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Background. This investigation was designed to evaluate the insecticidal, antiplasmodial, anti-leishmanial, and cytotoxic effects of
Capparis spinosa essential oil (CSEO) and its main components, methyl isothiocyanate, hexadecanoic acid, and limonene.
Methods. Insecticidal activity of CSEO and its main components, methyl isothiocyanate, hexadecanoic acid, and limonene, was
determined against Aedes aegypti 4th-instar larvae at 25 + 2°C. Antiplasmodial and anti-leishmanial effects of CSEO and its main
components were carried out against chloroquine-resistant Plasmodium falciparum K1 strain and Leishmania major amastigotes
based on the Malstat method and the macrophage model, respectively. We also performed the cytotoxic activity of CZEO and its
main components against J774A1 macrophage cells using the colorimetric MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenylte-
trazolium bromide) assay. In addition, the plasma membrane permeability and caspase-3-like activity CSEO and its main
components were evaluated against L. major. Results. CSEO and its main components showed considerable (p < 0.001) larvicidal
activity against Ae. aegypti larva. The 50% lethal concentration values for CSEO, methyl isothiocyanate, hexadecanoic acid, and
limonene were 21.6, 30.9, 41.6, and 35.3 ug/mL, respectively. By antiplasmodial effects, the 50% inhibitory concentration (ICs)
values for CSEO, methyl isothiocyanate, hexadecanoic acid, and limonene were 7.4, 14.5, 19.6, and 21.3 ug/mL, respectively, while
these values for their anti-leishmanial effects were 9.1, 20.7, 23.3, and 18.6 ug/mL, respectively. The 50% cytotoxic concentration
values for CSEO, methyl isothiocyanate, hexadecanoic acid, and limonene were 93.7, 216.2, 199.4, and 221.3 yg/mL, respectively.
Different concentrations of CSEO and its main components significantly (p < 0.05) increased the plasma membrane permeability
and caspase-3-like activity against L. major promastigote level as dose-dependent response. Conclusion. Based on the obtained
results, C. spinosa essential oil and its main components, methyl isothiocyanate, hexadecanoic acid, and limonene, displayed
insecticidal, antiplasmodial, and anti-leishmanial activity against healthy 4th-instar larvae of A. aegypti, chloroquine-resistant
P. falciparum K1 strain, and L. major amastigotes, respectively. However, further surveys are required to display the mechanisms
of action mode of tested drugs and their efficacy in animal model and clinical settings.

anthropophilic and domicile mosquito, is broadly observed
in the most tropical and subtropical regions worldwide [2].
This mosquito is well known as a vector of a number of
important vector-borne infections such as malaria, dengue,

1. Introduction

Mosquitoes are considered as the main vectors of a wide
range of important human infectious diseases including

malaria, dengue, filariasis, encephalitis, and yellow fever,
which cause high mortality around the world [1]. Among the
mosquitoes important in medicine, Aedes aegypti L., as an

chikungunya, Zika, and yellow fever [3].
Today, according to the recommendations of the World
Health Organization (WHO), the main strategies for
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controlling vector are used as growth regulator insecticides
such as diflubenzuron for immature forms of mosquitoes
and the employment of some insecticides such as alpha-
cypermethrin, malathion, and deltamethrin for controlling
adult mosquitoes [4, 5]. In recent year, the excessive and
constant use of these synthetic insecticides has led to a
decrease in their efficacy and also some ecological worries
such as emerging of drug resistance in mosquitoes, eco-
logical imbalance, and outcome to animals [6, 7]. Hence,
there is an rising concern to find new greatly selective and
eco-friendly substitutes of insecticides around the world.

Malaria is a global public health problem, which esti-
mated approximately 430,000 deaths annually, mostly in
African children [8]. Although the most common Plasmo-
dium species are Plasmodium vivax and P. falciparum,
however, the most important species that causes high
mortality in infected people is P. falciparum [9]. Meanwhile,
the incidence of drug resistance in malaria, especially in
P. falciparum malaria, is increasing to some synthetic an-
timalarial agents, such as chloroquine and mefloquine [10].
Thus, it is an urgent need for novel antimalarial agents,
especially from natural resources with the least toxicity and
the highest efficiency.

