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ABSTRACT
Malaria, Dengue fever and Filariasis, are serioulip health problem in tropical
regions, especially in Africa and Asia and are $raitted through mosquito bites. For
effective control of these diseases, thereforeetieeneed to prevent individual from
mosquito bites. The effective and safe method & tke of mosquito repellent
naturally obtained from medicinal plants insteadcommonly available synthetic
insecticides and repellents such as Organo Phasph@arbamateN, N-Diethyl-3-
methylbenzamide (DEET), and Dichloro Diphenyl Ttaroethane (DDT) which are
carcinogenic and non eco-friendly. In this studye trepellency activities of four
formulated herbal mosquito repellents from the eakoils of some selected MAPPs
of Nigeria were evaluated. The essential oils wex&racted by hyrodistillation
method at 50°C using all glass Clevenger apparatusse were then stored dt4n
the refrigerator pending further studies.Gradedceatrations (6%, 8%, 10% and
12%) of the essential oils in a complex solutiorpofyethylene glycol, ethanol and
water were prepared and their mosquito repellertiviies was carried out in the
laboratory against Standard Kisumu Straingwadpheles gambiae. The result showed
that both 8% and 10% formulations have the mostinming activity exhibiting 68-
95% repellency activities lasting for 2hours. Thmnsdard (odomds mosquito
repellent cream) exhibited 75-100% repellency &gt which also lasted for 2hours
as compared to 8% and 10% formulations. The prestemy demonstrates the
potential for using essential oils from medicinkqis as mosquito repellent.
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INTRODUCTION
Several mosquito species belonging to genera Aneph&ulex and Aedes are
vectors for the pathogens of various diseases Nlkdaria, Filariasis, Japanese
Encephalitis (JE), Dengue fever and Yellow fevenud one of the approaches for
control of these mosquito borne diseases is tleerupition of disease transmission by
either killing the mosquitoes or preventing themnir biting individuals. In the past
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and before the discovery of synthetic organic ihseles, herbal products such as
Nicotine from tobacco leavegNicotiana tabacum), Anasbasine and Lupinine
(alkaloids extracted from Russian we@dabasis aphylly), Rotenone fromDerris
eliptical and Pyrethrums fronChrysanthemum cinererifolium flower of proven
potentials have been playing an important role agiral mosquito repellent or
insecticide in the interruption of the transmissaimmosquito borne diseases both at
the individual and the community level.

Since the discovery of DDT, mosquito control appfohas been almost completely
based on synthetic organic insecticides (Campb83), (Hartzell, 1941), (Jacobson,
1971). However, the extensive use of synthetic disdes during the last five
decades has resulted in environmental hazards kod im the development of
physiological resistance in major vector specidss has therefore necessitated the
need for research and development of environmgndalie, biodegradable, low cost,
indigenous method for vector control, which canused with minimum care by
individual and communities in specific situationiftdl, et al., 2003).

For this study, six Nigerian Medicinal, Aromatic daPesticidal Plants (MAPPS)
(Eucalyptus globulus, Citrus sinensis, Cymbopogon citratus, Ocimum basilicum,
Hyptis suaveolens, and Azadirachta indica) were collected for the preparation of
essential oil used in the formulation of four hénm@squito repellents. The selection
of these medicinal plants was based on their aviiffaas raw materials, scientific
evidence and the folkloric use as mosquito reptlgi©lawore, et al., 2003),
(Oyedele, et al., 2002), (Evans, 2000). While thesent study is a product driven
research which has not been carried out on thagaasits, the aim of this study is to
therefore formulate potent herbal mosquito repelltom these six identified
medicinal plants and investigate biologically theapellency effects which may
further lead in the nearest future to the develagnoé environmental friendly and
effective herbal mosquito repellent for the contemtd prevention of malaria
infections.

