asymptote (upper plateau),
b — the slope factor,

¢ — the concentration of ASA, that corresponds to the re-
sponse midway between a and d.

3. RESULTS

3.1. Chemical composition of commercial thyme
essential oils

Considering four thyme oils together, a total of seventy-seven
different compounds were identified: 54 for Kawon (99.44%
of the total oil), 47 for Bamer (99.73% of the oil), 40 for
Senti (99.87% of the oil) and 42 for Ecospa (99.77% of the
oil) (Table 2; Figure A1-A4).

In the EO obtained by hydrodistillation from thyme herb (Ka-
won) dominated thymol (48.23%), y—terpinene (11.85%),
p—cymene (10.58%) and carvacrol (5.62%). Other com-
pounds found in significant amounts were linalool (2.76%),
a—terpinene (2.52%) and B—caryophyllene (1.86%). The main
constituents found in commercial thyme oil offered by Bamer
company were thymol (33.61%), p—cymene (27.03%), a—
terpineol (11.23%), linalool (6.54%), a—pinene (3.60%), y-
terpineol (2.51%) and B—caryophyllene (1.98%). In the thyme
oil offered by Senti Oils company thymol (33.73%), p—cymene
(28.89%), a—terpineol (13.77%), linalool (6.45%), a—pinene
(3.69%), y—terpineol (2.57%) and S—caryophyllene (1.75%)
were the major components. Similarly, thyme oil offered by
Ecospa company was rich in thymol (33.28%), p—cymene
(27.85%), a—terpineol (14.03%), linalool (6.56%), a—pinene
(3.70%), y—terpineol (2.70%) and S—caryophyllene (1.82%).

Interestingly, y—terpinene (11.85%) was found only in the
oil isolated from thyme herb by hydrodistillation in a Cle-
venger apparatus. Trace amounts of «y—terpinene (0.03%)
were present in commercial thyme oil from Ecospa.

Oxygenated monoterpenes (60.35-64.30%), monoterpene hy-
drocarbons (30.09-37.04%) and sesquiterpene hydrocarbons
(2.24-3.56%) dominated in the analyzed oils. Oxygenated
sesquiterpenes (0.04-0.81%) were present in very low amounts
(Table 3).
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Table 2. Chemical composition of the essential oil obtained by hydrodistillation from thyme herb (Kawon) and commercially available
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Compounds?

Methyl a—methylbutanoate

(Z)-3-Hexen-1-ol
a—Thujene

a—Pinene

Camphene
trans-p—Menthane
B—Pinene
1-Octen-3-ol
3-Octanone
6-Methyl-5-hepten-2-one
B-Myrcene

3-Octanol
(E,Z)-2,4-Heptadienal
a—Phellandrene
a-Terpinene
o-Cymene

p—Cymene
D-Limonene
Eucalyptol
(Z)-B-Ocimene
(E)-B-Ocimene
~-Terpinene
cis-Sabinene hydrate
a—Terpinolene
2-Phenyl-2-propanol
Linalool

Fenchol

B—Thujone
10-Northuja—2-ene-4-one

(Z2)-p—2,8-Manthadien-1-ol

Pinocarveol
Camphor
(+)-2-Bornanone
p—Menthone
Isoborneol
(Z2)-B-Terpineol
Borneol
Menthol
Isomenthol
Terpinen-4-ol
p—Cymen-8-ol

a—Terpineol

https://journals.pan.pl/cpe

thyme oils (Bamer, Senti and Ecospa).

R¢ [min]

5.45
7.30
9.02
9.19
9.56
10.23
10.28
10.35
10.46
10.56
10.65
10.76
10.89
10.98
11.31
11.44
11.55
11.62
11.69
11.86
12.09
12.37
12.59
13.12
13.20
13.40
13.76
13.96
14.03
14.26
14.40
14.56
14.61
14.77
14.83
14.99
15.05
15.21
15.26
15.32
15.50
15.67

RI®
783
856
925
932
947
973
975
978
982
986
990
994
999
1003
1016
1021
1025
1028
1031
1038
1047
1058
1067
1088
1091
1099
1114
1122
1125
1135
1140
1147
1149
1156
1158
1165
1167
1174
1176
1178
1186
1193

Kawon
0.25
0.04
0.76
0.85
0.43
0.23
0.81
0.06
1.64
0.09
0.30
2.52
10.58
0.57
0.71
0.03
0.08
11.85
0.81
0.25

2.76

0.09

0.06
0.16
0.24
0.33

1.20
0.11
0.18
1.05
0.10
0.27

Bamer
*

3.60
1.19

0.38

0.06

1.35

0.09
0.05
0.21
27.03
0.96
0.70
0.15

0.07
0.05
6.54
0.22
0.06
0.07
1.06

1.06

0.68
0.31
1.38

0.42
0.08
11.23

Senti

3.69
1.20
0.05
0.43

0.06

1.42

0.09
0.06

28.89

0.97
0.66
0.15

0.14
0.03
6.45
0.06
0.04
0.08
0.08

0.63

0.53
0.20
1.27

0.08
0.04

13.77

Ecospa

3.70
1.21
0.05
0.42

0.05

1.45

0.03
0.12
0.07

27.85
1.17
0.94
0.23

0.03

0.13
0.05
6.56
0.06
0.05
0.09
0.08

0.65

0.55
0.20
1.34

0.07
0.04
14.03

Table 2 continued on next page
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Table 2 continued

