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Objective: Origanum minutiflorum essential oil was evaluated for its chemical components, in vitro
antioxidant, scolicidal and anticancer activities.

Methods: Oil was extracted and its components were identified with spectrometry and flame ionisation
gas chromatography. The oil antioxidant activity was evaluated by DPPH radical scavenging and B-
Carotene/linoleic acid bleaching assay. Scolicidal effect of the oil against protoscolices of hydatid cysts
was evaluated at different concentrations and exposure times. Also, different oil concentrations were tes-

gig:zzﬁ: tififed for its anticancer activities on breast cancer cell line (MCF-7), human lung cancer cell line (A-549)
Antiparasite and human hepatocellular carcinoma cell line (HepG2)

Anticancer Results: Analyses of the O. minutiflorum oil identified 64 components with carvacrol being the predomi-
Antioxidant nant compound. The oil showed a weak free radical scavenging capacity (ICsg at 310 + 4.2 pg/mL) whilst it
Carvacrol was moderately active in term of the suppression of linoleic acid oxidation (64.6%). All the tested oil con-

centrations, however, revealed a significant scolicidal activity on the protoscoleces of hydatid cysts. The

anticancer activity of O. minutiflorum oil was found more in HepG2 cells followed by A-549 and MCF-7

cells and this was evidenced by the LC50 values.

Conclusions: The present work strongly suggests that 0. minutiflorum could serve as a potential source of

scolicidal and anticancer agents.

© 2020 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

toxic and more effective. Plants contain a broad spectrum of natu-
ral compounds that could be sources of novel pharmacologically-

1. Introduction

There is currently considerable debate regarding the relative
inefficacy of chemically-derived drugs against drug resistant
pathogens and newly emerging infections, as well as their safety
aspects (Wangchuk 2018). In this context, there is increasingly
pressure on drug manufacturers from both consumers and the
authorities to substitute the synthetic chemical drugs with alterna-
tive natural compounds, that are believed to be likely to be less
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active ingredients, and, indeed, plants have a long history as
important sources of remedial agents (Veeresham 2012).

For a long time, Origanum minutiflorum (Labiatae) has been
widely used as flavour enhancer in foods, moreover in traditional
medication as a remedy for indigestion, loss of appetence and
coughs (Goze et al. 2010). Its rich essential oil has also been shown
in various studies to exhibit significant antibacterial, antiviral, anti-
fungal, larvicidal and acaricidal activities (Cetin et al. 2009; Goze
et al. 2010; Kili¢giin and Korkmaz 2014).

Despite these intensive studies, there remains a scarcity of
knowledge on the scolicidal and anticancer activities of the con-
stituents of the O. minutiflorum essential oil. The main aims of
the present study therefore, were to determine: (i) the total active
constituents of the oil; (ii) the in vitro antioxidant capacity; (iii) the
in vitro scolicidal activity of O. minutiflorum essential oil on the
protoscoleces of hydatid cysts; (iv) the in vitro anticancer activities
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on breast cancer cell line (MCF-7), human lung cancer cell line (A-
549) and human hepatocellular carcinoma cell line (HepG2).

2. Materials and methods
2.1. Plant material

Origanum minutiflorum plants were collected from Devebeli
Pass, Siitciiler-ISPARTA (37° 22 N and 31° 07 E, elevation
1340 m). Identification was approved by a plant taxonomist and
a voucher specimen was deposited at the Herbarium of the Depart-
ment of Biology, Cumhuriyet University (CUFH), Turkey. The O.
minutiflorum leaves were dried and then ground to pass through
a 2 mm mesh.

2.2. Extraction of essential oil

The dried ground leaves (100 g) were placed in a Clevenger-
type distillation device with 2 L of double distilled water and then
hydro-distilled for 3 h. The extracted essential oil (EO) was dried
over anhydrous sodium sulphate, filtered and kept at 4 °C until use.

