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Abstract

Many phytochemicals have medicinal properties including anti-inflammatory, antioxidant and cytotoxic activities. The cur-
rent study aims to estimate and identify the chemical composition of Calamintha fenzlii Vis. leaves volatile oil and to
evaluate its cytotoxic, anti-inflammatory and antioxidant properties. The volatile oil (VO) of C. fenzlii leaves was separated
using microwave ultrasonic method and the chemical composition was characterized using Gas Chromatography—Mass Spec-
troscopy method. The anti-inflammatory, antioxidant and cytotoxic activities were determined using a COX inhibitor screening,
the DPPH-free radical scavenging and MTS (3-(4,5-dimethylthiazol-2-yl)-5-(3-cyrboxymethoxyphenyl)-2-(4-sulfophenyl)-
2H-tetrazolium, inner salt) cell viability colorimetric assays, respectively. The chemical constituents of C. fenzlii VO were
dominated by oxygenated monoterpenoid (96.91%). The major chemical components of C. fenzlii VO were represented by
menthone 68.93% and pulegone 23.1%. The cytotoxicity test results revealed that the 23.22, 11.6, 5.8 and 2.9 mg/ml of C.
fenzlii VO treatments induced cell death significantly (p <0.0001) by 70%, while 1.4 and 0.7 mg/ml induced cell cytotoxi-
city significantly (p <0.0001) by approximately 50% and 40%, respectively. The VO showed moderate antioxidant activity
with an ICsg value of 15.38£0.81 pwg/ml. The COX-1 ICsq value was 0.215 pg/ml, while COX-2 IC59 was 0.241 pg/ml.
Our data demonstrate for the first time that the VO of the Palestinian C. fenzlii plant possesses cytotoxic, anti-inflammatory
and antioxidants effects. It is a good source of therapeutic active compounds that could have potential applications in the
nutraceutical and pharmaceutical industries.
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1 Introduction

From ancient times, plants and their derivatives were used
as medicine and cosmetics. In 5000 BC, Sumerian used
thyme in medicine, while in 1550 BC, Egyptians documented
through the papyri material the use of fennel, juniper, cumin
and garlic to keep their healthy lifestyle [1]. Nowadays,
more than 70% of the populations in underdeveloped and
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developing countries have faith in traditional medicine and
herbal remedies [2]. For that, this increased attention has been
paid pharmaceutical companies to produce in huge quantities
herbal supplements and natural therapeutic agents. In view
of the fact that these products are more economical, friendly
to the environment and have fewer side effects caused by
synthetic chemicals [3].

Volatile oils (VOs) are one of the common forms of
natural products which were isolated from different plants
parts, some animals and fungi. In traditional medicine,
these oils were used for various therapeutic applications
such as bactericidal, fungicidal, parasiticidal, antitussive and
counter-irritants. Nowadays, in addition to their therapeutic
applications, they were used widely in cosmetics, sanitary,
agriculture and food industries [4]. Volatile oils are widely
used in food preservation and disease prevention, as they
possess antioxidant property. They detoxify reactive oxygen
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species that rise under certain pathological conditions leading
to oxidative stress, which is the main risk factor for cancer,
type-2 diabetes, cardiovascular and neurological diseases [5].
Furthermore, VO, as a natural antioxidant, will be the alter-
native to the synthetic antioxidant, like BHA and BHT, that
have a carcinogenic effect [6, 7].

In addition to the ability of volatile oils in scavenging of the
free harmful radicals, it also has an anti-inflammatory effect
by several mechanisms of action including the production
of prostaglandins. Prostaglandins are acidic lipids produced
from cell membranes. The primary and the rate-limiting
enzyme responsible for prostaglandin synthesis is cyclooxy-
genase (COX) which has two forms, COX-1 and COX-2.
The constitutively expressed COX-1 is present in cells under
physiological conditions and maintains mucosal blood flow,
promotes mucous secretion, inhibits neutrophil adherence
and maintains renal blood flow. In contrast to COX-1, COX-
2 is effectively absent in healthy tissue and is induced in
migratory and other cells by proinflammatory agents, such
as cytokines, mitogens and endotoxins under pathological
conditions such as inflammation [8]. Therefore, looking for
selective inhibitors against COX-2 will avoid the undesirable
gastrointestinal side effects of NSAIDs (non-steroidal anti-
inflammatory drugs) which non-selectively suppress COX
enzymes. For that, there is greater interest in the VOs to
be alternative for NSAIDs, that considered to be effective,
safer and suitable for chronic and long-term use without side
effects which produced by NSAIDs [9, 10].