No. Compounds? R¢ [min] RI® Kawon Bamer Senti Ecospa
43. ~—Terpineol 15.81 1198 0.06 2,51 2.57 2.70
44, trans—Carveol 16.25 1217 0.05 = = =
45, Thymol methyl ether 16.64 1234 1.02 - - -
46. Carvacrol methyl ether 16.86 1244 0.84 - — -
47. Thymoquinone 17.11 1255 - 0.03 - -
48. Piperitone 17.16 1257 = 0.09 = =
49, Geranial 17.48 1271 - 0.06 0.02 -
50. Borneol acetate 17.86 1287 0.22 - - -
51. Thymol 18.03 1294 48.23 33.61 33.73 33.28
52. Tridcane 18.18 1301 = 0.20 = =
53. Isocarveol 18.25 1304 - 0.02 - -
54. Carvacrol 18.31 1307 5.62 0.27 0.10 0.06
55. Undecanal 18.37 1310 - - - 0.04
56. Methyl geranate 18.78 1328 = 0.04 = =
57. Thymol acetate 19.39 1356 0.19 0.10 0.04 0.04
58. Cycloisosativene 19.76 1373 — 0.03 — =
59. a—Longicyclene 19.85 1377 - 0.09 0.03 0.03
60. a—Copaene 19.92 1380 0.07 0.06 0.05 0.05
61. B—Bourbonene 20.12 1389 0.04 - - -
62. Sativene 20.26 1396 — 0.06 — =
63. Longifolene 20.62 1413 - 1.04 0.17 0.17
64. (E)-B—Damascone 20.72 1418 - 0.03 0.02 0.03
65. B-Caryophyllene 20.89 1425 1.86 1.98 1.75 1.82
66. B—Copaene 21.06 1434 0.03 0.06 0.04 0.04
67. (E)-Geranylacetone 21.49 1455 - 0.07 0.03 0.04
68. a—Caryophyllene 21.60 1460 0.08 0.24 0.20 0.21
69. y—Muurolene 22.03 1480 0.16 - - -
70. Germacrene D 22.16 1487 0.05 = = =
71. a—Muurolene 22.41 1499 0.09 - - -
72. Bicyclogermacrene 22.50 1503 0.08 - - -
73. ~vy—Cadinene 22.80 1518 0.20 - - -
74. d6—Cadinene 22.98 1528 0.33 = = =
75. Caryophyllene oxide 24.23 1591 0.41 0.14 0.05 0.04
76. Isospathulenol 24.96 1630 0.10 - - -
7. 7—Cadinol 25.31 1648 0.30 - - -
Total identified 99.44 99.73 99.87 99.77
Number of compounds identified 54 47 40 42
Monoterpene hydrocarbons 30.09 35.08 37.04 36.38
Oxygenated monoterpenes 64.30 60.50 60.35 60.74
Sesquiterpene hydrocarbons 2.99 3.56 2.24 2.32
Oxygenated sesquiterpenes 0.81 0.14 0.05 0.04
Others 1.25 0.45 0.19 0.29

2 Compounds are listed in order of their elution from an HP-5MScapillary column
bRetention indices relative to C;—Csp alkanes on a HP-5MScolumn
—* not detected
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Constituents (factor /)
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(factor II)

Table 3. Statistical analysis of the content of main constituents identified in the investigated thyme essential oils.

Kawon Bamer Senti Ecospa Mean
a—Pinene 0.85 £ 0.081 3.60 +0.274 3.69 +0.115 3.70 £0.035 2.96
Camphene 0.43 +0.032 1.19 + 0.091 1.20 + 0.040 1.21 + 0.050 1.01
B—Myrcene 1.64 + 0.100 1.354+0.102 1.42 +0.061 1.45 4+ 0.081 1.46
a—Terpinene 2.524+0.110 0.05 4+ 0.006 0.06 4+ 0.000 0.07 +0.010 0.67
p—Cymene 10.58 4+ 0.238 27.03 + 0.464 28.89 +2.109 27.85 +1.369 23.59
D-Limonene 0.57 +0.040 0.96 4+ 0.046 0.97 4+ 0.064 1.17 +0.074 0.92
y—Terpinene 11.85 +0.153 - - 0.03 +0.001 5.94
Linalool 2.76 +£0.301 6.54 4+ 0.082 6.45 4+ 0.420 6.56 4+ 0.244 5.58
(Z)-p—2,8-Menthadien-1-ol —* 1.06 +0.02 0.08 +0.010 0.08 +0.010 0.41
Camphor 0.16 + 0.106 1.06 £+ 0.275 0.63 £0.051 0.65 £+ 0.051 0.62
Borneol 1.20 £ 0.086 1.38 £0.015 1.27 £0.115 1.34 £0.142 1.30
Terpinen-4-ol 1.05 £+ 0.089 0.42+0.010 0.08 £ 0.006 0.07 £ 0.006 0.41
a—Terpineol 0.27 +0.049 11.23+0.148 13.77 £ 0.700 14.03 +0.332 9.83
~y—Terpineol 0.06 £+ 0.015 2.51+0.020 2.57+£0.208 2.70 4+ 0.157 1.96
Thymol 48.23 £ 1.965 33.61 £1.032 33.73 £ 0.699 33.28 +0.278 37.21
Carvacrol 5.62 +0.370 0.27 +0.015 0.10 + 0.050 0.06 + 0.038 1.52
B—Caryophyllene 1.86 4+ 0.140 1.98 4+ 0.023 1.75 4+ 0.097 1.82 +0.126 1.85
Mean 5.33 5.89 6.04 5.65
LSDqy=0.05 for factor | 18.83
LSDqy=0.05 for factor Il n.s.
LSDqy—o.05 for interaction 054

factor | x factor Il

+ standard deviation (n = 3), n.s. — not significant, —* — not detected

3.2. Biological activity of thyme EOs and thymol

3.2.1. Morphological cell analysis

The L929 cell line exposed to commercial oils — Bamer, Ecospa
and Senti did not demonstrate a change in morphology and
the number of cells in cultures (Fig. 1) even in the highest EO
concentrations (at 500 and 1000 pg-mL~1). In contrast, the
most visible effect of tested factors was observed under a light
microscope for the concentration of 500 and 1000 ug-mL~! of
freshly hydrodistilled EO (Kawon). Cells exposed to hydrodis-
tilled EO at concentrations of 500 ug-mL~! demonstrated
changes in morphology (such as shrinkage/cell spherical
shapes) and in the total number of cells, whereas the highest
dose (1000 ug-mL~1) tested on L929 cells caused cell death
(Fig. 1). In the case of thymol solution subtle changes in cell
cultures were found at 250 pug-mL~! concentration (Fig. 1).
The number of cells was not affected, but cells demonstrated
shrinkage. Only a few cells adhered to the surface of the cul-
ture dish and exhibited untypical morphology. Most cells were
dead after 48 hours of treatment. The highest concentrations
of thymol (500 and 1000 pg-mL~1) evoked cell death (Fig. 1).

