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Abstract:

Introduction:

The present study aimed to prepare Nanoemulsions of Mentha piperita and Eucalyptus globulus essential oils and comparison of the repellant
activity of them with normal essential oils and DEET in the field conditions.

Methods:

To determine the protection and failure time of the essential oils and DEET in the field condition against natural population of night biting culicid
mosquitoes, 4 human volunteers participated in night biting test. GC-MS was used to determine the essential oil components and the Dynamic
Light Scattering device was used to measure droplet size and zeta potential.

Results:

The relative abundance of more common species captured in this study was 40.09% and 31.65% for Anopheles superpictus, and Culex pipiens,
respectively. Based on the results, the protection time of nanoemulsions of M. piperita 50% against night biting mosquitoes was 4.96±0.21 h. Also,
the protection for nanoemulsions essential oil 50% of E. globulus was 6.06±0.20 h. Comparison of the results showed that the protection time of
nanoemulsions of M. piperita and E. globulus was significantly higher than of their normal essential oils (P˂0.01). Also, the protection time of
DEET (as  a  gold  standard)  was significantly  higher  than of  normal  essential  oil  and nanoemulsions  of  M. piperita  (P˂0.01),  but  there  is  no
significant difference between DEET and nanoemulsions of E. globulus (P˃0.01).

Conclusion:

Due to the safety and biocompatibility of the nanoessential oils, and also relatively adequate and acceptable protection time, nanoemulsions of E.
globulus and probably M. piperita can be considered as good repellents. It is recommended to do more research on these nanoemulsion repellents,
as they may be good alternatives to DEET.
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1. INTRODUCTION

Insect-borne diseases are one of the major health problems
in the tropical and subtropical regions of the world and mosqui-
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toes  are  the  main  vectors  of  many  of  these  diseases  [1].
Mosquito-borne  diseases  such  as  malaria,  yellow  fever,
filariasis,  Dengue,  chikungunya,  haemorrhagic  fever  and
encephalitis, annually cause extensive injuries and many deaths
worldwide  [2,  3].  The  best  way  to  control  and  manage
mosquito-borne  diseases  is  to  prevent  mosquito  bites  and
control  the  vectors  that  cause  them;  therefore,  the  use  of
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mosquito repellent compounds is very important in preventing
these diseases [4]. Synthetic chemicals such as N, N-diethyl-m
toluamide (DEET) has been used for many years as a mosquito
repellant  in  most  parts  of  the  world  because  of  its  relatively
long protection time.  However,  the results  of  various studies
have  shown  that  most  of  the  chemicals  synthesized,  such  as
DEET, cause irreparable damage to the environment and show
high permeability to the skin [5, 6]. Therefore, concerns about
the  harms  of  using  synthetic  chemicals  are  increasing  [7].
According  to  the  aforementioned,  the  use  of  safe  and secure
compounds  such  as  herbal  essential  oils  can  be  extremely
important  given  their  environmental  degradation  and
repellency  activity  [8].

Essential oils are volatile mixtures of organic compounds
and  aromatic  substances  related  to  those  compounds  are
secondary  metabolites  of  the  plant  [9].  To  date,  more  than
3,000  essential  oils  from  various  plants  have  been  studied,
approximately  10% of  which have  been commercialized  and
their  repellent  and  lethal  properties  have  been  demonstrated
against insects [10, 11]. The compounds of these essential oils
play  an  important  role  in  the  repellent  and  lethal  effects  of
essential  oils  against  insects,  and  are  the  compounds  that
characterize  the  essential  oil  as  having  antioxidant,
antimicrobial,  medicinal,  repellant,  and lethal  properties  [12,
13].  A  review  of  recent  studies  shows  that  citronellol,
citronellal, -pinene and limonene are very common compounds
in various plant essential oils that produce repellent properties
[8, 14]. Moreover, these bioactive compounds are also in the
hydrosols  coproduced  during  water  or  steam  distillation  of
plant materials [15].

Various  methods  have  been  proposed  to  increase  the
effectiveness  of  essential  oils,  such  as  the  combination  of
several  essential  oils  (a  synergist)  [13,  16,  17].  Also,  the
preparation  of  microencapsulation  and  nanoemulsification
formulation can increase the repellency effects of essential oils
[18, 19]. Recent studies have shown that nanotechnology can
be very useful in enhancing the effectiveness of essential oils
and significantly increases its repellent activity [20]. In a recent
study, it has been shown that the preparation of nanoemulsion
formulation  of  E.  globulus  and  M.  piperita  essential  oils
increased their repellency effects and protection time against
mosquitoes  [21].  Therefore,  given  the  improvement  of  the
repellent activity of the essential oils due to nanodevelopment,
as well as the fact that most of the repellent studies are carried
out  in  the  laboratory,  the  present  study  aimed  to  prepare
Nanoemulsions  of  E.  globulus  and  M.  piperita  essential  oils
and  comparison  of  the  repellant  activity  of  these
Nanoformulated  essential  oils  with  normal  essential  oils  and
DEET  (Gold  Standard)  against  mosquitoes  in  the  field
conditions.

