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The most common form of leishmaniasis is cutaneous leishmaniasis, and 
it is distributed in around 100 countries. Preparing essential oil-based 
nanoformulations with the leishmanicidal effect is a promising strategy for the 
development of new drugs. In this study, the leishmanicidal effects of essential 
oils of Artemisia dracunculus, Zataria multiflora, and Zingiber officinale against 
promastigotes of Leishmania tropica and Leishmania major were first evaluated. 
The nanoemulsion of the most potent essential oil, A. dracunculus, was then 
prepared; particle size was 7.86 ± 4 nm, and particle size distribution (SPAN) was 
0.96 ± 0.1. By addition (1.5% w/v) of carbomer 940, nanoemulsion transformed 
into the nanogel dosage form. The leishmanicidal property of the nanogel was 
significantly better than that of non-formulated A. dracunculus essential oil. 
Interestingly, the promastigotes' viabilities at a 160 µg/mL concentration were 
decreased to ~ 0%. The prepared green nanoformulation could be used as 
supplementary drugs in cutaneous leishmaniasis.
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INTRODUCTION
The most common form of leishmaniasis is 

cutaneous leishmaniasis; it is distributed in around 
100  countries worldwide [1]. It is caused by obligate 
intracellular protozoa of the genus of  Leishmania 
[2, 3]. Leishmania major and Leishmania tropica 
in the old world are responsible for the cutaneous 
leishmaniasis in rural and urban areas, respectively 
[4, 5]. 

Pentavalent antimonials, miltefosine, and 
amphotericin B are recommended drugs to treat 
cutaneous leishmaniasis [6, 7]. However, due to 
their limitations, including toxicity and lack of 

proper efficacy, the development of new drugs has 
become crucial [8]. Plants and their metabolites are 
excellent sources for finding green substances with 
leishmanicidal effect [9]. For example, essential oils 
(EO)s of cinnamon, thyme, and oregano showed 
proper leishmanicidal effect against different 
species of promastigotes of the Leishmania genus 
[10, 11]. However, the effectiveness of EOs can be 
lost by evaporation or degradation by oxidation 
and UV light [12]. Therefore, they should be 
formulated.

Pastes, ointments, and creams have been widely 
used for topical drug delivery. These formulations 
are very sticky; their usage thus is challenging. 
[13, 14]. The use of nanoemulsion for topical drug 
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delivery has recently attracted more attention. 
They possess many advantages, such as higher 
skin permeation and retention and long storage 
time [15, 16]. Nanoemulsion-based nanogels are 
another dosage form for topical drug delivery with 
advantages of nanoemulsion and improved stability 
and facilitated usage. They are extensively employed 
in cosmetics and pharmaceutical preparations [17, 
18]. 

In this study, the leishmanicidal properties of 
the three medicinally important EOs, including 
Artemisia dracunculus (ADEO), Zataria multiflora 
(ZMEO), and Zingiber officinale (ZOEO) against 
promastigotes of L. major and L. tropica were 
investigated. Then, by preparing nanoemulsion-
based nanogel of ADEO (more active than others), 
we tried to improve the effectiveness. 

MATERIALS AND METHODS
Materials

 ADEO and ZMEO were obtained from 
Zardband Pharmaceuticals Co (Iran). ZOEO 
was provided by Green Plant of Life Co. (Iran). 
L. major (MHOM/IR/75/ER) and L. tropica 
(MHOM/SU/74/K27) was provided by Pasteur 
Institute of Iran supplied. Tween 20 (Polysorbate 
20), NaOH (Sodium hydroxide), and MTT 
powder (3-(4.5-dimethylthiazol-2-yl)-2.5-
diphenyl tetrazolium bromide) was purchased 
from Merck Chemicals (Germany). Penicillin-
Streptomycin, RPMI cell culture media, DMSO 
(Dimethylsulfoxide) were bought from Shellmax 
Co. (China). FBS (Fetal bovine serum) and 
Carbomer 940 were bought from Gibco Co. (USA) 
and SDFCL Co. (India).