Leishmaniasis is one of the most significant protozoan
infections triggered by the parasitic species Leishmania,
which infects about 12 million people each year in 98
countries around the world [11]. Leishmania species in
humans can cause cutaneous leishmaniasis, cutaneous-
mucosal leishmaniasis, and visceral leishmaniasis [12]. A
number of synthetic agents are applied to treat leishmani-
asis; however, recent reviews have proven that most of the
synthetic and chemical anti-leishmanial compounds have
some limitations (e.g., drug resistance and long-term
treatment), toxicity, and side effects [13].

Natural products and their derivatives as an inexpensive,
accessible, and useful alternative medicine are broadly ap-
plied for the treatment of a wide range of diseases such as
infectious ones [14]. Today, insecticides originating from
plant extracts and essential oils have increased the overall
interest, to replace or substitute synthetic insecticides [15].
Nowadays, there has been a growing development of re-
search on the efficiency of medicinal herbs and their de-
rivatives on various diseases, including parasitic diseases
[14]. Although, in recent years, several laboratory and ex-
perimental studies have reported the significant antiparasitic
effects of various medicinal herbs against Leishmania spp.
and Plasmodium spp. 12,13, however, their efficacy and their
toxicity are still debatable and vague [16].

Capparis spinosa L. (Capparaceae family) is an aromatic
herb, which broadly grows in the Mediterranean area [17].
This plant is a multipurpose crop with unique properties in
agro-biodiversity and agroecosystems such as resistance to
drought and harsh environmental conditions. However,
many biological aspects of this plant such as food and
medicinal usages, phytochemistry, ethnopharmacology, and
cultivation have not yet been studied [18].

In traditional medicine, C. spinosa was utilized as diuretic,
appetizer, and anti-diarrheic and was used for the treatment
of rheumatism, ulcers, ganglions, headache, and toothache
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[18, 19]. In addition to traditional uses, the C. spinosa has
various ethnopharmacology and biological and chemical
activity properties such as antioxidant, anticarcinogenic, anti-
inflammatory, antidiabetic, and antimicrobial effects [18, 20].
The current investigation was designed to evaluate the in-
secticidal, antiplasmodial, anti-leishmanial, and cytotoxic
effects of C. spinosa essential oil and its main components,
methyl isothiocyanate, hexadecanoic acid, and limonene.

2. Materials and Methods

2.1. Compounds. In this study, methyl isothiocyanate,
hexadecanoic acid, and limonene were obtained from
Sigma-Aldrich (St. Louis, MO).

2.2. Plant Collection. C. spinosa aerial parts were provided in
June 2021 from a market selling fresh herbs in Tabuk Market,
Saudi Arabia, and they were identified by a botanist, and a
voucher specimen (UT-2021-254) was deposited on the
Herbarium of Department of Biology, Faculty of Science,
University of Tabuk.

2.3. Preparing Essential Oil. To isolate the essential oil, 200 g
of dried and powdered materials was put into the hydro-
distillation technique for 180 min by means of a glass Cle-
venger-type device. The attained essential oil was then
dehydrated by over anhydrous sodium sulfate and kept in
darkness at 4°C in glass tubes until testing [21].

24. Gas Chromatography-Mass Spectrometry (GC-MS).
To recognize the compounds in CSEO, a Hewlett Packard
6890 (Palo Alto, CA, USA) device was used to perform the
GC analysis equipped with a HP-5ms column (30m x
0.25mm, film thickness 0.25mm). To do this, 0.1 yL of
essential oil was injected into the gas chromatography ap-
paratus. The initial temperature was set at 50°C for 5 min and
then increased to 300°C at a rate of 5°C/min. Helium gas was
used at a rate of 1.1 mL/min, and ionization energy of
electronvolt (EV) was used whereas the split ratio was 1:30,
and injector and detector temperature was 280°C with split
of 1/100. The components were identified according to the
comparison of their mass spectra with those of NIST mass
spectral library [22] and those explained by Adams and by
comparison of their retention indices either with those of
authentic compounds or with literature values [23].

2.5. Insecticidal Activity. Insecticidal activity of CSEO was
performed according to the method explained by Huong
et al. [24]. Briefly, Ae. aegypti eggs were prepared from the
Department of Biology, Faculty of Science, University of
Tabuk, Saudi Arabia, for further experiments. To do this, the
various concentrations of CSEO and its main components,
methyl isothiocyanate, hexadecanoic acid, and limonene
(6.25, 12.5, 25, 50, and 100 ug/mL), were dissolved in DMSO
(1% stock solution) and were put in a 500-mL beaker and
added to 150 ml water with 20 healthy 4th-instar larvae at
25+2°C. Larval mortality was determined after 24h of
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incubation; 50% lethal concentration (LCs,) was calculated
via the probit test in SPSS software for each drug. All tests
were carried out in triplicate, and during experiments, no
nutritional complement was added; however, DMSO was
considered as the control group.

