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Abstract Malaria is still a global health concern with more

than 400,000 death annually. Personal protection using

mosquitoes’ repellent is an effective prevention strategy,

especially in endemic areas. The toxic effects of synthetics

repellents and their adverse effects on fabricated goods

have made the development of green repellent critical. In

this study, ingredients of Zataria multiflora essential oil

(ZMEO) were identified using GC–MS analysis. Solid-

lipid nanoparticles containing ZMEO (1%) were prepared

(SLN-ZMEO) using the high-pressure homogenizer

method. The repellent activity of ZMEO and SLN-ZMEO

was investigated using Klun and Debboun method and

compared together. Besides, their cytotoxicity on a human

skin normal cell line (HFFF2) was evaluated. Five major

components of ZMEO were carvacrol (27.05%), thymol

(26.452%), c-terpinene (15.144%), o-cymene (13.584%),

and a-pinene (9.483%). The SLN-ZMEO showed a

spherical shape with a particle size of 134 ± 7 nm.

Moreover, their polydispersity index (PDI), zeta potential

and entrapment efficiency were determined as 0.24 ± 0.1,

- 9.82 ± 0.95 mV and 64.6 ± 3.8%, respectively. Inter-

estingly, the protection time of nanoformulation

(93 ± 5 min) was three times longer than that of the non-

formulated essential oil (29 ± 2 min). Interestingly, both

samples did not show cytotoxicity on HFFF2. Therefore,

the prepared nanoformulation can be used as a green and

potent repellent.

Keywords Solid lipid nanoparticle � Anopheles stephensi �
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Introduction

Vector-borne diseases account for more than 17% of all

infectious diseases and caused around 700.000 deaths

annually (Achee et al. 2019; WHO 2019). The most

important vector-borne diseases are transmitted by three

genera of mosquitoes, including Aedes (Dengue and Yel-

low Fever), Culex (Japanese encephalitis and West Nile

fever), and Anopheles (Lymphatic Filariasis, Malaria)

(Rahimi et al. 2019; Seufi and Galal 2010). It has been

estimated that around 228 million new malaria cases and

405,000 deaths occurred just in 2018 (Hanafi-Bojd et al.

2020; World Health Oraganization 2020). Furthermore,

Anopheles stephensi is one of the main malaria vectors in

three regions of the World Health Organization (WHO);

African Region (351 million people), Eastern Mediter-

ranean (317 million people), South-East Asia Region (1.61

billion people) (Vatandoost et al. 2019; WHO 2019).

Personal protection using repellents is an appropriate

way to prevent human contact with the mosquitoes,
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especially in areas where there is a high environmental

burden (MaryamTavassoli et al. 2015; Pirmohammadi

et al. 2016). Repellents are introduced as substances that

deterring arthropods from landing or biting on the skin of

the human, animal, or a surface in general (Mozaffari et al.

2014; Paluch et al. 2010). Most of the commercial repel-

lents are based on N, N-diethyl-m-methylbenzamide

(DEET), which are effective against a wide range of insects

(Gillij et al. 2008; Tavassoli et al. 2015). However, it

shows a toxic effect on humans and harms plastic, synthetic

fabric, and painted surfaces (Legeay et al. 2018; Syed and

Leal 2008). Thus developing new repellants with potent

activity and lower side effects are crucial.

Plant-derived essential oils (EO)s with a wide range of

activities such as repellency effect are an attractive source for

the development of green repellent (Nerio et al. 2010; Too-

labi et al. 2018). However, because some components of EOs

are volatile, their use is particularly challenging at low

concentrations. Recently, the nanoformulating of EOs has

been introduced as a promising strategy for improving the

volatility of EOs. Nanoemulsion, nanogel, niosome, solid-

lipid nanoparticle (SLN), and polymeric nanoparticles are

the proper forms for this purpose (Osanloo et al. 2018a, b).

SLNs are a new generation of nano-size emulsions

where an oil (cargo) has been substituted by a solid lipid;

therefore, are good candidates for the loading of EOs.

Besides, SLN offers unique properties such as large surface

area, high drug loading, and the interaction of phases at the

interfaces (del Pozo-Rodrı́guez et al. 2007; Mukherjee

et al. 2009).