Investigation of leishmanicidal activity of essential 
oils

Leishmanicidal properties of the EOs were 
investigated using MTT assay in 48-well plates. The 
required dilution serial of each EO was prepared 
by two-fold successive dilutions of a stock solution. 
The stock solutions 5120 µg/mL were prepared 
using an aqueous PBS (containing 0.5% DMSO). 
The promastigotes of L. major and L. tropica 
(625000/mL) at the logarithmic phase were used 
for the leishmanicidal bioassays. They cultured in 
RPMI complete medium (FBS 10% and Penicillin-
Streptomycin 1%).

First, 400 µL/well of each promastigote and 
serial dilution (400 µL/well) were added to a 48-
well plate and incubated for 24 h incubation at 

25 ºC. After that, 50 µL/well of MTT solution was 
added and incubated for another 4 h. After that, 200 
µL of DMSO was added to each well for dissolving 
formazan crystals. Finally, the optical density (A) 
of wells was read at 570 nm using a plate reader 
(Synergy HTX Multi-Mode Reader, USA), and the 
viability was calculated using equation 1.

In each of the three repetitions, control and 
blank groups were considered (n = 3). The wells 
in control groups were filled similar to the sample 
groups; only 400 µL of PBS was used instead of EO 
serial dilution. Also, blank wells loaded with the 
same amounts of RPMI complete medium and PBS 
(400:400 µL). 

used for the leishmanicidal bioassays. They cultured in RPMI complete medium (FBS 10% and 

Penicillin-Streptomycin 1%). 

First, 400 µL/well of each promastigote and serial dilution (400 µL/well) were added to a 48-

well plate and incubated for 24 h incubation at 25 ºC. After that, 50 µL/well of MTT solution was 

added and incubated for another 4 h. After that, 200 µL of DMSO was added to each well for 

dissolving formazan crystals. Finally, the optical density (A) of wells was read at 570 nm using a 

plate reader (Synergy HTX Multi-Mode Reader, USA), and the viability was calculated using 

equation 1. 

In each of the three repetitions, control and blank groups were considered (n = 3). The wells in 

control groups were filled similar to the sample groups; only 400 µL of PBS was used instead of 

EO serial dilution. Also, blank wells loaded with the same amounts of RPMI complete medium 

and PBS (400:400 µL).  

 

( ) % (   /   ) 100Viability Asample Ablank Acontrol Ablank= − −    (1) 

 

2.3. GC-MS analysis 

Ingredients of ADEO were only identified because it showed better activity than other 

examined EO. For chemical composition, analysis of GC-MS was used as described in our 

previous study [19]. 

 

2.4. The procedure of preparation of nanoemulsion  

For the preparation of nanoemulsion, ADEO (50 µL) and tween 20 (100-1000 µL) were 

blended for 10 min at 500 rpm to prepare a homogenous mixture. Distilled water was then added 

   (1)

GC-MS analysis
Ingredients of ADEO were only identified 

because it showed better activity than other 
examined EO. For chemical composition, analysis 
of GC-MS was used as described in our previous 
study [19].

The procedure of preparation of nanoemulsion 
For the preparation of nanoemulsion, ADEO 

(50 µL) and tween 20 (100-1000 µL) were blended 
for 10 min at 500 rpm to prepare a homogenous 
mixture. Distilled water was then added dropwise 
to the oily phase to reach 5000 µL. The mixture 
was stirred at 2000 rpm for another 30 min to 
form nanoemulsion. A nanoemulsion with the 
smallest particle size and acceptable particle size 
distribution (SPAN), i.e., < 1, was finally selected as 
the optimum nanoemulsion. 

The particle size SPAN of prepared samples was 
investigated using dynamic light scattering (DLS, 
K-ONE.LTD, Korea) at 25 ℃. SPAN was calculated 
using equation 

dropwise to the oily phase to reach 5000 µL. The mixture was stirred at 2000 rpm for another 30 

min to form nanoemulsion. A nanoemulsion with the smallest particle size and acceptable particle 

size distribution (SPAN), i.e., < 1, was finally selected as the optimum nanoemulsion.  