2. MATERIALS AND METHODS

In this study, the repellant activity of M. piperita L. and E.
globulus L. essential oils were investigated. It should be noted
that  both  essential  oils  were  obtained  from  the  Zardband
medicinal plants Inc. in Iran. Other materials used in this study,
such  as:  N,N-diethyl-m  toluamide  (DEET)  (with  CAS
NUMBER:134-62-3  and  density  0.99  g⁄mL),  ethanol,

polysorbate  80,  polyethylene  glycol,  and  butanol  were
procured  from  Merck  Chemicals  Inc.  in  Germany.

2.1. GC–MS Analysis

The essential oils of M. piperita L. and E. globulus L. were
analyzed  by  Agilent  6890N  model  GC-MS  coupled  with
Agilent 5973 mass spectrometer that was located at the Faculty
of Chemistry,  Tabriz University.  The carrier gas used in this
device was helium (He 99.99%).

2.2. Preparation of Nanoemulsions

For  preparation  of  Nanoemulsions,  bipolar  polyethylene
glycol was used as a preservative, coating and a better cross-
linking  of  essential  oils  as  well  as  emulsifiers.  Studies  have
shown that  polyethylene glycol  has  medicinal  use  and is  not
harmful to humans [22]. Polysorbate 80 is a nonionic surfactant
and  was  used  as  an  emulsifier  in  this  study.  Nonionic
surfactants, such as polysorbate, reduce the susceptibility of the
compound to oxidation and make them more stable than other
compounds  [23].  Another  material  used  in  this  study  for  the
preparation of Nanoemulsions was Sesamum indicuml  L. oil.
This oil was used as a synergist and carrier of the essential oil.
Various studies have shown that the use of oils with essential
oils has a synergistic effect on the essential oils and increases
their effectiveness [24]. For the preparation of nanoemulsion
from essential oils of M. piperita and E. globulus, first, 13 cc
(21%) of polyethylene glycol, slowly, was poured into a beaker
under the homogenizer of  model MICCRA D9 45043 with a
round (11000 rpm)  and then  10  cc  (16%) of  polysorbate  80,
drop by drop was added to the polyethylene glycol under the
homogenizer  to dissolve the two substances well  at  a  rate  of
11000  rpm  for  5  minutes.  The  amount  of  5  cc  (8%)  of
Sesamum indicuml  oil  was  added to  the  two precursors,  as  a
carrier  and synergite  oil  and homogenization  continued until
well  dissolved  and  combined.  Then  30  cc  (50%)  of  pure  M.
piperita  or  E.  globulus  essential  oil  was  added  to  it  and
homogenizer continued until the ingredients were homogenized
well. After about 10 minutes of rest, 2 cc (5%) of butanol was
added and placed under  homogenizer  with  round 11000 rpm
for 5 min.

2.3.  Measuring  Droplet  Size  and  Zeta  Potential  of  the
Nanoemulsion

Nanotrac  Wave  (Microtrac  Inc.)  DLS  (Dynamic  Light
Scanning)  with  a  measuring  range  of  8-6500  nm  and  a  zeta
potential measuring range of 20-200 mV was used to measure
the droplet size and zeta potential nanoemulsion in the Central
Laboratory of Tabriz University.

