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Abstract

Ethanolic, acetone and petroleum ether extracts from leaves and stems of Lagenaria
siceraria (Cucurbitaceae) were screened for their repellency effect against Culex pipiens
L. mosquito. The repellent action of the present plant extracts were varied depending on
the plant parts and the dose of extract. The petroleum ether extract of leaves showed the
same repellency percent (100%) of commercial formulation, N. N. diethyl toulamide
(DEET) at the higher dose (3.33 mg/cm?), while petroleum ether extract from stems
exhibiting the repellent action (89.6%) at the same dose, respectively. Ethanolic extracts
of leaves and stems exhibited the lowest repellent activity as it recorded (81.3% and
69.1%) at (6.67 mg/cm®), respectively. Results of this study may contribute to design an
alternative way to control mosquitoes currently based on applications of synthetic
insecticides. These extracts could be developed commercially as an effective personal
protection measure against mosquito bites and thus to control diseases caused by
mosquito—borne pathogens.

Key words: Repellent, Ethanolic extract, Acetone extract, Petroleum ether extract,

Lagenaria siceraria, Culex pipiens.

Introduction

Mosquitoes mainly Culex, Anopheles and
Aedes are serious vectors threat to the public
health, since they to transmit many zoonotic
infectious diseases as filariasis, malaria,
West Nile fever, St. Louis encephalitis,
Japanese encephalitis, La Crosse encepha-
litis, Yellow fever, Dengue fever, Rift
Valley fever...etc. (Mandal, 2011).

Unfortunately, in Egypt, the Rift Valley
fever (Hanafi er al, 2011), filariasis and
malaria are encountered (El Bahnasawy et
al, 2013) and human cases of Dengue fever
(El Bahnasawy et a/, 2011) and re-emerged
Aedes aegypti (Shoukry et al, 2012) were
reported in Southern Egypt as well as
Soliman et al. (2010) reported that West Nile
fever was actively circulating in the different
Egyptian areas examined causing febrile illness
in a considerable proportion of individuals.

Besides, the mosquito bites may also cause
allergic responses including local skin
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reactions and systemic reactions such as
urticaria and angioedema (Peng et al, 2004).
The insect repellents from natural medical
plants and herbs are more or less safer to
man and environment than those of chemical
origins and thus, being broadly investigated
(Chio and Yang, 2008). Anti-feeding and
growth inhibiting molecules reduce damages
produced even without killing the pest
(Bream et al, 2009).

The commonest mosquito repellent
product available in the market is DEET (N,
N-diethyl-3 -toluamide) (Mc-Ca be et al,
1954; Schreck, 1985). However, DEET has
had a remarkable safety profile for the last
40 years of worldwide use, there are a
number of reports on its toxicity against the
skin, nervous and immune systems, usually
occurring when the product was used
incorrectly or at long term (Fradin, 1998;
Blackwell et al, 2003).



Other undesirable effects of this product
are an unpleasant odor, uncomfortable oily
or sticky feeling, and danger to plastics and
synthetic rubber (Qiu, et al, 1998), due to
these disadvantages, so many authors pre-
ferred to use alternatives such as repellents
of plants origin (Fradin and Day, 2002)..

The present study aimed at the investi-
gation of the repellent effect of the different
extracts from leaves of Lagenaria siceraria
against the mosquito vector, Culex pipiens.

Materials and Methods

Mosquito culture: The mosquitoes were
reared and maintained continuously for
several generations in an insectary using the
standard procedures described by (Kasap
and Demirhan, 1992).

Collection and extraction of the plant
materials: The freshly leaves of L. siceraria
(Family: Cucurbitaceae) were collected in
the month of June 2013 from Sharkia. The
leaves were washed and dried in the shade at
room temperature (27-31°C) for 7 days till
they become brittle, then pulverized to
powder in a hammer mill. The extraction
was performed using 70% ethanol, acetone
and petroleum ether solvents. One hundred
grams of powder for each solvent separately
were extracted five times with 300 ml of
aqueous 70%  ethanol, acetone and
petroleum ether at room temperature. After
24 hr., the supernatants were decanted,
filtrated through Whatman filter paper No.5
and dried in a rotary evaporator at 40°C for (
-3) hours to ethanol and (40-60) minutes to
other solvents. The dry extracts were kept in
deep freezer (-4°C) till experimentally used
(El-Sheikh, et al, 2012).