Calamintha fenzlii Vis. (Lamiaceae family) commonly
known as squaw mint, pudding grass and mosquito plant.
It is a perennial herbaceous and flowering plant species
which native to the Eastern parts of the Middle East, northern
regions of Africa, central and southern countries of Europe
and Eastern regions of Asia. It can reach height up to 15 cm,
with indefinite width due to fast growing and spreading
nature. The plant leaves have a dark green color and oval
shape, with serrated margins and small hair on both sides.
While the flowers are mauve, tiny and present late in spring
and grow up the square stem and extend out from near the
node of the leaf [11].

In traditional medicine, C. fenzlii utilized for indigestion,
coughs, fevers, kidney and liver problems and also used for
the treatment of headaches, tuberculosis, influenza and small-
pox [12-16].

To the best of author’s knowledge, there have been
no previous studies conducted on the antioxidant, anti-
inflammatory, cytotoxic effect and identification of the chem-
ical constituents of the VO extracted from C. fenzlii leaves
from Palestine by ultrasonic microwave cooperative extrac-
tor apparatus and the current study is the first one which deals
with these objectives.
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2 Materials and Methods
2.1 Equipment

The ultrasonic microwave cooperative extractor/reactor
(Lab-Kits, UM2015042801A, CW-2000, Hong Kong,
China), spectrophotometer (Jenway, UV/Vis Spectropho-
tometer 6505, UK), micropipettes (Finnpipette, Finland),
CO» incubator (ESCO, 2012-74317, Singapore), 96-well
plates (Greiner bio-one, North America), horizontal laminar
flow (MRC, BBS12HGs, Israel), shaking laboratory water
bath (Lab Tech, BPXOP1001040, Namyangju, South Korea),
microplate reader (Unilab, RTC 6000, USA), inverted biolog-
ical microscope (MRC, XDS-2, Wuzhou, China), electronic
balance (Wagl, AS 220/C/2, Radwag, Poland), ELISA plate
reader (BioRad, 680 XR, Japan), COX inhibitor screening
assay kit (Cayman Chemical, 560131, USA) were used in
this study.

2.2 Chemicals

Methanol (Loba Chemie, India), Trolox ((s)-(-)-6
hydroxy-2,5,7,8-tetramethychroman-2-carboxylic acid)
(Sigma-Aldrich, 391921-1G, Denmark), 2,2-diphenyl-
1-picrylhydrazyl (DPPH) (Sigma-Aldrich, D9132-1G,
Germany), Dimethyl sulfoxide (DMSO) (Riedel-de-haen,
Q4199, Germany), Trypsin—EDTA solution 1x (Sigma-
Aldrich, 59417C, USA), RPMI-1640 medium (Roswell
Park Memorial Institute-1640 medium) (Sigma-Aldrich,
R0O883, UK), MTS (Manothermosonication) (Spanish,
9200686, Spain), PBS (phosphate buffer saline) (Sigma-
Aldrich, 79383, Germany). CellTilter 96® Aqueous One
Solution Cell Proliferation (MTS) Assay (Promega Corpo-
ration, Madison, USA) and Elisa kit (Brookhaven, 280173,
New York, USA) were used in this study.

2.3 C. fenzlii Leaves Collection and Preparation

The leaves of C. fenzlii were collected in April 2017 from the
Nablus region of Palestine. A small sample of C. fenzlii plant
was identified by the pharmacognosist Dr. Nidal Jaradat and
the herbarium specimen was kept in the Pharmacognosy and
Herbal products laboratory at An-Najah National University
under the voucher specimen code number: Pharm-PCT-1567.

The leaves were dried in the shade at room temperature
for 2 weeks until all the plant leaves become well dried. After
drying, the plant materials were powdered using a mechanical
grinder and then transferred into an airtight container with
proper labeling for future use.
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2.4 Preparing the VO

For C. fenzlii VO extraction, a microwave ultrasonic appara-
tus was utilized by placing 100 g of the dried plant leaves in
a special round bottom flask with 250 ml of distilled water in
the apparatus, the microwave oven was adjusted at 1000 W
power while the ultrasonic power was adjusted at 50 W and at
a frequency of 40 kHz. This isolation procedure was carried
out for 30 min at 100 °C. This procedure was repeated three
times. The obtained VO was collected into a clean beaker,
chemically dried with CaCO3 and then kept in dark amber
colored bottle in the refrigerator at — 5 °C. The VO yield was
0.87% w/w based on the dried weight.