2.4.  Investigating  the  Repellent  Activity  of  Essential  Oils
and DEET in Field

Repellent activity of essential oils was investigated in an
area of East Azerbaijan province (Tabriz city, 38°07' N, 46°15'
E)  in  the  northwest  of  Iran,  where  the  in  a  place  where  the
abundance  of  culicided  mosquitoes  was  high.  The  repellents
used in this study were: M. piperita 50%, E. globulus 50%, M.
piperita Nano 50%, E. globulus Nano 50%, and DEET 25% as
a gold standard. Ethanol was used to prepare the essential oils
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of 50% and DEET 25%. Repellent activity of essential oils and
DEET were performed on 4 human volunteers with a mean age
of 33 (SD±2.1) years. All parts of the volunteers’ body were
covered  (except  for  the  part  under  study)  and  then  the
volunteers’ hand were smeared with repellants (1.5-2 mL) from
the elbows to the wrists by a sampler. It should be noted that
pure  ethanol  was  used  as  a  control  to  study  the  repellent
activity  of  essential  oils  and  DEET.  The  volunteers  were
spaced 5 meters apart to avoid the effects of repellent from one
compound  over  another.  Treatments  were  also  randomly
assigned  to  the  volunteers,  and  the  shift  was  assigned  to  all
volunteers  with  4  replications.  The  test  locations  of  the
volunteers were moved to different nights, and each volunteer
was  assigned  to  different  locations  at  different  nights.  The
mosquitoes were collected from the volunteer hand through an
aspirator,  and  the  mosquitoes  were  collected  from  the
volunteers for the first 20 minutes and rested after 40 minutes,
alternately.  The test  process,  20 minutes  of  sampling and 40
minutes of rest continued until the tenth bite (failure time) and
no bites were observed [25]. The specimens collected through
the  aspirator  were  transferred  to  cups  covered  by  mesh.  The
collected samples were then transferred to the laboratory and
identified.

2.5. Species Identification

The  mosquitoes  were  identified  using  valid  Culicidae
systematic  keys,  checklists  and  species  description  and
illustrations  [26,  27].

2.6. Statistical Analysis of Data

In  this  study,  SPSS  version  16  was  used  to  analyze  the
data. The mean ± Standard deviation (SD) of protection time
and failure time was also presented. Also, ANOVA, Tukey test
was used to compare the means obtained in this study and 1%
was considered as the significance level.

3. RESULTS

3.1. GC-MS Analysis

Analysis  of  GC-MS  results  showed  that  the  main
components  of  the  M.  piperita  were:  D-Limonene  (19.7%),
Thymol  (19.0%),  Carvacrol  (12.4%)  and  Menthyl  acetate
(4.3%) (Fig. 1).  Also in the case of E. globulus,  essential oil
components  were:  1,8-Cineole  (59.5%),  Terpinene  <γ->
(10.9%),  Sabinene  (5%),  Pinene  <β->  (4.4%),  Terpinolene
(3.4%)  and  Pulegone  (3.1%)  (Fig.  2).

Fig. (1). GC-MS chromatograms of Menta piperita L.
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Fig. (2). GC-MS chromatograms of Eucalyptus globulus L.

3.2.  Measurements  Droplet  Size  and  Zeta  Potential  of
Nanoemulsions

The results of this study showed that for M. piperita Nano,
droplet size was about 11.32 nm on average. Zeta potential also
obtained 9.5 mv for M. piperita Nano. About the E. globulus

Nano, the droplet size was calculated to be about 103.9 nm on
average. The zeta potential obtained for this essential oil was
reported to be 27.0 mv. Particle size distribution profile of the
M. piperita Nano and E. globulus Nano are presented in Figs.
(3 and 4) by volume, number, and intensity.

Fig. (3). Particle size distribution profile of the Mentha piperita Nano; size distribution is presented by: A. Volume, B. Number, C. Intensity.
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Fig. (4). Particle size distribution profile of the Eucalyptus globulus Nano; size distribution is presented by: A. Intensity, B. Number, C. Volume.

3.3. Mosquitoes Identification

Identification of the collected culicidae mosquitoes in the
night  biting  test  showed  that  most  abundant  belonged  to
Anopheles  superpictus  (n=342  (40.09%))  and  Culex  pipiens
(n=270 (31.65%)), respectively (Table 1).

Table 1. Mosquitoes collected from the study areas.

Total (%) Number Species name
Control Case

68 (7.97) 59 9 Anopheles maculipennis Meigen, 1818
342 (40.09) 296 46 Anopheles superpictus Grassi, 1899
270 (31.65) 234 36 Culex pipiens Linnaeus, 1758
173 (20.28) 150 23 Culex theileri Theobald, 1903
853 (100) 739 114 Total

3.4. Protection Time

Analysis  of  the  results  of  this  study  showed  that  the
protection time of M. piperita 50% was in the ranges of 2.1-3
h, with an average of 2.57±SD=0.25 h; M. piperita Nano 50%
was in the ranges of 4.5-5.3 h, with an average of 4.96±0.21 h;
E. globulus 50% was in the range of 0.9-1.4 h, with an average
of  1.1±0.15  h;  E.  globulus  Nano  50%  was  in  the  ranges  of
5.8-6.4 h, with an average of 6.06±0.20 h; and DEET 25% was
in  the  ranges  of  6-6.5  h,  with  an  average  of  6.25±0.14  h.