2.6. Antiplasmodial Activity. The antiplasmodial effects of
various concentrations (3.125, 6.25, 12.5, 25, 50, and 100 g/
mL) of CSEO and its main components, methyl iso-
thiocyanate, hexadecanoic acid, and limonene, against
chloroquine-resistant P. falciparum K1 strain were per-
formed based on the Malstat method [25]. In brief, parasites
were exposed to the human erythrocytes (red blood cells,
RBC) in RPMI 1640 medium improved with 10% human
serum and were incubated at 37°C with low oxygen atmo-
sphere (3% O,, 4% CO,, and 93% N,). The infected human
RBC (0.2mL, 1% parasitaemia, and 2% hematocrit) was
added to each well with various concentrations of CSEO and
incubated for 3 days. Then, the tested plates were frozen at
—-20°C. In the next step, in a new plate, 0.1 mL of Malstat
reagent was mixed with 0.02 mL of suspension of hemolyzed
parasite and incubated for 15 min at 21°C. After this time,
0.02 Ml of NBT/PES solution was added to the plates and
was incubated again for 120 min in the dark. Finally, the
absorbance of each well was determined using the light
absorption at 655nm with the ELISA reader. The 50% in-
hibitory concentrations (ICsy) were also calculated via the
probit test in SPSS software.

2.7. Anti-Leishmanial Effects. To evaluate the anti-leish-
manial effects of CSEO and its main components, methyl
isothiocyanate, hexadecanoic acid, and limonene (3.125, 6.25,
12.5, 25, 50, and 100ug/mL), against the intracellular
amastigote of L. major (MRHO/IR/75/ER), J774A1 macro-
phage cells (5x105 cells/ml) were poured in sterile 6-well
plates (with 1cm?® coverslips implanted on their floor) and
incubated at 37°C for 24 hours with 5% CO, to adhere to
macrophages. After 24 hours, the plates were removed from
the incubator and washed with sterile warm saline phosphate
buffer. Then, 1 ml of RPMI 1640 enriched medium containing
5x10°L. major promastigotes in the stationary phase was
added into plates and kept warm at 37°C for 4 hours, and then,
the wells were washed with RPMI 1640 medium to remove
free promastigotes. In the next step, one ml of RPMI 1640
medium containing different concentrations of essential oil
and MA was added to the wells for 48 hours, the slides were
then fixed with methanol, and staining was then done with
Giemsa dye diluted with water in a ratio of 1:10. The results
were estimated by calculating the number of amastigotes
inside 100 macrophages and the number of infected mac-
rophages in each well. The ICs, values were also calculated via
the probit test in SPSS software. All examinations in this study
were carried out in triplicate [26].

2.8. Plasma Membrane Permeability. In this study, the effects
of CSEO and its main components, methyl isothiocyanate,
hexadecanoic acid, and limonene, on the permeability of

plasma membrane of parasites were evaluated. To do this,
L. major promastigotes of 1x 10° cells/ml were treated with
different concentrations of CSEO, methyl isothiocyanate,
hexadecanoic acid, and limonene (3.125, 6.25, and 12.5 ug/mL)
and then SYTOX Green stain was utilized based on the kit
instructions. Parasites with no drug and those treated with
2.5% of Triton X-100 (Sigma-Aldrich) were determined as the
negative control and positive control, respectively. The plasma
membrane permeability was calculated by means of a
microplate reader (BMG Labtech, Germany) for 4h [26].

2.9. Evaluating the Caspase-3-Like Activity of Extract-Treated
Promastigotes. The effects of CSEO, methyl isothiocyanate,
hexadecanoic acid, and limonene on the induction of apoptosis
were evaluated by the colorimetric protease (Sigma, Germany)
method according to the manufacturer recommendations. In
this way, the caspase-3-like activity level was measured based
on the rate of color spectrophotometric produced through the
release of a molecule (pNA attached to the substrate) under the
enzyme caspase-3 activity. In brief, the promastigotes (1 x 10°)
were incubated with CSEO, methyl isothiocyanate, hex-
adecanoic acid, and limonene at the concentrations of 6.25,
12.5, and 25 ug/mL for 24 h and were centrifuged at 700 rpm
for 5 minutes at 4’C. Next, the cell residue was lysed, and the
cell lysate was centrifuged again at 20,000 rpm for 10 minutes.
Lastly, the supernatant of reaction (5 ul) was added to the 85 ul
of buffer and 10 yl of caspase-3 (pNA-DEVD-Ac) solution and
the mixture was incubated for 120 min at 37°C. The caspase-3-
like activity was determined through the light absorption at
405 nm with the ELISA reader [27].

