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SUSCEPTIBLE STRAINS OF
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The mechanism of dieldrin action and
dieldrin-resistance in insects is unknown.
Dieldrin is a very stable and unreactive
compound with lasting residual effects.
This persistence has caused recent public
controversy. Accordingly, the metabolic
differences among strains as the cause of
dieldrin-resistance have never become an
important question: ie., both resistant and
susceptible individuals have been found
to produce only negligible amounts of
metabolites from dieldrin (Winteringham
and Harrison, 1959). Nor did studies on
the fate of dieldrin in the body with respect
to its distribution, excretion, storage, pene-
tration through the cuticle and the nerve
sheath, etc, uncover any significant in-
trinsic strain differences that might have
accounted for dieldrin resistance (Winter-
ingham and Harrison, 1959; Ray, 1963;
Perry et al., 1964).

In contrast, the genetic aspects of diel-
drin-resistance are relatively well known.
Busvine (1954) was the first to notice that
dieldrin-resistance constituted an entirely
different resistance group from that of
DDT-resistance. Davidson (1956) found
that the dieldrin resistance of Anopheles
gambiae Giles was caused by a single gene
allele and extends to other cyclodiene com-
pounds and y-BHC. This and other
evidence (Brown, 1960; Davidson and
Mason, 1963) clearly support the view
that dieldrin resistance arises as a result
of Darwinian selection for preadaptations,
and that it segregates as a partially domi-
nant allele in mosquitoes. Klassen and
Erown (1964) were successful in differen-
tiating two closely linked resistance factors,
namely DDT- and dieldrin-resistance, in
the Tsla Verde strain, which also showed
a simple genetical pattern for both dieldrin
and DDT.

The purpose of this paper is to report
on aspects of physico-chemical studies con-
cerning the behavior of dieldrin in the
nervous system of resistant and susceptible
mosquito larvae. The above mentioned
Isla Verde strain was chosen for this pur-
pose since its genctic identity has been
carefully studied. Particular attention was
paid to studying the process of dieldrin-
nerve component interactions in resistant
and susceptible strains.

MarteRIAL AND METHODS. A CSMA sus-
ceptible strain was obtained from the Wis-
consin Alumni Research Foundation. The
resistant Isla Verde strain was kindly sup-
plied by Dr. A. W. A. Brown, University
of Western Ontario, Canada, and was the
original parental stock of which the LCy,
was 1 p.pm. (see Klassen and Brown,
1964). Dieldrin C', labeled at the ring
carbons, was kindly supplied by the World
Health Organization of the United
Nations, and the radio-activity of each
sample in 0.5 ml. of water was measured
by a Tricarb liquid scintillation spectro-
photometer (Packard Instrument Co.)
with a 1o ml. aliquot of counting solution:
a mixture of toluene (0.5 liter}, ethylene-
glycol monomethyl ester (0.5 liter), PPO
(55 g.) and dimethyl POPOP (300 mg.).

To study the subceltular distribution of
dieldrin #n vitro, the heads (or the whole
bodies in some experiments) of the fourth
instar larvae were collected and homogen-
ized in 0.25 M sucrose at 0° C. using
small Teflon Potter-Elvehjem homogen-
izers. The homogenate concentrations will
be specified later. C'* dieldrin in acetone
was added to the 4 ml. aliquot of homo-
genate to make the final concentration of
1x1075M (final acetone concentration
1 percent) in a 1o ml. glass centrifuge tube,
and the system was maintained at 24° C.
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for 1 hour. The reaction was stopped
by transferring the vial into an ice-bath.
Four subcellular fractions were obtained
therefrom by centrifuging the system at
600 g. for 10 min. (crude nucleus fraction ),
at 800 g. for 10 min. (mitochondrial
fraction) and at 20,000 g. for 2 hrs. to
yield the final sediment (microsomal frac-
tion) and the supernatant (supernatant
fraction). The supernatant fraction from
each strain was first poured into a Seph-
adex G-50 (fine) column of 1x30 cm.
(O’Brien and Matsumura, 1964) and each
component was eluted carefully with dis-
tilled water. Two ml. each of eluate were
collected in a test tube at a time and o5
ml. was used for radioassay as before.
Other subcellular fractions were washed
once with 4 ml. of fresh sucrose solution
and resuspended in a 4 ml. aliquot of
fresh sucrose solution. The radioactivity
remaining in the final suspension was as-
sayed as before. Any quenching effect
caused by the presence of protein and
other organic matter was corrected with
check solutions. For in wive distribution
studies the method of Matsumura and
Brown (1961) was adopted. The internal
components were further separated into
sediment and supernatant by centrifuga-
tion at 20,000 g. for 2 hours as before.
Resuvrs. Table 1 indicates the results
of in witro experiments on dieldrin dis-
tribution among the subcellular fractions
in the larval body homogenates (10 mg.
wet weight/ml. of 025 M sucrose solu-
tion). Tt was noticed that the susceptible
“crude nucleus fraction” absorbed more
dieldrin than did the corresponding resis-
tant fraction, and that the recovery of diel-