The particle size SPAN of prepared samples was investigated using dynamic light scattering 

(DLS, K-ONE.LTD, Korea) at 25 ℃. SPAN was calculated using equation 

90 10 / 50SPAN D D D= − , where D is the diameter of the particles. D10, D50, and D90 are the 

percentile of particles that have a diameter lower than these values. 

 

2.5. The procedure of preparation of nanogel 

The optimum nanoemulsion was selected for the preparation of nanoemulsion-based nanogel. 

First, carbomer 940 (1.5% w/v) as the gelling agent was dispersed into the nanoemulsion under a 

mild magnetic stirring (120 rpm, overnight). The pH was then raised from 4 to ~ 7 by adding 

NaOH solution (25% w/v) for completing the gelation process. A blank gel was also prepared in 

the same process and ingredients, only without ADEO.   

The stability of the prepared nanogel was 6-month monitored at two temperatures (4°C and 

ambient temperature). Besides, the viscosity of the nanogel was investigated using a rheometer 

machine at 25°C (Anton Paar rheometer, model MCR-302, Austria).  

 

2.6. Evaluation of the leishmanicidal properties of the nanogel 

The nanogel and blank gel's leishmanicidal activity were investigated using the MTT assay as 

follows. 400 μL/well of each promastigote and 400 μL/well of PBS was first added well. After 

that, 6.4 (± 5% w) and 12.8 (± 5% w) mg of the samples (nanogel and blank gel) was added to 

 , where D is 
the diameter of the particles. D10, D50, and D90 
are the percentile of particles that have a diameter 
lower than these values.

The procedure of preparation of nanogel
The optimum nanoemulsion was selected for 

the preparation of nanoemulsion-based nanogel. 
First, carbomer 940 (1.5% w/v) as the gelling agent 
was dispersed into the nanoemulsion under a mild 
magnetic stirring (120 rpm, overnight). The pH was 
then raised from 4 to ~ 7 by adding NaOH solution 
(25% w/v) for completing the gelation process. A 
blank gel was also prepared in the same process and 
ingredients, only without ADEO.  



91Nanomed Res J 6(1): 89-95, Winter 2021

M. Osanloo et al. / A green nanogel with leishmanicidal effect

The stability of the prepared nanogel was 
6-month monitored at two temperatures (4°C and 
ambient temperature). Besides, the viscosity of 
the nanogel was investigated using a rheometer 
machine at 25°C (Anton Paar rheometer, model 
MCR-302, Austria). 

Evaluation of the leishmanicidal properties of the 
nanogel

The nanogel and blank gel’s leishmanicidal 
activity were investigated using the MTT assay as 
follows. 400 μL/well of each promastigote and 400 
μL/well of PBS was first added well. After that, 6.4 

(± 5% w) and 12.8 (± 5% w) mg of the samples 
(nanogel and blank gel) was added to wells. The 
process continued as described in section 2.2. By 
adding such mentioned amounts of the nanogel, 
the concentration of ADEO eventually was fixed at 
80 and 160 μg/mL. 

Statistical analysis
For determining the half-maximal inhibitory 

concentration (IC50) of each EO against 
promastigotes of L. tropica and L. major, CalcuSyn 
software (Free version, BIOSOFT, UK) was used. 
IC50s of EOs were compared together using one-

 
*Lower and Upper Confidence Limits 

 
Figure 1: Leishmanicidal effects of the EOs 

  

Fig. 1. Leishmanicidal effects of the EOs
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way ANOVA analysis. Also, the leishmanicidal 
effects of ADEO and the nanogel were compared 
using an independent sample t-test. The analyses 
were performed using SPSS software (v. 21, IBM, 
USA) with confidence intervals of 95%.

RESULTS
Leishmanicidal effects of the EOs

The leishmanicidal effects of the EOs are given 
in Fig. 1. Effectiveness of ADEO with IC50 of 111 
and 114 µg/mL against L. tropica and L major, 
respectively, significantly better than ZOEO and 
ZMEO (one-way ANOVA, sig < 0.05). The obtained 
IC50s for L. tropica and L. major after treatment with 
ADEO had no significant difference (Independent 
sample t-test, sig > 0.05). Furthermore, at a 
concentration of 80 µg/mL, their viability was 
reduced to 50%. Therefore, this point was selected 
to investigate the effect of nanoformulating ADEO 
into a nanogel dosage form.

