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NEW SYNTHETIC UREIDES: EFFECTIVE MOSQUITO LARVICIDES”
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The ovicidal effect of six ureides (A13-29054 (dimilin), A13-63223 (penfluron). A13-63218, Al3-
63220, A13-63308, and A13-63756 against 6.24 hrs. old eggs of yellow-fever mosquito, Aedes aegypti
L. was very mild after exposure of 24 hr. These compounds are difluorobenzoyl analogues of dimilin.
The hatchability of treated eggs ranged from 65-100% at 0.5-10 ppm doses. The susceptibility of various
developmental stages of the test insect varied with test compounds. Pupae were less suceptible as com-

pared to fourth instar larvae. Compound A13-63218 (3 ,4-diéhlorphenyl analogue) proved least effective

against pupae.

The substitution of halogen radicals, especially at the para-position of the phenyl ring or at its para
and meta positions, increased the larvicidal potential of these compounds.
The test compounds proved very effective larvicides at concentrations ranging from 0.01 to 5 ppm.
The anatomical distortions and the patterns of mortality observed indicate that these compounds mimic
~ the action of various other compounds variably known as juvenoids, insect growth regulators (IGR’s)
insect growth inhibitors, juvenile hormone analogues JHa and morphogenetic agents.

INTRODUCTION

In recent years the availability of compounds inhibit-
ing chitin synthesis has led to extensive efforts to evaluate
their potential as insect control agents. Dimilin, 1-(4-chlo-
rophenyl)-3<(2,6-difluorobenzoyl) urea, is one of the most
promising ureide now commercially available for mosquito
control [1-5]. Besides mosquitoes, it has been tested
against many other species of insects and has produced
varying degrees of population control by disrupting the
development of their immature stages. This compound
is known to keep the larvae of insects literally prisoners in
their own outer ‘skin’ preventing them from molting into
next larval stage. Dimilin is also reported to cause inhibition
of reproduction and egg hatch in the stable fly Sromoxys
Calcitrans (L.) and house fly, Musca domestica (L.) [6].

Penfluron, a close analogue of dimilin, has also been
thoroughly studied by various authors [7-17]. It is claimed
to be superior to dimilin against certain insects. Mulla and
Darwazeh [18] and Lacey and Mulla [19] tested various
urea-type insect growth regulators against the larvae of
Culex quinquefasciatus, Culiseta incidens and Simulium
vittatum in field conditions.
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The activity of ureides is known to vary under differ-
ent experimental conditions, methods of application,
stages of development of insect, sex, concentrations, and
treatment time, besides the strain specificity.

Keeping these parameters in view, an attempt has
been made to evaluate a series of close analogues of dimilin
in aqueous suspensions against the various life stages of
Laboratory-reared strain of Aedes aegypti L.

MATERIALS AND METHODS

The test compounds are difluorobenzoyl analogues of

dimilin with the following general structure:

F
0 0
" 1
C-NH-C-NH-R
F

where R represents various substituents. The ARS number
of test compounds with substitution at the R position are
given below:-

ARS number R Common
name
A13-29054 (4-Chlorophenyl) Dimilin
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Al13-63223 (4-Trifluoromethy- Penfluron pupae of Aedes aegypti L. reared in the laboratory. The

Iphenyl) chemicals were dissolved in acetone with traces of triton
A13-63218 (3 ,4-Dichlorophenyl) - X-180 (0.02%) and diluted to appropriate concentrations,
A13-63220 (4-Bromophenyl) - from which 1 ml wasadded to 249 ml water, as per standard

WHO test for the detection of resistance in mosquito larvae.

