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ABSTRACT

Objective: To evaluate the repellent activity of Eucalyptus and Azadirachta indica A. indica)
seed oil against filarial mosquito Culex quinquefasciatus (Cx. quinquefasciatus) from Purulia
district of the West Bengal state, India. Methods: The repellent activity of Eucalyptus and A.
indica seed oils (using coconut oil base) against Cx. quinquefasciatus mosquito were evaluated
in indoor conditions. Three concentrations, 0%, 50% and 100% (v/v) of both the agents were
considered in the studies. The protection percentage was determined, and the protection time was
recorded. Results: The test oils showed excellent repellent action against Cx. quinquefasciatus.
The A. indica seed oil provided 90.26% and 88.83% protection, and the Eucalyptus oil 93.37% and
92.04%, at concentrations 50% and 100% (v/v), respectively, with the protection time up to 240 min.
There was no bite within 120 min and 180 min, respectively, due to the action of Eucalyptus and
A. indica seed oil, and thus 100% protection from the bite of Cx. quinquefasciatus mosquito was
achieved. Conclusions: The present study clearly demonstrates the potential of Eucalyptus
and A. indica seed oils as topical repellents against Cx. quinquefasciatus, the mosquito vector of

Culex quinquefasciatus L
filariasis.

1. Introduction

The mosquitoes are a serious threat to public health, since
they are known vector of many life—threatening diseases like
malaria, filariasis, Japanese encephalitis, chikungunya and
dengue fever, which are transmitted by the species of three
mosquito genera: Anopheles, Culex and Aedes. Repellency
is an important way of preventing vector—borne diseases by
reducing man—vector contact. Most commercial repellents
are prepared by using chemicals like N, N-diethyl-3—
methylbenzamide (DEET), dimethyl phthalate (DMP) and
allethrin, and the most common mosquito repellents
available in the market contain DEET [1l. The effective dose
of DEET has been documented as 0.000 7 mg/cm’ for Aedes
aegypti (Ae. aegypti), Anopheles maculates (An. maculates)
and Culex quinquefasciatus (Cx. quinquefasciatus) (2.

But, these chemical repellents are not safe for public
use because of their potential toxicity. Moreover, extensive
use of the chemical agents for the control of vector—
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borne diseases has created problems related to adverse
environmental effects, high operational cost, community
acceptance and physiological resistance to vectors
(3. The mosquito Cx. quinquefasciatus Say (Family:
Culicidae) 1s the potential vector of bancroftian filariasis
throughout the world including India, but the control of Cx.
quinquefasciatus—borne diseases are becoming increasingly
difficult due to the reasons mentioned above. It is needful
to develop environmentally friendly, long—lasting, low
cost and preferably locally available repelling agents for
mosquito control.

The biologically active materials derived from plant
sources have been reported either as insecticides for killing
larvae or adult mosquitoes, or as repellents for mosquito
biting. They are one of the best alternatives for mosquito
control [4. 5. Most plant-based insect repellents contain
plant oils including Eucalyptus and Azadirachta indica (A.
indica) oils. Preliminary studies suggest that Fucalypius oil
provides longer protection than other available plant—based
repellents [6].

The oils extracted from turmeric (Curcuma longa),
citronella grass (Cymbopogon winterianus) and hairy basil
(Ocimum americanum) repelled the mosquito vectors Ae.



S110

aegypii, An. dirus and Cx. quinquefasciatus for up to 8 h,
while the oil derived from kaffir lime (Citrus hystrix) was
effective for 3 h. Essential oil from Piper aduncum gave
stronger complete protection than Zanthoxylum piperitum
against Ae. aegypti for 1.5 hours after application [7]. The
application of Mentha piperita essential oil provided 150
min, 100% protection against Ae. aegypti (8. However, no
scientific study reported repellent activity of plant products
against mosquito vectors from this part of our country.
Herein, we conducted an indoor study in order to determine
the repellent activity of Eucalyptus and A. indica oils against
Cx. quinquefasciatus at Purulia district of the West Bengal
state, India.