2.3. Characterization of essential oil (GC-MS and GC-FID Analyses)

The identification of the EO chemical profile was carried out
according to Busatta et al. (2017). This was done using gas chro-
matography with a mass detector (GC-MS), model Shimadzu GC
17A, ion source temp: 200 °C, interface temp: 250 °C, solvent cut
time: 4 min. Chromatographic patterns as cis-sabinene hydrate,
o-terpinene, Yy-terpinene (Fluka), o-terpineol, camphene, o-
pinene, carvacrol, B-pinene, B-myrcene, p-cymene, limonene, euca-
lyptol, terpinolene and linalool (Sigma-Aldrich) were utilized for
the chemical characterization of the essential oils.

Gas chromatography (GC) in a Shimadzu GC-210 with a data
processor, using biphenyl as an internal standard for The quantifi-
cation of essential oils. The analyses were performed in capillary
column RESTEK, Rxi-5 Sil MS 30 Meter 0,25 mm ID 0,25 pm df,
detector FID, following the temperature programme: 40-180 °C
(3°Cmin~!), 180-240 °C (20 °C min~!), 240 °C (20 min), tempera-
ture of injector 250 °C, injection mode split, carrier gas He, injec-
tion volume of 0.4 pL (sample diluted in n-hexane 1:10).

2.4. Antioxidant activity

2.4.1. 2,2-Diphenyl-1-picrylhydrazyl DPPH radical scavenging assay

The assay was performed according to Demir et al. (2015).
Briefly, the stock solutions (10-20 mg mL~') were prepared in
methanol. Aliquots of 50 pL of the extract solution was added to
5 mL of a newly prepared 0.004% (w/v) DPPH radical methanol
solution and left in the dark for 30 min at room temperature allow-
ing for any reaction to occur. Absorbance values of these solutions
were measured using spectrometer (Unicam UV2-100) at 517 nm.
The anti-free radical activity was determined in percent (I%) as
follows:

1% = [(Ablank_ Asample)/Ablank] x 100

where, Apiank is the control reaction absorbance while Agample is
the tested compound absorbance. The concentration of the extract
exhibiting 50% inhibition (IC50) was calculated from the graph-
plotted for the percent of inhibition against the concentration of
the extract. The assay was performed in triplicate with butylated
hydroxytoluene (BHT) serving as a positive control.

2.4.2. B-Carotene/linoleic acid bleaching assay

In this assay, a mixture of 0.5 mg B-carotene in 1 mL chloroform
(HPLC grade), 25 pL linoleic acid and 200 mg Tween 20 was pre-
pared. Chloroform was then totally evaporated in vacuo and there-
after the residue was diluted with 100 mL of oxygenated distilled
water to form a clear yellowish emulsion. This must be used soon
as possible. The extract and BHT (positive control) were individu-
ally dissolved in ethanol (2 mg ml~') and 350 pL in a test tube, fol-
lowed by a 2.5 mL of the B-carotene and linoleic acid mixture, and
mixed thoroughly. The test tubes were kept for 24 h at room tem-
perature together with a negative control (blank). The values of the
absorbance were estimated at 490 nm on an ultraviolet and visible
(UV-vis) spectrometer (Burits and Bucar 2000). The Relative
Antioxidant Activity (RAA %) was estimated as following:

RAA%: [Asample/ABHT] X 100

All assays were performed in triplicate and the percentages of
inhibition were given as means * SD.

2.5. Scolicidal activity

2.5.1. Collection of protoscoleces from hydatid cysts and the viability
test

Hydatid cysts were carefully excised without any spillage from
the naturally infected livers of slaughtered sheep. The protoscole-
ces and hydatid fluid were aspirated and transferred into glass
cylinders and left for 20 min so as to permit the protoscoleces to
settle down. The supernatant fluid was then evacuated while the
retained protoscoleces were washed three times in saline solution.
The viability of the protoscoleces was affirmed by 0.1% eosin stain-
ing. After exposure to the stain for five minutes, protoscoleces that
did not take the dye were considered viable while the stained pro-
toscoleces were considered dead (Fig. 1) (Haghani et al., 2014). In
order to calculate the percentage of viability, at least 450 proto-
scoleces were counted and then the number of viable protoscole-
ces was divided by the total number of protoscoleces. Finally,
samples with viability of more than 95% were considered suitable
for further studies.