A13-63308 5-Chloro-2- — y y
( K Twenty eggs, larvae of various instars and early pupae (0-4
pyridinylphenyl) ) _
o] hr old) per replicate were exposed to different concentra-
A13-63756 {4-Ethylpheyl) = tions of the test compounds for 24 hr. Experiments were
The evaluation work was conducted on eggs, larvae and replicated thrice. :
Dimilin
Al3-29054 100
© 100 1 ‘(4 —Chlorophenyl ) . }
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Fig. 1. Pattern of mortality of ureides following egg treatment.
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After the exposure period they were transferred to.

clean water to observe the mortality and morphogenetic
effects in larvae and pupae beyond the treated stages at
28 +4° and 75 + 5% R.H. Percent mortalities were correc-
ted by applying Abbott’s formula. The ovicidal and larvici-
dal activities of the compounds were based on LCs, and
LCy, values obtained from the statistical analysis of
the data computed from log dose probit regression analy-
sis [20].

RESULTS

Ovicidal Activity. The treated eggs showed low ovicidal
action of the test compounds which was based on the
hatching and subsequent mortality of the hatched larvae.
Percent hatch of eggs ranged from 65-100% at 0.5 to
10 ppm doses (Fig. 1) Maximum mortality of larvae occur-
red during the first molt and those that survived died at
subsequent ecdyses. However, once they reached the pupal
stage, their mortality rate decreased drastically (1-13%).
The order of ovicidal activity of the compounds at LCy,
level was as follows:

A13-63218 = A13-63220> Penfluron > A13-63756 =

A13.63308 > Dimilin

Toxicological Effects on Larvae and Pupae. Experi-
ments against the first and second instar larvae showed that
4-trifluoromethylphenyl,3 4 -dichlorophenyl,4-bromophey!l
and 4-chlorophenyl analogues were more toxic than the
other two analogues (Table 1, Fig. 2).

The fourth instar larvae required comparatively higher
doses for complete inhibition of emergence. The treated

larvae and pupae showed various morphological changes
before death (Fig. 3). The number of adults that emerged
incompletely from the pupal skin increased with increasing
doses. Penfluron, 3,4-dichlorophenyl, 4-bromophenyl and
4-chlorophenyl analogues proved to be very effective
larvicides at comparable doses. The parent compound
dimilin showed high activity against the fourth instar
larvae as compared to younger once at comparable doses.
However, the maximum mortality occurred during the,
larval stages of the mosquito showing that these com-

Penfluron (4 -trifluoromethylphenyl )
e e — == AI3-63218 (3,4-dichlor ophenyl )
—a—a—a_-a AI3-63220 (4-bromopheny| )
—oerer e~ Dimnilin (4-chorophenyl )
vt—a—s o~ Al3-63756 (4 ~ethylpheny| )
. AI3-6330% (5-chloro-2-pyridinylphenyl )

0-00014
0-00051

9 000!
0-0014
0-005+

Susceptibility Based On Order Of
Toxicity At LCSORnng
328 ¢

LY T
i 2

o

Eggs Ist 2nd  4th  Pupe
Stage Treated

Fig. 2. Susceptibility of various stages of Aedes aegypti L. to
ditferent concentrations of the test compounds.

Table 1. Susceptibility of eggs, larvae and pupae of Aedes aegypti L. to the ureides tried

Dimilin Penfluron

A13-63220

A13-63218 A13-63308 Al1363756

Stage treated ‘
ICsp LGy LG5 LGy LG

LCyg LG5y LGy LCsn LG LG5y LGy,

evgs 1.4 6.5 0.126 0.72 0.076
P >0.01) (P >0.10)

Ist instar 0.069 0.83 0.004 0.017 0.035

larvae P> 0.30) (P> 0.05)

2nd instar 0.0113 0.035 0.004 0.0019 0.0011

larvae P >0.20) (P>0.05

4th instar 0.006 04 0.0005 0.02 ~0.0075

larvae P > 0.20) (P>0.10)

Early 0.052 0.25 0.025 0.05 0.0275

pupae P > 0.02) (P> 0.30)

(P>0.01)

(P >0.50)

(P >0.03)

(P >0.10)

(P >0.20)

0.45 0.07 0.56  0.72 43 0.71 2.3
P >0.20) (P>0.01) (P > 0.002)

0.078 0.0004 0.0047 0.12 14 0.13 0.3
(P > 0.50) ® > 0.08) (P > 0.030)
0.0045  0.0008 0.0027 0.057 0.77 0016  0.25
(P > 0.30) ® > 0.20) (P > 0.200)

0.072 0.0031 0034 .0.047 1.6 0.175 =
(P > 0.05) (P> 0.20) (P >0.050)

0.77 = = 0.21 320 053 3.8
Pupae resisted (P >0.20) ® > 0.500)

doses as 40 ppm.