Repellency test: The standard cages (20
x20%20 cm) were used to test the repellent
activity of the extracts. Different amounts
from each extract were dissolved in 2 ml
(70% ethanol or water with a drop of Tween

80)in 4x4 cm cups to obtain the different
concentrations. The concentration was
directly applied onto 5x6 cm of the ventral
surface of pigeon after removed feathers
from the abdomen. After 10 min of
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treatment, pigeons were placed for 3 hr. in
cages containing the Egyptian strain of C.
pipiens starved females. Control tests were
carried out using ethanol or water. Each test
was repeated three times to get a mean value
of repellent activity (El-Shei-kh et al, 2012).
Post-treatment, the number of fed and unfed
females was counted and mortality
calculated according to Abbott (1925).

The repellency % = (% A - % B/100 -
%B) x 100; where A was the percentage of
unfed females in treatment and B the per-
centage of unfed females in control.

Results

Ethanolic extract of the leaves and stems:
The data in (Tab. 1) indicated that the leaves
extract of L. siceraria had a more repellent
activity against C. pipiens fema-les than
stems extract. The repellent action of leaves
recorded 81.3, 72.0, 60.4 and 44.0% at
6.67, 3.33, 1.67 & 0.833 mg/cmz, while the
stems extracts recorded 69.1 and 50.5% at
doses 6.67 and 3.33 mg/cm?, respectively.

The acetone extract of leaves and stems:
(Tab. 2) showed that acetone extracts of
leaves and stems gave 96.3 and 72.8%
protection from the bites of starved C.
pipiens females at 6.67 mg/cm”. However, at
the lowest doses (3.33 and 1.67 mg/cm?) the
two extracts provided 83.3, 63.7 and 65.9,
55.2% protection, respectively as compared
t0100% repellency of Deet at a dosel.

8mg/cm’.
Petroleum ether extract of leaves and
stems: Both leaves and stems of the

petroleum ether extracts of L. siceraria were
found to possess a good repellency against
the tested insect (Tab. 3). Its extracts
induced a complete protection (100%) and
89.6% repellency at dose 3.33 mg/ cm’;
95.1 and 77.4% repellency at 1.67 mg/cm?;
83.2 and 58.7% repellency at 0.833 mg/cm?;
respectively. Moreover, the repellent activity
at the dose 0.417 mg/cm® was 68.7 and
44.8% for leaves and stems extracts,
respectively as compared to 100%
repellency for Deet at 1.8 mg/cm?.



Discussion

Bottle gourd (Lagenaria siceraria) was one of
the first domesticated plants, and the only one
with a global distribution during pre-Columbian
times. However, native to Africa, bottle gourd
was in use by humans in East Asia, as early as
11,000 y ago (BP) and in the Americas by
10,000 BP (Kistler et al, 2014).

This plant is well known eco-friendly and
is not toxic to plants, animals and human.
Moreover, it is clearly proved that crude or
partially purified plant extracts are less
expensive and highly efficacious for the
control of mosquitoes rather than the
purified compounds or extracts (Jang et al,
2002; Cavalcanti et al, 2004; Maurya et al,
2009; El-Sheikh et al, 2012).

All doses of the plant extracts used in the
present study exhibited some repellency
activity against the starved female adults of
C. pipiens. The repellent activity of the plant
extracts tested varied depending on the plant
part used and the dose of the extract.

The present study indicated that the
petroleum ether extract of leaves was more
effective in exhibiting the repellent action
against the mosquito tested as compared
with the stems extract and showed same
repellency percent (100%) at the higher
dose (3.33mg/crn2) as compared with a
commercial formulation, N. N. diethyl
toulamide (DEET) at (1.8 mg/cm?).

A large number of plant extracts and the
essential oils manifest repellency activity
against different mosquito species. The
present results are in accordance with such
results obtained by Govere et al. (2000) used
extracts of fever tea Lippia javanica
Rose, geranium Pelargonium reniforme &
the lemon grass Cymbopogon excavatus
against 4. arabiensis.

Jeyabalan et al. (2003) reported that the
methanol extracts of Pelargonium citrosa
leaf exhibited repellency activity (36, 51, 78
& 100%) against the adult mosquito of A.
stephensi at the concentrations (0.5, 1.0, 2.0,
and 4.0%). Yang, et al. (2004) found that the
repellent activity of methanol extracts of
Cinnamomum cassia bark, Nardostachys
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chinensis thizome, Paeonia suffruticosa root
bark and Cinnamomum camphora at the
dose of 0.1 rng/cm2 was (91%), (81%),
(80%) and (94%) res-pectively as
comparable to DEET (82%) against starved
A. aegypti. Choochote et al. (2007) used
repellent activity of the selected essential
oils from ten plant species against A.
aegypti. Mullai et al. (2008) applied the leaf
extract of Citrullus vulgaris against the
malarial vector, 4. stephensi. Singh et al.
(2008) studied the effect of acetone leaves
extract of 7. terrestris against A. stephensi.
Also, El-Sheikh (2009) evaluated sixteen
ethanolic and petroleum ether extracts of 4
indigenous plants as repellent in the field
against the wild mosquitoes.