2.10. Cytotoxic Effects. We determined the cytotoxic activity
of CSEO and its main components, methyl isothiocyanate,
hexadecanoic acid, and limonene, against J774A1 macro-
phage cells, using the colorimetric MTT (3-(4,5-dimethyl-
thiazol-2-yl)-2,5-diphenyltetrazolium bromide) assay based
on the method described elsewhere. To perform it, the
J774A1 macrophage cells (5 x 10°) were treated with various
concentrations of CSEO (0 to 200ul/mL) and its main
components, methyl isothiocyanate, hexadecanoic acid, and
limonene (25, 50, 100, 200, and 400 yg/mL), at the con-
centrations for 48 h in microplates at 37°C with 5% CO,. The
50% cytotoxic concentration (CCsg) values were calculated
by means of the probit test in SPSS software [26].

2.11. Statistical Analysis. To analyze the results, we used the
SPSS statistical package, version 22.0 (SPSS, Inc.). To
compare the results among tested groups, we applied the
unpaired samples t-test and one-way analysis of variance
(ANOVA), and Dunnett’s test. p<0.05 was considered
statistically significant.

3. Results and Discussion

Medicinal herbs have been applied for centuries as appre-
ciated resources of bioactive and beneficial materials with
medical, industrial, and agricultural goals [28]. Herbal



medicines, and their products such as essential oils and
extracts, have been assessed for several strategies in the pest
control and ovicidal activity and by evaluating the repellent
[29]. In recent years, the present insecticidal agents com-
monly originated from a single active component, and
herbal insecticides comprising combinations of chemical
ingredients may affect both behavioral and physiological
routes [30]. It seems that looking for bioinsecticides, which
are effective, and being appropriate and adaptive to eco-
logical situations, is necessary for gaining adequate insect
control [31]. Essential oils are recognized to be complex
combinations of secondary metabolites that may be acquired
at low costs by means of updated technology, frequently
demonstrating higher activities than the single isolated in-
gredients [32]. The current investigation was designed to
evaluate the insecticidal, antiplasmodial, anti-leishmanial,
and cytotoxic effects of C. spinosa essential oil. We found
that the essential oil yielded 1.13% w/v; as shown in Table 1
of the obtained results in GC/MS, thirty-four compounds
were identified, demonstrating 96.4% of the entire essential
oil. The major components were methyl isothiocyanate
(31.6%), hexadecanoic acid (18.5%), and limonene (11.6%),
respectively, whereas the most chemical classes were alde-
hyde (48.4%), sesquiterpenes (19.4%), and monoterpene
(12.9%), respectively.

In line with our results, Kulisic Bilusic (2010) has
demonstrated that methyl isothiocyanate (92.06%) is the
main constituent of essential oil of aerial parts of C. spinosa
[33]. Ramdani et al. have reported that C. spinosa produced
low yield (0.03%), whereas the main constituents of
C. spinosa leaf essential oils obtained from six places in
Algeria were hexadecanoic acid (38.19%), nonanal-n
(12.61%), and cymene-2,5-dimethoxy-para (8.94%), re-
spectively [34]. On the other hand, the results of the study
conducted by Al-Mnaser demonstrate that the main con-
stituents of the C. spinosa leaf essential oils are thymol (17%),
octanoic acid (16%), methyl isothiocyanate (12%), and 2-
hexenal (8.23%), respectively [35]. Esmaeilzadeh Bahabadi
and Najafi have also reported that thymol (24%) and iso-
thiocyanates (29%) are the most components of C. spinosa
leaf essential oils [36]. Based on the previous reports, the
chemical composition of essential oils is relatively different
depending on several reasons including the place where the
plant grew, the part of the herbs that is used, time of har-
vesting the herbs, and the technique of isolating the essential
oil from the herbs [37, 38].