https://journals.pan.pl/cpe

In the case of the MCF-7 cell line, it was found that com-
mercial oils (Bamer and Ecospa) evoked cellular response
to the highest concentration (1000 pg-mL~!) that demon-
strated changes in morphology — spherical shapes of cells
were observed (Fig. 2). The same situation was noticed for
Senti commercial oil at the highest dose (1000 ug-mL~!
concentration) where few cells exhibited spherical shapes
whereas the major part of cell population showed unchanged
adhesion ability but untypical morphology. When cells were
exposed to a freshly hydrodistilled EO (Kawon) at a con-
centration of 500 pug- mL™! cells demonstrated shrinkage
and spherical shapes without changes in total cell number.
The highest dose (1000 pg-mL~!) of Kawon hydrodistilled
oil evoked cell death. The strongest effect observed under
a light microscope was found in the case of thymol. At
the concentration of 250 pug-mL~! about 50% of cells ex-
hibited spherical shapes, but the total number of cells was
unchanged. At the concentration of 500 ug-mL™! few liv-
ing cells were found in the population and all demonstrated
shrinkage, whereas at the concentration of 1000 pg-mL™?,
all cells were dead and formed cell aggregates in culture
medium (Fig. 2).
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Figure 1. The morphology of the L929 cell line after 48-hour exposition to essential oils and thymol.

Control 100 pgmL- 500 ugmL-* 1000 pgmL-"

250 pgmL-!

50 pgmL-*

o>

BAMER

Control - DMSO

ECOSPA

KAWON

THYMOL

Figure 2. The morphology of the MCF-7 cell line after 48-hour exposition to essential oils and thymol.
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3.2.2. Analysis of the cytotoxicity based on cell viability

The biological effect of EOs and thymol was also evaluated
using CCK-8, LDH leakage and NRU assays. Results ob-
tained from the CCK-8 assay for the L929 cell line exhibited
the strongest effect of freshly hydrodistilled oil and thymol.
Obtained results confirmed morphology observation. In addi-
tion, the concentration in the range of 50 to 500 ug-mL~?
of the commercial EOs did not reduce relative cell viability
significantly with the lowest value of cell viability equal to
80% (Fig. 3A). The highest concentration of Bamer and
Senti commercial oils (1000 pg-mL~1) reduced cell viability
at the higher level, whereas the Ecospa EO demonstrated
the weakest action on cells with the reduction of cell viability
to 60% after 48-hour exposition to 1000 pug-mL~! concen-
tration (differences considered as significant at a level of
p < 0.05; Table A1-A3). The biological action of freshly
hydrodistilled oil and thymol evoked the highest reduction
of cell viability at a concentration of 500 ug-mL~! 1 and
1000 pug-mL~! (Fig. 3A; differences considered as significant
at a level of p < 0.05; Table A4-A5). The effect of EOs was
dose-dependent.

The response of MCF-7 cells to EOs and thymol demonstrated
using CCK-8 assay was also dose-dependent with the highest
cytotoxic effect for freshly hydrodistilled oil and thymol. The
assay result showed a reduction of cell viability at a concen-
tration of 500 pug-mL~! to 22-26% and at a concentration
of 1000 pug-mL~! to 6-8% in comparison with the control.
In contrast, commercial oils demonstrated a slightly higher
reduction of cell viability at the concentration in the range of
50 and 250 pg-mL~! (differences considered as significant at
a level of p < 0.05; Table A6-A10).

140%
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When cell viability was analyzed using LDH leakage assay the
effect of EOs and thymol membrane integrity was minimal at
the concentration in the range of 50 and 500 ug-mL~! in the
case of both cell lines. The highest dose (at a concentration of
1000 pg-mL~1) of tested factors evoked higher LDH leakage
after exposure to Bamer EO, freshly hydrodistilled oil (Kawon)
and thymol in L929 cell culture (Fig. 3B). In contrast MCF-7
cells demonstrated the highest LDH leakage (up to 28%) in
the presence of hydrodistilled oil (Kawon) at a concentration
of 1000 ug-mL~? (Fig. 3E).

In the results of the NRU test, the highest relative survival rate
for both lines was recorded at a concentration of 50 pug-mL~!
(Fig. 3C and 3F). The hydrodistilled oil (Kawon) and thymol
reduced the L929 cell ability to incorporate neutral red dye
to 40% in comparison to the control culture (Fig. 3C). In
the range of 250 and 1000 pug-mL~! both cell lines showed
a dose-dependent response to EOs but MCF-7 cells exhibited
the highest reduction of cell viability in the presence of hy-
drodistilled oil (Kawon) (Fig. 3F; differences considered as
significant at a level of p < 0.05; Table A6-A10).

Moreover, due to different concentrations of thymol in indi-
vidual oils (in Kawon 48.23% and from 33.28 to 33.73% in
Ecospa, Bamer and Senti EOs) additional comparison was
evaluated (Figure A5—AT). Cell cultures were incubated with
thymol alone at the concentration corresponding to the con-
tent in individual EOs. Comparison of the results obtained
from the incubation of L929 cells with EOs to results of L929
cells incubated with thymol showed no significant differences
in cell viability (Figure A5-A7) except for Ecospa EO in CCK-
8 and NRU assays and Senti EO in the case of LDH assay
results. In the mentioned exceptions, thymol alone at the
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Figure 3. The L929 and MCF-7 cells viability after 48-hour incubation with thyme essential oils and thymol; L929 — CCK-8 results (a);
L929 — LDH results (b); L929 — NRU results (c); MCF-7 — CCK-8 results (d); MCF-7 — LDH results (e); MCF-7 — NRU

results (f).
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adequate concentration caused a higher reduction of cell via-
bility than EO. Similarly, MCF-7 cells incubated with thymol
caused a higher reduction of cell viability in NRU assay than
all tested EOs. In contrast, results from CCK-8 for Senti and
Kawon EOS and LDH for Kawon exhibited a stronger effect
of individual EOs than thymol (Figure A5-A6).

