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THE ACTIVITY OF SULPHONAMIDES AGAINST LARVAE OF
ANOPHELES STEPHENSI (LISTON), AEDES AEGYPTI (L)
AND LUCILIA SERICAT A (MEIG.) *

A. V. MANOUCHEHRI 2 anp W. N. BEESLEY 3

ABSTRACT. The insecticidal activity of the
sulphonamides, benzene sulphonamide, sulphaqui-
nexaline and sulphormethoxine has been investi-
gated against larvae of .4nopheles stephensi, Aedes
egypti and Lucilia sericata. The activity of sul-
phadimethoxine was studied with L. sericata lar-
vae. It was found that benzene sulphonamide
and sulphaquinoxaline are larvicidal against An.
stephensi and Ae. aegypti. Benzene sulphonamide
was found larvicidal against L. sericata larvae, All
other insecticide tests were ncgative,

An additional delayed, larvicidal effect was ob-

INTRODUCTION

The first investigation of the insecticidal
properties of sulphonamides concerned
p-chloro and p-bromobenzene sulphona-
mides, used against the codling moth,
Carpocapsa pomonella (L.) by Siegler and
Haller (r942). In addition to the direct
kill of some developmental stages of an
arthropod exposed to a sulphonamide, sev-
eral investigators found that there was
“latent toxicity” viz., the delay of insecti-
cidal activity of a chemical applied to a
larva until ‘the insect reaches the adult
stage. Because of the general interest in
the sub-lethal effects of insccticides on
arthropods, and a renewed interest in in.
secticidal sulphonamides, it was suggested
that these compounds should be examined
especially with reference to possible latent
effects against the larvae of Anopheles
stephensi, Aedes aegypti and Lucilia

sericala,

MATERIALS AND METHODS

The insects which were used were as
follows:
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served in the case of sulphaquinoxaline and larvae
of dn. stephensi, but not with larvae of Ae.
aegypii. On the other hand, many of the larvae
of An. stephensi which were apparently moribund
after exposure to benzene sulphonamide recovered
in the following 24 hours.

No differences between the egg-laying activity
of dn. stephensi and Ae. aegypti were observed
when larvae and pupae were exposed to high con-
centrations of benzene sulphonamide, sulphaquin-
oxaline and sulphormethoxine.

1. Anopheles stephensi. The strain was
originally collected near Delhi, India in
1947. Eggs laid in tap water and usually
hatched within 24 hours. Newly-hatched
larvae were exposed to different concentra-
tions of insecticide, and the mortality rate
was calculated (World Health Organiza-
tion, 1970). Tests were repeated at inter-
vals of 24 hours for abour 1o days until
larvae reached the pupal stage, and pupae
were also exposed to the highest concen-
trations of the chemicals. For all tests 50
ml beakers were used, into each of which
had been pipetted 25 larvae. The mortality
rate was observed after 24 hours (WHO,
1963, 1970). Newly-hatched larvae were
fed for 2 days with dog biscuit; after this
time one yeast tablet was added to each
dish on alternate days. .

2. Aedes aegypti. 'The reF™ strain of
Ade. aegypti (Macdonald and Sheppard,
1965) was used. Eggs were deposited on
filter paper, dried for 2-3 days, and placed
in hay infusion for hatching. To have
larvae of the same age, filter papers con-
taining eggs were removed from culture
trays 2 hours after hatching began. Devel-
oping larvae were fed on yeast, and the
pupal stage was reached after 6 days. For
the tests with sulphonamides, larvae were
used from 4 hours after hatching and at
24-hour intervals until they pupated. Pu-
pae were tested only with the highest
concentrations of the sulphonamides used
tor the study.
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3. Lucilia sevicata. The culture of
Lucilia sericata was obtained from the

Parasitology Department of the Central.