P, represents level of significance calculated by probit analysis,
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G

CATEGORIES OF LETHAL ACTION ON MOSQUITO LARVAE TREATED AT VARIOUS STAGES ('EGCS, LARVAE, PUPAE)

Fig. 3. A. Death as larva, B. Larval cuticle with pupa inside. C. Partially emerged pupa. D. White pupa. E. Brown pupa. F. Adult
visible inside pupal cuticle. G. Death as pupa. H. Partial emergence. I. Feeble adult.
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pounds were stomach poisons. The toxicological response
of the compounds varied according to the stage exposed
(Table 1).

Pupae proved less susceptible as compared to the
fourth instar| larvae and required much higher doses
(> 20 ppm) for complete inhibition of emergence
(Table 2). An unexpected result was obtained when pupae
were found to resist the effects of 3.4-dichlorophenyl
analogue at a dose as high as 40 ppm. The order of toxici-

ty of the test compounds against various stages of deve-

lopment is as follows:-

Dimilin (4-chlorophenyl)
> pupae> lst instar.

Penfluron (4-trifluoromethylphenyl) 2nd instar >
4th instar > 1st instar > pupae.

Al3-63128 (3,4-dichlorophenyl) Ist instar > 2nd
instar > 4th instar > pupae. (pupae not susceptible up
to 40 ppm).

A13-63220 (4-bromophenyl) 2nd instar > 4th instar
° > pupae > lstinstar

Al13-63308 (5-chloro-2-pyridinylphenyl) 4th instar
> 2nd instar > lst instar > pupae

Al3-63756 (4-ethylphenyl) 2nd instar > 1st instar
> 4th instar > pupae. | ,

Table 2 summarises the minimum toxic doses causing
100% mortality of the treated stages at the time of molt.
The overall toxicological studies showed that the test com-
pounds can prove effective larvicides for the control of yel-
low fever mosquito at concentrations ranging from 0.01 to
5.0 ppm. Penfluron (4-trifluoromethylphenyl) and 34-
dichlorophenyl analogues proved to be the best larvicides.
The structure-activity relationship of these compounds
indicates that the substitution of the halogen radical especi-
ally at para position of the phenyl ring or at para and meta
positions increases the larvicidal activity of these com-
pounds.

The anatomical abnormalities and the pattern of
mortality induced by these compounds indicate that they
mimic the action of juvenile hormone analogues.

4th instar > 2nd instar

DISCUSSION

Various concentrations of ureides resulted in the nor-
mal hatching of eggs even at higher doses (5-10 ppm). Ovici-
dal action seemed to be poor as the older e_mbryo\s proved
to be tolerant to the formulations tried. Our results con-
firm the observations of Miura and Takahashi [21] Busvine
et al [5]. who exposed eggs of various species of
mosquitoes to SIR-8514, dimilin and pH 60-38. According
to them the eggs with older embryos showed low sensitivity

to ureides. The larvae obtained from treated eggs were,
however, reported to die during development periods with-
out reaching the adult stages.

Pickens and DeMilo [9] noticed that dimilin and three
of its analogues inhibited the egg hatch of adult Musca do-
mestica after feeding the compounds before oviposition.
Recent reports from USA and Europe suggest that in res-
pect of Musca domestica dimilin is capable of exerting an
ovicidal effect when female flies are allowed to ingest
the compound before oviposition [22] .

From these comparative studies it can be concluded
that for exerting ovicidal effects, ureides should be
ingested by the females before oviposition or the eggs
should be treated at an early stage of their development
or should be kept in touch with the formulations for
longer periods. Elliott and Anderson [23] described a
linear relationship between percent hatch and the age at
which the eggs of codling moth were tested- with dimilin.
They noticed that the egg hatch was inversely propor-
tional to the length of time the chorion was in contact
with the formulations tried.