3.2.3. Estimating the value of 1Cs

Based on results obtained from CCK-8 and NRU (those
two assays showed the greatest impact on cell viability)
ICso values were estimated (Tables 4-5). Among all tested
EOs and thymol, the thymol solution showed 1Csy value of
295.00 + 52.72 pg-mL~! in CCK-8 assay and ICsq value
of 65.59 + 10.11 pug-mL~! in NRU assay against the L929
cell line. Additionally, the freshly hydrodistilled EO (Ka-
won) showed cytotoxic activity against the L929 cell line
(43.68+£4.09 ugmL~1) in the NRU assay (Table 4). It can be
noticed that the L929 cell line indicates greater sensitivity to
the thymol in the CCK-8 assay as well as a freshly hydrodis-
tilled EO (Kawon) and thymol in the NRU assay in comparison
with the results for the MCF-7 cell line (Table 5). In the case
of the MCF-7 cell line, it can be found that the major cytotoxic
effects were observed for thymol (87.184:28.25 ug-mL~!) and
freshly hydrodistilled EO (Kawon) (225.00 4 35.33 pg-mL™1).
Moreover, it should be noticed that the thyme EOs and thymol
affected cell activity with varying strength as was presented
by ICso values. CCK-8, NRU and LDH assays demonstrate
different trends in response to tested EOs and thymol due to
different mechanisms which are the basis of the mentioned
assays. CCK-8 assay gives information about the reduction
of WST-8 (Water Soluble Tetrazolium 8) salt due to cellular
dehydrogenase activity and the presence of NADP(H) and
NAD(H). On the other hand, NRU assay is based on the ability
of cells to incorporate neutral red in lysosomes (Chamchoy et
al., 2019, Jedrzejczak-Silicka et al., 2021). In both mentioned
assays (CCK-8 and NRU) biological activity of tested freshly
hydrodistilled EO and thymol strongly affected cell viability at
the highest concentrations. The case of LDH assay is based
on LDH release from cells due to cell membrane damage. In
our study, we did not observe a reduction of cell viability in
LDH assay below 66% in comparison with both (negative and

Table 4. ICso values (ug-mL™") of essential oils and thymol for
CCK-8 assay results (expressed as mean + SD).

EOs and thymol Cell lines (CCK-8 assay)

L929 MCF-7
Bamer 603.50 £ 48.93 > 1000.00
Ecospa > 1000.00 > 1000.00
Senti 785.60 £89.45  741.50 £ 35.25

Hydrodistilled (Kawon)  701.02 4 127.84

295.00 £ 52.72

378.10 = 18.41

Thymol 359.90 + 4.56
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positive) control cultures after exposition to all commercial
EOs and thymol. That is why results obtained from the LDH
assay were not included in 1Csq value estimation.

Table 5. ICsp values (ug-mL™") of essential oils and thymol for
NRU assay results (expressed as mean + SD).

Cell lines (NRU assay)
EOs and thymol

L929 MCF-7
Bamer 667.70 £ 32.12  647.63 + 40.82
Ecospa 468.70 £ 185.27 578.70 £ 26.64
Senti 623.70 + 189.17 > 1000.00
Hydrodistilled (Kawon) 43.68 = 4.09 225.00 + 35.33
Thymol 65.59 £ 10.11 87.18 +28.25

4. DISCUSSION

One of the branches of pharmaceutical studies focused
its attention on essential oils that can be used omnidirec-
tional, e.g. in aromatherapy due to beautiful aromas, but
especially as a product with antibacterial, antifungal and
anti-inflammatory properties (Deering et al., 2017). A prime
example of widely used EOs are thyme essential oils, which
are extracted from the leaves of Thymus vulgaris L. Lately,
it was found that the EOs from Thymus vulgaris L. not only
present antibacterial, antifungal, anti-inflammatory properties
and antioxidant properties but also apoptotic activity against
chosen cancer cell lines, e.g. adenocarcinoma human alveolar
basal epithelial cells (A549) (Deering et al., 2017; Niksic
et al., 2021). Thus, in the presented study comparison of
the main thyme oil constituent between the commercial EOs
(Bamer, Ecospa, Senti), freshly synthesized EO from dried
thyme herb (Kawon), and thymol was evaluated to explore
its cytotoxic effects on chosen cell lines.

Based on Gas Chromatography—Mass Spectrometry (GC-MS)
analysis, main differences between analyzed EOs demonstrated
the highest number of compounds in Kawon (54 compounds)
in contrast to others (Bamer, Ecospa and Senti oils contain
47, 42 and 40 compounds, respectively). Not only differences
in the number of compounds were found, but the content of
compounds was different and the effect on cells also differed
from each other (Table A11). The composition of particular
commercial EOs and dried thyme herbs may differ in the main
and trace chemical components (as was stated by European
Medicines Agency (EMA) (2010) and Niksic et al. (2021)
dried thyme herb contains up to 2.5% EQO). The reason for
mentioned differences may be found in different chemotypes
of T. vulgaris L. As was found by Granger and Passet (1973)
intraspecific chemical variability of T. vulgaris L. and has
been reported that at least 6 chemotypes of T. vulgaris can
be found (Thompson et al., 2003), although recent studies