MATERIALS AND METHOD
Sample collection: The plant samples Eucalyptus globulus, Ocimum basilicum
(sweet basil),Cymbopogon citratus (lemon grass)Citrus sinensis (sweet orange),
Azadirachta indica (Neem) andHyptis suaveolens (scent leaf) were collected in
November, 2010 in the Nigeria Natural Medicine Depenent Agency’s Botanical
Garden, Epe, Lagos, identified and voucher in tb&aBy Department, University of
Lagos, Nigeria. Voucher specimens (LUH4685, LUH4686/IH4687, LUH4688,
LUH4689, LUH4690) kept in the herbarium. The leawvesre removed and then
slightly washed to remove sand and other physioataminants. The leaves were
then reduced to a suitable size to avoid the eschiie essential oil and loaded them
in the extraction flask.
Extraction: Essential oil from the fresh leaves and peels efglants samples were
obtained using Hyrodistillation method (BP, 198Dhe oils extracted were stored in
an appropriate sample bottles at a temperatur€®ftit the period of formulation
and repellency testing.
Formulation: Graded concentrations of the plants’ samples dsseiitextracts (6%-
12%) were prepared by mixing different amount &f ithdividual essential oil extracts
from the six plant samples used in this study complex solution of polyethylene
glycol, ethanol and water. These concentrationsewstlected based on some
preliminary information corroborated by an earbéudies carried out by (Oyedele, et
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al., 2000), (Aisien, et al., 2004) and (Oyewolealet 2008) and were basically aimed
at determining the effective concentrations whicyrbhe used in future development
of an effective herbal mosquito repellent. The renformulated herbal mosquito
repellents were placed in screwed-cap vials andl ikejpe freezer at a temperature of
4°C till further studies.

Breeding of Mosquitoes: Susceptible Standard Laboratory Strains (Kisumaistiof
adult anopheles mosquito speciadpheles gambiae) were raised in a netted cage of
size (25 x 25 x 25cm) under laboratory conditio?s-80C) from the larval colony.
Adult female mosquitoes were fed regularly withdalofrom exposed skin of live
animals (guinea pig) and the males with a 10% ssgjaition.

Preliminary Test: A range finding test was conducted to select tts bet of the four
repellent formulations (6%, 8%, 10% and 12%) preg@dor repellency evaluation.
This experiment was conducted using one hundredsaud (160) adult anopheles
mosquitoes of age ranging between 6-10 days old.ekperiment was conducted in
duplicates using four human volunteers and eiglttedemosquito cages each of
which contains 20 adult mosquitoes that have bésnwesd for 24hours prior to the
time the test was conducted. 1ml of each of thellept formulation was rubbed on
the forearms of the human volunteers. The mosauiteere first tested for their
readiness to bite by exposing the untreated arm@&ecs after they were blown off.
The treated forearm of each of the volunteers Wwas &xposed to the cage containing
the adult mosquitoes for 3mins. After which it waghdrawn and returned back
30mins later. This process was repeated at 30mtesval until the repellent was no
more effective. The experiment was conducted inright with protection period
ranging from 3min-2hs (i.e. 3min, 30min, 1h and.2h)

Standard Test: This test was designed to establish and estimate cesponse lines
and effective dose of the two individual formulatso(8% and 10%) that passed the
preliminary test corresponding to 50% (fDprotection from mosquito landing and /
or probing as compared to the effective dose ofstlamdard (Odom&smosquito
repellent cream) containing 12% N, N-diethyl-m-tohide (DEET) corresponding to
50% (EDy) protection from mosquito landing and / or probirithe test is also
designed to estimate the complete protection tirhethe individual repellent
formulation, which is the time between the applamatof the repellent and the first
mosquito landing and / or biting. The experimenswanducted on a separate day for
each of the two repellent formulations using onednrad and sixty (160) adult female
anopheles mosquitoes of age range between 6-1@daysas kept in eight mosquito
netted cages with each containing 20 adult femadplaeles mosquitoes. Before the
test was conducted, mosquitoes were fed with thedofrom the animal skin and then
starved for 24hs. The test was carried out in theik dn quadruplicates using the
human — bait (WHO, 2009). Eight human volunteersewesed for this experiment.
1ml of each of the sample was rubbed on the foredrthe four volunteers while 1g
of the standard was rubbed on the arm of another fmman volunteers. The
untreated arms of the volunteers were used asatoitgain, the readiness of the
mosquitoes was tested by exposing the untreatedoérthe volunteers for about
10Secs. The test was then conducted at the intef\&hin, 30min, 1h, and 2h. The
percentage repellency was determined using theadeth(Abdelkarim, et al., 2006).