 
Ingredients of the ADEO

The five major constituents of ADEO included 
p-allyanisole, cis-ocimene, beta-cimene Y, 
limonene, and 3-methoxycinnam aldehyde with 
portions of 67.623, 8.691, 7.577, 4.338, and 1.490%, 
respectively.

Prepared nanoemulsion-based nanogel
Ten formulations were prepared for obtaining 

the proper nanoemulsion with small particle size 

and narrow particle size distribution (SPAN < 1). 
Their constituents and ingredients are listed in 
Table 1. Only F8 (0.96 ± 0.01) and F9 (0.95 ± 0.01) 
had acceptable SPAN among the prepared sample. 
However, the particle size of F8 (7.86 ± 4 nm) was 
significantly lower than F9 (245 ± 13 nm); therefore, 
it was selected as the optimum nanoemulsion. 

ADEO nanogel was prepared by the addition of 
carbomer 1.5% w/v to the optimum nanoemulsion. 
Figures of the optimum nanoemulsion and the 
nanogel are depicted in Fig. 2A. Besides, DLS 
analysis of the optimum nanoemulsion is shown in 
Fig. 2B. 

The viscosity of the nanogel follows non-
Newtonian fluids that viscosity decreases with 
increasing shear rate. Interestingly, viscosity 
changes at different shear rates follow the Carreau-
Yasuda model (see Fig. 2C). Furthermore, no phase 
separation, sedimentation, and creaming were 
seen in the nanogel after 6-month storage at 4°C 
and ambient temperature, confirming its proper 
stability.

The leishmanicidal properties of the nanogel  
From Fig. 3, the blank gel reduced the viability 

of L. tropica and L. major to 87 ± 4% and 93 ± 3%, 
respectively. However, the leishmanicidal effect 
of ADEO (80 µg/mL) was significantly better 
than blank gel with the viability of around 50% 
against both promastigotes (Independent sample 
t-test, sig < 0.05). Leishmanicidal effect of the 

Table 1. Characteristics of the prepared nanoemulsions of ADEO
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Figure 2: Images of the optimum nanoemulsion and nanogel (A), DLS analysis of the selected 

nanoemulsion (B), Viscosity curve of the nanogel 

  

 

Figure 3: Comparison of leishmanicidal activities of ADEO (80 µg/mL),  

nanogel (having ADEO 80 µg/mL), and blank gel 
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Fig. 3. Comparison of leishmanicidal activities of ADEO (80 µg/mL), nanogel (having ADEO 80 µg/mL), and blank gel
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nanogel, having ADEO 80 µg/mL, significantly 
better than non-formulated ADEO (Independent 
sample t-test, sig < 0.05); viability of L. tropica 
and L. major were reduced to 23 ± 4% and 21 ± 
3%, respectively. Interestingly, using the nanogel 
at a higher concentration (having ADEO 160 µg/
mL), 100% efficiency was observed; viabilities of 
the promastigotes were reduced to 0% (Data not 
given).

DISCUSSIONS
From the literature, leishmanicidal activities 

(IC50) of some EOs against L. tropica have been 
reported. For instance Zataria multiflora (89.30 
µg/mL), Thymus capitellatus (35.00 µg/mL) and 
Nigella sativa (9.30 µg/mL) [20-22]. Besides, EOs of 
Citrus limon, Cymbopogon citratus, and Lavandula 
angustifolia possess leishmanicidal effect against L. 
major with IC50s of 231.40, 38.00, and 110.00 µg/
mL, respectively [23-25]. Considering the results, 
ADEO showed acceptable efficiency against the 
mentioned promastigotes. 