https://journals.pan.pl/cpe



Chem. Process Eng., 2024, 45(1), eb5

provide information about 20 different chemotypes (Satyal
et al., 2016). This kind of interspecific variations have been
also found in the case of Rosmarinus officinalis (Granger et
al., 1973), Mentha spicata (Kokkini and Vokou, 1989), and
Origanum vulgare (Vokou et al., 1993); Thompson et al.,
2003) being the effect of different geographical localizations
(but also variation during the vegetative cycle, collection time,
preparation process and other aspects) (Hudaib and Aburjai,
2007; Jamali et al., 2018) that affect percentage composition
of EOs. In other studies mentioned variation was stated to
be common in the genus Thymus, especially evidence of poly-
morphic variation in monoterpene production (Stahl-Biskup,
2002). The six chemotypes determined in T. vulgaris L. local-
ized in southern France include thymol, carvacrol, terpineol,
linalool, geraniol, and thuyanol-4 (all of each are monoter-
penes produced from geranyl pyrophosphate) with the higher
percentage of linalool (76.2%) and linalyl acetate (14.3%)
(Thompson et al., 2003). In contrast, the thyme obtained
from Serbia demonstrated the higher presence of geraniol
(59.8%) and geranyl acetate (16.7%). In case of T. vulgaris L.
localized in Bosnia and Herzegovina (Niksic et al. (2021) the
main components are thymol (36.7%), p—cymene (30.0%),
~—terpinene (9.0%), carvacrol (3.6%), linalool (2.4%), -
myrcene (1.50%) and terpinen-4-ol (0.40%). In our study,
four EOs were tested and the differences in composition also
may be determined by the various geographical localizations
where the thyme herba was obtained. From the information
obtained from the manufacturer Bamer EO was distilled from
T. vulgaris L. localized in Spain, Ecospa EO was obtained
from T. vulgaris L. localized in India, Senti EO was prepared
from plants harvested in southern Europe (more detailed in-
formation was not available). Finally, Kawon dried herb was
harvested in Poland and the main chemical components were
as follows: thymol, y—terpinene, p—cymene, carvacrol, linalool,
B—myrcene and terpinen-4-ol. In contrast Bamer, Ecospa
and Senti olis, though were harvested in different regions,
demonstrate the same composition of the main components
as follows: thymol, p—cymene, a—terpineol, linalool, a—pinene,
~y—terpineol and S-myrcene. The chemical composition analy-
sis of EOs isolated from T. vulgaris L. presented in this study
suggests that all four types of EOs can be classified as ‘thymol’
chemotype, with thymol as the predominant compound. This
finding is in agreement with the definition presented by Euro-
pean Medicines Agency (EMA) (2010) and European Pharma-
copoeia (2010). Not only herb chemotype influcences the es-
sential oil content and its chemical composition, but also stage
of development, plant age, part of plant harvested, harvesting
season, environmental factors (e.g. temperature and nutrition)
(Marzec et al., 2010; Rios-Estepa et al., 2008). Moreover,
drying method (that may activate hydrolytic enzymes, result-
ing in distinct variations in the ratio of volatile compounds
released) (Balladin and Headley, 1999; Venskutonis, 1997),
time of hydrodistilation (Wesotowska et al., 2012) and time
and condition storage also affect EOs compositon and may
be a reason of diffencences between commercial and freshly
distilled EOs found in this study (Farahbakhsh et al., 2021).
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The effect of EOs or their constituents on different cells was
also analyzed in this study. It was stated in many valuable
works that EOs act by different mechanisms on human and/or
animal cells and can evoke cytotoxic/irritating effects (Ta-
ble 1) (Blowman et al., 2018; Niksic et al., 2021). According
to the research findings, EOs demonstrate anticancer poten-
tial against e.g. breast, lung, liver, colon, prostate, and brain
cancer (Gautam et al., 2014; Niksic et al., 2021). In our study,
the thymol alone and the Kawon — freshly hydrodistilled EO
demonstrated the highest cytotoxic effect against used cell
lines but in a different manner. The difference in 1Csq values
and % toxicity suggest more sensitive MCF-7 cells (cellular
dehydrogenase activity determined via CCK-8 assay) in
contact with Kawon — freshly hydrodistilled EO than the L929
cells. Other differences were observed by using NRU assay,
and it may be stated that Kawon — freshly hydrodistilled EO
and thymol exhibited irritation effect on L929 and affected
cell ability to incorporate neutral red in lysosomes. The result
obtained using CCK-8 assay based on MCF-7 cell culture is
comparable to that of another cytotoxic study presented by
Sertel and co-workers (Sertel et al., 2011). In the mentioned
study, the cytotoxic effect of EO from Thymus vulgaris against
the UMSCC1 — human oral cavity squamous carcinoma cell
line was demonstrated. It was found that cytotoxic effect (de-
crease of cell viability to 1.3% determined using XTT assay)
was obtained at the concentration of 540.00 ug-mL~! of
EO with the ICs value equal to 369.55 pug-mL~1. Moreover,
Sertel et al. (2011) showed the effect of thyme EO on cells at
the transcriptional level. It was found that thyme EO involves
genes that are essential for the cell cycle, cell death and cancer
(Figure 4). For example, genes that are crucial in N-glycan
biosynthesis might be the target of thyme EO resulting in
the growth arrest of cancer cells. Interestingly, the described
action is an effect mainly due to thymol presence in EO (Islam
et al., 2019; Nagoor Meeran et al., 2017; Sertel et al., 2011).

The presented study corresponds to results obtained in our
study in the case of Kawon EO and thymol. It seems that T.
vulgaris L. EO and/or thymol present proapoptotic potential
as was confirmed by the activation of mitochondria—induced
apoptosis in two human breast adenocarcinoma cell lines
(MCF-7 and MDA-MB-231) (Islam et al., 2019; Kubatka et
al., 2019; Nagoor Meeran et al., 2017).