2. Materials and method
2. 1. Repellents

The Eucalyptus oil (Indian Drug House, Sonarpur, India)
procured from the market, and the A. indica seed oil
collected from villagers at Kallabera of Purulia district, West
Bengal state, India were used as the repellents in the present
study. Dilutions of the stock oils were made with coconut
oil (v/v) at 50% concentration. The negative and positive
control agents were 100% coconut oil plus 0% Eucalyptus oil,
and 100% Eucalyptus oil plus 0% coconut oil, respectively.
Similar concentrations were prepared with A. indica seed oil
and subjected to the study.

2. 2. Repellency test

Aliquot of 5 mL of the test solution was smeared on
exposed parts of hands and legs of the human volunteers,
after the hands and legs were washed and cleaned
thoroughly with rectified spirit. The subject was then
allowed to sit for 30 min, on a chair in a room of the house
at Kallabera, west Bengal (India), with stretched hands and
legs in order to facilitate the female mosquitoes to bite. The
tests were perfomed repeatedly for 4 h at 30 min intervals
(between 8: 00 pm and 12: 00 pm) using FEucalyptus oil at
0%, 50% and 100% concentrations, as prepared above. Any
mosquito perching on the exposed parts was caught before
it fed (by inverting a small glass tube over it, in order to
identify the mosquitoes). Similar studies were performed
with A. India seed oil at all the concentrations under the
criteria mentioned above. Mosquitoes collected before the
application of the repelling agents was taken as the control.

The protection percentage was calculated according to the
standard procedure described by Ansari et al [91: protection
percentage = [(C-T) / C] X 100, where C is the number of
mosquitoes collected from the controls and T is the number
of collected mosquitoes from the treated baits.

2. 3. Statistical analysis

The results from the treated and untreated baits (both at
50% and 100%) were statistically analyzed using Y’ tests.
The protection percentages of the test agents at 50% and
100% concentrations for 4 h were also compared and the Y °
tests were followed to compare the protection time of the two
agents providing 100% protection.
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3. Results

The repellent activity of Eucalyptus oil and A. indica seed
oil against Cx. quinquefasciatus mosquito bites has been
presented in Figure 1. The number of mosquitoes collected
from experimental bait,treated with 50% and 100% of A.
indica seed oil were 19 and 22, respectively, and the
mosquitos numbers from the control (untreated) bait were 195
and 197; For the Eucalyptus oil, 50 % and 100 %, the number
of collected mosquitoes, respectively were 13 and 16 (from
treated bait), and respectively 196 and 201 (from control bait).
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Figure 1. The Cx. quinquefasciatus mosquitoes collected from the
experimental baits treated with different concentrations of Eucalyptus

and A. indica seed oil.

The A. indica seed oil provided 90.26% and 88.83%
protection, and the Eucalyptus oil provided 93.37 % and 92.04
%, when used at concentrations 50% and 100% for 4 h against
C. quinquefasciatus. However, there was no bite within 180
min and 120 min, respectively, after applying A. indica
seed oil and Eucalyptus oil, and thus 100% protection was
achieved during these periods.

There was significant differences (P<0.001) between the
numbers of mosquitoes collected from the untreated and
treated baits (with neem oil as well as Eucalyptus oil).
Significant difference was found in protection time (P<
0.001) of the two agents providing 100% protection, but
no significant difference was present in the protection
percentage between the two concentrations (50% and 100%) of
the two agents.