Comparison of the results showed that the protection time in
M.  piperita  Nano  50%  and  E.  globulus  Nano  50%  was
significantly higher than normal essential oils (P˂0.01). Also,
the calculated protection time for DEET 25% was significantly
higher  than  M.  piperita  50%,  M.  piperita  Nano  50%  and  E.
globulus  50%,  but  the  protection  time  difference  between
DEET  25%  and  E.  globulus  Nano  50%  was  not  significant
(Fig. 5).
3.5. Failure Time

Failure  time  obtained  for  M.  piperita  50%  was  in  the
ranges of 2.5-3.2 h, with an average of 2.95±SD=0.18 h; for M.
piperita  Nano 50% in the ranges of 5.1-5.9 h and average of
5.29±0.16 h;  for  E. globulus  50% in the ranges of  1.1-1.7 h,
and average of 1.34±0.15 h; for E. globulus Nano 50% in the
ranges of 6.2-6.8 h, and average of 6.51±0.17 h; and for DEET
25% in  the  ranges  of  6.2-6.8  h,  and  average  of  6.51±0.16  h.
Comparison  of  the  results  of  failure  time  showed  that  the
failure  time  in  M. piperita  Nano  50% and  E.  globulus  Nano
50%  was  significantly  higher  than  normal  essential  oils
(P˂0.01). Also, the calculated failure time for DEET 25% was
significantly  higher  than  M. piperita  50%,  M. piperita  Nano
50%  and  E.  globulus  50%,  but  the  failure  time  difference
between  DEET  25%  and  E.  globulus  Nano  50%  was  not
significant  (Fig.  6).
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Fig. (5). Comparison of protection time for normal and Nanoformolated essential oils 50% with DEET 25% aginst culicidae Mosquitoes (Mean±SD).

Fig. (6). Comparison of failure time for normal and Nanoformolated essential oils 50% with DEET 25% aginst culicidae Mosquitoes (Mean±SD).

4. DISCUSSION

Mosquitoes  are  vectors  of  various  dangerous  diseases  to
humans, most of which lack vaccines and specific treatments.
Therefore, the use of repellents can be an important method in
the  prevention  of  mosquito-borne  diseases.  In  most  cases,
chemical  and  synthetic  compounds  are  used  as  mosquito
repellents that can cause significant damage to the environment
and  humans.  Therefore,  the  use  of  herbal  essential  oils  as  a
suitable  and  safe  alternative  to  synthetic  and  chemical
repellents  is  inevitable  [13].  Essential  oils  extracted  from
various  plants  are,  in  most  cases,  not  directly  usable  due  to
chemical instability, volatility, and tendency to oxidation, and

modifications must be made to overcome these problems [28].
One  of  the  best  solutions  to  these  problems  is  the  use  of
Nanotechnology  [19].  In  this  regard,  nanoemulsions
characterized  by  higher  surface  area-to-mass  ratios  can  be
considered  a  tool  for  delivering  bioactive  compounds  [29].

Therefore,  the  present  study  aimed  to  prepare
Nanoemulsions from M. piperita and E. globulus essential oils
and to compare the repellent activity of these Nanoformolated
essential  oils  with  normal  essential  oils  and  DEET  (Gold
Standard)  on  Culicidae  mosquitoes  in  the  field  on  human
subjects.
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The results of the present study showed that preparation of
Nanoemulsion  from  M.  piperita  essential  oil  increased  the
protection  time  of  this  essential  oil  compared  to  its  normal
formulation, from 2.57 to 4.96 hours and its failure time from
2.95 to 5.29 hours. In fact, the results of this study show that
the preparation of Nanoemulsion from M. piperita essential oil
increases twice its protection time and failure time. Also, the
results of this study on E. globulus essential oil showed that the
preparation  of  Nanoemulsion  from  this  plant  increased  its
protection time from 1.1 to 6.06 hours and its failure time from
1.34 to 6.51 hours. In the case of this essential oil, the results
show that the preparation of Nanoemulsion from this essential
oil was able to increase protection time and failure time, by up
to  6  times.  In  a  study  consistent  with  the  present  study,
Nuchuchua  et  al.  [5]  reported  that  preparation  of
Nanoemulsion from citronella, hairy basil and vetiver essential
oils increased their protection time of these essential oils to 4.7
hours. In a similar study by Sakulku et al., the results showed
that the preparation of Nanoemulsions from citronella essential
oil and the addition of glycerol greatly improved the physical
appearance  and  stability  of  the  emulsion  and  increased  its
protection time [30]. In another similar study, Mohammadi et
al. [21] reported that the preparation of Nanoemulsion from M.
piperita and E. globulus significantly increased their protection
and  failure  time.  It  should  be  noted  that  all  the  above
mentioned studies have been carried out in the laboratory, and
all  conditions  in  the  lab  are  under  control,  but  in  the
environment, conditions are not under control and can produce
different results.