Among the developed nanoformulation for 
topical drug delivery (nanoemulsion, liposomes, 
niosome, and polymeric nanoparticles), 
the preparation of nanoemulsions is more 
straightforward than others and does not 
require advanced equipment [16, 26]. However, 
nanoemulsions with low viscosity are not proper 
for topical applications; thickening or gelling 
agents were applied to increase their viscosity. 
Nanoemulsions are transformed into nanogel by 
adding a type of gelling agents such as xanthan gum, 
ethylcellulose, sodium carboxymethylcellulose, 
hydroxypropyl methylcellulose, and carbopol [27, 
28].

Some reports have been found on the 
preparation of nanoemulsion-based nanogel of 
EOs or chemical drugs. For example, Quercetin’s 
nanogel (an anti-rheumatic  drug) was prepared 
by adding carbopol 940 (1.0% w/v) into primary 
nanoemulsion having a particle size of 130 
nm. The drug’s therapeutic effectiveness was 
improved by increasing skin permeability and 
enhancing its physicochemical stability [29]. 
Furthermore, by formulating  Rosmarinus officinal 
EO into nanoemulsion, IC50 against L. major was 
decreased from 260 to 80 μg/mL [30]. In brief, by 
preparing nanoemulsion-based nanogel, at least 
three advantages are achievable; improvement of 
leishmanicidal effect, controlling EO volatility, and 
facilitating topical usage.

CONCLUSIONS
Leishmanicidal properties of three medicinally 

important EOs were investigated. Nanoemulsion-
based nanogel of the most potent EO, ADEO, was 
then prepared. After treating the promastigotes of 
L. tropica and L. major with the nanogel (160 µg/
mL), their viabilities were reduced to ~ 0%.

ACKNOWLEDGMENT
The authors appreciated Fasa University of 

Medical Sciences for support of this research, 
grant No, 97098. Besides, this study was ethically 
approved (IR.FUMS.REC.1397.094).

CONFLICT OF INTEREST
No authors declared a conflict of interest.

REFERENCES 
1. Golpayegani AA, Moslem AR, Akhavan AA, Zeydabadi 

A, Mahvi AH, Allah-Abadi A. Modeling of Environmental 
Factors Affecting the Prevalence of Zoonotic and 
Anthroponotic Cutaneous, and Zoonotic Visceral 
Leishmaniasis in Foci of Iran: a Remote Sensing and GIS 
Based Study. Journal of arthropod-borne diseases, 2018;12 
(1):41-66.

2. Banu SS, Meyer W, Ahmed B-N, Kim R, Lee R. Detection 
ofLeishmania donovaniin peripheral blood of 
asymptomatic individuals in contact with patients with 
visceral leishmaniasis. Transactions of The Royal Society of 
Tropical Medicine and Hygiene. 2016;110(5):286-93.

3. FEKRI SM, Dabiri S, FOTOUHI AR, FANI ML, 
AMIRPOOR RS, Ziasistani M, Dabiri D. Design and 
validation of real-time PCR: quantitative diagnosis of 
common Leishmania species in Iran. Archives of Iranian 
Medicine, 2016;19 (7):496-501.

4. Remadi L, Haouas N, Chaara D, Slama D, Chargui N, 
Dabghi R, et al. Clinical Presentation of Cutaneous 
Leishmaniasis caused by Leishmania major. Dermatology. 
2016;232(6):752-9.

5. Hajj RE, Youness HB, Lachaud L, Bastien P, Masquefa C, 
Bonnet P-A, et al. EAPB0503: an imiquimod analog with 
potent in vitro activity against cutaneous leishmaniasis 
caused by Leishmania major and Leishmania tropica. 
Journal of Infection and Public Health. 2020;13(12):2112.

6. Davis AJ, Murray HW, Handman E. Drugs against 
leishmaniasis: a synergy of technology and partnerships. 
Trends in Parasitology. 2004;20(2):73-6.

7. de Menezes JPB, Guedes CES, Petersen ALdOA, Fraga DBM, 
Veras PST. Advances in Development of New Treatment 
for Leishmaniasis. BioMed Research International. 
2015;2015:1-11.

8. Maurya A, Singh AK, Mishra G, Kumari K, Rai A, Sharma 
B, et al. Strategic use of nanotechnology in drug targeting 
and its consequences on human health: A focused 
review. Interventional Medicine and Applied Science. 
2019;11(1):38-54.