2.5 Antioxidant Activity

The stable DPPH molecule (2,2-diphenyl-1-picrylhydrazyl)
was utilized for the estimation of the antioxidant activity of
C. fenzlii VO. One ml of VO with different concentrations
diluted in methanol was added to 1 ml of DPPH methano-
lic solution (0.002% w/v). After a 30 min of incubation at
room ordinary temperature, the absorbance was read against
a blank at 517 nm by utilizing UV-Vis spectrophotometer.
The percentage (%) to inhibit DPPH. free radical was deter-
mined using the following formula:

DPPH - inhibition potential(%) = [(C — T)/C] x 100.

where C is the absorbance of the control (without VO), T is
the absorbance of the tested VO, Trolox was used as posi-

Table 1 The chemical

constituents of C. fenzlii VO Volatile oil RT RI Area % Classes
Menthone 6.38 976 4687892 68.93 Oxygenated monoterpenoid
Pulegone 8.84 869 1571044 23.1 Oxygenated monoterpenoid
Isomenthone 6.64 786 202284 297 Oxygenated monoterpenoid
Caryophllene 15.38 844 183854 2.7 Hydrocarbon sesquiterpenoid
Piperitone 9.36 879 129758 1.91 Oxygenated monoterpenoid
Germacrene D 17.69 671 26278 0.39 Hydrocarbon sesquiterpenoid
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Fig. 1 GC-MS chromatogram of C. fenzlii VO
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Fig.2 The VO composition of
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tive control and VO concentrations providing 50% inhibition
(ICsp) were estimated by plotting the percentages of inhibi-
tion against the concentrations of the sample. All the tests
were repeated in triplicate, and the ICso values were stated
as mean=+SD [17].

2.6 Determination of COX-2 Inhibition

The ability of the C. fenzlii VO to prevent the conversion
of Arachidonic Acid (AA) to PGH, by human recombi-
nant COX-2 and bovine COX-1 was assessed using a COX
inhibitor screening assay kit (Item No: 560131) according to
the Cayman chemical manufacturer guidelines (USA). The
inhibitory concentration 50 (IC5p) of COX-1/COX-2 activ-
ity of C. fenzlii VO was done in which the assay was run, in
duplicate, with two concentrations of the crude plant (0.01
and 1 pg/ml). A standard curve of eight concentrations, a
non-specific binding sample, and a maximum binding sam-
ple were used as instructed in the kit manual to determine
the inhibition of sample plant applying the generated multi-
ple regression best-fit line. The percentage inhibition of the
two concentrations was used to calculate the ICsg.

2.7 Cytotoxicity Assay

HeLa cervical adenocarcinoma cells were cultured in RPMI-
1640 media supplemented with 10% fetal bovine serum,
1% penicillin/streptomycin antibiotics and 1% L-glutamine.
Cells were grown in a humidified atmosphere with 5% CO, at
37 °C. Cells were seeded at 2.6 x 10* cells/well in a 96-well
plate. After 48 h, cells were confluent, media were changed
and cells were incubated with or without 23.22, 11.6, 5.8,

Springer

Caryophllene

Germacrene D
0.39%

Piperitone

2.7%

2.9,1.4,0.7,0.38 and 0.18 mg/ml of C. fenzlii VO. Cell via-
bility was assessed by CellTilter 96® Aqueous One Solution
Cell Proliferation (MTS) Assay according to the Promega
Corporation manufacturer instructions (USA).

2.8 Statistical Analyses

Determination of the antioxidant activity was carried out in
triplicate for each sample. The obtained results were pre-
sented as mean = standard deviation (SD).