2.5.2. Determination of in vitro activity

In the present investigation, three concentrations (0.025, 0.05
and 0.1%) of the essential oil were tested on the protoscoleces.
2 mL of each concentration was placed in three test tubes to which
about 5 x 10® protoscolices were added and gently mixed. These
three tubes for each concentration (i.e. nine in total) were then
incubated at 37 °C for 1, 3 and 5 min, respectively. After incubation,
the supernatant was carefully disposed to avoid disturbing the
remaining settled protoscoleces. Then, 1 mL of 0.1% eosin stain
was mixed gently with settled protoscoleces. Five minutes later,
the viability of these protoscoleces were microscopically esti-
mated. At least 5 x 10> protoscoleces in 2 mL distilled water with
no treatment with the oil was considered as a control group.

2.6. Cytotoxic activity

2.6.1. Cell culture

Human breast cancer cell line (MCF-7), human lung cancer cell
line (A-549) and human hepatocellular carcinoma cell line (HepG2)
were cultured in DMEM culture medium supplemented with 10%
foetal bovine serum (FBS), 0.2% sodium bicarbonate and antibi-
otic/antimycotic solution. The cells were grown at 37 °C in a CO,
incubator (5% C0,-95% atmosphere) under high humidity
(Siddiqui et al., 2008). The viability of the all cell lines were esti-
mated using trypan blue dye exclusion assay and the batches of
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Fig. 1. Live non stained protoscolices (A), Live protoscolices after staining with 0.1% eosin (B), Dead protoscolices after treatment with 0. minutiflorum EO and staining with

0.1% eosin. Scale-bar = 100 um.

cells with more than 98% cell viability were utilized in the current
work.

2.6.2. Cytotoxicity assessment by MTT assay

The cytotoxicity assessment was performed according to the
protocol of Siddiqui et al. (2008). In brief, MCF-7, A-549 and HepG2
cells were plated in 96 well culture plates and were allowed to
adhere for 24 h in a CO, incubator at 37 °C. Then, the cells were
subjected to various concentrations (0.0156 - 1%) of O. minutiflo-
rum oil for 24 h. After the exposure, 10 pL of MTT (5 mg/mL of
stock) was added in each well and plates were incubated for a fur-
ther 4 h in a CO, incubator. Then, the supernatant was discarded
and 200 pL of DMSO was added in each well and mixed gently.
Plates were read at 550 nm wavelength. Control sets were also
kept under the same conditions. The cytotoxic activity of O. minu-
tiflorum oil against the three cancer cell lines was compared by
estimating the LC50 values.

2.7. Statistical analysis

Statistical analysis was accomplished by one-way analysis of
variance (ANOVA). All analyses were carried out using a statistical
package program (Sigma Plot version 11.0). Results were consid-
ered statistically significant at P < 0.001.

3. Results
3.1. Yield and chemical composition of the essential oil

Hydrodistillation of ground leaves provided a pale yellow-
coloured essential oil with a 3.1% (v/w) yield. The oil’s odour was
typical of carvacrol. GC-MS and GC-FID analyses also confirmed
this observation, identifying 64 components (representing ca.
98.9% of the total identified components) with carvacrol (64.29%)
being the predominant compound, followed by p-cymene
(9.56%). The main oil constituents are listed in Table 1, except for
43 compounds each representing less than 0.1% of the total, which
were considered as.

3.2. Antioxidant activity

The radical scavenging capacity of O. minutiflorum oil as evalu-
ated spectrophotometrically by determining its capability to

donate hydrogen to stabilize the radical, DPPH. BHT was employed
as a positive control. It was found that the DPPH radical scavenging
activities of the oil was insignificant, with an ICsg at 310 + 4.2 ng/
mL when compared to that of BHT, which have ICsq at
19.8 £ 0.5 ug/mL.

In the B-carotene/linoleic acid assay, the EO was found to inhibit
the oxidation of linoleic acid moderately with an RAA of 64.6%. This
compares, however, with an RAA for the positive control, BHT, of
100%.