9. Estevez Y, Castillo D, Pisango MT, Arevalo J, Rojas R, Alban 
J, et al. Evaluation of the leishmanicidal activity of plants 
used by Peruvian Chayahuita ethnic group. Journal of 

http://dx.doi.org/10.1093/trstmh/trw027
http://dx.doi.org/10.1093/trstmh/trw027
http://dx.doi.org/10.1093/trstmh/trw027
http://dx.doi.org/10.1093/trstmh/trw027
http://dx.doi.org/10.1093/trstmh/trw027
http://dx.doi.org/10.1159/000456543
http://dx.doi.org/10.1159/000456543
http://dx.doi.org/10.1159/000456543
http://dx.doi.org/10.1159/000456543
http://dx.doi.org/10.1016/j.jiph.2019.01.039
http://dx.doi.org/10.1016/j.jiph.2019.01.039
http://dx.doi.org/10.1016/j.jiph.2019.01.039
http://dx.doi.org/10.1016/j.jiph.2019.01.039
http://dx.doi.org/10.1016/j.jiph.2019.01.039
http://dx.doi.org/10.1016/j.pt.2003.11.006
http://dx.doi.org/10.1016/j.pt.2003.11.006
http://dx.doi.org/10.1016/j.pt.2003.11.006
http://dx.doi.org/10.1155/2015/815023
http://dx.doi.org/10.1155/2015/815023
http://dx.doi.org/10.1155/2015/815023
http://dx.doi.org/10.1155/2015/815023
http://dx.doi.org/10.1556/1646.11.2019.04
http://dx.doi.org/10.1556/1646.11.2019.04
http://dx.doi.org/10.1556/1646.11.2019.04
http://dx.doi.org/10.1556/1646.11.2019.04
http://dx.doi.org/10.1556/1646.11.2019.04
http://dx.doi.org/10.1016/j.jep.2007.08.007
http://dx.doi.org/10.1016/j.jep.2007.08.007
http://dx.doi.org/10.1016/j.jep.2007.08.007


95Nanomed Res J 6(1): 89-95, Winter 2021

M. Osanloo et al. / A green nanogel with leishmanicidal effect

Ethnopharmacology. 2007;114(2):254-9.
10. Paster N, Menasherov M, Ravid UZI, Juven B. Antifungal 

Activity of Oregano and Thyme Essential Oils Applied as 
Fumigants Against Fungi Attacking Stored Grain. Journal 
of Food Protection. 1995;58(1):81-5.

11. Anthony J-P, Fyfe L, Smith H. Plant active components – 
a resource for antiparasitic agents? Trends in Parasitology. 
2005;21(10):462-8.

12. Bergkvist TP. Antimicrobial activity of four volatile essential 
oils: Citeseer; 2007.

13. Bhowmik D, Gopinath H, Kumar BP, Duraivel S, Kumar 
KS. Recent advances in novel topical drug delivery system. 
The Pharma Innovation, 2012;1 (9, Part A):12.

14. Osanloo M, Assadpour S, Mehravaran A, Abastabar M, 
Akhtari J. Niosome-loaded antifungal drugs as an effective 
nanocarrier system: A mini review. Current Medical 
Mycology. 2019.

15. Baboota S, Shakeel F, Ahuja A, Ali J, Shafiq S. Design, 
development and evaluation of novel nanoemulsion 
formulations for transdermal potential of celecoxib. Acta 
Pharmaceutica. 2007;57(3):315-32.

16. Osanloo M, Abdollahi A, Valizadeh A, Abedinpour N. 
Antibacterial potential of essential oils of Zataria multiflora 
and Mentha piperita, micro- and nano-formulated forms. 
Iranian Journal of Microbiology. 2020.

17. Modi JD, Patel JK. Nanoemulsion-based gel formulation 
of aceclofenac for topical delivery. International Journal of 
Pharmacy and Pharmaceutical Science Research, 2011;1 
(1):6-12.