4. Discussion

In recent times, the use of environmentally friendly,
biodegradable insecticides from plants to control insect
vectors of diseases is gaining importance [10], because these
botanicals have been found to be effective, user—friendly
and inexpensive [11]. Kweka et all12] reported that the
repellency of oils extracted from plants had a high protection
(83%—91%) against mosquito biting. Recently, essential
oils have been studied for potential bioactive compounds.
Applying Piper aduncum essential oil on human skin (25
cm? area), at a concentration of 0.4 g@00 1) resulted in
100% reduction in Ae. aegypti mosquito bite up to 2 hrs, and
this prtection was reduced to 70.03% at 8 hours = post—
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treatment [131. In search of alternative and safe methods of
protection from mosquito bites, A. indica products were
found to be effective mosquito repellents. These agents had
90%—100% protection against malaria vectors, and about 70%
against Cx. quinquefasciatus 114]. Thavara et al 15| reported
that the phytochemicals provided protection for 7 h against
Ae. aegypti, and at least 8 h against Cx. quinquefasciatus
and An. dirus under laboratory conditions. The essential oils
from plants can be regarded as standard repellents, and the
Eucalyptus oil must be re—applied every 123 min against
Culex mosquitoes 16]. The current study determined the
comparative repellent effects of Eucalyptus and A. indica
seed oil against the filarial mosquito Cx. quinquefasciatus
using human volunteers.

The repellency of Eucalyptus oil has been tested against
three mosquito species: Ae. albopicius, Ae. aegypii, and
Cx. pipiens [171. Essential oil extracted from dried fruits of
FEucalyptus camaldulensis (E. camaldulensis) has been tested
for their repellency against Cx. pipiens [181. The Eucalyptus
oil (15%) gave protection to humans for 3 h against Ae.
albopictus bite, and the protection time was prolonged to
5 h after adding 5% vanillin [19]. Skin repellency test at 1,
2.5 and 5 mg/cm’ concentrations of Cymbopogan citratus
gave 100% protection up to 3, 4 and 5 h, respectively, while
the total protection percentage of the essential oil was
recorded as 49.64% at 1 mg/em’, 62.19% at 2.5 mg/cm’ and
74.03% at 5 mg/em’, against Cx. quinquefasciatus for 12 h 1201,
Mosquitocidal and repellent actions of neem oil have been
evaluated earlier [14, 21, 22]. Das et al 123] reported protection
against the bites of mosquitoes for 7.4, 6.5 and 6.4 h with 60%
(0.57 mg/cm’) concentration of essential oil of Zanthoxylum
armatum (fruits), Curcuma aromatica (rhizomes) and oil of A.
indica, respectively, in mustard oil base in field conditions.
In the current study, the test agents (Eucalyptus oil and A.
indica seed oil) both at 50% (with coconut oil base) and 100%
(without base) concentrations, exhibited excellent repellency
against Cx. quinquefasciatus bites.

The repellency percentages of the oils from Eucalyptus
and A. indica at concentrations 50% (v/v) and 100% (v/v) are
different, which suggests that the latter presented some
hindrances to the expression of its repellent activity. The
current findings are in conformity with those of earlier
authors who documented repellent activity of different plant
oils against mosquitoes [24-26]. This is due to the variety of
essential oils, and the methods used. In addition, different
plants have different compounds and volatility properties
27). Bream et al 28] reported that the repellent action of the
plant extracts tested varied depending on the plant parts,
solvent used in extraction and the dose of the extract. The
most effective plant extracts that had 100% repellency
were petroleum ether extracts of the leaf, stem and root of
Echinochloa stagninum at 5, 5 and 4.3 mg/cm’.

Most plant essential oils and extracts are effective not
for a long period of time because they are volatile and act
on mosquitoes in the vapor phasell3. 291. Many researches
demonstrated improved repellency of plant—derived topical
repellents after formulation with some bases or fixative
materials, viz., liquid paraffin, vanillin, salicyluric acid, and
used the neem products as mosquito control agents [24-26,
301 In the current study, though no remarkable difference in
protection percentage was recorded between the pure (100%
concentration) and diluted (50% in coconut oil) forms of the
Eucalyptus oil (protection difference 1.33%) as well as A.
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indica seed oil (protection difference 1.43%), it is interesting
to note that, the test repellents, Eucalyptus and A. indica
seed oil provided 100% protection from mosquito bites for
120 min and 180 min, respectively (P<0.001). Tawastin et al
125] reported the repellent activity of turmeric, kaffir lime,
citronella grass and hairy basil with the addition of 5%
vannillin which prolonged the protection time up to 6 h. The
plant oils at 30% concentration in mustard oil base provided
protection for 296-304 min against Ae. albopictus, while the
agents in coconut oil are protective for 223.5-245 min at the
same concentration [31]. Application of 2% and 5% neem oil at
5 mL/person/night gave 50% and 40.9% protection in indoor
collections and 17.4% and 5.6% in outdoor collections as
compared with that of the untreated control, respectively.
The protection time ranged from one to three hours and one
to six hours in indoor and outdoor collections, respectively
[32].