In the comprehensive and very interesting work of Jamali et al.
(2018) effect of thymol, carvacrol, p—cymene and y—terpinene
was analysed on three cell lines — normal L929 and two cancer
MDA-MB-231 and MCF-7 cell lines. Moreover, it was found
that thymol presented a growth-inhibitory effect on MDA-MB-
231, MCF-7 and L929 cells with I1Cs values 31.20 ug-mL™1,
27.00 ug-mL~! and > 250.00 ug-mL~! respectively after
24-hour treatment (results obtained from MTT assay), in
a dose-dependent manner. It was also demonstrated that thy-
mol evoked an inhibitory effect on the proliferation of chosen
cancer cell lines (ICsp level 56.00 pug-mL~1 for MDA-MB-231
and MCF-7 47.00 ugmL~!) (Jamali et al., 2018). Moreover,
our results obtained from the microscopic analysis were con-
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Figure 4. Possible effect and mechanism of thymol on different cancer cell models (Ferreira et al.,

Meeran et al., 2017; Sertel et al., 2011).

firmed by Jamali et al. (2018) results where the effect of
thymol activity was demonstrated by cell rounding, shrink-
age, cytoplasmic vacuolation, detachment and cell floating.
As was verified by Jamali et al. (2018) by acridine orange
(AO)/ethidium bromide (EtBr) staining mentioned features
are specific for apoptosis. Additionally, Deering et al. (2017)
stated that thymol-containing and non-thymol-containing
thyme (thyme linalool and thyme thujanol) evoke apoptosis
in HeLa and MCF7 cancer cells (Deering et al., 2017). This
statement is at odds with the results obtained by Jamali et
al. (2018); Sertel et al. (2011) and ours.

In our analysis also mouse L929 cell line — the workhorse cell
line was used to evaluate the effect of T. vulgaris L. EO or
thymol. The sensitivity of the L929 cell line differs from the
MCF-7 cell line and exhibited inhibition of viability in NRU
assay after exposition to thymol (Table 4-5). In contrary
human normal bronchial and tracheal epithelial cells treated
with thyme extract induced necrotic cell death of H460 cells
(lung cancer cell line), but did not affect the viability of normal
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2016; Islam et al., 2019; Nagoor

bronchial and tracheal epithelial cells (Oliviero et al., 2016).

As was noticed by Sikkema et al. (1995) the action of thyme
EO might be due to its lipophilic compounds (such as cyclic
terpenes and their oxygenated derivatives, a—pinene, together
with b—pinene, limonene, and terpinolene) that can cumulate
in cell membranes and evoke leakage of metabolites and en-
zymes due to higher membrane permeability (Jamali et al.,
2018; Sertel et al., 2011; Sikkema et al., 1995). The effect
of a—pinene was described on S. cerevisiae where a—pinene
affected the cellular integrity and inhibited respiratory activity
in the mitochondria of S. cerevisiae. Furthermore, b—pinene in-
hibited respiration in both S. cerevisiae cells and mitochondria
isolated from these cells. This compound was responsible for
the inhibition of proton and potassium ion translocation (the
passive efflux) by decreasing the transmembrane electrical
potential (Uribe et al., 1984; Uribe et al., 1985). At the same
time, b—pinene did not affect ATPase activity (Uribe et al.,
1985). Moreover, analyses focused on liposome model systems
confirmed that cyclic terpene hydrocarbons accumulate in
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the membrane resulting in a loss of membrane integrity and
dissipation of the proton motive force (Sikkema et al., 1995).
Additionally, Jamali et al. (2018) studied also the cytotoxic
effects of carvacrol and p-cymene and demonstrated that
both MDA-MB231 and MCF-7 cell lines were more sensi-
tive to carvacrol (ICso 53.00 ug-mL~! and 46.50 pg-mL~1,
respectively) than to p-cymene (ICso 295.20 ug-mL~! and
261.00 pug-mL~!, respectively) (Jamali et al., 2018). The
other studies highlight the effect of p—cymene on cell via-
bility, for example in the case of MCF-7 cells Rahman and
co-workers (Rahman et al., 2018) noticed the induction of
p53 protein expression and limited ability to cell invasion. The
activity of p-cymene was also determined by the example of
mouse melanoma B16-F10 cell cultures (Rahman et al., 2018).
On the other hand in the study focused on the MDA-MB-231
metastatic breast cancer cell line it was found that carvacrol
was responsible for apoptosis induction due to mitochondrial
membrane permeabilization (Arunasree, 2010). This finding
corresponds to results obtained by Niksic et al. (2021) in the
case of thymol and p—cymene, Jamali et al. (2018) in the
case of thymol, carvacrol and p—cymene and ours in the case
of thymol. Both components — thymol and p—cymene — are
the most abundant in thyme EQs, and thus could be taken
into account as possible candidates for therapeutic use (Ku-
batka et al., 2019; Sertel et al., 2011). Importantly, potential
therapeutic properties and role in therapies must always be
preceded by a detailed analysis of mechanisms of action on
normal and cancer cells (Islam et al., 2019). Mechanisms that
are underlying the activity of thyme EO may be caused by the
multi-component nature of EOs, but on the other hand, it
was found that single components also evoke changes in cell
activity. It seems that the key is to answer the question about
the mechanism of action, e.g. apoptosis, DNA fragmentation,
the antioxidant effect of a single component, the mixture of
them in EOs and a combination of additive and/or synergistic
effects of components (Jamali et al., 2018).

5. CONCLUSIONS

Characterization of commercial essential oils, isolation of EO
from dried thyme herb as well as cytotoxicity studies based
on two chosen cell lines (MCF-7 and L929) and a compar-
ison with thymol effect on cells may help to determine the
crucial components of thyme EOs that might be irritating
or potentially useful in therapies. The dose-dependent action
of bioactive compounds in T. vulgaris L. EOs was observed
in CCK-8 and NRU assays. Our study showed that the thy-
mol alone and EO of T. vulgaris L. freshly distilled had the
strongest cytotoxic activity against L929 and MCF-7 cell lines.
Based on obtained results it can be suggested that the thy-
mol/thyme essential oil cytotoxicity is cell dependent and
the various mechanisms involved in the cellular response to
thyme oil compounds. Thus, individual analysis of the main
ingredients of thyme EOs may give a more accurate answer
about the effect and mechanism of thyme EO.
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Figure A1. GC-MS chromatogram of commercial thyme essential oil produced by Bamer company.