The  results  of  this  study  indicate  that  preparation  of
Nanoemulsion  from  M.  piperita  and  E.  globulus  (especially
Eucalyptus  Nano) have protection and failure time similar to
DEET  and  can  be  a  suitable  alternative  to  this  harmful
chemical  compound.  In  a  similar  and  consistent  study,
Navayan et al. reported that the preparation of microemulsion
from  E.  globulus  essential  oil,  significantly  increased  its
protection time compared to normal E. globulus essential oils
[31]. The results of the studies by Navayan et al. showed that
E. globulus Nano and DEET have a similar protection time and
E. globulus  Nano could be a good alternative to this harmful
compound  [31].  A  review  of  the  results  of  various  studies
shows  that  the  protection  time  obtained  from  DEET  at
concentrations 20% to 30% is 6-7 hours on average [21, 31].
According  to  the  protection  time  obtained  from  the  present
study  for  E.  globulus  Nano  in  the  field  (about  6  h),  so  E.
globulus Nano can be a good alternative for DEET.

CONCLUSION

Preparing Nanoemulsions from E. globulus and M. piperita
Essential  Oils  significantly  enhances  their  protection  and
failure  time  in  the  field  and  resembles  the  effectiveness  of
DEET. Therefore, due to the safety and biocompatibility and
also  relatively  adequate  and  acceptable  protection  time,
nanoemulsions of E. globulus and probably M. piperita can be
considered as good repellents. It is recommended to do more
research on these nanoemulsion repellents, in terms of safety
and side effects, repellency characteristics and the possibility
of  improving  the  quality  of  these,  nanoemulsions  repellants,
acceptability  by  the  user,  as  they  are  likely  to  be  a  good

alternative  to  DEET.

ETHICS  APPROVAL  AND  CONSENT  TO  PARTI-
CIPATE

This  study  was  approved  with  the  Code  of  Ethics
IR.Bmsu.REC.1396.202  by  the  Ethics  Committee  of
Baqiyatallah University of Medical Sciences in Tehran, Iran.

HUMAN AND ANIMAL RIGHTS

All  human  research  procedures  followed  were  in
accordance  with  the  ethical  standards  of  the  committee
responsible  for  human  experimentation  (institutional  and
national), and with the Helsinki Declaration of 1975, as revised
in 2013.

CONSENT FOR PUBLICATION

Prior to the repellent tests, the objectives of the study were
fully  explained  to  the  volunteers,  and  informed  consent  was
obtained from all participants in the study.

AVAILABILITY OF DATA AND MATERIALS

The data  related to the results  of  this  study are available
upon request from the corresponding author.

FUNDING

None

CONFLICTS OF INTEREST

The authors declare that they have no conflict of interest.

ACKNOWLEDGEMENTS

Authors  are  thankful  to  the  Department  of  Entomology,
Tarbiyat  Modares  University,  for  providing  necessary
laboratory  facilities  to  conduct  this  research.

REFERENCES

Msangi  S,  Kweka E,  Mahande A.  Repellent  activity  of  TRIG (N-N[1]
Diethyl  Benzamide)  against  Man-Biting  mosquitoes.  J  Trop  Med
2018; 20189037616
[http://dx.doi.org/10.1155/2018/9037616] [PMID: 29552040]
Becker  N.  Mosquitoes  and  their  control.  New  York:  Kluwer[2]
Academic/Plenum Publishers 2003.
[http://dx.doi.org/10.1007/978-1-4757-5897-9]
Derua YA, Kisinza WN, Simonsen PE. Differential effect of human[3]
ivermectin treatment on blood feeding Anopheles gambiae and Culex
quinquefasciatus. Parasit Vectors 2015; 8: 130.
[http://dx.doi.org/10.1186/s13071-015-0735-3] [PMID: 25885477]
Das  NG,  Dhiman  S,  Talukdar  PK,  Rabha  B,  Goswami  D,  Veer  V.[4]
Synergistic  mosquito-repellent  activity  of  Curcuma  longa,
Pogostemon  heyneanus  and  Zanthoxylum limonella  essential  oils.  J
Infect Public Health 2015; 8(4): 323-8.
[http://dx.doi.org/10.1016/j.jiph.2015.02.005] [PMID: 25817806]
Nuchuchua  O,  Sakulku  U,  Uawongyart  N,  Puttipipatkhachorn  S,[5]
Soottitantawat  A,  Ruktanonchai  U.  In  vitro  characterization  and
mosquito  (Aedes  aegypti)  repellent  activity  of  essential-oils-loaded
nanoemulsions AAPS PharmSciTech 2009; 10(4): 1234-42.
[http://dx.doi.org/10.1208/s12249-009-9323-1] [PMID: 19862624]
Logan JG, Stanczyk NM, Hassanali A, et al. Arm-in-cage testing of[6]
natural human-derived mosquito repellents. Malar J 2010; 9: 239.
[http://dx.doi.org/10.1186/1475-2875-9-239] [PMID: 20727149]
Abagli  AZ,  Alavo  TBC.  Essential  oil  from  bush  mint,  Hyptis[7]
suaveolens,  is  as  effective  as  DEET for  personal  protection  against
mosquitobites. Open Entomol J 2011; 5: 45-8.