Hassan et al. (2014) tested extracts from
Cupressus sempervirens and Cestrum noc-
turnum against C. pipiens, the results
indicated that the effective plant extract that
evoked 100 % repellency or biting
deterrence was the petroleum ether extract
of C. sempervirens leaves at a dose of 1.5
mg/cm’. Elango et al. (2011) used metha-
nol extract of Andrographis paniculata
against 4. Subpictus.

Prabhu et al. (2011) used Moringa olei-
fera methanolic extracts against A. ste-
phensi and Govnidarajan and Sivakumar
(2011) tested the repellent activities of
hexane, ethyl acetate, benzene, chloroform,
and methanol extracts from the leaves of
Eclipta alba and Andrographis paniculata at
three different concentrations of 1.0, 2.5,
and 5.0 mg/cm? against important vector of
Yellow fever, 4. aegypti and they reported
that the leaf solvent plant extracts have the
potential to be used as an ideal eco-friendly
approach for the control of mosquitoes and
El-Sheikh et al. (2012) concluded that the
seeds extract of Tribulus terrestris L. was
more effective in exhibiting the 100%
repellent action against malarial vector, A.
arabiensis as compared with the leaves
extract (79.5%) at the dose 1.0 and 2.0
mg/cm?, also the seeds extract showed the
same 100% repellency of the commercial



formulation, N. N. diethyl toulamide
(DEET) but at the lower dose (1.0mg/cm?).
Sfara et al. (2013) demonstrated that insects with
decreased locomotor activity were repelled to
the same extent than control insects by the same
concentration of DEET, and that the repellency
and modification of locomotor activity elicited
by DEET are non-associated phenomena.
Conclusion

The efficacy of petroleum ether extract
from leaves of L. siceraria at the dose (3.33
mg/cm”) gave the highest protection (100%)
during the entire research period of 3hr post-
treatment.

No doubt, mosquitoes are of wide dis-
tribution not only in Egypt but also world-
wide. The outcome findings recommended
the use of the environmental friend and safe
mosquito repellent Lagenaria sicera-ria,
which is one of the Egyptian floras of
economic and medical importance.

Extensive studies on this plant against the
immature stages and mode of action,
synergism are ongoing and will be pub-
lished in due time elsewhere.

References
Abbott, WS, 1925: A method for com-puting
the effectiveness of an insecticide. J. Econ.
Entomol. 18:265-77.
Blackwell, A, Stuart, AE, Estambale, B A,
2003: The repellent and antifeedant activity of
Myrica Gale oil against Aedes aegypti mos-
quitoes and its enhancement by the addition of
salicyluric acid. J. Roy. Coll. Physicians Edinb.
33:209-16.
Bream, AS, Hassan, MI, Fouda, MA, El-
Sheikh, TM, 2009: Toxicity and repellent
activity of Phragmites australis extracts against
the mosquito vector Culex pipiens. Tunisian J.
Plant Protec. 4:157- 72.
Cavalcanti, ES, Morais, SM, Lima, MA,
Santana, EW, 2004: Larvicidal activity of
essential oils from Brazilian plants against Ae.
aegypti L. Mem. Inst. Oswaldo. Cruz. 99, 5:
541-4.
Chio, EH, Yang, EC, 2008: A bioassay for
natural insect repellents. J. Asia-Pacific Ento-
mol. 11:225-7.
Choochote, W, Chaithong, U, Kamsuk, K,
Jitpakdi, A, Tippawangkosol, P, et al, 2007:

246

Repellent activity of selected essen-tial oils
against Aedes aegypti. Fitoterapia 78:359-64.
Elango, G, Abduz Zahir, A, Bagavan, A,
Kamaraj, C, Rajakumar, G, et al, 2011:
Efficacy of indigenous plant extracts on the
malaria vector Anopheles subpictus Grassi
(Diptera: Culicidae). Indian J. Med. Res. 134:
375-83.

El-Bahnasawy, MM, Khalil, HHM, Morsy,
ATA, Morsy, TA, 2011: Threat of dengue fever
and dengue hemorrhagic fever to Egypt from
travelers. J. Egypt. Soc. Parasitol. 41, 2: 289-
306.

