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COMPARATIVE EFFICACY OF APHID EXTRACTS AND SOME
JUVENOIDS AGAINST THE DEVELOPMENT OF MOSQUITOES

A. P. DASH rNn M. R. RANJIT

Regiornl Medical Research Centre (I.C.M.R.), Bhuharrcswar-751016, Orissa, India

ABSTRACT. Comparative efficacy of natural juvenile horrnones extracted fuom Aphis uacciuora and
A. gosypii and 5 juvenoids, i.e., methoprene, Neporex, OMS 3007, OMS 3019 and DPE-28 on the
development of Aedes aegypti, Anopheles stephensi and. Culex quin4trcfasciartus have been evaluated. OMS
3007, OMS 3019, DPE-28 and Neporex show species specific related activities, while methoprene and
aphid extracts do not show such activity against these mosquito species. Treatment of mosquito eggs
with an EC5e dose of these compounds caused mortality while an ECe6 dose completely ceased adult
emergence. The fecundity and fertility rates of mosquitoes emerged shows signifrcant reduction (P <
0.001) when treated with ECso doses of all the compounds.

INTRODUCTION

Environmental hazards and increasing cases
of resistance/refractory behavior of mosquitoes
to synthetic organic insecticides (Das and Ra-
jagopalan 1980) have warranted a newer ap-
proach in the use of chemicals for mosquito
control. The juvenile hormones (JH) and juve-
nile hormone analogues represent potential
biorational chemical alternatives. Compounds
belonging to various chemical classes such as
amides, carbamates and oxime ethers have been
shown to possess juvenile hormone-like activity
(George et al. 1989). Slama and Williams (1966)
had shown that the JH analogue Juvabione dis-
rupts embryogenesis when applied exogenously
to insect eggs. The ovicidal action ofmethoprene
(a synthetic juvenoid) in Lycoriella mali was
demonstrated by Keil and Othman (1988). "It

has been the experience of the past 35 years that
whenever a potent synthetic organic insecticide
was repeatedly applied for mosquito control,
resistance usually supervened after a period of
2-10 years of its uninterrupted use" (Brown
1983). Therefore, at present, much attention is
being paid to the biological activities of sub-
stances from animal organisms and to their syn-
thetic bioanalogues (Paulov and Paulovova
1983). In aphids, a strong juvenilizing and ap-
terizing effect due to their own juvenile hormone
was observed by Hardie (1981). Paulov and Pau-
lovova (1983) and Ranjit et al. (1988, 1990)
obtained encouraging results on emergence
suppression while studying the effects ofacetone
extracts ofaphids on the development ofculicine
mosquitoes.

Our objective was to assess the comparative
efficacy of juvenile hormones extracted from
aphids and 5 juvenoids, methoprene, Noporex
(a juvenoidproducedby Ciba Geigy, Ltd.), OMS
3007, OMS 3019 and DPE-28, having different
structural and functional groups against 3 mos-
quito species of India, Aedes aegypti (Linn.),

Arnpheles stephensi Liston and Culex quinque-
fasciatus Say.

MATERIALS AND METHODS

The aphids, Aphis cracciuoro Koch and A.
gosypiiGlover, were collected from the field from
their infested host plants, Lablnb purpure/Ls
(Linn.) (bean) and Momordica charantia (Linn.)
(bitter gourd) plants, respectively, and were sub-
jected to solvent extraction for the isolation of
juvenile hormones. This followed the method of
Bergot et al. (1981) with slight modification; i.e.,
instead ofusing a high speed blender, the aphids
were homogenized with mortar and pestle in an
ice bath for 15-20 min, since the quantity of
aphids used was more (80-90 g). The extracts of
A. cracciuora and A. gosypii were desigrrated
TAEac and TAEag, respectively. The extracts
were analyzed with thin layer chromatography
(solvent benzene:ethylacetate, 15:1) and com-
pared with Sigma JH standards for the presence
of JHs.

The juvenoids: methoprene (Isopropyl E,E
(RS)-11 methoxy 3,7,11 trimethyl dodeca 2,4
dienoate), OMS 3007 (0-2-4 phenoxy phenoxy
ethylpropional deoxime), OMS 3019 (2-(1-
methyl 2,4 phenoxy phenoxy ethoxy pyridine)
and DPE-28 (2-4 Dinitro phenyl-2, 6-ditertiar-
ybutyl phenyl ether), were obtained through the
Vector Control Research Centre (ICMR), Pon-
dicherry a collaborative center of the World
Health Organization and Neporex (2-cyclopro-
phylamino 4,6 diamino-S triazine) was donated
by Ciba Geigy, Ltd., Bombay, India, for the
study.