RESULT AND DISCUSSION
According to tables 2 and 3, all the four repellpréparations showed significant
degree of repellency by exhibiting averagely, 958petlency activity in the first
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3mins of exposure time and an average of 50% m&pR}l activity at the end of two
hours exposure period. The two best formulatiofé éhd 10%) were chosen based
on their ability to repel at 100% in their first B and more than 60% at the end of
1h exposure period. The 6% preparation was alsxtefe but not as effective as 8%
and 10% at the end of 2hrs repellency test whilé Was least effective at the end of
the 2h protection period. Based on this fact, tiaadard test was conducted on the
8% and 10% repellent formulations using one hundred sixty female anopheles
mosquitoes. The repellency activity of the two tepe formulations was compared
with a commercial mosquito repellent cream (Odothosontaining 12% N, N-
diethyl-m-toluamide (DEET). In this study, 1ml dfet repellent preparation was
compared with 1g of the standard and hence usetktermine the effective dose
(EDsg) of the repellent preparations.

According to tables 4 and 5 and tables 6 and 7twberepellent formulations
(8% and 10%) exhibited a great significant repellactivity at 94% in 3minutes.
However, the 10% preparation was found to be mtiextere than the 8% repellent
formulation. In 1h of exposure time, 10% repellgméparation exhibited 83.33%
while 8% exhibited 76.47% activity. The 10% repell@reparation was also more
effective at the end of the 2h exposure time exindpi72.22% while 8% had 64.70%
at this period.

In this study, the standard has also been fourm teffective. However, there
was a little significant different between the régr@ activity of the standard and the
test samples. The standard exhibits 100% repe#etitity at the end of the first
3minutes exposure time and 76.47% at the end oRHbmeirs exposure time while
both the test samples compete favorably with thedsrd at the end of each test. For
instance, at the end of the 2hours exposure tihee,10% preparation was able to
repel up to 72.22% while the standard has 76.47%o At the end of 1hour exposure
time both the 10% repellent preparation and thedstal exhibited 83.33% and
88.24% repellent activity respectively. Similar dgtuconducted by (Oyedele, et al.,
2000) showed the repellency activity of ointmentl ameam from lemon grass oil
againstAedes aegypti at a concentration of 15%v/w to be 2-3hs. Othedstby
(Aisien, et al., 2004) also showed that volatilés adf Citrus sinensis, Ageratum
conyzoides, Cymbopogon citratus, Callistemon rigidus and Ocimum gratissimum
repel blackfly,Smulium damnosum, the vector of human onchocerciaisis up to 2hs at
a concentration of 10 and 20%v/v with liquid pairatis carrier The result obtained
in this study has answered three questions uswaliye up in the bioassay of
mosquito repellent. The two formulations (8% an&)@ompared with the standard
(Odomo$ mosquito repellency cream) repel the mosquito spe@inopheles
gambiae) used for the repellency assay with an effectiosedof 1ml while protection
period lasted for 2hours.Though, this study hasveldothat the standard was a little
bit more effective than the two repellent formwas, however, the standard was
prepared using 12% DEET while the more effectivey@a contains 10% of the
essential oil mixtures from the plant. Hence if gt@ndard was prepared at the same
concentration as the sample, the sample might bve eftective.

CONCLUSION
Four different formulations from the combinationtbe essential oil from six plant
samples of different families have been evaluatethis study. The mosquito bite
deterrent effect of 8% and 10% essential oil foatiahs are very promising for
topical use. However, the 10% formulation have miagellency effect than 8%
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formulation and also compete favorably when congbangth the commercially
available standard (Odonfomosquito repellent cregrThough, investigation on the
dermatological effect on the skin of the two pramgsformulations has not been
conducted in the course of this study, howeverHerperiod the test was conducted
and even several hours after the experiment, moiskiations was experienced by the
volunteers used in this study. The 2hours repejlautivity of the two formulations
however is low. Though, many factors might havey@tha role here. These may
include: the type of vector the repellent is testedthe age of the vector, the period
the plant samples were collected, use of naturalyothetic fixation agents and the
geographical location of the plant samples (Barnetrdl., 2004)
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Table-1: % Composition of individual repellent formulation in a complex solution of
Polyethylene glycol, Ethanol and Water.