Nagpal et al 114] reported that An. culicifacies and Cx.
quinquefasciatus mosquitoes were unable to bite the
protected person within 4 h after his or her application
of neem products, which were safe, and better than any
other repellents without adverse reactions. The repellency
percent at different observation periods (0, 1, 2, 4 and 6
h) ranged from 80% to 100% at different concentrations
of Cyperus rotundus extract against An. culicifacies, An.
stephenst and Cx. quinquefasciatus, suggesting that the
extract might be applied as an effective personal protective
measure against mosquito bites(33-391. The plant—based
repellent was less effective than the synthetic repellents,
viz., DEETI40l. However, extracts of locally available plant
parts offer promising repellents against mosquito bitingf411.
The main implications of the current study include that the
local plants can be used as alternatives to the chemical
insecticides in reducing filarial vector density, human-
mosquito contact and the vectorial capacity of the mosquito
Cx. quinquefasciatus. However, more field studies on human
volunteers are required in order to evaluate the activity of
Eucalyptus and A. indica seed oil. These studies will provide
valuable information about and insights into the role of
particular repellents in preventing mosquito biting.

Conlflict of interest statement

We declare that we have no conflict of interest.

References

[1] Odalo J, Omolo M, Malebo H, Angira J, Njeru P, Ndiege I, et al.
Repellency of essential oils of some plants from the Kenyan coast
against Anopheles gambiae. Acta Trop 2005; 95: 210-8.

[2] Hussein ZAM, Jantan 1B, Awaludin A, Ahmad NW. Mosquito
repellent activity of the methanol extracts of some Ascidian
species. Pharm Biol 2002; 40: 358—61.

[3] Liu N, Xu Q, Zhu F, Zhang L. Pyrethroid resistance in mosquitoes.
Insect Sci 2006; 13: 159—66.

[4] Venkatachalam MR, Jebanesan A. Repellent activity of Ferronia
elephantum Corr. (Rutaceae) leaf extracts against Aedes aegypii.
Bioresource Technol 2001; 76: 287—8.

[5] Prabhu K, Murugan K, Nareshkumar A, Ramasubramanian N,
Bragadeeswaran S. Larvicidal and repellent potential of Moringa
oleifera against dengue vector, Anopheles stephensi Listen (Insecta:



S112

Diptera: Culicidae). Asian Pac J Trop Biomed 2011; 1: 127-32.

[6] Fradin MS, Day JF. Comparative efficacy of insect repellents
against mosquito bites. N Engl J Med 2002; 347:13-18.

[7] Kamsuk K, Choochote W, Chaithong U, Jitpakdi A,
Tippawangkosol D, Riyong D. Effectiveness of Zanthoxylum
piperitum—derived essential oil as an alternative repellent under
laboratory and field applications. Parasitol Res 2007; 100: 339—45.

[8] Kumar S, Wahab N, Warikoo R. Bioefficacy of Mentha piperita
essential oil against dengue fever mosquito, Aedes aegypti L. Asian
Pac J Trop Biomed 2011; 1: 90-93.

[9] Ansari MA, Razdan RK, Tandan M, Vasudevan P. Larvicidal and
repellent actions of Dalbergia sisoo Roxb. (F. Leguminosae) oil
against mosquitoes. Bioresource Technol 2000; 73: 207.