Dimilin and penfluron, the most potent ureides,
proved less effective’ as ovicides. In our experiments, 3,
4-dichlorophenyl and 4-bromophenyl analogues gave
better results (Fig. 1). This confirms the findings of
other authors [5, 24-26] who claim that the suscepti-
bility of various stages of insects to urea derivatives
varies due to different formulations in the treatments.

Experiments with larvae showed that 4-trifluorome-
thylphenyl and 3,4-dichlorophenyl analogues ~were
better larvicides. Dimilin and its 4-bromophenyl
analogues were next in order of toxicity, while the other
two analogues (S-chloro-2-pyridinylphenyl and 4-eihy-
lephenyl) were comparatively less effective (Table 1,
Fig. 2). :

From these results, it can be concluded that the
substitution of halogen radicals at para or para and meta
positions of the phenyl ring increased the larvicidal
potential of the compounds. These findings are in
accordance with the observations of Wellinga et al. (7,
27] who reported the toxicological studies of closely rela-
ted compounds (2,6-disubstituted benzoyl ureas) having
two chlorine atoms at 2,6-positions of the benzoy! ring.

Electronegative trifluoromethyl radical at para
position showed the highest larvicidal activity amongst
the ureides tested while the compounds with low electro-
negative radical (ethyl radical) at this position was last in
the order of effectiveness. From these observations it
can be concluded that the effectiveness of the compounds
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increased with high electronegative radical at para position.
These findings are close to the observations of Hajjar and
Casida [11] who described the structure-activity relation-
ship of 24 benzoylphenyl ureas against milkweed bugs by
treating the abdominal cuticle in vitro. According to them
the activity of the compounds increased with the increa-
sing electronegativity of the substituents at para position.
The maximum mortality of larvae occurred during
their developmental periods when the ingestion of food is

known to be maximum. Busvine ez al. [S] reported similar
results in other mosquitoes. Many other authors [28-34]
have noticed this type of action of ureides in larval stages of
various insects. They have also designated these compounds
as stomach poisons.

The toxicological pattern and the morphogenetic
effects observed are very much similar to other compounds
variably known as insect growth regulators, [29], insect
development inhibitors [2], morphogenetic agents [31]

Table 2. Minimum toxic doses (ppm) causing 100 % mortality of the treated stages at the time of molt

“STAGES TREATED”

Total % inhibition of

Compounds
Eggs (cumulative 1st 2nd
mortality up to instar larvae

1st instar larvae

emergence of adults
4th Early pupae

instar larvae instar larvae

Dimilin 10 - -
Dimilin 10 - -

- 2.5 -

- - 0.06

Penfluron 1 - L=

Al1363218 1 - -

A13-63220 1 = =

A1363308 5 - -

A1363756 5 = r

= - 100
= — 100
- - 100
1.0 - 100
- > 10.00 100

= = 100
= = 100
= = 100
0.1 i 100
- 0.1 100

_ ‘_' 100
- - 100

K 0.125 - 100
- Pupae resisted a dose as
high as 40 ppm.

= - 100
— - 100
& = 100
- 100
- > 20.00 100

- - 100
= - 100
- - 100
> 2.5 - 100
- > 20.00 100

- - 100
= - 100
- = 100
= = ' 100
>50 - 100
= > 20.00 100
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juvenoides [5] and juveile hormone mimics [24].
The activity of ureides is known to vary from species
to species and from stage to stage of the insect treated [2,
10, 29]. These observations so often encountered in our
experiments are well documented in literature [24, 25, 35].
It can be concluded that insect control prospects by

ureides appear to be more promising in such areas as animal -

health, public health and stored products. However, only a
few areas in plant protection appeared to be suited for the
use of these agents because of their delayed effects, pro-
blems of critical timing of application, their short persist-
ence in the environment and sure chances of reinfestation
of crop again. The limiting factor for their use, as with the
JHa, is the time of their application.
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