In this study, the ingredients of Zataria multiflora EO

(ZMEO) were identified by GC–MS analysis. For the first

time, a green nano-repellent for An. stephensi was devel-

oped by loading of ZMEO in SLNs (SLN-ZMEO). After

that, the protection time of ZMEO (1%) and SLN-ZMEO

(1%) was compared. Also, the samples’ cytotoxicity on the

human skin normal cell line (HFFF2) was investigated.

Materials and methods

Materials

Zardband Pharmaceutical Co. (Yasoj, Iran) generously

provided the ZMEO. Stearic acid, tween 80, span 60, and

absolute ethanol (99.8%) were purchased from Merck Co.

(Germany). Deionized water was purified using a Milli-Q

system (Milli-pore, Direct-Q). Pasteur Institute of Iran

provided the HFFF2 cell line. Powder 3-(4,5-Dimethyl-2-

thiazolyl)-2,5-diphenyl-2H-tetrazolium bromide (MTT),

and tablets of phosphate-buffered saline (PBS) were pur-

chased from Sigma-Aldrich (USA). Dimethyl Sulfoxide

(DMSO), penicillin–streptomycin, RPMI, and trypsin were

bought from Shellmax (China). Fetal bovine serum (FBS)

was bought from Gibco (USA).

GC–MS procedure

For identification components of ZMEO, GC–MS analysis

was performed using a 7890A Network GC system coupled

with a 5975C VL MSD with Triple-Axis Detector (Agilent

Technologies, Santa Clara, CA, USA). The separation of

the EO components was carried out on HP-5MS silica

fused column (30 m length, 0.25 mm i.d, and 0.25 lM film

thickness). The initial temperature of the column was set at

40 �C and fixed for 1 min. Then, it increased with 3 �C/

min to the final heat of 250 �C and held for 20 min. Other

instrument parameters were set as follows: split-flow

100 mL/min, septum purge 6 mL/min, and the column

flow rate of 1 mL/min. Helium gas with a purity of 99.99%

was used as the carrier gas. The ZMEO components were

identified using the method described in our previous

report (Osanloo et al. 2018b).

Preparation of SLN-ZMEO

The ZMEO loaded SLNs (SLN-ZMEO) were prepared

using a high-pressure homogenizer method, as described

previously with slight modification (Lai et al. 2006). The

ZMEO (1% w/w) was dissolved in the mixture of melted

solid lipid (stearic acid 4%—85 �C) and lipophilic sur-

factant (span 60—2%). The EO-loaded lipid dispersed in a

hot aqueous surfactant solution (tween 80—4%). The

obtained mixture was homogenized using a high-shear

homogenizer (D-91126 Schwa Bach, Heidolph, Germany)

for 1 min at 8000 rpm. The obtained pre-emulsion was

then homogenized at high pressure (3 cycles, 500 bar)

using an APV Micron Lab 40 (APV Systems, Unna, Ger-

many) thermostat at 90 �C for reducing the size of the

nanoparticles. The final sample (SLN-ZMEO) was used for

further investigations, such as characterization and repel-

lent bioassays.

Characterization of SLN-ZMEO

Size, morphology and zeta potential analyses

Malvern zetasizer (Malvern Instruments, UK) was used to

determine the particle size, polydispersity index (PDI), and

zeta-potential of the nanoparticles. In this method, the

sample was measured at 25 �C with an angle detection of

90�. The samples’ concentration for analysis on the Zeta-

Sizer was 20–400 k counts per second (KCPS), and the

intensity of diffraction was 100,000 counts per second.

The transmission electron microscopy (TEM, CM 30,

and Phillips, Netherlands) was utilized to determine the
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shape of SNL-ZMEO. Briefly, the SLN samples were first

diluted two times with distilled water. One drop of the

diluted sample was placed on a 200-mesh carbon-coated

copper grid, followed by stained with 2% phosphotungstic

acid solution and dried at room temperature.

Entrapment efficiency

A serial dilution of ZMEO (150–350 lg/mL) was prepared

using ethanol to determine the maximum absorption

wavelength (k max). Their absorbance was screened in a

range of 200–400 nm. The wavelength with the highest

absorption at all concentrations was selected as k max.

After that, the standard calibration curve for ZMEO at the

mentioned concentrations was plotted; absorbance (at k
max) vs. concentration (in lg/mL). The obtained regres-

sion equation was used for determining the amount of

ZMEO in the sample.