drin in the resistant-supernatant was less
than that in the susceptible counterpart.
A similar experiment was repeated with
the heads from each strain (100 heads
homogenized in 5 ml, and using 4 ml. of
homogenate for the test).

The results of six independent tests
(Table 2) indicated that the susceptible
particle fractions, “crude nucleus fraction™
and “mitochondrial fraction” absorbed
more dieldrin than the corresponding resis-
tant fractions. The interstrain differences
between the supernatant fractions were
not as clear as with those obtained for the
whole body homogenates. On the other
hand, the supernatant fractions still con-
tained a certain amount of free dieldrin
besides bound dicldrin. The supernatant
fractions from the above experiments were
therefore treated by Sephadex columns to
obtain the bound dieldrin free from
unbound dicldrin. Figure 1 represents a
typical elution pattern of the supernatant
fraction from each strain on a Sephadex
column. The peaks 1, 2, and 3 represent:
dieldrin bound to large protein molecules,
organic matter exclusive of large proteins,
and free dieldrin respectively. Though
it was shown that dieldrin binds with
proteins and organic matter, the relative
peak heights between the two strains did
not seem to be significantly different. Re-
sults of five to seven independent column
tests for each strain indicated the relative
ratio of the column height (R/S) for the
peaks 1, 2 and 3 to be 1.05, .19 and r.11
respectively.

To study the in vivo behavior of diel-
dren, 100 larvae from each strain were kept
in 1x1075M of C' dieldrin suspension

TasLe 1.—Absorption and distribution of C* dieldrin among the subcellular
fractions from the whole larval body homogenatc.

Percent of administered dieldrin *

Crude nucleus Mitochondrial Microsomal Supernatant
Strains fraction fraction fraction fraction
Isla Verde resistant 41.4 20.2 g.2 29.3
CSMA susceptible 61.7 11.6 8.0 18.7

* Average of two independent tests. Incubated with 1x 107M of C* dieldrin at 24° C. for 1 hr.,

before the separation of each fraction.
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TasLe 2.—Absorption and distribution of C* dieldrin among the subcellular
fractions from the larval head homogenate,
Percent of administered dieldrin*

Crude nucleus Mitochondrial Microsomal Supernatant
Strains fraction fraction fraction fraction
Isda Verde resistant 18.1F1.3 10.9%£2,2 1.5%0.4 69.5%3.1
CSMA susceptible 19.6%0.8 12.47£1.9 1.9%0.7 66.2%2.1

* Average of six independent tests. Conditions as Table 1.

(0.384 ppm.) for 1 hour. At the end
of the incubation period 3 percent of the
resistant and 10 percent of the susceptible
larvae were dead. The larvae were
thoroughly washed with distilled water
and homogenized in 5 ml. of sucrose solu-
tion. Afterward, 4 ml of the resulting
homogenate was used for testing. The
result (Table 3) indicated that the resistant
individuals picked up nearly twice as
much dieldrin from the surrounding
media, but the ratio of dieldrin distribution
between the sediment and the supernatant
hardly differed from each other.
Drscussion.  That dieldrin binds with
some cellufar components and proteins has
already been demonstrated by Moss and
Hathway (1964). By means of electro-
phoretic and radioscanning techniques the
above authors showed that dieldrin could
be bound tightly with protein molecules in
various tissue components of the rat.
Binding of DDT to the nerve components
was also studied by O’Brien and Matsu-
mura (1964) who indicated that the proc-
ess might involve “charge-transfer com-
plex” formation between DDT and the
nerve components and that this process of

complex formation could account for the
main toxic action of DDT.

