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Abstract. Essential oil was extracted from the fresh fruit of Piper retrofractum Vahl by
water distillation method. The yield of extraction was estimated at 0.125%. Adulticidal activity
was tested against 2-5 days-old non-blood-fed female Aedes aegypti and Culex quinquefasciatus
by topical application. Six concentrations of essential oil dissolved in acetone were prepared
in 5%, 7%, 9%, 11%, 13% and 15%. The solution (0.5 pL) was on the pronotum of mosquito, and
mortality was observed after 24 hours of exposure. The LD5, and LDgyg of essential oil in
acetone against Ae. aegypti (8.86%, 23.21%) and Cx. quinquefasciatus (6.95% and 17.35%,)
was measured. This is the first report of adulticidal activities of essential oil from P.

retrofractum against mosquito vectors.

INTRODUCTION

Mosquito vectors cause health problems in
almost all regions of the world, and global
warming has contributed to their growing
numbers by increasing their habitable
environments. The use of chemical
insecticides is an effective and popular
method to control their numbers. However,
particularly in urban areas, these can result
in an increase of insecticide resistance
development in insect vectors (Gakhar et al.,
2013). Insecticides from plants are an
alternative way to control insect vectors, and
the high biodiversity of plants in the tropics
means that there is a good possibility that
some plants can be developed into a new
generation of insecticide.

The Piperaceae family, plants with a
spicy flavor, contains roughly 3,920 species
in 13 genera. There are two main genera,
genus Piper which contains 2,000 species,
and genus Peperomia which contains 1,600
species (Stevens, 2001). The plant is
commonly found in South East Asia and has
been used in cooking and medicine for along
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time (Khaewphrom, 2008). Many plants in
the Piperaceae family have been studied
for their adulticidal activity, such as Piper
nigera (Newaz et al., 2011), Piper longum
(Chaiyasit et al., 2006; Choochote et al., 2006)
and Piper aduncum (Hidayatulfathi et al.,
2004). The major chemical constituents in
the plants’ essential oils are Beta-sitosterol,
Cineol terpinan-4,1-betacaryophylene,
Piperodione, Sitisterol and Venerol (Banerji,
2002; Kubo, 2013). During the past decade,
many studies have been conducted about
the adulticidal activities of medicinal
plants against mosquito vectors. Essential
oils were extracted from several plants that
have adulticidal activity against mosquito
vectors, such as Polygonum hydropiper
(Maheswaran & Ignacimuthus, 2013) and
Lantana camara (Dua et al., 2010). The
plants in Piperaceae family such as Piper
nigera (Newaz et al., 2011) and Piper
longum (Chaiyasit et al., 2006; Choochote et
al., 2006) were also studied for adulticidal
effect on other insects. However, only the
essential oil from P. longum has been studied
for adulticidal activity against mosquito



vectors (Chaiyasit et al., 2006). The essential
oil extracted from Piper retrofractum Vahl
is spicy and has a pungent odor (Choochote
et al., 2006), and the fruit of this plant is cheap
and available in local markets across
Thailand. Therefore, this study investigated
the adulticide activity of the essential oil from
P. retrofractum Vahl against mosquito
vectors.

MATERIAL AND METHODS

Plant Collection and Preparation

The fruits of P. retrofractum were collected
from the Thami district, Chanthaburi
province, Thailand during April — May 2014.
The plant specimens were identified by Dr.
Chalermphol Suwanphakdee from Kasetsart
University, Thailand and the plants specimens
were kept at Queen Sirikit Botanical Garden
Mae-rim District, Chiangmai Province,
Thailand as voucher specimen QBG No.
79271.

Essential Oil Preparation

One kilogram of the fresh fruits, size
approximately 5 x 1 cm, was washed with
tap water and air dried. They were ground in
ablender machine and then 2 liters of distilled
water was added to distillation apparatus.
The essential oil was extracted for 3 hours
by water distillation method and kept at 4°C
until used.

Mosquitoes

Female Ae. aegypti and Cx quinquefasciatus
susceptable strains were used in this
experiment. They were maintained at 28+2°C
at the Insecticide Research Unit, Department
of Medical Entomology, Faculty of Tropical
Medicine, Mahidol University.