http://dx.doi.org/10.1155/2018/9037616
http://www.ncbi.nlm.nih.gov/pubmed/29552040
http://dx.doi.org/10.1007/978-1-4757-5897-9
http://dx.doi.org/10.1186/s13071-015-0735-3
http://www.ncbi.nlm.nih.gov/pubmed/25885477
http://dx.doi.org/10.1016/j.jiph.2015.02.005
http://www.ncbi.nlm.nih.gov/pubmed/25817806
http://dx.doi.org/10.1208/s12249-009-9323-1
http://www.ncbi.nlm.nih.gov/pubmed/19862624
http://dx.doi.org/10.1186/1475-2875-9-239
http://www.ncbi.nlm.nih.gov/pubmed/20727149


152   The Open Biotechnology Journal, 2020, Volume 14 Mohammadi et al.

[http://dx.doi.org/10.2174/1874407901105010045]
Tong  F,  Bloomquist  JR.  Plant  essential  oils  affect  the  toxicities  of[8]
carbaryl and permethrin against Aedes aegypti (Diptera: Culicidae). J
Med Entomol 2013; 50(4): 826-32.
[http://dx.doi.org/10.1603/ME13002] [PMID: 23926781]
Maia MF, Moore SJ. Plant-based insect repellents: A review of their[9]
efficacy, development and testing. Malar J 2011; 10(Suppl. 1): S11.
[http://dx.doi.org/10.1186/1475-2875-10-S1-S11] [PMID: 21411012]
Muturi EJ, Ramirez JL, Doll KM, Bowman MJ. Combined toxicity of[10]
three essential oils against Aedes aegypti (Diptera: Culicidae) larvae. J
Med Entomol 2017; 54(6): 1684-91.
[http://dx.doi.org/10.1093/jme/tjx168] [PMID: 29029151]
Sharifi-Rad  J,  Sureda  A,  Tenore  GC,  et  al.  Biological  activities  of[11]
essential oils: From plant chemoecology to traditional healing systems.
Molecules 2017; 22(1)E70
[http://dx.doi.org/10.3390/molecules22010070] [PMID: 28045446]
Chellappandian  M,  Vasantha-Srinivasan  P,  Senthil-Nathan  S,  et  al.[12]
Botanical  essential  oils  and  uses  as  mosquitocides  and  repellents
against dengue. Environ Int 2018; 113: 214-30.
[http://dx.doi.org/10.1016/j.envint.2017.12.038] [PMID: 29453089]
Lee MY. Essential Oils as Repellents against Arthropods. BioMed Res[13]
Int 2018; 20186860271
[http://dx.doi.org/10.1155/2018/6860271] [PMID: 30386794]
Soleimani-Ahmadi  M,  Abtahi  SM,  Madani  A,  et  al.  Phytochemical[14]
profile andmosquito larvicidal activity of the essential oil from aerial
parts  of  Satureja  bachtiarica  Bunge  against  malaria  and  lymphatic
filariasis vectors. J Essent Oil Bear Pl 2017; 20(2): 328-36.
[http://dx.doi.org/10.1080/0972060X.2017.1305919]
Lante  A,  Tinello  F.  Citrus  hydrosols  as  useful  by-products  for[15]
tyrosinase inhibition. Innov Food Sci Emerg Technol 2015; 27: 154-9.
[http://dx.doi.org/10.1016/j.ifset.2014.11.001]
Noosidum  A,  Chareonviriyaphap  T,  Chandrapatya  A.  Synergistic[16]
repellent  and  irritant  effect  of  combined  essential  oils  on  Aedes
aegypti (L.) mosquitoes. J Vector Ecol 2014; 39(2): 298-305.
[http://dx.doi.org/10.1111/jvec.12104] [PMID: 25424258]
Tak JH, Jovel E, Isman MB. Comparative and synergistic activity of[17]
Rosmarinus officinalis L. essential oil constituents against the larvae
and  an  ovarian  cell  line  of  the  cabbage  looper,  Trichoplusia  ni
(Lepidoptera: Noctuidae). Pest Manag Sci 2016; 72(3): 474-80.
[http://dx.doi.org/10.1002/ps.4010] [PMID: 25809531]
Chattopadhyay P, Dhiman S, Borah S, Rabha B, Chaurasia AK, Veer[18]
V. Essential oil based polymeric patch development and evaluating its
repellent activity against mosquitoes. Acta Trop 2015; 147: 45-53.
[http://dx.doi.org/10.1016/j.actatropica.2015.03.027]  [PMID:
25861938]
Campolo O, Cherif A, Ricupero M, et al. Author Correction: Citrus[19]
peel essential oil nanoformulations to control the tomato borer, Tuta
absoluta: chemical properties and biological activity. Sci Rep 2018;