3 Results
3.1 Chemical Composition

The chemical constituents of the Palestinian C. fenzlii
plant VO were identified and estimated by the GC-MS
method. Six molecules have been identified representing
100% of total VO. The chemical constituents of C. fenzlii VO
were dominated by oxygenated monoterpenoid (96.91%),
which included menthone 68.93%, pulegone 23.1%, iso-
menthone 2.97% and piperitone 1.91%. The remaining con-
stituents were hydrocarbon sesquiterpenoid, which included
caryophyllene 2.7% and germacrene D 0.39%. The C. fenzlii
VO components and the respective percentage content are
shown in Table 1 and presented in Figs. 1 and 2.

3.2 Antioxidant Potential

The antioxidant activity of the Palestinian C. fenzlii VO was
estimated using in vitro antioxidant DPPH- assay and com-
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Table 2 The ICsq values and percentage inhibition of DPPH activity by
C. fenzlii VO and Trolox

Concentrations Trolox +SD C. fenzlii VO +SD
0 0 0 0 0

1 38.6 1.23 12.65 1.03
2 49.5 1.75 159 0.55
3 59.8 0.23 21 1.7
5 78.8 1.62 27.66 2.2
7 88 2.1 33.7 0.88
10 97.2 1.52 39.8 1.12
20 97.3 1.85 42.15 0
30 97.5 1.3 69.81 0.76
40 97.6 0.82 75.45 0
50 97.2 1.34 75.9 0.75
80 97.2 1.25 75.9 0.41
100 97.2 1.4 77.11 0.33
ICso (pg/ml) 2.08 0.07 15.38 0.81

pared with the synthetic reference antioxidant compound
(Trolox). The results of DPPH inhibition activity of C. fenzlii
VO are shown in Table 2 and Fig. 3. The scavenging property
of all of the studied VO various concentrations samples and
Trolox standard compound showed a concentration depen-
dence property in most cases. ICsq of C. fenzlii VO and Trolox
were 15.38 and 2.08 pg/ml, respectively.

Fig. 3 The antioxidant activity 120 -
of Trolox standard and C. fenzlii
VO

100 -

P

Table 3 C. fenzlii VO COX inhibition activity

Conc., pg/ml %COX-2 inhibition, SD %COX-1 inhibition, SD
0.25 57.8+0.51 77+0.82
0.5 98.1+0.91 99+0.97

=02 pg/ml 0.5 pg/ml

*Cox1 IC5;, = 0.215 pg/ml

«Cox2 IC5, = 0.241 pg/ml

%COX-2 inhibition ~ %COX-1 inhibition

Fig.4 Anti-inflammatory effect of C. fenzlii VO

3.3 Cyclooxygenase Inhibitory Assessment

The enzyme inhibition activity of the C. fenzlii VO was
carried out using ELISA kit. The calculated percentage inhi-
bition for the tested compounds is shown in Table 3. The
calculated IC5p for COX-1 was found to be 0.215 pg/ml,
while the ICsy for COX-2 was found to be 0.241 pg/ml as
presented in Fig. 4.
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Fig.5 C. fenzlii VO effect on cell cytotoxicity. Cytotoxicity was deter-
mined by MTS assay. Results were depicted as relative quantities (RQs)
compared to the control (with only media; C) (error bars represent
mean % SD, *p <0.0001)

3.4 Cytotoxicity Assay

MTS assay was used to determine the viability of HeLa cer-
vical adenocarcinoma cells. As shown in Fig. 5, a 23.22,
11.6, 5.8 and 2.9 mg/ml of C. fenzlii VO treatment induced
cell cytotoxicity significantly (p <0.0001) by approximately
70%, while 1.4 and 0.7 mg/ml of C. fenzlii VO treat-
ment induced cell cytotoxicity significantly (p <0.0001) by
approximately 50% and 40%, respectively. However, 0.36
and 0.18 mg/ml had no effect. HeLa cells were treated in
triplicate with various concentrations of C. fenzlii VO, 23.22,
11.6, 5.8, 2.9 1.4 and 0.7 mg/ml, for 24 h. This experiment
was repeated five times using two different C. fenzlii VO
collections and preparations. C. fenzlii VO suppressed the
mitochondrial activity of HeLa cells. The mechanism of this
assay is based on the reduction of MTS tetrazolium com-
pound into a colored formazan product. This conversion is
accomplished by NADPH or NADH produced by mitochon-
drial dehydrogenase enzymes in metabolically active and
living cells. Therefore, the color intensity of the formazan
dye is correlated to the number of metabolically active viable
cells.