Adult Bioassay

The adulticidal activity of essential oil
extracted from P. retrofractum was
determined by topical application against
Ae. aegypti and Cx. Quinquefasciatus,
following a slightly modified WHO protocol
(WHO, 2006). The dosage is expressed in
percent of essential oil in acetone. Six
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concentrations were prepared in 5%, 7%, 9%,
11%, 13% and 15%. The non-blood fed
female mosquitoes, aged 2-5 days, were
anesthetized with ether and placed on a
cold plate. A 0.5l droplet of essential oil
dissolved in acetone was applied on the
pronotum of the mosquitoes by Berkard hand
Microapplicator®. Mortality was observed
after 24 hours of exposure. Fifty female
mosquitoes were used for each concentration.
There were two control groups, one acetone-
treated group and one untreated group. The
experiment was replicated three times.

Data Analysis

The Median Lethal Dose (LDs,) values of an
essential oil against female Ae. aegypti and
Cx. quinquefasciatus were analyzed by a
probit analysis program (Finney, 1971).

RESULTS AND DISCUSSION

The essential oil from the fresh fruit of P,
retrofractum is clear in color, has a sweet-
spicy odor and is soluble in acetone. The yield
of extraction was estimated at 0.125%, five
times lower than that extracted by the same
method from its closely related species P,
longum (Choochote, et al., 2006). There are
several plants in the Piperaceae family
containing essential oils with insecticidal
activity against mosquito vectors, such as
Piper klotzschianum (do Nascimrnto et al.,
2013) and Piper marginatum Jacq (Autranes
et al., 2009). This study investigated the
efficacy of essential oil from P. retrofractum
against adult mosquitoes. The mortality
rate of Ae. aegypti and Cx. quinquefasciatus
after 24 hour exposure with different
percentage of essential oil showed in
Table 1. The mortality of Ae. aegypti and
Cx. quinquefasciatus at 15% was 92.7% and
98.7%, respectively. There was no mortality
in the acetone control group and untreated
groups in both mosquito species.

Table 2 shows that less than 20% of
essential oil in acetone can kill over 90% of
both Ae. aegypti and Cx. quinquefasciatus.
Cx. quinquefasciatus was found to be more
sensitive to the essential oil than Ae. aegypti



Table 1. The mortality rate of female Aedes aegypti and Culex quinquefasciatus after 24
hours exposure by topical application

Mortality rate of female mosquito

Percent of essential Number of
oil in acetone tests Aedes aegypti Culex quinquefasciatus
5 150 17.3 24.7
7 150 26.7 50.0
9 150 44.0 70.7
11 150 65.3 84.0
13 150 80.0 90.7
15 150 92.7 98.7
Acetone treated 150 0 0
Untreated 150 0 0

Table 2. The LD5, LDy, LDgg of Piper retrofractum Vahl essential oil against female Aedes
aegypti and Culex quinquefasciatus after 24 hour exposure by topical application

Lethal Dose (%) (95% C.1.)

Species

LD;, LDy, LDgg
Aedes aegypti 8.9 (8.1-9.5) 16.2 (14.4-18.0) 23.2 (20.4-24.5)
Culex quinquefasciatus 7.0 (6.6-7.5) 12.3 (10.2-13.4) 17.4 (13.3-19.8)

with LDj, values (Table 2). A previous study  Acknowledgments. We would like to thank
by Choochote et al. (2006) showed the  Ms. Preerasa Luckjapo, from Tha-mi
adulticidal effects of essential oil extract  district agricultural extension office for
from P. longum against Ae. aegypiti collecting P. retrofractum. Dr. Chalermphol
females in laboratory and field strains Suwanphakdee from Kasetsart University
being LD, of 6.21 and 6.35 pg/mg. This  for plant identification, Ms. Ratchuporn
closely related species appears to give a  Suksathan, a phytochemistry laboratory
higher adulticidal activity than our study = manager and Mr. Kittiphong Kertsawang a
of P. retorfractum (LDg, = 8.9% is equi-  botanist from Queen Sirikit Botanical Garden
valent to 16.44 png/mg). The essential oil  for the process of deposit plant specimen.
extracted from P. retrofractum is suitable

to control the polluted breeder species, Cx

quinquefasciatus. The application in the REFERENCES

form of spraying formulation can be used

as household insecticide. It requires further =~ Autran, E.S., Neves, I.A., da Silva, C.S., Santos,

study against other mosquito species such G.K,, da Camara, C.A. & Navarro, D.M.,
as Ae. albopictus, Cx. tritaeniorhynchus, (2009). Chemical composition, ovi-
Anopheles spp. and agricultural insects to position deterrent and larvicidal
develop anew commercial insecticide in the activities against Aedes aegypti of
future. The development and synthesis of essential oils from Piper marginatum
these compounds can be one candidate for a Jacq. (Piperaceae). Bioresource Tech-
new generation of insecticides. nology 100: 2284-2288.