The entrapment efficiency of ZMEO in SLNs was cal-

culated using the indirect approach, i.e., determining non-

loaded ZMEO and deducting it from the initial amount,

using Eq. 1. For this purpose, SLN-ZMEO was centrifuged

using a HERMLE, Z36HK machine (Germany) for 20 min

at 25,000 rpm. After that, filtration with a pore size of

0.22 lm (n = 3) was carried out. Finally, ZMEO content in

the supernatant was determined; absorbance at k max was

placed in the regression equation.

Entrapment efficiency ¼ Wi�Wf=Wið Þ � 100 ð1Þ

where Wi and Wf are the initial drug amount and the drug

present in supernatant, respectively.

Evaluating protection times of ZMEO and SLN-

ZMEO

The repellent activity was investigated using Klun &

Debboun (K&D) method with slight modification. K&D

devises including four separate rectangular cells

(4 9 3 9 5) with a sliding valve at the bottom of each (see

Fig. 1). The device was fastened on hands of the volunteer,

and the valves were opened; mosquitoes exposed with the

skin. Protection time defined as the interval between (min)

the use of the samples (ZMEO 1% and SLN-ZMEO

(having 1% ZMEO) and the first mosquito bite.

Before starting the test, the skin of the volunteer was

disinfected using 70% alcohol. Then, four rectangles with a

12 cm area are marked on it (like to K&D device). The first

rectangle was treated with ethanol as the control group.

Three others stained with ZMEO or SLN-ZMEO sepa-

rately. After that, 20 nulliparous female mosquitoes

(7–9 day aged), starved for 12–24 h, were shed inside each

of cell. The exposure was stoped; as soon as the first bite of

the volunteer (Ghosh et al. 2014).

Evaluation cytotoxicity of SLN-ZMEO and ZMEO

MTT assay was used for investigating cytotoxicity of

ZMEO and SLN-ZMEO against the HFFF2. The cell line

was cultured in RPMI complete medium (containing FBS

12% and Penicillin–Streptomycin 1%) and was incubated

at 37 �C, air (95%) and CO2 (5%). The cells were seeded in

a 96-well plate and incubated for another 24 h for attaching

the cells and reached confluence 70–80%. After that, the

liquid content of wells was replaced with 50 lL of RPMI

complete fresh medium and 50 lL of each of SLN-ZMEO

and ZMEO (separately). The treated plate was then incu-

bated for four hours (more than twice as much as observed

protection time).

After incubation, the liquid content of the well was

discarded, and 100 lL/well of MTT solution (dissolved in

RPMI) was added and incubated for another 3 h. Then,

100 lL of DMSO was added to each well and mixed

thoroughly to dissolve the dye crystals. Finally, the

absorbance (A) of the wells was measured at 570 nm, using

a plate reader (Synergy HTX Multi-Mode Reader, USA).

The cell viability at each concentration was calculated by

Eq. 2. Noted, in each plate control group (n = 3) were

considered; no treatment was applied.

Cell viability %ð Þ ¼ A sample=A controlð Þ � 100 ð2Þ

Statistical analyses

All the tests were repeated three times, and final values

reported as mean ± standard deviations. Drawing of

table and calculation of means and standard deviations

were performed using Excell software (v 2010, Microsoft

Office, USA). Protection time and cytotoxicity of ZMEO

Fig. 1 K&D devise
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and SLN-ZMEO were compared using an independent

sample t-test with a confidence interval of 95% using SPSS

software (v.21, IBM, USA).

Results and discussion

Ingredients of ZMEO

Thirty-six identified compounds in ZMEO using GC–MS

analysis are listed In Table 1. Its five major components

were a-pinene (9.483%), o-cymene (13.584%), c-ter-

pinene (15.144%), thymol (26.452%), and carvacrol

(27.05%).

Prepared SLN-ZMEO

DLS analysis of SLN-ZMEO is depicted in Fig. 2a; the

particle size and PDI of the SLN-ZMEO were 134 ± 7 nm

and 0.24 ± 0.1, respectively. Also, its zeta potential was

measured as -9.82 ± 0.95 mV (see Fig. 2b). SLN-ZMEO

was spherical as TEM analysis demonstrated in Fig. 3.