Veterinary Laboratory (Ministry of Agri-
culture, Fisheries and Food), New Haw,
Weybridge, Surrey. This was maintained
in the insectaries of the School of Tropical
Medicine in the pupal, adult, oviposition
and early larval stages, but as each culture
developed to the second larval instar (and
b=gan to smell offensively), it was trans-
forred to a ventilated insectary in the Bio-
chemistry Department of the University.
The School insectaries had a temperature
of about 25-=1° C and 75-80% relative
humidity, and the Biochemistry insectary
a temperature of 22-£1°C. Adult flies
were fed water and milk (on cotton wool
pads in petri dishes) and sugar lumps. As
cach batch of adults attained sexual ma-
turity, at about 7 days, they were allowed
access to bovine liver for oviposition.

Eggs were left on the liver, which was
removed from the cage to a shallow dish
or wax pot sealed with three layers of
fine netting. Larvae hatched in 8—24
hours (usually overnight) and began to
feed on the liver. A modification of the
technique was employed for the experi-
ments on the exposure of larvae to sul-
phonamides.  Small polystyrene pots of
capacity 20 ml. were used, and in each
was placed 1o g. of liver mince, to which
had been added the appropriate amount
of chemical, and 25 1st-stage larvae.

Just before the 3rd instar larvae com-
pleted their feed, usually about day 8-10,
the rotting liver and larvae, in their con-
tainer—now opened and placed on its side
——were put on sawdust in a glass jar. The
larvaec moved away from the liver and
out into the sawdust, where they pupated.
After the larvae had had sufficient time to
pupate (day 12), the pupae were counted
and the percentage pupation calculated
from the known number of original first
instar larvae. The percentage yield of adult
flics from the pupae was also calculated.

Throughout these studies all observed
mortalities were corrected for natural mor-
tality by Abbott’s formula (Abbott, 1925).

The sulphonamides used for experiments

were sulphaquinoxaline sodium salt (May
and Baker Ltd.), sulphormethoxine base
(Roche Ltd.) and benzene sulphonamide
(British Drug Houses Ltd.). Larvae were
exposed to concentrations of the sulphon-
amide up to maximum solubility. Sul-
phormethoxine and benzene sulphonamide
are practically insoluble in distilled water
and so were dissolved in a 0.25% solution
of sodium carbonate in distilled water. In
the case of Lucilia sericata o.5 ml. of each
particular solution was added to 10 g. of
minced liver. Small polystyrene pots of
capacity 20 ml. were used as containers.
Benzene sulphonamide is not soluble in
distilled water, requiring a high concentra-
tion of sodium carbonate to dissolve it.
Since such high concentrations of sodium
carbonate may cause mortality, the pure
drug was added to 20 g. of minced liver
and well mixed; 10 g. of this mixed liver
was added to 10 g. of minced liver and
well mixed. This serial dilution in liver
was repeated until a suitable low concen-
tration was reached.

RESULTS

1. Benzene Surpnonamipe. This com-
pound was used at the rate of o.oo1s,
0.0031, 0.0062, 0.0125, 0.05, 0.1 and 0.2%,.

An. stephensi. As the larvae grew their
tolerance to benzene sulphonamide in-
creased: the LCso for day old 1st stage
larvae was about 0.0039%, and for 4th in-
star larvae (g days old) 0.14%, i.c. about
35 times more than for st instar. It was
also observed that the newly molted 3rd
and 4th instar larvae were more susceptible
to the sulphonamide than were late 2nd
and late 3rd instar larvae.

When 4th stage larvae were exposed to
0.2%, benzene sulphonamide, the “dead
and moribund” rate after 24 hours was

75.5%. After 24 hours’ recovery in fresh
water the mortality rate decreased to

30.4%; in other words, 45.1%, recovered
from the moribund state.

Ae. aegypti. When Ae. acgypri larvae
were exposed to benzene sulphonamide it
was found that the newly hatched larvae
were more tolerant than were day-old lar-
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vae, the LCs¢’s being about 0.18 and
0.006%, respectively. As in the case of
An. stephensi, the tolerance of Ade. aegypti
then increased as the larvae developed, and
late 4th stage larvae were not affected by
the highest concentration of 0.2%.