E65 LT—m

gL 0Z—4
51661
v eI
19E 61
g9EL Bl
mmq_»% 3
agz al
2028150 o

—_—

FODEL—

. [ O
— 108 m_r[

IGE'El=

£89°L1L
a1ail

8551 I—

10

Risusiu| saneley

Retention Time {min)

Figure A2. GC-MS chromatogram of commercial thyme essential oil produced by Ecospa company.
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Figure A3. GC-MS chromatogram of commercial thyme essential oil produced by Senti company.

905 &T
A
¥
258 be
EET WEA )

£96'ZE

roe'z
05
BOF CEYY

a0l zz
CEE] _N@
BT LT3

mhm.cwllmpﬁ

E5E'6L—14

4668 _..L

T,

66181~

Za0° 81—

25591,
L L] M—

589'51
mmm_.mm_.m_ :
mmn_.m_ﬁllmm
mmmw%
mam.v;.
e

DBEEL— EIIEI—

ZBETI—

18 20

Retention Time {min)

16

FOS b=

=0

T T T T T T T T T T
= hasd st i~ o L bk Jak] N =
— =1 (= (=} = = (=} [=3 =3 o

Risusiu) aane|ay

Figure A4. GC-MS chromatogram of essential oil isolated from thyme herb ( Thymus vulgaris L.) produced by Kawon company.
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Table Al. Statistically significant differences between means of L929 cells exposed to commercial BAMER thyme oil obtained from
CCK-8, LDH and NR assays (small letters present differences considered as significant at a level of p < 0.05).

Concentration (pg/mL)

0 50 100 250 500 1000
a b c d e f
i T -) N T o N T ) N T -) NS T o N T )
$ &4 £ § &g ¥ § o g $ & ¥ § o ¥ § o k£
S 3 = S 3 = S O = S O = S | = S O =
a, b, a,b, a b
BAMER e, f f f f f f f f f f f f a, f f - ¢d «¢d, c, d,
e e '

Table A2. Statistically significant differences between means of L929 cells exposed to commercial ECOSPA thyme oil obtained from
CCK-8, LDH and NR assays (small letters present differences considered as significant at a level of p < 0.05).

Concentration (pg/mL)

0 50 100 250 500 1000
g h : j k |
[ee] [ee] (o) [ee] [ee] o)
5 5 = ~ Z =z 5 Z =z ~ Z = 5 Z =z 5 5 =z
O - =2 O | =2 O - =2 O — =2 O - =2 O — =2
h h h
ECOSPA k| - okl - | okl - I okl - Sl & _ &
i, j, | i, j, k )

Table A3. Statistically significant differences between means of L929 cells exposed to commercial SENTI thyme oil obtained from
CCK-8, LDH and NR assays (small letters present differences considered as significant at a level of p < 0.05).

Concentration (pg/mL)

50 100 250 500 1000
m n o p r s
o0} (o] [o0] 0] [e0] [0 0]
] T o i T o i T ) ] T o i T ) i T o
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Table A4. Statistically significant differences between means of L929 cells exposed to hydrodistilled thyme oil (KAWON) obtained from
CCK-8, LDH and NR assays (small letters present differences considered as significant at a level of p < 0.05).

Concentration (pg/mL)

0 50 100 250 500 1000
t u w X y z
© o © © o ©
) () () () () )
u, w, u, w, t, u, t,u, t,u, t, u,
KAWON X, vy, z X, Y, Ly z t, z ty z t, z Ly z t,z w, x, z t,z W, X, W, X W,X,
, z z z z . v . ¥
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Table A5. Statistically significant differences between means of L929 cells exposed to thymol obtained from CCK-8, LDH and NR assays
(small letters present differences considered as significant at a level of p < 0.05).

Concentration (pg/mL)

0 50 100 250 500 1000

al bl cl d1 el f1
[oe] [ee] [o] o] [ee] [oe]
z 2 fzz2¥zz sz zzizoz
S O = S a = S O = S a = S a = S O =
b1, b1, al al al, al, al, al al al, al,
cl, b1, cl, d1’ al, al, dlv el al, b1, o1 al, b1, b1, blv bly bl, b1,

THYMOL d1, el, di, elv el, el e1, flv el, «cl, fly el, «cl, «cl, c1, c1, cl, «cl,
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Table A6. Statistically significant differences between means of MCF-7 cells exposed to commercial BAMER thyme oils obtained from
CCK-8, LDH and NR assays (small letters present differences considered as significant at a level of p < 0.05).

Concentration (pg/mL)

0 50 100 250 500 1000
a b c d e f
S &4 & § o ¥ $§ & ¥ § o £ § o & F o L
O - =2 O - =2 O - =2 O - =2 O - =2 O - =2
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Table A7. Statistically significant differences between means of MCF-7 cells exposed to commercial ECOSPA thyme oil obtained from
CCK-8, LDH and NR assays (small letters present differences considered as significant at a level of p < 0.05).

Concentration (pg/mL)

0 50 100 250 500 1000
g h i j k |
NS T - N T -} N T -} N T -} N T -} N T -]
S § ¥ § o ¥ § g T § o ¥ § o E 5 g %
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Table A8. Statistically significant differences between means of MCF-7 cells exposed to commercial SENTI thyme oil obtained from
CCK-8, LDH and NR assays (small letters present differences considered as significant at a level of p < 0.05).

Concentration (pg/mL)
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m n o p r S
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Table A9. Statistically significant differences between means of MCF-7 cells exposed to hydrodistilled thyme oil (KAWON) obtained
from CCK-8, LDH and NR assays (small letters present differences considered as significant at a level of p < 0.05).

0
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Table A10. Statistically significant differences between means of MCF-7 cells exposed to thymol obtained from CCK-8, LDH and NR
assays (small letters present differences considered as significant at a level of p < 0.05).

THYMOL
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LDH

el,

50
b1l
[ee]
z ¥ B
=z bt a
cl,
di, 21' el,
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f1

Concentration (pg/mL)

Table A11. Main point of difference between tested EOs and thymol.

