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MOSQUITO LARVICIDE STUDIES WITH MON s58s,
A JUVENILE HORMONE MIMIC'

W. L. JAKOB anp H. F. SCHOOF

The potential of synthetic compounds
with juvenile hormone (JH)-like acrivity
as “third generation pesticides” (Williams,
1967) has been investigated in laboratory
studies with mosquito larvae (Jakob and
Schoof, 1971) in which several synthetics
were shown to be active against one or
more of four test species at 0.1 ppm or
less. The compounds were characterized
by their inhibition or prevention of emer-
gence of adults, such as occurred in ear-
lier studies with farnesol analogs and
crude insect extracts against mosquito
larvae (Lewallen, 1964; Spielman and
Williams, 1966).

Results obtained at the Technical Devel-
opment Laboratories with MON 585,%
a synthetic hormonomimetic compound
with unique activity (Sacher, 1971), for
larvae of six mosquito species are pre-
sented.

MaTrriaLs anp  Mernops.  Technical
MON 585 contains only carbon, hydrogen
and oxygen, and has the chemical struc-
ture of 2,6-di-#-butyl-4-(a,e-dimethylben-
zyl)phenol. Data from the manufacturer
show that the compound has an acute
oral LD-50 of 1,890 mg./kg. to female
rats. Technical MON 585 was dissolved
in g5 percent ethanol and serially diluted
so that the addition of 1 ml. of solution to
250 ml. HzO effected the desired test con-
centration. A 3 lb. MON 585/gal. emulsi-
fiable concentrate (e.c.), used in certain
tests, was diluted with H,O and pipetted
into the medium.

1 From the Biology Section, Technical Develop-
ment Laboratories, lLaboratory Division, Center
for Disease Control, Health Services and Mental
Health Administration, Public Health Service,
U.S. Department of Health, Education, and Wel-
fare, Savannah, Georgia 31402.

2 Furnished through the courtesy of Monsanto
Company, St. Louis, Mo.

3 Use of trade names is for identification pur-
poses only and does not constitute endorsement by
the Public Health Scrvice er the U.S. Department
of Health, Education, and Welfare.

The procedures and criteria for LC—93
determinations have been outlined (Jakob
and Schoof, 1971). All tests were begun
with third instars, and the effectiveness of
the compound was based on the emer-
gence of apparently “normal” adults in
relation to the number of larvae exposed.
In specified instances the tap (well) H,O
available at the facility was replaced as
the larval medium by 1 percent salt H:-O
or sewage treatment plant effluent. The
species tested were: Aedes acgypti (DDT
resistant), Culex pipiens quinquefasciatus
(DDT-dieldrin resistant), Culex tarsalis
(susceptible), Aedes taeniorhynchus (sus-
ceptible), Anopheles albimanus (dieldrin
resistant) and Anopheles stephensi (sus-
ceptible). All laboratory tests were con-
ducted at 76-80° F, 40—60 percent R.H.
and a r2:12-hour photoperiod.

In special tests third and fourth instars
were exposed in treated tap HxO for spe-
cific intervals, removed by straining onto
nylon tulle’ washed lightly with clean
tap H2O and placed in untreated H20
for the remainder of their development
cycle. In such tests no food was provided
specimens exposed for 12 hours or less
until the larvae had been transferred to
the untreated HzO. Activity or effective-
ness, as in LC-95 determinations, was
based on the percent emergence of “nor-
mal” adults.

A simulated field test was conducted
out-of-doors in 55-gallon drums (contain-
ing 50 gal. tap HzO). After conditioning
for 3 days the drums were treated with
MON 585 e.c., diluted so that the addi-
tion of 15 ml. of emulsion gave the de-
sired concentration. The treatment was
thoroughly distributed by stirring the
medium with a perforated paddle. Fifty
third-instar C. p. quinquefasciatus were
confined in a cage (approximately 5
inches square x 14 inches deep) formed
by stretching nylon hose over a stainless
steel framework. Daily, a small amount
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of larval food was provided, and living
pupae were removed to paper cups for
observation of subsequent emergence. Ef-
fectiveness of treatments was again based
on the number of “normal” adults
emerged in relation to the number of
larvae exposed. Water temperature dur-
ing the test period ranged from 72 to
81° F. At specified intervals thereafter
aliquots (1,000 ml. each) were removed
from the drums, pooled according to
treatment level and used as media in labo-
ratory tests with third instar C.p. quin-
quefasciatus. The larvae thus exposed
were then processed as outlined for LC—
95 determinations. Activity of the treat-
ments is expressed in terms of percent
mortality based on emergence of “normal”
adults.