As shown in Figure 1, CSEO and its main components
showed considerable (p <0.001) larvicidal activity against
Ae. aegypti larva. Based on the obtained LCs, results, the
larvicidal effects of the components were found as
CSEO > methyl isothiocyanate > limonene > hexadecanoic
acid against Ae. aegypti larva, with the LC5, values for CSEO,
methyl isothiocyanate, hexadecanoic acid, and limonene as
21.6, 30.9, 35.3, and 41.6, ug/mL, respectively (Table 2).

Due to the lack of a unique and specific standard cri-
terion in the guidelines of the WHO for evaluating the
larvicidal activity of medicinal herbs, a number of re-
searchers have established specific criteria to illustrate the
efficacy of insecticides originated from herbal medicines
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TaBLE 1: GC/MS analysis of C. spinosa essential oil

No. Compound Ric RI;, Area (%)
1. Tert-butanol 676 669 0.6
2. Methyl isothiocyanate 703 704 31.6
3. Cyclohexane 712 717 0.3
4. Hexanal 802 804 0.3
5. Heptanal 892 894 2.1
6. Butyl isothiocyanate 947 959 1.1
7. B-Pinene 974 980 1.2
8. Octanal-n 1003 1001 1.1
9. p-Cymene 1026 1027 0.7
10. Limonene 1030 1036 11.6
11 B-Phellandrene 1034 1043 0.8
12. Benzeneacetaldehyde 1043 1044 0.5
13. Octen-1-ol-2e 1064 1066 1.3
14. Nonanal-n 1102 1102 7.6
15. Benzeneacetonitrile 1140 1145 0.8
16. Methyl salicylate 1198 1195 0.9
17. Decenal-z-4 1263 1265 1.6
18. Decanol-n 1272 1279 1.8
19. Tetradecane 1400 1393 0.5
20. B-Caryophyllene 1417 1421 0.7
21. 1-Octen-3-ol 1456 1458 0.6
22. 2-Tridecanone 1492 1497 0.7
23. Pentadecane 1501 1509 0.7
24. Tridecanal 1510 1512 0.6
25. Germacrene B 1551 1556 0.4
26. 3-Hexenyl benzoate 1566 1558 0.6
27. Caryophyllene oxide 1581 1580 0.5
28. Tetradecanal 1613 1611 1.0
29. Hexadecanoic acid 1962 1970 18.5
30. Docosane 2211 2200 4.3
31. Tetracosane-n 2416 2400 1.4
Total 96.4
100
920
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E 60
g 50
S 40
X 30
20
10

6.25 12.5 25 50 100

Concentration (pg/ml)

—— C. spinosa - - - Hexadecanoic acid

=== Methyl isothiocyanate =~ «xm-- Limonene

FiGure 1: Insecticidal activity of the essential oil of C. spinosa and
its main components, methyl isothiocyanate, hexadecanoic acid,
and limonene, against Ae. aegypti larva. The results showed that
among the main components of CSEO, methyl isothiocyanate and
hexadecanoic acid displayed the highest and lowest larvicidal ef-
fects against Ae. aegypti larva. Data are presented as the mean + SD
(n=3).

[39, 40]. Based on the study conducted by Komalamisra et al.
[41], medicinal herbs with LCs, value of less than 50 ug/mL
are promising and active; the products with LCsy values
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TaBLE 2: Total content of compounds of C. spinosa essential oil by
GC/MS analysis.

Chemical class Percent (%)

Alcohol 9.6
Aldehyde 48.4
Monoterpene 12.9
Organosulfur 6.5
Sesquiterpenes 194
Fatty acid 3.2

between 500 and100 yg/mL were moderately active, whereas
medicinal herbs with LCs, values between 100 and 750 g/
mL were effective and those with LCsy values higher than
750 ug/mL were inactive. The other study conducted by
Kiran et al. demonstrated that natural products with LCs,
less than 100 pg/mL are considered as a potent larvicidal
effect [42]. It should be noted, however, that these criteria are
dependent on exposure duration and larval source, which
may alter the LCs, values of natural compounds examined
[43]. Therefore, our finding revealed the promising and
potent insecticidal effects of CSEO, based on the criterion
reported by Komalamisra et al. [41] and Ravi Kiran et al.
[42].