4 Discussion

The VOs of Lamiaceae family species are utilized widely
in cosmetics, perfumes and pharmaceutical industries. Also
used as flavoring agents, preservatives in several types of
foods and utilized as traditional therapeutic agents. One of
these species is C. fenzlii, which is rich in VO and used as a
traditional medicine in Palestine [18, 19].

In our study, we utilized microwave ultrasonic method
for the isolation of the VO from C. fenzlii leaves. It is an
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efficient method due to the short time of extraction and no
need for organic solvent, which will reduce changes and/or
hydrolysis in the chemical composition of the VO [20]. The
chemical composition of the current used C. fenzlii VO was
dominated by oxygenated monoterpenoid (96.91%), which
is composed of menthone 68.93%, pulegone 23.1% and
isomenthone 2.97%. The constituents of the C. fenzlii VO
growing in Palestine appeared to be different from others
growing elsewhere. For example, the Portuguese C. fenzlii
VO major constituents were pulegone 90.3% and menthone
3.6% [21], while Moroccan C. fenzlii VO main constituents
were pulegone (40.98%) and the menthone (21.164%) [22].
This difference can be explained by a technical difference
(e.g., isolation method of VO) and/or according to the types
of soils, seasons and climate. In fact, these factors also affect
the antioxidant activity as well as other biological activities
of the isolated VO.

Indeed, the VO of C. fenzlii from Palestine has a stronger
antioxidant activity than the ones from other countries. The
Palestinian ICs5q value was 15.38 & 0.81 pg/ml, while Moroc-
can, Algerian and Iranian ICsg values were 58.27, 69.60 and
84.03 pg/ml, respectively [22-24]. This suggests that the
Palestinian was the strongest.

In fact, cancer, oxidative stress and inflammatory diseases
have become prominent in morbidity and mortality rates and
still increasing at an alarming rate. Naturally derived medica-
tions have fewer side effects and more acceptable for patients
in comparison with synthetic drugs [25].

The ICs5q values for COX-1 and COX-2 are 0.215 and
0.241 pg/ml, respectively. The results demonstrate that COX
enzyme inhibition of the C. fenzlii VO has a better inhibition
activity for both COX-1 and COX-2 compared to commonly
used NSAID. The ICs5g for COX-1 of the tested plant was
approximately 10 fold more than ibuprofen and aspirin (1
and 5 pg/ml), respectively. The plant VO has 100 more
inhibition activity toward COX-2 compared to Aspirin and
Ibuprofen (210 and 46 pg/ml), respectively. The C. fenzlii
VO demonstrates selectivity for COX-2 enzyme; the COX-
1/COX-2 ratio of the current study result was approximately
0.89 which is less than 1 and this suggests that our plant is
more selective against COX-2 than COX1.

Several studies have shown the effect of Lamiaceae plants
extracts on cell growth, and it has been shown that extracts
derived from C. fenzlii exhibited low cytotoxicity property
[26]. However, the studies regarding VO derived from C. fen-
zlii are scarce. VO derived from various Calamintha species,
but not from C. fenzlii, showed an inhibitory effect on cell via-
bility ranged from 91 to 97% at 0.5 mg/mL. Shirazi et al. [27]
showed a strong cytotoxic effect of VO derived from C. fenzlii
on various cell lines (IC509 10-59 pLg/ml) and is consequently
considered as potentially toxic agents [28]. On the contrary,
we found a weaker cytotoxic effect (at>0.7 mg/ml). This
discrepancy could be due to different experimental setup or
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may be due to various environmental factors, such as climate
and/or seasonal factors.

However, further pharmacological, clinical and pharma-
ceutical investigations required to approve these biological
effects in vivo and to design suitable dosage form from this
natural product.

5 Conclusion

Our findings showed that the VO of the Palestinian C. fen-
zlii has anti-inflammatory, antioxidant and cytotoxic effects;
however, to a higher extent than other C. fenzlii originates
from other countries. This is most probably due to the differ-
ent amount of its chemical components. The weak observed
cytotoxic effect suggests that our plant is safe to use and its
anticancer effect is most probably protective by inhibition of
oxidative stress and inflammation. Nevertheless, the obtained
data of the current study may serve as a guideline for the isola-
tion, identification, validation and standardization of natural
medications containing C. fenzlii VO as a main therapeutic
ingredient.
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