L. sericeza. Newly hatched larvae were
allowed to feed in the liver and to proceed
to the pupal stage. The mortality rate
was observed in the pupal stage. ‘This
compound was cffective against rst stage
larvae of L. sericazz at 0.29/ and the ob-
served mortality rates with 0.29, 0.4%
and 0.8% were 93.4%, 96.6% and 100%,
respectively. LCs¢ and LCyy were 0.076
and 0.25%, respectively. The adults which
emerged from these pupae were appar-
ently normal and were not found signifi-
cantly different from controls in either sex
ratio or egg-laying activity.

2. SULPHAQUINOXALINE. This compound
was used at the rate of 0.0125, 0.025, 0.05,
0.1, 0.2 and 0.4% in distilled water.

As with benzene sulphonamide, the tol-
erance of mosquito larvae to sulphaqui-
noxaline increased with age: for day-old
larvae of An. siephensi the LCsq was
0.0126, while for 4th stage larvae (on day
g9) it increased to 0.12%.

On day 6, when 30-42% of the larvae
had molted to the 3rd instar in both test
solution and control, an increase in sus-
ceptibility was observed, and this stage was
also more susceptible than late 2nd stage.
Newly hatched larvae of Ae. aegyps tol-
erated a higher level of this drug than did
day-old larvae, and 0.2% sulphaquinoxa-
line killed all day-old larvae; the 1.Csq and
LCyp were about o0.0126 and 0.19%,
respectively. .

When 4th stage larvae of An. stephens:
were exposed to 0.29 of sulphaquinoxaline
the apparent “mortality” rate (dead and
moribund) after 24 hours was 26%/, but
after 24 hours’ recovery in fresh water the
total mortality rate increased to 66°/-and
eventually only 10% of the larvae pupated.

When 4th instar larvae of Ae. aegyps
were exposed to 0.29 and 0.4%, of sulpha-
quinoxaline the apparent “mortality” rate
after 24 hours’ exposure was 89 and 819%.

After 24 hours’ recovery the final time
mortality for o.2 and 0.4 had fallen to
57.3 and %75.0%.

Against L. sericata, sulphaquinoxaline
was used in the liver at the rate of o.05,
0.1, 0.2, 0.4 and 0.8%,. At the highest
concentration only 10.6% mortality was
observed, i.c. similar to the expected mor-
tality in the controls.

3. SULPHORMETHOXINE. Sulphormethox-
ine was used at dosage levels of o.0125,
0.025, 0.05, 0.I, 0.2, 0.25, 0.5 and 1.0%.
It was dissolved in 0.5%, sodium carbonate
in distilled water for concentrations up to
0.2%, and in 0.75% sodium carbonate for
higher concentrations.

Some of the newly hatched larvae of 4.
stephensi died following exposure to so-
dium carbonate solutions in excess of 0.5%,
and the control mortality was more than
20%, with 0.75%, sodium carbonate.

The mortality of newly molted 4th stage
larvae with 0.0125% to 1.0 sulphormeth-
oxine was 25-86°,, and the LCs, for this
particular stage was about 0.35%,. With
older 4th stage larvae, the 24-hour mor-
tality sharply decreased, and with 1.0%
sulphormethoxine it was only ro-129.

Pupae exposed to 1.0% were unaffected,
and although ro%, failed to emerge and
6% died after emerging, the mortality in
the controls was almost the same, at 13%.
There was no significant difference be-
tween the oviposition rates in the adults
which developed from treated and control
pupae. Due to the lack of further sup-
plies of the sulphonamide at the time, no
experiments on Ae. aegyp?i were carried
out.