In tests with Ae. taeniorhynchus, sam-
ples of Distichlis spp. sod (6 inches di-
ameter) were obtained from the field,
placed in enamel pans, and flooded with
1,500 ml. 1 percent salt HyO. MON 585
emulsion was pipetted into the medium
to give the desired concentration. Fifty
or 75 third instar Ae. taeniorhynchus
were introduced into each pan, fed daily,
and allowed to complete development to
adults. A nylon tulle covering over the
pans prevented escape of the adults. Effec-
tiveness of treatments was based on emer-
gence of “normal” adults in relation to
number of larvae exposed.

Resurts. The concentration of MON
585 required to produce at least g5 per-
cent mortality of mosquitoes exposed as
third instars was:

0.25 ppm—.de. acgypti, A. stephensi

0.1 ppm—C. p. quinquefasciatus, C. tar-
salis, A. albimanus, Ae. tae-
niorhynchus

C. p. quinquefasciatus was equally sen-
sitive whether the medium was tap HoO
or sewage effluent. Determinations with
Ae. taeniorhynchus were conducted with
1 percent salt H,O as the larval medium.

Activity of MON 585 against all species
was characterized by death of specimens
shortly after the change from larva to

pupa. The unmelanized pupa character-
istically found, and the anomalous pupa
occasionally seen, are shown in Figure 1.
Thus, MON 585 is unique among hor-
monomimetics in that development is
interrupted at the fourth instar larva-pupa
moult, whereas all other compounds
tested to date (Jakob and Schoof, 1971)
usually permitted apparently normal de-
velopment to the pupal stage but inhibited
adult emergence.

Exposure of third instar larvae for
specified intervals effected marked mor-
tality in the two species tested (Table 1).
The number of adults was reduced 100
and g9g percent with exposure of C. p.
quinquefasciatus to o.25 ppm MON 585
for 6 hours or to 0.5 ppm for 4 hours,
respectively. Exposures to 1.0 ppm for 2
hours gave comparable results whereas
exposures of only 1 hour to this con-
centration decreased the mortality to 84
percent.  Similar exposures with A. al-
bimanus also produced marked mortality.
but longer exposures and/or higher con-
centrations were required with this species
(e.g., 0.25 ppm for 24 hours or 0.5 ppm
for 6 hours to cause greater than go per-
cent mortality). Mortality from such ex-
posures also was characterized by death of
pupae shortly after casting of the last lar-
val skin. The data suggest that the treat-
ments had an irreversible, delayed lethal
effect on the development of the im-
mature.

Studies in drums seeded with third in-
star C. p. quinquefasciatus gave 100 per-
cent mortalities at concentrations ranging
from 0.25 to 2.5 ppm in turbid H:O with
rust on the sides of the drums. Mortal-
ity in untreated drums (three replicates)
averaged 11 percent. Water samples taken
from the drums 1o days after treatment
with 0.25 ppm MON 585 produced less
than %o percent mortalities of C. p.
quinquefasciatus and A. albimanus. Mor-
tality of these species in treatments (1o
days old) of 0.5 and 1.0 ppm ranged from
80-98 percent. Water samples taken 38
days after treatment with 1.0 and 2.5 ppm
produced less than 30 and 50 percent mor-
talities, respectively, of both species. How-
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FrG. 1.—Anomalous pupa (above) and typical unmelanized newly formed pupa (lower) of

A. albimanus obtained from exposure of third instars to 0.5 ppm MON 58s.

ever, these tests were conducted in the
fall of the year; more rapid breakdown
of MON 585 treatments may occur with
higher temperatures and longer periods
of daylight.

Effectiveness of MON 585 against Ae.
taeniorhynchus in saline water over sod
samples was obtained with concentrations
of 0.25 ppm. In two tests this dosage,
from an e.c. formulation or as technical
grade in ETOH solution, produced 99
percent mortality. A dosage of 0.1 ppm
effected a mean of 64 percent mor-
tality. Control mortality averaged <5
percent. Under these test conditions re-
moval of dead and living pupae was not
feasible but the treatment was observed to
cause death of newly emerged pupal forms,
activity typically seen and recorded in LC—
95 determinations with this material.

Differences in response to MON 585
between instars of C. p. quinguefasciazus,
Ae. aegypti and Ae. tacniorhynchus were
shown (Table 2) in studies with exposures
of specified intervals. The data indicate

that fourth instars were generally more
readily affected than were younger lar-
vae. The specific reason for these dif-
ferences was not investigated but may
help to explain variations in results among
researchers using larvae in different stages
of development. The results from ex-
posure of C. p. quinguefasciatus to o0.25
ppm for 2, 4 and 6 hours in this study
were lower than the mean values obtained
(Table 1) in other tests involving simi-
lar exposures. Such data reflect the nor-
mal range of sensitivity of larvicide tests,
particularly those which, of necessity, are
of prolonged duration.