El-Bahnasawy, MM, Abdel Fadil, EE, Mo-
rsy, TA, 2013: Mosquito vectors of infectious
diseases: Are they neglected health disaster in
Egypt? J. Egypt. Soc. Parasitol. 43, 2:373-86.
El-Sheikh, TMY, 2009: Field evaluation of
repellency effect of some plant extracts against
mosquitoes in Egypt. J. Egypt. Soc. Parasitol.
39, 1:55-68.

El-Sheikh, TMY, Bosly, HAM, Shalaby NM,
2012: Insecticidal and repellent activities of
methanolic extract of Tribulus terrestris L.
(Zygophyllaceae) against the malarial vector
Anopheles arabiensis (Diptera:  Culicidae).
Egypt. Acad. J. Biol. Sci. 5, 2:13-22.

Fradin, MS, 1998: mosquitoes and mosquito
repellents: a Clinician's guide. Ann. Int. Med.
128:931-40.

Fradin, MS, Day, JF, 2002: Comparative
efficacy of insect repellents against mosquito
bites. N. Engl. J. Med. 347, 1:8-13.

Govere, TA, Durrheim, DN, Du, TN, Hunt,
RH, Coetzee, M, 2000: Local plants as
repellents against An. arabiensis, in Mpumala-
nga Province, South Africa. Cent. Afr. J. Med.
46, 8:213-6.

Govnidarajan, M, Sivakumar, R, 2011: Adu-
Iticidal and repellent properties of indigenous
plant extracts against Culex quinquefasciatus
and Aedes aegypti (Diptera: Culicidae). Para-
sitol. Res. 109, 2: 353-67.

Hanafi, HA, Fryauff, DJ, Saad, MD, Soli-
man, AK, Mohareb, EW, et al, 2011: Virus
isolations and high population density imply-
cate Culex antennatus (Becker) (Diptera: Culi-
cidae) as a vector of Rift Valley Fever virus
during an outbreak in the Nile Delta of Egypt.
Acta Trop. 119, 2/3:119-24.

Hassan, Ml, Amer, MS, El-Sheikh, TMY,
Moselhy, WA, Shehata, AZI, 2014: Studies on
the efficacy of some plant extracts against the



mosquito  vector,
Culicidae). In Press.
Jang, YS; Baek, BR, Yang, YC, Kim, MK,
Lee, HS, 2002: Larvicidal activity of legu-
minous seeds and grains against de. aegypti and
C. pipiens pallens. J. Am. Mosq. Control Assoc.
18, 3:210-3.

Jeyabalan, D, Arul, N, Thangamathi, P, 2003:
Studies on effects of Pelargonium citrosa leaf
extracts on malarial vector, 4. stephensi Liston.
Bioresour. Technol. 89, 2:185-9.

Kasap, M, Demirhan, L, 1992: The effect of
various larval foods on the rate of adult
emergence and fecundity of mosquitoes. Tur-
kiye Parazitologi Dergisi. 161: 87-97.

Kistler, L, Montenegro, A, Smith, BD, Giff-
ord, JA, Green, RE, et al, 2014: Transoceanic
drift and the domestication of African bottle
gourds in the Americas Proc. Natl. Acad. Sci.
111, 8:2937-41.

Mandal, S, 2011: Repellent activity of
Eucalyptus and Azadirachta indica seed oil
against the filarial mosquito Culex quingue-
fasciatus Say (Diptera: Culicidae) in India.
Asian Pacific J. Trop. Biomed. 21:109-12.
Maurya, P, Sharma, P, Mohan, L, Batabyal
L, Srivastava, CN, 2009: Eva-luation of the
toxicity of different phyto-extracts of Ocimum
basilicum against An. stephensi and Culex
quinquefasciatus. J. Asia-Pacific Entomol.
12:113-5.

McCabe, ET, Barthel, WF, Gertler, SI, Halls,
SA, 1954: Insect repellents. III. N, N-
diethylamides. J. Org. Chem. 19:493-8.

Mullai, K, Jebanesan, A, Pushpanathan, T,
2008: Mosquitocidal and repellent activity of the
leaf extract of Citrullus vulgaris (cuc-urbitaceae)
against the malarial vector, Ano-pheles stephensi
liston (Diptera: Culicidae). Euro Rev. Med.
Pharmacol. Sci. 12:1-7.

Peng, Z, Beckett, AN, Engler, RJ, Hoffman,
DR, Ott, NL, et al, 2004: Immune responses to
mosquito saliva in 14 individuals with acute

Culex pipiens (Diptera:

247

systemic allergic reactions to mosquito bites. J.
Allergy Clin. Immunol. 114:1189-94.