The essential oil of C. spinosa and its main components,
methyl isothiocyanate, hexadecanoic acid, and limonene,
exhibited relevant (p <0.001) effects against P. falciparum
(Figure 2). The ICs value for CSEO was 7.4 yg/mL. Among
the main components of CSEO, the highest to the lowest
antiplasmodial effect was observed in methyl iso-
thiocyanate > hexadecanoic acid >and limonene, with ICs
values of 14.5, 19.6, and 21.3 pg/mL, respectively (Table 2). As
shown in Figure 3, the essential oil of C. spinosa and its main
components, methyl isothiocyanate, hexadecanoic acid, and
limonene, displayed activity property (p<0.001) against
intracellular amastigotes of L. major. The IC5, value for CSEO
was 9.1 yg/mL; based on the obtained LCs, values, the anti-
leishmanial effects of the main components were found as
limonene > methyl isothiocyanate >and hexadecanoic acid,
with ICsy values of 18.6, 20.7, and 23.3 yg/mL, respectively
(Table 2).

Previous investigations have demonstrated that the
rupture and/or cross-plasma membrane is recognized as one
of the main action modes to inhibit the growth of intra-
cellular pathogens [25]; therefore, we evaluated the plasma
membrane permeability of the L. major promastigotes
treated with CSEO, methyl isothiocyanate, hexadecanoic
acid, and limonene. The findings of relative fluorescent units
demonstrated that the promastigotes treated with CSEO,
methyl isothiocyanate, hexadecanoic acid, and limonene
changed the permeability of plasma membrane by SYTOX
Green as dose-dependent response (Figure 4).

Apoptosis is considered as a form of programmed cell
death process that happens in multicellular organisms. The
process is a complex cascade of protease pathways designed
to cellular death in a selective mode [44]. Among the main
mediators of apoptosis, caspases and especially caspase-3 are
considered as one of the crucial caspases that principally
activated apoptosis-related proteases and consecutively

% of mortality
w
S

3.125 6.25 12.5 25 500

Concentration (pg/ml)

—— C. spinosa - - - Hexadecanoic acid

—=— Methyl isothiocyanate --=-- Limonene

FiGure 2: Antiplasmodial effects of various concentrations of
CSEO and its main components, methyl isothiocyanate, hex-
adecanoic acid, and limonene, against chloroquine-resistant
P. falciparum K1 strain based on the Malstat method. Among the
main components of CSEO, the highest to the lowest anti-
plasmodial effect was observed in methyl isothiocyanate >
hexadecanoic acid>and limonene. Data are presented as the
mean +SD (n=23).

prompt cell death [45]. The findings of the present inves-
tigation exhibited that we found that CSEO, methyl iso-
thiocyanate, hexadecanoic acid, and limonene significantly
induced caspase-3 activation as dose-dependent response
ranging from 8.6 to 29.3% in comparison with the control
(Figure 5).

We found that the main components of CSEO are
organosulfur (methyl isothiocyanate), fatty acid (hex-
adecanoic acid), and monoterpenoid (limonene) com-
pounds. Considering the antimicrobial mechanisms of
organosulfur compounds, previous investigations reported
that these compounds displayed their antimicrobial mech-
anisms through disruption of DNA, RNA, and protein
synthesis, reacting with sulthydryl groups of the enzymes
and proteins of microbes, damaging the cell wall and
membrane, and subsequently integrity of cell membrane
integrity [46-49]. Fatty acids also showed their antimicrobial
mechanisms through the cell membrane damage, by dis-
ruption of the electron transport chain and oxidative
phosphorylation of microbes [50]. With respect to the an-
timicrobial action mode of monoterpenoid, previous reports
exhibited that these compounds affect cell membrane per-
meability of microbes and interact with intracellular targets
[51-53].

Babanezhad Harikandei et al. (2020) have demonstrated
that the synthesized isothiocyanate derivatives significantly
reduced the growth rate of Trypanosoma brucei rhodesiense
strain STIB900 (with ICs, values ranging from 1 to 46.6 ug/
mL), T. cruzi strain Tulahuen C4 (with ICs, values ranging
from 1.9 to 10.6 ug/mL), L. donovani axenic amastigote
strain MHOM-ET-67/1L82 (with ICs, values ranging from
0.4 to 7.1 ug/mL), and P. falciparum strain NF54 (with ICs,
values ranging from 1.1 to 10.3 yg/mL) [54]. Hamdi et al.
(2018) have reported that limonene significantly reduced
and killed the L. mexicana promastigotes with I1Cs, value of
16.59 ug/mL [55]. Wang et al. have demonstrated the in-
secticidal activity of limonene against Tribolium castaneum
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FIGURE 3: Anti-leishmanial effects of various concentrations of CSEO and its main components, methyl isothiocyanate, hexadecanoic acid,
and limonene, against intracellular amastigote forms of L. major by the macrophage model, whereas among the main components of CSEO,
the highest to the lowest anti-leishmanial effect was observed in limonene > methyl isothiocyanate >and hexadecanoic acid. Data are