Table 1 Identified ingredients in ZMEO using GC–MS analysis

No Ingredients Area % Retention time Retention index

1 a-Thujene 29,584,668 0.463 9.193 604

2 a-Pinene 230,827,972 3.616 9.483 613

3 Camphene 12,684,943 0.199 10.036 625

4 b-Pinene 37,479,693 0.587 11.248 646

5 1-Octen-3-ol 5,959,451 0.093 11.569 704

6 3-Octanone 19,800,469 0.310 11.827 710

7 b-Myrcene 75,429,639 1.182 11.991 715

8 3-Octanol 6,953,388 0.109 12.274 722

9 a-Phellandrene 10,994,122 0.172 12.502 727

10 3-Carene 3,721,087 0.058 12.757 734

11 a-Terpinene 92,129,256 1.443 13.083 742

12 o-Cymene 684,964,276 10.731 13.584 755

13 Limonene 58,427,992 0.915 13.688 757

14 1,8-Cineole 159,004,914 2.491 13.804 760

15 b-trans-ocimene 2,749,288 0.043 14.607 780

16 c-Terpinene 391,836,818 6.139 15.144 794

17 cis-sabinenehydrate 7,459,667 0.117 15.472 802

18 a-terpinolene 9,282,541 0.145 16.408 820

19 Linalool 126,174,339 1.977 17.12 835

20 Borneol 10,394,978 0.163 20.101 895

21 4-Terpineol 59,753,322 0.936 20.617 905

22 Fenchyl alcohol 50,866,771 0.797 21.692 925

23 2-Isopropyl-5-methyl-1-methoxybenzene 39,249,785 0.615 23.281 955

24 Carvacrol methyl ether 84,815,310 1.329 23.705 963

25 l-Carvone 7,071,401 0.111 24.462 977

26 trans-anthole 13,697,016 0.215 25.594 998

27 Thymol 1,608,717,376 25.202 26.452 1015

28 Carvacrol 1,930,172,282 30.238 27.050 1026

29 Thymyl acetate 75,349,373 1.180 28.69 1057

30 Carvacryl acetate 129,791,198 2.033 29.477 1072

31 trans-caryophyllene 140,081,621 2.195 31.291 1107

32 c-Selinene 4,619,485 0.072 31.6 1113

33 Aromadendrene 76,499,808 1.332 32.066 1123

34 Ledene 38,088,110 0.597 34.35 1168

35 ( ?) spathulenol 52,363,148 0.820 37.648 1234

36 Caryophyllene oxide 87,065,417 1.364 37.823 1238
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Some reports have been found on the preparation of SLN-

ZMEO or SLN loaded with other herbal substances;

however, the final formulations were not mosquitoes

repellent. For instance, formulating and characterizing

SLN-ZMEO with the average size of SLN was 650 nm had

been described in a study (Moghimipour et al. 2013). In

another one, SLN-ZMEO was prepared as antifungal

agents with a particle size of 255.5 ± 3 nm, PDI

0.369 ± 0.05, and zeta potential 37.8 ± 0.8 mV (Nasseri

et al. 2016). Furthermore, the z-average of carvacrol loaded

SLN was reported in the range of 15–25 nm (He et al.

2019). Also, SLN containing Eugenia caryophyllata EO

was prepared as antibacterial agents with a particle size of

397–786 nm (Fazly Bazzaz et al. 2018).

The entrapment efficiency of SLN-ZMEO

The maximum absorption wavelength of ZMEO was

obtained at 236 nm by spectrophotometer analysis. From

Fig. 4, the linear regression equation for ZMEO was found,

y = 0.0052x ? 0.0014 (R2: 0.9997). The entrapment effi-

ciency of ZMEO in SLNs was achieved at 64.6 ± 3.8%.

Comparison protection times of ZMEO and SLN-

ZMEO

The protection times of the samples are shown in Fig. 5.

After the topical application of SLN-ZMEO, protection

time 93 ± 5 min was observed. This amount signifi-

Fig. 2 a DLS analysis of SLN nanoparticles containing ZMEO with the particle size of 134 ± 7 nm and PDI 0.24 ± 0.1, b Zeta potential of

SLN nanoparticles containing ZMEO -9.82 ± 0.95
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cantly better than non-formulated ZMEO with a protec-

tion time of 29 ± 2 (independent sample t-test,

sig\ 0.05).