18. Hamed R, Basil M, AlBaraghthi T, Sunoqrot S, Tarawneh 
O. Nanoemulsion-based gel formulation of diclofenac 
diethylamine: design, optimization, rheological behavior 
and in vitro diffusion studies. Pharmaceutical Development 
and Technology. 2015;21(8):980-9.

19. Osanloo M, Sedaghat MM, Sereshti H, Rahmani M, Saeedi 
Landi F, Amani A. Chitosan nanocapsules of tarragon 
essential oil with low cytotoxicity and long-lasting activity 
as a green nano-larvicide. Journal of Nanostructures, 
2019;9 (4):723-735.

20. Saedi Dezaki E, Mahmoudvand H, Sharififar F, Fallahi S, 
Monzote L, Ezatkhah F. Chemical composition along with 
anti-leishmanial and cytotoxic activity ofZataria multiflora. 
Pharmaceutical Biology. 2015;54(5):752-8.

21. Machado M, Dinis AM, Santos-Rosa M, Alves V, Salgueiro 
L, Cavaleiro C, et al. Activity of Thymus capitellatus volatile 
extract, 1,8-cineole and borneol against Leishmania species. 
Veterinary Parasitology. 2014;200(1-2):39-49.

22. Mahmoudvand H, Tavakoli R, Sharififar F, Minaie K, 
Ezatpour B, Jahanbakhsh S, et al. Leishmanicidal and 
cytotoxic activities ofNigella sativaand its active principle, 
thymoquinone. Pharmaceutical Biology. 2014;53(7):1052-
7.

23. Sanchez-Suarez J, Riveros I, Delgado G. Evaluation of the 
leishmanicidal and cytotoxic potential of essential oils 
derived from ten colombian plants. Iranian journal of 
parasitology, 2013;8 (1):129-136.

24. Machado M, Pires P, Dinis AM, Santos-Rosa M, Alves V, 
Salgueiro L, et al. Monoterpenic aldehydes as potential anti-
Leishmania agents: Activity of Cymbopogon citratus and 
citral on L. infantum, L. tropica and L. major. Experimental 
Parasitology. 2012;130(3):223-31.

25. Shokri A, Saeedi M, Fakhar M, Morteza-Semnani K, 
Keighobadi M, Hosseini Teshnizi S, Kelidari HR, Sadjadi 
S. Antileishmanial Activity of Lavandula angustifolia and 
Rosmarinus Officinalis Essential Oils and Nano-emulsions 
on Leishmania major (MRHO/IR/75/ER). Iranian journal 
of parasitology, 2017;12 (4):622-631.

26. Shah P, Bhalodia D, Shelat P. Nanoemulsion: A 
pharmaceutical review. Systematic Reviews in Pharmacy. 
2010;1(1):24.

27. Bhanu PV, Shanmugam V, Lakshmi P. Development and 
optimization of novel diclofenac emulgel for topical drug 
delivery. Int J Comp Pharm, 2011;2:1-4.

28. Babbar SB, Jain R, Walia N. Guar gum as a gelling agent 
for plant tissue culture media. In Vitro Cellular & 
Developmental Biology - Plant. 2005;41(3):258-61.

29. Gokhale JP, Mahajan HS, Surana SJ. Quercetin loaded 
nanoemulsion-based gel for rheumatoid arthritis: In vivo 
and in vitro studies. Biomedicine & Pharmacotherapy. 
2019;112:108622.

30. Shokri A, Saeedi M, Fakhar M, Morteza-Semnani K, 
Keighobadi M, Teshnizi SH, Kelidari HR, Sadjadi S. 
Antileishmanial activity of Lavandula angustifolia and 
Rosmarinus officinalis essential oils and nano-emulsions 
on Leishmania major (MRHO/IR/75/ER). Iranian journal 
of parasitology, 2017;12 (4):622.