3.3. In vitro scolicidal activity

The scolicidal activity of O. minutiflorum oil is summarized in
Table 2. The scolicidal effect of O. minutiflorum oil at a concentra-
tion of 0.025% was 32.4%, 50.3% and 91.1% after 1, 3 and 5 min,
respectively. The effect at a concentration of 0.05% was 42.03%,
75.4% and 100% after 1, 3 and 5 min respectively. At 0.1% concen-
tration of the oil exhibited 100% death after 3 and 5 min of expo-
sure time. Overall, the scolicidal activity of the oil was evident at
these concentrations.

3.4. Cytotoxicity assessment

Highlights of the results obtained by mtt assay in mcf-7, a-549
and hepg2 cells are summarized in figures (2-4). the results
exhibited a concentration dependent decrease in the cell viability
of mcf-7, a-549 and hepg2 cells following 24 h exposure to o.
minutiflorum oil. the percentage of cell viability, even at lower
concentrations i.e. 0.0156, 0.03125 and 0.0625% of o. minutiflo-
rum oil was recorded as 93%, 14%, and 14%, respectively in mcf-
7 cells (Fig. 2). in a-549 cells the cell viability was recorded as
83%, 6% and 6% with o. minutiflorum oil concentrations of
0.0156, 0.03125 and 0.0625%, respectively (Fig. 3). in hepg2 cells,
meanwhile, cell viability was 78%, 12% and 5% at concentrations
of 0.0156, 0.03125 and 0.0625%, respectively (Fig. 4). the 1c50
were 0.028457%, 0.028682%, 0.0349235% for hepg2, a-549 and
mcf-7 cells respectively. overall, therefore, the cytotoxic effect of
o. minutiflorum oil was strongest in hepg2 cells followed by a-
549 and mcf-7 cells of the results obtained by MTT assay in
MCF-7, A-549 and HepG2 cells are summarized in figures (2-4).
The results exhibited a concentration dependent decrease in the
cell viability of MCF-7, A-549 and HepG2 cells following 24 h
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Table 1 120
Chemical composition of the essential oil of Origanum minutiflorum.
Peak No RT RI Components % 490
1 9.042 834.00 o-Pinene 133 2 80
2 9.629 846.00 Camphene 1.03 3
3 10681  874.00 (+) p-Pinene 0.26 g
4 10.901 879.00 1-Octen-3-ol 0.51 T
5 11.227 888.00 B-Myrcene 1.66 g 10
6 11.561 897.00 3-Octanol 0.18 °
7 11.815 904.00 5-3-Carene 0.10 20
8 11.915 906.00 o-Phellandrene 0.99
9 12249 915.00 o-Terpinene 1.47 6 - - - - [ W
11 12.590 923.00 p-cymene 9.56 > o5 m o g o a8 o
12 12.739 927.00 Bornylene 0.65 o(\\‘ (0@ ,\rfJ ,]500 6@ QQQ Q@ QQQ
13 12.847 930.00 Eucalyptol 0.50 S S & K o qul S &
14 13.898 957.00 v-Terpinene 3.94 CoHCantrations
15 14.366 969.00 cis-sabinene hydrate 1.03
16 14.932 983.00 Q'Terpi“"]ene 0.23 Fig. 2. Cytotoxic activity of 0. minutiflorum EO in MCF-7 cells by MTT assay. Cells
17 15.555 999.00 Linalool 0.74 were exposed to different concentrations of EO for 24 h. All values are presented as
18 18315  1071.00  Borneol 231 mean # SD.
19 18.637 1079.00 Terpinen-4-ol 1.14
20 19.446 1100.00 o-terpineol 0.50
21 20.801 1137.00 Carvacrol methyl ether 0.10 120
22 23.454 1210.00 Carvacrol 64.29
23 27.227 1320.00 Trans-B-Caryophyllene 2.39
24 28.387 1355.00 o-Humulene 0.10 100
25 31.558 1455.00 4-Ethylguaiacol 0.55
26 32.259 1477.00 (+) spathulenol 0.27 - 80
27 32419 1483.00 (—)-Caryophyllene oxide 0.42 %
28 41.879 1819.00 o-Chamigrene 0.21 g 20
29 46.892 2022.00 Nerolidol 0.22 =
30 48.712 2100.00 Heneicosane 0.17 8
31 50.948 2200.00 Docosane 0.23 ® 40
Minors * 1.81
Unknown ** 1.11 20
Total 100.00
Monoterpene hydrocarbons 20.57% 0 — — - - — -
by deocatbon sesquiterpenes 370 S S
quiterpenes 2.70 $) S 09’5 Qgco Q,_{l/ Q,ﬁ) 06-9 QQ

Oxygenated sesquiterpenes 1.46%

Others 1.85%

Concentrations

Abbreviations: RT, Retention time, RI, Retention Index.