Prabhu, K, Murugan, K, Nareshkumar, A,
Ramasubramanian, N, Bragadees- waran, S,
2011: Larvicidal and repellent potential of
Moringa oleifera against malarial vector,
Anopheles stephensi Liston (Insecta: Diptera:
Culicidae). Asian Pacific J. Trop. Biomed. 11:
124-9.

Qiu, H, Jun, HW, John, WM, 1998: Pharm-
acokinetics, formulation, and safety of insect
repellent N, N-diethyl- 3-methylbenzamide
(DEET): A review. J. Am. Mosq. Control Assoc.
14:12-27.

Schreck, CE, 1985: The status of DEET (N, N-
diethyl-m-toluamide) as a repellent for Ano-
pheles albimanus. J. Am. Mosq. Control Assoc.
1:98-100.

Sfara, V, Mougabure-Cueto, GA, Zerba, E N,
Alzogaray, RA, 2013: Locomotor Behavi- our
of Blattella germanica Modified by DEET.
PLoS One. 2013 Dec 23, 8, 12:¢83433.
Shoukry, NM, Elwan, MA, Morsy, TA, 2012:
Aedes aegypti (Linnaeus) re-emerging in
southern Egypt. J. Egypt. Soc. Parasitol. 42,
1:41-50.

Singh, SP, Raghavendra, K, Singh, RK,
Mohanty, SS, Dash, AP, 2008: Evaluation of
Tribulus  terrestris Linn (Zygophyllaceae)
acetone extract for larvicidal and repellence
activity against mosquito vectors. J. Commun.
Dis. 40, 4:255-61.

Soliman, A, Mohareb, E, Salman, D, Saad, M,
Salama, S, et al, 2010: Studies on West Nile
virus infection in Egypt. J. Infect. Publ. Hlth. 3,
2:549.

Yang, YC, Lee, EH, Lee, HS, Lee, DK, Ahn,
YG, 2004: Repellency of aromatic medicinal
plant extracts and a steam distillate to Ae.
aegypti. J. Am. Mosq. Control Assoc. 20, 2:
146-9.



Table 1: Repellency effect of ethanolic extracts of leaves and stem of Lagenaria siceraria against Culex pipiens

females.
Plant parts Dose ) Tested No. of % of No. of % of Repellency
(mg/cm”) | females fed fed unfed unfed %
6.67 41 7 17.1 34 82.9 81.3
Leaves 3.33 39 10 25.6 29 74.4 72.0
1.67 58 21 36.2 37 63.8 60.4
0.833 43 22 51.2 21 48.8 44.0
6.67 46 13 28.3 33 71.7 69.1
Stem
3.33 53 24 453 29 54.7 50.5
DEET 1.8 25 0.0 0.0 25 0.0 100.0
Control 0.0 47 43 91.5 4 8.5 0.0

Table 2: Repellency effect of acetone extracts of leaves and stems of Lagenaria siceraria against Culex pipiens

females.
Plant parts Dose , Tested No. of % of No. of % of Repellency

(mg/cm”) | females fed fed unfed unfed %

6.67 58 2 3.4 56 96.6 96.3

Leaves 3.33 59 9 15.3 50 84.7 83.3
1.67 64 20 31.3 44 68.7 65.9

6.67 44 11 25.0 33 75.0 72.8

Stem 3.33 48 16 333 32 66.7 63.7
1.67 56 23 41.1 33 58.9 55.2

DEET 1.8 25 0.0 0.0 25 0.0 100.0
Control 0.0 61 56 91.8 5 8.2 0.0

Culex pipiens females.

Table 3: Repellency effect of petroleum ether extracts from leaves and stems of Lagenaria siceraria against

Plant parts Dose , Tested No. of % of No. of % of Repellency

(mg/cm”) females fed fed unfed unfed %

3.33 72 0 0.0 72 100.0 100.0

Leaves 1.67 66 3 4.5 63 95.5 95.1
0.833 78 12 15.4 66 84.6 83.2

0.417 80 23 28.8 57 71.2 68.7

3.33 83 8 9.6 75 90.4 89.6

Stem 1.67 77 16 20.8 61 79.2 77.4
0.833 71 27 38.0 44 62.0 58.7

0.417 69 35 50.7 34 49.3 44.8

DEET 1.8 25 0.0 0.0 25 0.0 100.0
Control 0.0 86 79 91.9 7 8.1 0.0
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