http://dx.doi.org/10.1016/j.jep.2007.08.007
http://dx.doi.org/10.4315/0362-028x-58.1.81
http://dx.doi.org/10.4315/0362-028x-58.1.81
http://dx.doi.org/10.4315/0362-028x-58.1.81
http://dx.doi.org/10.4315/0362-028x-58.1.81
http://dx.doi.org/10.1016/j.pt.2005.08.004
http://dx.doi.org/10.1016/j.pt.2005.08.004
http://dx.doi.org/10.1016/j.pt.2005.08.004
http://dx.doi.org/10.18502/cmm.4.4.384
http://dx.doi.org/10.18502/cmm.4.4.384
http://dx.doi.org/10.18502/cmm.4.4.384
http://dx.doi.org/10.18502/cmm.4.4.384
http://dx.doi.org/10.2478/v10007-007-0025-5
http://dx.doi.org/10.2478/v10007-007-0025-5
http://dx.doi.org/10.2478/v10007-007-0025-5
http://dx.doi.org/10.2478/v10007-007-0025-5
http://dx.doi.org/10.18502/ijm.v12i1.2517
http://dx.doi.org/10.18502/ijm.v12i1.2517
http://dx.doi.org/10.18502/ijm.v12i1.2517
http://dx.doi.org/10.18502/ijm.v12i1.2517
http://dx.doi.org/10.3109/10837450.2015.1086372
http://dx.doi.org/10.3109/10837450.2015.1086372
http://dx.doi.org/10.3109/10837450.2015.1086372
http://dx.doi.org/10.3109/10837450.2015.1086372
http://dx.doi.org/10.3109/10837450.2015.1086372
http://dx.doi.org/10.3109/13880209.2015.1079223
http://dx.doi.org/10.3109/13880209.2015.1079223
http://dx.doi.org/10.3109/13880209.2015.1079223
http://dx.doi.org/10.3109/13880209.2015.1079223
http://dx.doi.org/10.1016/j.vetpar.2013.11.016
http://dx.doi.org/10.1016/j.vetpar.2013.11.016
http://dx.doi.org/10.1016/j.vetpar.2013.11.016
http://dx.doi.org/10.1016/j.vetpar.2013.11.016
http://dx.doi.org/10.3109/13880209.2014.957784
http://dx.doi.org/10.3109/13880209.2014.957784
http://dx.doi.org/10.3109/13880209.2014.957784
http://dx.doi.org/10.3109/13880209.2014.957784
http://dx.doi.org/10.3109/13880209.2014.957784
http://dx.doi.org/10.1016/j.exppara.2011.12.012
http://dx.doi.org/10.1016/j.exppara.2011.12.012
http://dx.doi.org/10.1016/j.exppara.2011.12.012
http://dx.doi.org/10.1016/j.exppara.2011.12.012
http://dx.doi.org/10.1016/j.exppara.2011.12.012
http://dx.doi.org/10.4103/0975-8453.59509
http://dx.doi.org/10.4103/0975-8453.59509
http://dx.doi.org/10.4103/0975-8453.59509
http://dx.doi.org/10.1079/ivp2005628
http://dx.doi.org/10.1079/ivp2005628
http://dx.doi.org/10.1079/ivp2005628
http://dx.doi.org/10.1016/j.biopha.2019.108622
http://dx.doi.org/10.1016/j.biopha.2019.108622
http://dx.doi.org/10.1016/j.biopha.2019.108622
http://dx.doi.org/10.1016/j.biopha.2019.108622

	The nanoemulsion-based nanogel of Artemisia dracunculus essential oil with proper activity against L
	Abstract
	Keywords
	How to cite this article 
	INTRODUCTION 
	MATERIALS AND METHODS 
	Materials
	Investigation of leishmanicidal activity of essential oils 
	GC-MS analysis 
	The procedure of preparation of nanoemulsion  
	The procedure of preparation of nanogel 
	Evaluation of the leishmanicidal properties of the nanogel 
	Statistical analysis 

	RESULTS
	Leishmanicidal effects of the EOs 
	Ingredients of the ADEO 
	Prepared nanoemulsion-based nanogel 
	The leishmanicidal properties of the nanogel   

	DISCUSSIONS 
	CONCLUSIONS 
	ACKNOWLEDGMENT 
	CONFLICT OF INTEREST 
	REFERENCES  