Discussion.  The data reported indi-
cate that MON 585, a synthetic hormon-
omimetic compound, is highly effective
against larvae of a number of mosquito
species. The expression of its effect—in-
terruption of metamorphosis at the larva-
pupa moult—is unique among compounds
tested to date. This type of activity was
obtained in laboratory tests with sewage
treatment effluent, with 1 percent salt
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TaBLE 1.—Mean percent mortality of mosquitoes from cxposure of third instars to MON 585-treated
water for specified periods of time.!

MarcH, 1972

Hours Exposed

Concentration
(ppm) I 2 4 6 12 24
C. p. quinguefasciatne
0.1 .- - .. 73 92(2) 95(2)
0.25 . . 60(2) 87(3) 100(3) 99(3) 99(3)
0.5 44(3) 81(3) 99(3) 100(2) .- 100
1.0 84(3) 96(3) 100(2) 100 .. 100
ETOH control .. 9 5(s5)
A. albimanus
o.1 . .. 43 67 64
0.25 .. 40 37 77 50 100(2)
.5 17 58(2) 87(2) 92(2) .. ..
1.0 78(2) 85(2) 88(2) 100
ETOH control . 12 .. 11(3)

! Mortality based on number of “normal” adults in relation to the number of larvae exposed.

Where more than one test, the number is indicated in parentheses.

H-0, and with turbid H,O in rusty
55-gallon  drums. The compound, at
LC-95 concentration, was nontoxic to
the larval stages tested, but studies to
define such limits were not conducted.

Although meost studies involved con-
tinuous exposure of larvae in treated
water, MON 585 was also effective when
larvae were exposed to relatively high
concentrations for limited periods. For
example, exposure for 2 hours to 1 ppm
resulted in 96 percent and 85 percent mor-

tality of C. p. guinguefasciatus and A.
albimanus, respectively. Similarly, ex-
posure of third instars of these species
for 4 or 6 hours to o5 ppm resulted in
more than go percent mortality. Although
the LC-95 of MON 585 against both
species was o.1 ppm, C. p. guinguefascia-
tus was slightly more responsive to such
exposures than was A. albimanus. Studies
comparing exposure of third and fourth in-
stars of two species for varying intervals
showed that mortality was consistently

‘TaBL¥ 2.—DPercent mortality 1 of C. p. quinguefasciatus, Ade. acgypt; and Ac. taeniorhynchus following
xposure of indicated instars to MON 585 treatments for specified periods of time.

C.p. quing. Ae. acgypti
Conc.—Exposure Third Fourth Third Fourth
. _
0.25 ppm — 2 hr., 27 48 4 3
4 hr. 58 78 1 11
— 6 hr. Ro [e1s 3 26
-— 12 hr. 97 100 1 65
— continuous 100 100 Q0 100
FTOH control — 6 hr. El Ir 9 3
Ac. tacniorhynchus
Secon:l Fourth
0.5 ppim — 2 hr, 71 83
4 hr. 8~ 9z
— 6 hr. 99 97
1.0 ppin — 2 hr. 64 87
— 4 hr. 48 100
— 6 hr. 100 100
ETOH control — 6 hr, 23 13

* Mortality based on number of “normal” adults in relation to the number of larvac exposed.
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higher with the more mature larvae.
Differences in mortality between instars
were less marked with C. p. quinquefasci-
arues than with Ae. aegypti. Mortality of
fourth instar Ae. faeniorhynchus was nei-
ther consistently nor markedly higher than
that of second instars. The effect of such
limited exposures was expressed by the
death of newly emerged pupae, the re-
sponse also typically obtained in contin-
uous exposure tests. Thus, MON 585
appears to effect an irreversible, lethal
interference or disruption of a process
(or processes) controlling development of
larvae to pupae.

Sumnary. Laboratory and simulated
field studies show that MON 585, a syn-
thetic juvenile hormone mimic, was ef-
fective against larvae of de. aegypt, C.
p. quinguefasciaius, C. tarsalis, Ae. taen-
jorhynchus, A. albimanus and 4. stephensi.
Activity of the compound is expressed in
death of newly formed pupae. Exposure
of third instars to relatively high concen-
trations for intervals of 6 hours or less

Vor. 32, No. 1

similarly resulted in mortality at the lar-
val-pupal moult. The compound did not
cause any larval mortality.
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