Repellent % Composition of essential oil extracts from plansamples
formulation
A. H. 0. C. E. C.
indica suaveolens gratissmum | sinensis | globulus | Cymbopogon
6% 2.4% 0.1% 1.0% 0.5% 1.0% 1.0%
8% 2.0% 0.1% 1.0% 0.9% 2.0% 2.0%
10% 2.5% 0.3% 1.6% 0.6% 2.5% 2.5%
12% 3.0% 0.5% 2.0% 1.0% 3.0% 2.5%
Table-2: Mean number of mosquitoes landing/biting he control and treated arm.
Repellent Designed Average no of mosquitoes landing or/ biting the trated and
concentrations cages the control arms of the human volunteers at specifiperiod.
Control 3min. 30min. 1h. 2h.
6% Al
A2 16.0+0.0 | 1.0+0.1 6.0 +0.0 7.0+0.5 | 8.0+0.0
8% B1
B2 18.0 +0.5 0 4.0+0.5 5.0+0.6 | 9.0+0.0
10% C1
Cc2 18.0+0.0 | 1.0+0.1 4.0+0.0 6.0+0.6 | 6.0+0.5
12% D1
D2 16.0+0.0 | 1.0+0.1 3.0+0.6 5.0+0.5 | 9.0+0.0

Table-3: Percentage of individual formulation at egh exposure time.

Sample Exposure Total No. Total No. of Percentage
concentration time of mosquitoes mosquitoes landing protection
in a cage or biting the
treating arm
6% 3min. 40 1 93.755
30min. 40 6 62.50%
1h. 40 7 52.94%
2h 40 8 50%
8% 3min 40 0 100%
30min 40 5 72.22%
1h. 40 6 66.67%
2h. 40 9 50%
10% 3min 40 1 94.44%
30min 40 4 77.77%
1h. 40 7 61.11%
2h. 40 8 55.56%
12% 3min 40 1 93.75
30min 40 4 75%
1h. 40 6 62.50%
2h. 40 9 43.75%
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Table-4: Mean number of mosquitoes landing/biting e treated and control arm using
8% formulation and the standard (Odomos®).

Repellent Designed Average no of mosquitoes landing or/ biting the trated and
concentrations cages the control arms of the human volunteers at specifiperiod.
Control 3min. 30min. 1h. 2h.

8% Rs
Rs, 17.040.3 | 1.0+05 2.0+06 | 3.0+0.6 | 6.0+0.8

Rs

Rs,

Standard Rp
Ro, 16.0+0.5 | 0.0+0.1 1.0+0.8 1.0+0.8 | 3.0+0.5

Ros

Ro,

Table-5: Mean number of mosquitoes landing/biting e treated and control arm using 10%
formulation and the standard (Odoms®).

Repellent Designed Average no of mosquitoes landing or/ biting the trated and
concentrations cages the control arms of the human volunteers at specifiperiod.
Control 3min. 30min. 1h. 2h.

10% Rs
Rs, 18.0+0.3 1.0+0.6 | 1.0+05 2.0+0.9 5.0+0.3

Rs

Rs,

Standard Ro
Ro, 17.0+0.0 | 0.0+0.1 | 0.0+0.3 | 1.0+04 | 4.0+0.2

R0y

Ro,

Table-6: Percentage repellency at each exposure tinfor 8% and standard (Odomos”).

Repellent Exposure Total no Total no of Percental
sample time of mosquitoes mosquitoes landing protectio
in a Cage or biting the
treating arm
8% 3min. 80 1 94.11%
30min. 80 3 82.35%
1h. 80 4 76.47%
2h. 80 6 64.70%
Standard 3min. 80 0 100%
30min. 80 3 81.25%
1h. 80 2 87.50%
2h. 80 4 75%

Table-7: Percentage repellency at each exposure tinfor 10% and standard (Odomos").

Sample Exposure Total no Total no of Percenta
concentra time of mosquitoes mosquitoes landing protectio
tion in a cage or biting the
treating arm
10% 3min. 80 1 94.44%
30min. 80 2 88.89%
1h. 80 3 83.33%
2h 80 5 72.22%
Standard 3min. 80 0 100%
30min. 80 0 100%
1h. 80 2 88.24%
2h. 80 4 76.47%
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