Feature of EO

Total number of
compounds

Main differences in
compounds
concentration

Cell morphology of
L929 cells

20 of 24

Bamer

47

The highest
concentration of
(Z)-p—2,8-Menthadien-
1-ol;

camphor

100 250
cl d1
[oe] [oe]
) T o) | o
x 5 E x 5 E @
= bt 3 = o 3 =
el, 2L, el, 2L, el,
fl el, fl la el, fl al
f1 f1
Ecospa Senti
42 40
The highest Lack of y—terpinene

concentration of
D—-limonene;
Lack of «y—terpinene

Typical morphology even at the highest concentrations (500 pug-mL™*

and 1000 pg-mL~1)

CCK-8

al,
b1,

di

500 1000
el f1
r o ¥ T >
&) x S a x
- =2 O - =2
al al
g Gl :
lc)i al, b1, tc)i al,
qa, Ol Zi’ a2t
f1 el
Kawon
54

The highest concentration of
thymol; a—terpinene;
~y—terpinene; terpinen-4-ol;
carvacrol;

The lowest concentration of
a—pinene; camphene;
p—cymene; linalool;
a—terpineol; y—terpineol
Lack of
(Z)-p—2,8-Menthadien-1-ol

Changes in morphology — as
shrinkage/cell spherical

shapes at concentrations of
500 ug-mL’l; Cells death at
concentration 1000 ug-mL~*

Table A1l continued on the next page
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Table A1l continued from previous page

Feature of EO

Total number of
compounds

Cell morphology of
MCF-7 cells

L929 cell viability
(CCK-8 assay)

MCF-7 cell viability
(CCK-8 assay)

Membrane integrity of
L929 cells (LDH assay)

Membrane integrity of
MCF-7 cells (LDH
assay)

Cell viability of L929
cells (NRU assay)

Cell viability of MCF-7
cells (NRU assay)

https://journals.pan.pl/cpe

Bamer

47

Ecospa

42

Typical morphology even at concentration

500 ug-mL~!; changes in morphology — spherical
shapes of cells at concentration of 1000 ug-mL™*

The relative cell
viability reduced to
17% at concentration
of 1000 pg-mL™!

The reduction of cell
viability at
concentration of

1000 ug-mL™! to 53%

The relative cell
viability reduced to
60% at concentration
of 1000 pug-mL™!

The relative cell
viability reduced to
86% at concentration
of 1000 pg-mL~!

The reduction of cell
viability at
concentration of

1000 pg-mL~?* to 41%

The reduction of cell
viability at
concentration of

1000 ug-mL™! to 51%

The reduction of cell
viability at
concentration of

1000 pg-mL™! to 61%

The relative cell
viability reduced to
53% at concentration
of 1000 pg-mL™*

The relative cell
viability reduced to
91% at concentration
of 1000 pug-mL~*

The reduction of cell
viability at
concentration of

1000 ug-mL™! to 92%

The reduction of cell
viability at
concentration of

1000 pg-mL~?* to 34%

The relative cell
viability reduced to
54% at concentration
of 1000 pg-mL™*

Senti
40

Typical morphology
even at concentration
500 pg-mL™!; major
part of cell population
display untypical
morphology at
concentration of
1000 ug-mL™!

The reduction of cell
viability at
concentration of

1000 ug-mL™! to 25%

The reduction of cell
viability at
concentration of

1000 pg-mL~! to 29%

The reduction of cell
viability at
concentration of

1000 pg-mL~! to 84%

The reduction of cell
viability at
concentration of

1000 pg-mL™! to 91%

The reduction of cell
viability at
concentration of

1000 pg-mL™! to 25%

The reduction of cell
viability at
concentration of

1000 pg-mL~! to 64%

A comparative study of thyme (Thymus vulgaris L.) essential oils and thymol — differences. ..

Kawon

54

Cells demonstrate
shrinkage, spherical
shapes at
concentration of

500 pg-mL~?; Cells
death at concentration
of 1000 pg-mL™*

Full reduction of cell
viability of
1000 pg-mL~?

The reduction of cell
viability at
concentration of
1000 pg-mL™! to 6%

The reduction of cell
viability at
concentration of

1000 pug-mL™" to 66%

The reduction of cell
viability at
concentration of

1000 ug-mL™! to 64%

The reduction of cell
viability at
concentration of

1000 ug-mL™" to 10%

The reduction of cell
viability at
concentration of

1000 pg-mL~! to 14%
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Figure A5. The effect of essential oils versus thymol (*at the concentration corresponding to the content in individual oils) on cell lines -
CCK-8 assay results; L929 cell viability incubated with BAMER EO (a); MCF-7 cell viability incubated with BAMER EO (b);
L929 cell viability incubated with ECOSPA EO (c); MCF-7 cell viability incubated with ECOSPA EO (d); L929 cell viability
incubated with SENTI EO (e); MCF-7 cell viability incubated with SENTI EO (f); L929 cell viability incubated with KAWON
EO (g); MCF-7 cell viability incubated with KAWON EO (h).
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The effect of essential oils versus thymol (*at the concentration corresponding to the content in individual oils) on cell lines —
LDH assay results; L929 cells incubated with BAMER EO (a); MCF-7 cells incubated with BAMER EO (b); L929 cells
incubated with ECOSPA EO (c); MCF-7 cells incubated with ECOSPA EO (d); L929 cells incubated with SENTI EO (e);
MCF-7 cells incubated with SENTI EO (f); L929 cells incubated with KAWON EO (g); MCF-7 cells incubated with KAWON
EO (h).
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The effect of essential oils versus thymol (*at the concentration corresponding to the content in individual oils) on cell lines —
NRU assay results; L929 cell viability incubated with BAMER EO (a); MCF-7 cell viability incubated with BAMER EO (b);
L929 cell viability incubated with ECOSPA EO (c); MCF-7 cell viability incubated with ECOSPA EO (d); L929 cell viability
incubated with SENTI EO (e); MCF-7 cell viability incubated with SENTI EO (f); L929 cell viability incubated with KAWON
EO (g); MCF-7 cell viability incubated with KAWON EO (h).
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