8(1): 10900.
[http://dx.doi.org/10.1038/s41598-018-28931-8] [PMID: 30006608]
Benelli G, Caselli A, Canale A. Nanoparticles for mosquito control:[20]
Challenges and constraints. J King Saud Univ Sci 2017; 29(4): 424-35.
[http://dx.doi.org/10.1016/j.jksus.2016.08.006]
Mohammadi  R.  khobdel,  M.  Negahban,  M.;  Khani,  S.  Repellent[21]
activity of Mentha piperita and Eucalyptus globulus oils nanoemulsion
against  Anopheles  stephensi.  Asian  Pac  J  Trop  Med  2019;  12(11):
520-7.
[http://dx.doi.org/10.4103/1995-7645.271292]
Hanumanaik M, Patil U, Kumar G, Kumar Patel S, Singh I, Jadatkar[22]
K. Design, evaluation and recent trends in transdermal drug delivery
system: a review. Int J Pharm Sci Res 2012; 8: 2393-406.
Singla SK, Sachdeva V. Current and emerging lipid-based systems for[23]
transdermal drug delivery. Ther Deliv 2015; 6(9): 1063-70.
[http://dx.doi.org/10.4155/tde.15.66] [PMID: 26390067]
Echeverría J, Duarte Galhardo de Albuquerque RD. Nanoemulsions of[24]
Essential Oils: New Tool for Control of Vector-Borne Diseases and In
Vitro  Effects  on  Some  Parasitic  Agents.  Medicines  (Basel)  2019;
6(2)E42
[http://dx.doi.org/10.3390/medicines6020042] [PMID: 30934720]
Frances SP, Waterson DG, Beebe NW, Cooper RD. Field evaluation[25]
of  repellent  formulations  containing  deet  and  picaridin  against
mosquitoes  in  Northern  Territory,  Australia.  J  Med  Entomol  2004;
41(3): 414-7.
[http://dx.doi.org/10.1603/0022-2585-41.3.414] [PMID: 15185943]
Zaim  M,  Cranston  PS.  Checklist  and  keys  to  the  Culicinae  of  Iran[26]
(Diptera: Culicidae). Mosq Syst 1986; 18: 233-45.
Shahgudian ER. A key to the anophelines of Iran. Acta Med Iran 1960;[27]
3: 38-48.
[PMID: 13911134]
Moretti MD, Sanna-Passino G, Demontis S, Bazzoni E. Essential oil[28]
formulations  useful  as  a  new  tool  for  insect  pest  control.  AAPS
PharmSciTech 2002; 3(2)E13
[http://dx.doi.org/10.1208/pt030213] [PMID: 12916950]
Lante  A,  Friso  D.  Oxidative  stability  and  rheological  properties  of[29]
nanoemulsions with ultrasonic extracted green tea infusion. Food Res
Int 2013; 54(1): 269-76.
[http://dx.doi.org/10.1016/j.foodres.2013.07.009]
Sakulku  U,  Nuchuchua  O,  Uawongyart  N,  Puttipipatkhachorn  S,[30]
Soottitantawat  A,  Ruktanonchai  U.  Characterization  and  mosquito
repellent  activity  of  citronella  oil  nanoemulsion.  Int  J  Pharm 2009;
372(1-2): 105-11.
[http://dx.doi.org/10.1016/j.ijpharm.2008.12.029] [PMID: 19162149]
Navayan A, Moghimipour E, Khodayar MJ, et al. Evaluation of the[31]
mosquito repellent activity of nano-sized microemulsion of Eucalyptus
globulus Essential Oil against culicinae. Jundishapur J Nat Pharm Prod
2017; 12(4)e55626
[http://dx.doi.org/10.5812/jjnpp.55626]

© 2020 Mohammadi et al.