[10] Nour AA, Elhussien SA, Osman AA, Nour AH. Repellent activity of
the essential oils of four Sudaneses accessions of basil (Ocimum
basilicum 1.) against Anopheles mosquitoes. J Appl Sci 2009; 9:
2645—8.

[11] Nathan S, Chung PC, Murugan K. Effects of botanicals and
bacterial toxins on the gut enzyme of Cnathalocrocts medicinalis.
Phytoparasitica 2004; 32: 433—43.

[12] Kweka EF, Mosha A, Mahande LA, Kitau J. Ethnobotanical study
of some mosquito repellent plants in North Eastern Tanzania.
Malaria J 2008; 7: 152.

[13] Misni N, Sulaiman S, Othman H. The Repellent activity of Piper
aduncum Linn (Family: Piperaceae) essential oil against Aedes
aegypti using human volunteers. J Trop Med Parasitol 2008; 31:
63—9.

[14] Nagpal BN, Srivastava A, Valecha N, Sharma VP. Repellent
action of neem cream against Anopheles culicifacies and Culex
quinquefasciatus. Curr Sci 2001; 80: 1270—1.

[15] Thavara U, Tawatsin A, Chompoosri J. Phytochemicals as
repellents against mosquitoes in Thailand. Proceedings
International Conference Biopesticide 2002; 3: 244—50.

[16] Tjahjani S. Efficacy of several essential oils as Culex and Aedes
repellents. Proceedings Asn Congr Trop Med Parasitol 2008; 3:
33-37.

[17] Zhu J, Zeng X, Yanma Liu T, Qian K, Han Y, Xue S, Tucker B, et
al. Adult repellency and larvicidal activity of five plant essential
oils against mosquitoes. J Am Mosq Control Assoc 2006; 22: 515-22.

[18] Erler F, Ulug I, Yalcinkaya B. Repellent activity of five essential
oils against Culex pipiens. Fitoterapia 2006; 77: 491—4.

[19] Yang P, Ma Y. Repellent effect of plant essential oils against
Aedes albopictus. J Vector Ecol 2005; 30: 231-34.

[20] Pushpanathan T, Jebanesan A, Govindarajan M. Larvicidal,
ovicidal and repellent activities of Cymbopogan citratus Stapf
(Graminae) essential oil against the filarial mosquito Culex
quinquefasciatus (Say) (Diptera : Culicidae). Trop Biomed 2006; 23:
208—12.

[21] Mittal PK, Subbarao SK. Prospects of using herbal products in the
control of mosquito vectors. Indian Coun Med Res Bull 2003; 33:

1-10.

[22] Mandal S. Effect of Azadirachta indica A. Juss (Meliaceae) seed
oil and extract against Culex quinquefasciatus Say (Diptera:
Culicidae) larval susceptibility of Indian subcontinent. Maced J
Med Sci 2011. doi: 10.3889/MJMS.1857-5773.2011.0127

[23] Das NG, Nath DR, Baruah I, Talukdar PK, Das SC. Field evaluation
of herbal mosquito repellents. J Com Dis 2000; 31: 241-5.

[24] Stuart AE, Estambale BA. The repellent and antifeedant activity
of Myrica gale oil against Aedes aegypti mosquitoes and its
enhancement by the addition of salicyluric acid. J R Coll
Physicians Edinb 2003; 33: 209—14.

[25] Tawatsin A, Wratten ST, Scott RR, Thavara U, Techadamrongsin T.
Repellency of volatile oils from plants against three mosquitoes. .J

Shyamapada Mandal./Asian Pacific Journal of Tropical Biomedicine (2011)S109-S112

Vector Ecol 2001; 6: 76—82.

[26] Vatandoost H, Vaziri VM. Larvicidal activity of a neem tree extract
(neemarin) against mosquito larvae in the Islamic Republic of
Iran. East Mediterr Health J 2004; 10: 573—81.

[27] Shaaya E, Rafaeli A. Essential oils as biorational insecticides—
potency and mode of action. In: Ishaaya I, Nauen R, Horowitz AR,
editors. Insecticides design using advanced technologies. 2007, p.
249—-61.