Binassa.y: Colonies of Ae. aegypti, An. ste-
phznsi and C.r. quinEtefasciafus were main-
tained following the method of Dash et al. (1988)
at26-28'C and 86% RH.

Bioassays of the 2 aphid extracts and 5 juven-
oids were conducted under the above laboratorv
conditions against early 4th instar larvae of thl
above 3 species of mosquitoes following the pro-
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Table 3. Percentage of effective emergence inhibition (mean + SD) of mosquitoes in ECso/ECe' of aphid
"rlracts and juvenoids treated at the egg stage

Ae. aegypti An. stephensi Cx. quinquefosciatusCompounds
tested ECso DMRT EC"o ECro DMRT ECro ECro DMRT ECro

TAEac
TAEag
Methoprene
Neporex
oMS 3007
oMs 3019
DPE-28
Control

76.9 + 0.6
75.3 ! 0.7
90.0 + 0.9
77.5 ! 0.5
90.9 + 0.6
89.1 + 0.4
75.0 + 0.8
1.5 + 0.7

d
d
b
c
b
c

a

c*
c
b
c
b
b
c
a

100 85.3 + 0.8
100 85.7 + 0.6
100 93.3 + 0.9
100 89.3 r 0.8
100 93.0 r 0.8
100 90.8 + 0.8
100 89.2 + 0.8

1.5 + 0.7 0.5 + 0.4

100 78.3 r 0.8
100 78.7 + 0.9
100 87.8 + 0.8
100 79.0 + 0.4
100 91.5 + 0.8
100 78.3 + 0.8
100 90.7 r 1.0

0.6 + 0.5 1.5 + 0.8

c 100
c 100
b 100
c 100
b 100
c 100
b 100
a 1.5 -r 0.8

DMRT: Duncan's multiple range test.
* Any 2 means having a common letter are not significantly different atthe \Vo level ofsignificance.

cedure of the World Health Organization (1981).
There were 15 replicates, each with 20 larvae in
500 ml glass beakers with tap water. The mor-
tality was corrected using Abbott's formula (Ab-
bott 1925) when there was mortality in an un-
treated control. The ECso and ECgo doses were
calculated by a probit regression equation (Fin-
ney 1953), and relative activity between test
compounds were computed using the United
Nations Environment Programme (1982).

Treatment of eggs with aphid extractsfjuuen-
olds.' Test concentrations of ECso and ECe6 doses
were prepared for all compounds by adding ap-
propriate volumes of stock solutions (1 mg/10
ml) and vigorously stirring in 1 liter of tap water
kept in 12 x 12 x 3" white enamel trays. Five
replicates were set up for each concentration of
each compound. Eggs of all mosquito species
were placed into trays, immediately after laying
and observed until adult emergence in the same
water.

The percentage of hatching of eggs, treated
with aphid extracts and juvenoids, were com-
pared with the untreated controls to evaluate
ovicidal activity. The number of pupae formed
and successful adult (males and females)
emergence, if any, after treatment of eggs with
different test formulations were counted for
both ECso and ECgo doses to calculate the per-
centage of effective adult emergence inhibition.

Emergence inhibition (%)

/No. of successful adults -\= I U U - [ - X I U U I .
\ NO. Ot pupae tormect /

Fertility and fecundity: AII successful adults
that emerged after the treatment of eggs were
allowed to mate and lay eggs. The number of
females that laid eggs was recorded to compute
fecundity rate. The eggs laid were counted and
allowed to hatch for the evaluation of fertility
rate and were compared with control ones. Five
replicates were taken and number of adults in

each replicate varied from 14 to 25, depending
upon emergence in the ECso treatment since
there was no adult emergence in the ECgo treat-
ment.

Statistical analysis: An arc sine transforma-
tion of the data was made before calculation of
an F-test and Duncan's multiple range test was
done for a mean separation analysis (Gomez and
Gomez 1984).

RESULTS AND DISCUSSION

An analysis of the extracts determined that
both aphid species contain JHs in addition to
the triglyceride ingredients.

The probit analysis suggests that the ECso/
ECgo of the test compounds range from 0.001-
0.017 /0.03-2.68 ppm in Ae. aegypti,0.002-0.016/
0.06-1.76 ppm in Cx. quinquefasciatus, 0.002-
0.07 /0.094-2.62 ppm in An. stephensi (Table 1).
Though all the above 3 species are susceptible
to JHs and JH analogues applied, the degree of
susceptibility varied. Taking the potency of
methoprene as standard, the relative effrcacy of
other compounds were found to be OMS 3007,
methoprene, OMS 3019, TAEac/TAEag, Ne-
porex and DPE-28 in Ae. aegypti; OMS 3019,
methoprene, TAEac/TAEag, OMS 3007, Ne-
porex and DPE-28, in An. stepherasi and OMS
3007, methoprene, DPE-28, Neporex, OMS 3019
and TAEac/TAEag against Cx. quinquefasciatu.s
(Table 1).