This is an open access article distributed under the terms of the Creative Commons Attribution 4.0 International Public License (CC-BY 4.0), a copy of which is
available at: https://creativecommons.org/licenses/by/4.0/legalcode. This license permits unrestricted use, distribution, and reproduction in any medium, provided the
original author and source are credited.

http://dx.doi.org/10.2174/1874407901105010045
http://dx.doi.org/10.1603/ME13002
http://www.ncbi.nlm.nih.gov/pubmed/23926781
http://dx.doi.org/10.1186/1475-2875-10-S1-S11
http://www.ncbi.nlm.nih.gov/pubmed/21411012
http://dx.doi.org/10.1093/jme/tjx168
http://www.ncbi.nlm.nih.gov/pubmed/29029151
http://dx.doi.org/10.3390/molecules22010070
http://www.ncbi.nlm.nih.gov/pubmed/28045446
http://dx.doi.org/10.1016/j.envint.2017.12.038
http://www.ncbi.nlm.nih.gov/pubmed/29453089
http://dx.doi.org/10.1155/2018/6860271
http://www.ncbi.nlm.nih.gov/pubmed/30386794
http://dx.doi.org/10.1080/0972060X.2017.1305919
http://dx.doi.org/10.1016/j.ifset.2014.11.001
http://dx.doi.org/10.1111/jvec.12104
http://www.ncbi.nlm.nih.gov/pubmed/25424258
http://dx.doi.org/10.1002/ps.4010
http://www.ncbi.nlm.nih.gov/pubmed/25809531
http://dx.doi.org/10.1016/j.actatropica.2015.03.027
http://www.ncbi.nlm.nih.gov/pubmed/25861938
http://dx.doi.org/10.1038/s41598-018-28931-8
http://www.ncbi.nlm.nih.gov/pubmed/30006608
http://dx.doi.org/10.1016/j.jksus.2016.08.006
http://dx.doi.org/10.4103/1995-7645.271292
http://dx.doi.org/10.4155/tde.15.66
http://www.ncbi.nlm.nih.gov/pubmed/26390067
http://dx.doi.org/10.3390/medicines6020042
http://www.ncbi.nlm.nih.gov/pubmed/30934720
http://dx.doi.org/10.1603/0022-2585-41.3.414
http://www.ncbi.nlm.nih.gov/pubmed/15185943
http://www.ncbi.nlm.nih.gov/pubmed/13911134
http://dx.doi.org/10.1208/pt030213
http://www.ncbi.nlm.nih.gov/pubmed/12916950
http://dx.doi.org/10.1016/j.foodres.2013.07.009
http://dx.doi.org/10.1016/j.ijpharm.2008.12.029
http://www.ncbi.nlm.nih.gov/pubmed/19162149
http://dx.doi.org/10.5812/jjnpp.55626
https://creativecommons.org/licenses/by/4.0/legalcode

	In vivo Evaluation of the Repellency Effects of Nanoemulsion of Mentha piperita and Eucalyptus globulus Essential Oils against mosquitoes 
	[Introduction:]
	Introduction:
	Methods:
	Results:
	Conclusion:

	1. INTRODUCTION
	2. MATERIALS AND METHODS
	2.1. GC–MS Analysis
	2.2. Preparation of Nanoemulsions
	2.3. Measuring Droplet Size and Zeta Potential of the Nanoemulsion
	2.4. Investigating the Repellent Activity of Essential Oils and DEET in Field
	2.5. Species Identification
	2.6. Statistical Analysis of Data

	3. RESULTS
	3.1. GC-MS Analysis
	3.2. Measurements Droplet Size and Zeta Potential of Nanoemulsions
	3.3. Mosquitoes Identification
	3.4. Protection Time
	3.5. Failure Time

	4. DISCUSSION
	CONCLUSION
	ETHICS APPROVAL AND CONSENT TO PARTI-CIPATE
	HUMAN AND ANIMAL RIGHTS
	CONSENT FOR PUBLICATION
	AVAILABILITY OF DATA AND MATERIALS
	FUNDING
	CONFLICTS OF INTEREST
	ACKNOWLEDGEMENTS
	REFERENCES