*Components represented less than 0.1% are collectively referred as minors (43 in

total).

**Two peaks were not identified and named as unknown.

Table 2

Fig. 3. Cytotoxic activity of O. minutiflorum EO in A-549 cells. Cells were exposed to
different concentrations of EO for 24 h. All values are presented as mean + SD.

120

e
o
o

Scolicidial effect of Origanum minutiflorum essential oil on the viability of protosco-

lices of E. granulosus.

@
=}

2
Concentrations Experiment % of mortality rates after exposure 3
S
1 min 3 min 5 min > 60
0.025% 1 30.6 50 90.2 8:
2 322 489 93.4 = 40
3 343 52.1 89.7
Average 324 50.3 91.1 20
0.05% 1 40.6 773 100 -
2 442 75.3 100 0 mu EE BN = -
3 413 73.6 100 oo oo oo s*° 0\0 e\e S°
o S ® 'S
Average 42.03 75.4 100 o N oN & rf) (,)Q QQ @
N N o° o Ng o? N
0.1% 1 72 100 100 c trati
2 76.6 100 100 oncentrations
i ;ig }88 }gg Fig. 4. Cytotoxic activity of O. minutiflorum EO in HepG2 cells. Cells were exposed to
verage i different concentrations of EO for 24 h. All values are presented as mean + SD.
Control 1 3.1 3.6 5.5
2 33 4.2 53
3 30 3.8 48 tively in MCF-7 cells (Fig. 2). In A-549 cells the cell viability was
Average 3.1 39 5.2

recorded as 83%, 6% and 6% with O. minutiflorum oil concentra-

exposure to O. minutiflorum oil. The percentage of cell viability,
even at lower concentrations i.e. 0.0156, 0.03125 and 0.0625%
of 0. minutiflorum oil was recorded as 93%, 14%, and 14%, respec-

tions of 0.0156, 0.03125 and 0.0625%, respectively (Fig. 3). In
HepG2 cells, meanwhile, cell viability was 78%, 12% and 5% at
concentrations of 0.0156, 0.03125 and 0.0625%, respectively
(Fig. 4). The LC50 were 0.028457%, 0.028682%, 0.0349235% for
HepG2, A-549 and MCF-7 cells respectively. Overall, therefore,
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the cytotoxic effect of 0. minutiflorum oil was strongest in HepG2
cells followed by A-549 and MCF-7 cells.

4. Discussion

The constituents of O. minutiflorum EO have been studied by
many researchers and as mentioned here, carvacrol was found to
be the predominant component (64.29%). In the literature, how-
ever, the carvacrol content varies greatly between different studies.
For instance, studies by Demirel and Erdogan (2017), Toker et al.
(2017) and Albayrak and Aksoy (2019) reported carvacrol content
of 52.04%, 74.63% and 90.87%, respectively. After carvacrol, p-
cymene was the second major component in our study. This find-
ing is also consistent with the reports mentioned above.

It was found that both the yield and composition of EOs are dra-
matically affected by the time of the plant collection and climatic
factors, the oregano populations selected, the duration of hydrodis-
tillation and the plant parts employed also have significant effect
(Toker et al. 2017).

It is a generally accepted pattern that polar extracts obtained
from aromatic plants show much higher antioxidant activity than
those of EOs. This phenomenon is attributed to the presence of
phenolics in the polar extracts. Although polar extracts of moun-
tain oregano have not been included in our findings, our prelimi-
nary experiments support this phenomenon. Here, the free
radical scavenging capacity of EO is weak (310 pg/mL) whilst it
exerts moderate action on inhibition the linoleic acid oxidation.
The non-polar nature of EOs may explain the poor efficiency in sta-
bilizing the hydrophilic DPPH radical (Sahin et al. 2004). On the
other hand, the moderate effect in the B-carotene/linoleic acid
assay might be due to that the oil contains carvacrol and the other
monoterpene hydrocarbons (Albayrak and Aksoy 2019).