From the literature, no report was found on the repellent

activity of nanoformulation against Anopheles spp. How-

ever, there are few studies in this field, i.e., the develop-

ment of EO-based nanoformulation as a mosquito

repellent.

Nanoemulsion of Eucalyptus globulus with a particle

size of 17.1 nm was prepared. Protection time of the EO

15% lower than its nanoemulsion form against a mixture of

Culex spp.; 59\ 170 min. Although this study provides

useful information, the ingredients of the used EO were not

reported, the active agent has not been known (Navayan

et al. 2017). In another study, nanoemulsion of citronella

oil (20%) with a particle size of 135 nm was prepared. It

showed a protection time of 170 min, against Aedes

aegypti (Sakulku et al. 2009). In these two studies, the

concentration of the used EOs was high; their pungent odor

makes it impossible for the consumer to use.

Furthermore, another report was found on the

microencapsulation of lemongrass EO; it was related to

preparing texture (polyester) with repellent activity (Anitha

et al. 2011). In two other studies, synthetic insect repellent,

including diethylphenylacetamide and permethrin, was

encapsulated in polyethylene glycol and ethyl cellulose

nanoparticles with particle sizes of 149 and 400 nm,

respectively. They impregnated onto cotton fabrics as a

repellent against C. quinquefasciatus and C. pipiens (Balaji

et al. 2017; Türkoğlu et al. 2020).

Nanoemulsions are nano-size mixtures of oil and aque-

ous phases. Its preparation process is more straightforward

than other nanoformulations. Therefore, in the above-

mentioned EO-based formulation, nanoemulsion was pre-

pared. In nanoemulsion, oil droplets (cargo) only sur-

rounded and protected by surfactant molecules (Osanloo

et al. 2017). Therefore, the protection of cargos is less than

other nanoformulations. It seems a reason for used high

amounts of EOs for the studies mentioned above.

In this study, ZMEO (1%) was loaded into the solid-

lipid nanoparticles (SLN-ZMEO). In SLNs, oil droplets

surrounded by slid-lipids such as stearic, oleic, linoleic

acids (Rassouli and Al-Qushawi 2018). Besides, the sta-

bility of the system was supplied by using the surfactants

(Garcês et al. 2018; Yadav et al. 2013). Therefore, the

protection time of SLN-ZMEO contained ZMEO 1% was

longer (* 300%) than, and non-formulated ZMEO (1%).

Improvement of protection times resulted from the control

of the volatility of ZMEO as well as its slow release.

Cytotoxicity of ZMEO and SLN-ZMEO

Figure 6 shows that ZMEO and SLN-ZMEO did not show

significant cytotoxicity compared to the control group

(one-way ANOVA, sig[ 0.05), unlike significant

Fig. 3 TEM image of SLN nanoparticles containing ZMEO with

Fig. 4 Used calibration curve for determining the amount of ZMEO

in the supernatant of SLN-ZMEO

Fig. 5 Protection time of SLN nanoparticles containing ZMEO 1%

compared with non-formulated ZMEO (1%)
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differences in the performance of the two samples, neither

of them was toxic.

We recently developed a green nanoformulation as a

larvicide; it had no cytotoxicity on the HFFF2 cell line. In

that research, EO of Artemisia dracunculus was encapsu-

lated in chitosan nanoparticles. Besides, A. dracunculus EO

at a concentration of 25% did not show cytotoxic effect

(Osanloo et al. 2019). From the literature, ZM extract did

not cause significant cellular toxicity up to the highest

examined concentration of 200 lg/mL (Aghamohammadi

et al. 2015). Another study reported that emu oil increased

the growth of HFFF2 more than 100%; the anti-inflam-

matory effect of the EO was investigated (Vahedian et al.

2020).

Conclusion

In this study, ingredients of ZMEO were identified using

GC–MS analysis. Then, solid-lipid nanoparticles contain-

ing ZMEO (1%) were prepared. For the first time, the

protection time of an EO-based nanoformulation was

investigated against An. stephensi. About a 300% increase

in the protection time of nanoformulation was observed in

comparison to non-formulated ZMEO. Interestingly both

ZMEO and SLN-ZMEO had no cytotoxic effect on the

human normal cell line, HFFF2.
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