When L. sericata larvae were exposed
to 0.05, 0.1, 0.2, 0.4 and 0.89, sulphor-
methoxine, a maximum mortality of only
12%, was observed, in the 0.1/ sulphor-
methoxine. Thus sulphormethoxine com-
pound was also not found effective against
L. sevricata larvae.

DISCUSSION

Benzene sulphonamide and sulphaqui-
noxaline showed larvicidal activity against
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all larval stages of .Am. stephensi, while
sulphormethoxine tested on 4th stage lar-
vae was effective only on newly-molted
4th instars and showed no effect on mature
ones. Changes were observed in the tol-
erance of the insecticidal materials against
the various larval stages, as for instance
in the increased susceptibility of An. steph-
ensi after the 2nd and 3rd molts, and of
Aec. aegypti 24 hours after hatching com-
pared with 4 hours after hatching. Larvae
of Ae. acgypti became very tolerant to ben-
zene sulphonamide by the end of the 1st
larval stage. Pupae were unaffected by
the insecticides tested at rates up to 1.0%-

Thomas (1965) reported that the DDT-
tolerance of Culex pipiens fatigans
(=guingucfasciarus) larvae increased
more than roo times during the develop-
ment of larvae. Methoxychlor, dieldrin,
gamma-BHC, malathion, dicapthon, and
allethrin were also much less toxic to 4th
instar than to ist-instar larvae of C. p.
fatigans (Paulini and De Sousa, 1962).
The difference in susceptibility among
different instars was less with carbamate
insecticides (Mulla, 1961). In tests with
DDT on Aedes dorsalis larvae, the toler-
ance of the sth instar was 100 times more
than that of the 1st instar (Yates, 1950).

It has been reported that newly molted
4th instar larvae of Anopheles quadrimacu-
latus were more susceptible to DDT than
3rd instar larvae (Jones, 1957). In tests
with An. stephensi and An. atroparvus
larvae using DDT, Garms (1959) observed
that after the third molting there was a
decreased tolerance.

Burchfield ez al. (1953) investigated the
effect of heptachlor on Ade. asgypti and
found that the initial tolerance of the newly
hatched larvae was very high but dropped
rapidly during the first 12 hours. Sulphor-
methoxine was not effective at the concen-
tration used except for newly molted 4th
stage larvae.

Previous studies (Beesley and DPeters,
1968, 1971) have shown that sulphaqui-
noxaline has some systemic activity. Imagi-
cidal effects were observed when this drug
was fed to mosquitoes in sugar solution

or at dosages which were not toxic to
mice.

A delayed-recovery phenomenon was
recorded in An. stephensi.

When 4th stage larvae were exposed to
0.2 sulphaquinoxaline, after 24 hours’ re-
covery the mortality rate increased from
26%, to 66%,. The same concentration of
benzene sulphonamide caused no such ef-
fect and the mortality rate decreased from
755% to 30.4%

Aftereffects of DDT and dieldrin on
An. stephensi were reported by Garms
(1961), and on dn. atroparyus, An. steph-
ensi and An. gambiae by Rehm ez al.
(1958) who mentioned that the mortality
rate after exposure to 0.005 ppm of dieldrin
increased from 1.7% to 30.4%. Their
observed increase was more in the case of
An. stcphensi than An. atroparvus, but
DDT caused no such effect (Garms, 1961);
with DDT many of the moribund larvae
recovered. The after-effects of benzene
sulphonamide and sulpha-quinoxaline on
An. stephensi are slightly similar to those
of DDT and dieldrin respectively.

During this study it was found that 1st
stage larvae of L. sericate were suscepti-
ble to benzene sulphonamide with LCso
and LCoo figures of .07 and 0.25% re-
spectively.  Other sulphonamides tested
did not show activity against st instar
larvae of L. sericata at the concentrations
used. ‘This is interesting in view of pre-
vious studies by Greenwood and Harrison
(1965) who showed that 4-methylben-
zene-1,3-disulphonamide is very effective
against L. sericata larvae.
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