86



Banerji, A., Sarkar, M., Datta, R., Sengupta, P.
& Abraham, K. (2005). Amide from Piper
brachystachyum and Piper retro-
JSractum. Phytochemistry 59: 897-901.

Chaiyasit, D., Choochote, W., Rattanachan-
pichai, E., Chaithong, U., Chaiwong, P.,
Jitpakdi, A., Tippawangkosol, P., Riyong,
D. & Pitasawat, B. (2006). Essential oils
as potential adulticides against two
populations of Aedes aegypti, the
laboratory and natural field strains, in
Chiang Mai province, northern Thailand.
Parasitology Research 99: 715-721.

Choochote, W., Chaithong, U., Kamsuk, K.,
Rattanachanpichai, E., Jitpakdi, A.,
Tippawangkosol, P., Chaiyasit, D.,
Champakaew, D., Tuetun, B. & Pitasawat,
B. (2006). Adulticidal activity against
Stegomyia aegypti (Diptera: Culicidae)
of three Piper spp. Revista do Instituto
de Medicina Tropical de Sdo Paulo 48:
33-37.

do Nascimento, J.C., David, J.M., Barbosa,
L.C., de Paula, V.F., Demuner, A.J., David,
J.P., Conserva, L.M., Ferreira, J.C Jr.
& Guimaraes, E.F. (2013). Larvicidal
activities and chemical composition of
essential oils from Piper klotzschianum
(Kunth) C. DC. (Piperaceae). Pest
Management Science 69: 1267-1271.

Dua, K. & Kumar, A., Pandey, C. & Kumar, S.
(2013). Insecticidal and genotoxic
activity of Psoralea corylifolia Linn.
(Fabaceae) against Culex quinque-

fasciatus (Say), 1823. Parasites &
Vectors 6: 1-8.

Finney, D.J. (1971). Probit analysis.
Cambridge University Press 333.

Gakhar, S.K., Sharma, R. & Sharma, A. (2013).
Population genetic structure of malaria
vector Anopheles stephensi Liston
(Diptera: Culicidae). Indian Journal of
Experimental Biology 51: 273-279.

87

Hidayatulfathi, O., Sallehuddin, S. & Ibrahim,
J. (2004). Adulticidal activity of some
Malaysian plant extracts against Aedes
aegypti Linnaeus. Tropical Biomedicine
21: 61-67.

Kaewphrom, T. Thai herbs: The Union of Thai
Traditional Medicine Society 2008.
(2014) Available from: URL: http://
www.utts.or.th/html/article01.html.

Kubo, M., Ishii, R., Ishino, Y., Harada, K.,
Matsui, N., Akagi, M., Kato, E., Hosoda, S.
& Fukuyama, Y. (2013). Evaluation of
Constituents of Piper retrofractum
Fruits on Neurotrophic Activity. Journal
of Natural Products 76: 769-773.

Maheswaran, R. & Ignacimuthu, S. (2013).
Bioefficacy of essential oil from
Polygonum hydropiper L. against
mosquitoes, Anopheles stephensi and
Culex quinquefasciatus. Ecotoxicology
and Environmental Safety 97: 26-31.

Nawaz, R., Rathor, H.R., Bilal, H., Hassan, S.
& Khan, LA. (2011). Adulticidal activity
of Olea vera, Linum usitatissimum
and Piper nigera against Anopheles
stephensi and Aedes aegypti under
Laboratory Conditions. Iran Journal of
Arthropod Borne Diseases 5: 2-9.

Stevens, PF. (2001). Angiosperm Phylogeny
Website 2001. (2014) Available from:
URL: http://www.mobot.org/mobot/
research/apweb/welcome.html.

World Health Organization. (2006).
Guidelines for Testing Mosquito
Adulticides for Indoor Residual Spraying
and treatment of Mosquito Nets. (WHO/
CDS/NTD/WHOPES/GCDPP/2006.3).