presented as the mean +SD (n=3).
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FIGURE 4: Plasma membrane permeability of the L. major promastigotes treated with CSEO (a), hexadecanoic acid (b), methyl iso-
thiocyanate (c), and limonene (d). The results that exhibited relative fluorescent units revealed that the promastigotes treated with CSEO,
methyl isothiocyanate, hexadecanoic acid, and limonene as dose-dependent response changed the permeability of plasma membrane by

SYTOX Green. Data are presented as the mean +SD (n=3).

(Herbst) and Lasioderma serricorne (Fabricius) with LCs,
values of 14.97 and 13.66 yg/mL, respectively [56]. Hence, it
may be proposed that in addition to the high activity of
individual compounds the activity of essential oil is influ-
enced by the synergism of the compounds in lower
concentration.

The results of MTT assay in this study exhibited that
the essential oil of C. spinosa and its main components,
methyl isothiocyanate, hexadecanoic acid, and limonene,

showed no significant cytotoxicity against macrophage
cells (Figure 6). The CCs, values for CSEO, methyl iso-
thiocyanate, hexadecanoic acid, and limonene, were 93.7,
216.2, 199.4, and 221.3 ug/mL, respectively (Table 3).
Previously, Kulisic Bilusic et al. (2012) have revealed that
the essential oil of C. spinosa collected from Split City,
Croatia, reduced the displayed cytotoxic effects against the
HT-29 cells with the CCs, values of 261.3 and 373.6 yg/mlL,
respectively [57].
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F1GURE 5: Caspase-3-like activity of L. major promastigotes treated with CSEO, methyl isothiocyanate, hexadecanoic acid, and limonene
using the colorimetric protease methods. The results exhibited that CSEO, methyl isothiocyanate, hexadecanoic acid, and limonene
significantly induced caspase-3 activation as dose-dependent response. *p < 0.05 shows that the difference was statistically significant in
comparison with control. Data are presented as the mean + SD (n=3).
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F1GURrE 6: Cytotoxicity effects of various concentrations of CSEO and its main components, methyl isothiocyanate, hexadecanoic acid, and
limonene against J774A4 macrophage cells by the MTT assay. Data are presented as the mean+ SD (n=3).

TaBLE 3: Insecticidal, antiplasmodial, and anti-leishmanial activity of the essential oil of C. spinosa and its main components, methyl

isothiocyanate, hexadecanoic acid, and limonene.

Insecticidal activity LCs,

Anti-leishmanial effect ICs,

Antiplasmodial activity ICs, Cytotoxicity effect CCsy

Dru

8 (ug/mL) (ug/mL) (ug/mL) (ug/mL)
gﬁSp inosa essential 21.6+2.15 7.4+0.89 9.1+1.12 93.7+4.54
Methyl 30.9+3.12 14.5+2.51 20.7 +2.54 216.2+8.65
isothiocyanate
Hexadecanoic acid 41.6 +3.62 19.6 £ 3.05 23.3+3.14 199.4+7.58
Limonene 3534423 21.3+2.15 18.6+2.19 221.3+9.87

4. Conclusion

Based on the obtained results, C. spinosa essential oil and its
main components, methyl isothiocyanate, hexadecanoic
acid, and limonene, displayed insecticidal, antiplasmodial,
and anti-leishmanial activity against healthy 4th-instar
larvae of A. aegypti, chloroquine-resistant P. falciparum K1
strain, and L. major amastigotes, respectively. In addition,
the various concentrations of CSEO, methyl isothiocyanate,
hexadecanoic acid, and limonene significantly (p <0.05)

increased the plasma membrane permeability and caspase-
3-like activity level as dose-dependent response with no
consideration of the cytotoxicity against J774A1 macro-
phage cells. However, further surveys are required to display
the mechanisms of action mode of tested drugs and their
efficacy in animal model and clinical settings.

Data Availability

The data presented in this study are available in this article.
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