The application of scolicidal agents is obligatory for the inter-
ventional treatment of hydatid cysts and to avoid dissemination
of the protoscoleces during surgery (Abdel-Baki et al. 2016). The
currently available scolicidal agents have some unacceptable
adverse effects, however, and this has forced researchers to look
for alternative safer scolicidal agents. Recently, intensive efforts
have been devoted to explore herbal extracts as a possible source
for new anti-scolicidal components with high activity and low tox-
icity (Almalki et al. 2017). The essential oils of many Origanum
species are established to contain highly bioactive ingredients that
exhibit antimicrobial (Vardar-Unlii et al., 2006; Goze et al. 2016),
antifungal (Albayra and Aksoy, 2019), acaricidal and insecticidal
(Cetin et al., 2009) activities. Building on this concept, here we
assessed the in vitro scolicidal activity of O. minutiflorum essential
oil on the protoscoleces of hydatidosis at a various concentrations
and exposure times. All the tested oil concentrations showed a sig-
nificant level of scolicidal activity. Many herbal extracts and their
volatile components have been proven to have scolicidal activity,
including Allium sativum, Zataria multiflora, Mentha pulegium,
Nigella sativa, Salvadora persica and Curcuma longa and Zingiber
officinale (see Moazeni et al. 2014, Abdel-Baki et al. 2016, Almalki
et al. 2017). Pensel et al. (2014) established that the Origanum vul-
gare essential oil have anti-parasitic activities against protoscole-
ces and cysts of Echinococcus granulosus. The intrinsic activities
of the essential oils are probably going to be associated with the
proportion in which the constituents are present and also the
interactions between them (Goze et al., 2016). It is possible, there-
fore, that the scolicidal activity of O. minutiflorum essential oil is
due to its high carvacrol content (64.29%). This is suggested, for
example, by the work of Fabbri et al. (2016) who showed that car-
vacrol applied at a dose of 10 pg/mL led to maximum protoscolici-
dal effect. Although p-cymene is another major component (9.56%)
identified in O. minutiflorum, it has been shown to have no anti-

microbial activity when used alone (Juliano et al. 2000). That said,
the use of p-cymene in combination with other phenolic com-
pounds, such as carvacrol, appeared to increase scolicidal activity
(Moazeni et al. 2014).

in the present study, the in vitro cytotoxic effect of O. minutiflo-
rum oil against HepG2, A-549 and MCF-7 cells was evaluated. The
results showed that O. minutiflorum oil was highly cytotoxic in
HepG2 cells, followed by A-549 and MCF-7 cells. Bostancioglu
et al. (2012) proved that Origanum onites oil, also with a high car-
vacrol content, significantly suppressed the cell viability and trig-
gered apoptosis in rat adipose tissue endothelial cells (RATECs)
and 5RP7 (c-H-ras transformed rat embryonic fibroblasts) cells in
addition to obstructing the in vitro tube formation and migration
of RATECs. Similarly, it was found that carvacrol has the ability to
induce apoptosis in human glioblastoma cells and reduce hyperalge-
sia in mice with tumours, suggesting that Origanum EO can be useful
choice for cancer pain management (Liang and Lu, 2012; Guimaraes
et al. 2015 respectively). Recently, Han and Parker (2017) found that
Origanum vulgare, again with a high carvacrol content, markedly
amended the global gene expression and modulated signalling path-
ways which are critical in cancer signalling processes. When com-
bined with this existing literature, the present work strongly
implies that O. minutiflorum, with carvacrol as the main active com-
pound, might act as a possible source of an anticancer agent.

5. Conclusion

To date, no information has been available about the in vitro
scolicidal activity of O. minutiflorum EO on the protoscoleces of
hydatid cysts as well as its anticancer activities on MCF-7, A-549
and HepG2 cell lines. The findings presented here offer important
new data in these respects. Further studies are now needed to
identify the nature of the activity created by O. minutiflorum EO
and to determine if it would be a viable in vivo remedy to eradicate
scolicides as well as cancer cells.
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