When efficacy of the compounds on 3 differ-
ent species are compared, TAEac/TAEag and
methoprene do not show sigrrificant differences
among the species evaluated.

However, the ECso dose of OMS 3007 is 35.6
times more active against Cx. quinEtefascintus
and 32.8 times against Ae. aegypti than An.
stephensi, while with increase of the ECgo, the
same rises to 76 and 56.3 times, respectively.
The ECuo/ECeo value of OMS 3019 is 8/6.9 times
more active against An. stephensi than Cx. quin-
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quefasciattn and 4.35/6 times than Ae. aegypti.
Similarly, the DPE-28 is 30.4/43.7 times more
active against Cx. quinqucfasciatu.s than An. ste-
phensi and 39.6 / 44.7 times than Ae . ongypti. The
ECso dose of Neporex is 5.0 and 2.9 times more
potent against Cx. quinErcfasciatus and Ae. o,e-
gypti, rcspectively than An. stephensi but inter-
estingly, with the increase of the dose to ECgo,
the potency decreases to 1.4 and 1.26 times,
respectively.

It may be concluded that Neporex, OMS 3007,
OMS 3019 and DPE-28 have species specific
activities while methoprene and TAEac/TAEag
do not have much discrepancy in activities be-
tween Ae. aegypti, An. stepherni and Cx. quin-
quefosciatus. Amalraj et al. (1988) evaluated
three OMS compounds (OMS 3009, OMS 3013
and OMS 2015) against Ae. aegypti, An. ste-
phensi and Cx. quinquefasciatlrus and found that
OMS 3009 showed a higher level of activity than
the other 2 compounds. While Ae. aegypti was
more susceptible to OMS 3009 and OMS 2015,
An. stephensiwas more susceptible to OMS 3013
(Amalraj et al. 1988).

Amongst the 7 compounds studied (Table 2),
only methoprene, OMS 3007 and OMS 3019
reduced the hatching percentage sigrrificantly (P
< 0.001) as compared with controls in all the
species studied. This shows that these 3 syn-
thetic juvenile hormone analogues possess po-
tential ovicidal activity. The findings are in con-
trast to Staal (1975), who reported that mos-
quito eggs are not susceptible to methoprene.

The percentage of emergence inhibition of the
3 species at ECso of all the compounds follows
in decreasing order of efficacy:
Ae. aegypti-OMs 3007, methoprene, OMS

3019, Neporex, TAEac/TAEag, DPE-28.
An. stephensi-methoprene, OMS 3007, OMS

3019, Neporex, DPE-28, TAEac/TAEag.
Cx. quin4u.efasciatus-OMS 3007, DPE-28,

methoprene, OMS 3019, Neporex, TAEac/
TAEag.

The emergence of adult mosquitoes was com-
pletely inhibited with the ECeo dose for all the
studied compounds, including aphid extracts
(Table 3).

Adults which emerged from an ECso treat-
ment by all compounds show-ed a significant
reduction in fecundity (P < 0.001) and fertility
(P < 0.001) rates in treated Ae. aegypti, An.
stepherrci and Cr. quinquefasciatlus as compared
with their controls (Table 4). Similar observa-
tions were made by Robert and Olson (1989)
where they recorded reduction of egg production
in Cx. quinquefasciatus with LCso treatment with
methoprene. Iwanga and Kanda (1988) have also
shown reduced egg productionin Anopheles bal-
obarcnsis Baisas afber treatment with 0.005 ppb
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S-31183, a juvenoid. In contrast to these find-
ings, Hatakoshi et al. (1986) have shown that
the females of Cubx pipi.ens palbns (Coq.)
emerging after treatment with methoprene and
S-21149 (propional dehyde oxime O-2-(4-phen-
oxyphenoxy) ethyl ether) do not show any sig-
nificant reduction in their fecundity and fertility
rates. Klowden and Chambers (1989) have
stated that unlike JH treated females. metho-
prene treatment never results in viable eggs. Our
investigation suggests that aphid extracts (JH),
methoprene and juvenoids, irrespective of their
chemical structure, have reduced fertility com-
pared with control groups at the sub-lethal dose
(ECuo).

Our results suggest that juvenile hormones
extracted from aphids can check the develop-
ment of mosquitoes. Methoprene, OMS 3007
and OMS 3019 can also be applied as ovicides
against the 3 mosquito species studied.
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