[28] Bream AS, El-Sheikh TMY, Fouda MA, Hassan MI. Larvicidal
and repellent activity of extracts derived from aquatic plant
Echinochloa stagninum against Culex pipiens. Tunis J Plant Prot
2010; 5: 107-24.

[29] Zhu BCR, Henderson G, Chen F, Fei H, Laine RA. Evaluation
of vetiver oil and seven insect—active essential oils against the
Formosan subterranean termite. J Chem Ecol 2001; 27: 1617-25

[30] Oyedele AO, Gbholade AA, Sosan MB, Adewoyin FB, Soyelu OL,
Orafidiya 00. Formulation of an effective mosquito—repellent
topical product from lemongrass oil. Phytomed 2002; 9: 259—62.

[31] Das NG, Baruah I, Talukdar PK, Das SC. Evaluation of botanicals
as repellents against mosquitoes. J Vect Borne Dis 2003; 40: 49—53.

[32] Ravindran J, Eapen A, Kar 1. Evaluation of repellent action
of neem oil against the filarial vector, Culex quinquefasciatus
(Diptera: Culicidae). Indian J Malariol 2002; 39: 13-7.

[33] Singh SP, Raghavendra K, Dash AP. Evaluation of hexane
extract of tuber of root of Cyperus rotundus Linn (Cyperaceae)
for repellency against mosquito vectors. J Parasitol Res 2009;
doi:10.1155/2009/908085.

[34] Govindarajan M, Sivakumar R, Amsath A, Niraimathi S. Mosquito
larvicidal properties of Ficus benghalensis 1. (Family: Moraceae)
against Culex tritaeniorhynchus Giles and Anopheles subpictus
Grassi (Diptera: Culicidae). Asian Pac J Trop Med 2011; 4(7):
505-509.

[35] Hossain E, Rawani A, Chandra G, Mandal SC, Kumar JG.
Larvicidal activity of Dregea volubilis and Bombax malabaricum
leaf extracts against the filarial vector Culex quinquefasciatus.
Astan Pac J Trop Med 2011; 4(6): 436—441.

[36] Wabo PJ, Ngankam NJD, Bilong BCF, Mpoame M. A comparative
study of the ovicidal and larvicidal activities of aqueous and
ethanolic extracts of pawpaw seeds Carica papaya (Caricaceae) on
Heligmosomotdes bakeri. Asian Pac J Trop Med 2011; 4(6): 447—-450.

[37] Singha S, Chandra G. Mosquito larvicidal activity of some
common spices and vegetable waste on Culex quinquefasciatus
and Anopheles stephensi. Asian Pac ] Trop Med 2011; 4(4): 288—293.

[38] Ahmad N, Fazal H, Abbasi BH, Igbal M. In vitro larvicidal
potential against Anopheles stephensi and antioxidative enzyme
activities of Ginkgo biloba, Stevia rebaudiana and Parthenium
hysterophorous. Asian Pac J Trop Med 2011; 4(3): 169—175.

[39] Govindarajan M. Evaluation of Andrographis paniculata Burm.
f. (Family: Acanthaceae) extracts against Culex quinquefasciatus
(Say.) and Aedes aegypti (Linn.) (Diptera: Culicidae). Asian Pac J
Trop Med 2011; 4(3): 176—181.

[40] Tawatsin, Asavadachanukorn P, Thavara U. Repellency of
essential oils extracted from plants in Thailand against four
mosquito vectors (Diptera: Culicidae) and oviposition deterrent
effects against Aedes aegyptl (Diptera: Culicidae). Southeast Asian
J Trop Med Public Health 2006; 915-931.

[41] Govindarajan M, Mathivanan T, Elumalai K, Krishnappa K,
Anandan A. Ovicidal and repellent activities of botanical extracts
against Culex quinquefasciatus, Aedes aegypti and Anopheles
stephenst (Diptera: Culicidae). Asian Pac J Trop Biomed 2011; 1:
43-8.