In this paper it is shown that (1) diel-
drin indeed bound the nerve and some
body components, that (2) the rate of
in vitro binding with the resistant par-
ticulate components of the whole bedy
as well as the nervous system was relatively
lower than that of corresponding suscep-
tible components, and that (3) the resistant
individuals picked up twice as much
dieldrin as the susceptible ones in wivo.
Dieldrin being a very poor compound
for ultraviolet assay, no attempts have been
made to show that these processes of
dieldrin binding are related to the forma-
tion of “charge-transfer complex” as in
the case of DDT. Nor is there any proof
that the modest /7 witro interstrain dif-
ferences in the rate of dieldrin absorption
by the nerve components of each strain
are causally related to the final expression
of dieldrin-resistance in the Isla Verde
strain. Obviously much more genetic and
biochemical data are needed to prove this
point. However, the important fact here
is that dieldrin is shown to strongly bind
with the nerve components; which should

TasLe 3.~Absorption and distribution of C* dicldrin by the larvae in wivo:
expressed in percent of administered dieldrin.*

Recovery from the larval body

Recovery from Particulate ** Supernatant
Strains ambient water fractions fractions
Isla Verde resistant 40,178 2.4 45.9E7.2 14.0%0.8
CSMA susceptible TR == S 8] 21.9%3.1 7.0%0.2

* Average of three independent tests. The larvac were maintained at 0.384 p.p.m. level at 24° C.

for 1 hr., and used for assay as Table 1.

*#* Centrifuged at 20,000 g, for 2 hrs. to obtain all particulate fractions.
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Fre. 1.—Separation of dieldrin complexes on Sephadex G-s50 (fine) column. Open circles (broken
line) for Isla Verde resistant and closed circles (solid line) for CSMA susceptible strain brain homo-
genates. Peak 1, 2 and 3 are: dieldrin bound to large proteins, organic matter exclusive of large

proteins, and free dieldrin respectively.

be the obvious first step for dieldrin-
poisoning in the nervous system.

As a powerful nerve poison, dieldrin
must first enter the nervous system and
attack the “target” molecule. The primary
target sites could very well be a limited
area of the whole nervous system, and,
therefore, unspecific absorption by sub-
stances other than the “target” molecules
might mask the important interstrain dif-
ferences which otherwise could be more
clearly shown. At the same time it is very
interesting to note that a distinct interstrain
difference was found between the rates of
dieldrin absorption to the crude nucleus
fraction from the whole larval body than
to the difference found in the nerve com-
ponents from heads. It is also possible that
the tissue parts which actually play an im-
portant role in the dieldrin-resistance
mechanism in the Isla Verde strain is in
the abdominal and/or the thoracic regions.

The distinct interstrain difference ob-
served in the rate of dieldrin pickup in
vivo could be attributable to the difference

in the physiological conditions between the
resistant and susceptible individuals: i.ec.,
the resistant individuals, being less af-
fected by dieldrin, can continue the process
of dieldrin absorption, translocation and
other related functions, whereas the sus-
ceptible individuals may be considerably
weakened by dieldrin poisoning and do not
carry on the above functions. Contrary to
our finding, Gerolt (1965) has recently
reported that the resistant larvae (from
Puerto Rico) picked up just as much diel-
drin as the susceptible individuals from
the ambient water at a low dieldrin con-
centration (0.008 p.p.m.) and with a long
exposure time. That is, though the mor-
tality of the susceptible individuals at the
end of the exposure period was 45 percent
(vs. o percent for the resistant strain), the
suceptible larvae picked up even slightly
more dicldrin than the resistant ones.
It is entirely possible that the Isla Verde
strain in this laboratory has somewhat
different defense mechanisms. It seems
likely, however, that the above dieldrin
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effect in vivo is not causally related to the
genuine mechanism of dieldrin resistance
as attested by the fact that the distribution
ratio of dieldrin between the supernatant
and the crude nucleus fractions remained
constant in both strains despite the dif-
ference in the amount of total dieldrin
pick-up.

ACKNOWLEDGMENTS

The authors wish to thank Dr. A. W,
A. Brown of the University of Western
Ontario for providing the resistant mos-
quito strain, and the World Health Or-
ganization for supplying CY dieldrin.
This work was supported in part by a
grant ESooof7-o1 from the Bureau of
State Services, U.S. Public Health Service,
and from the Research Committee, Uni-
versity of Wisconsin. This paper has been
approved for publication by the Director of
the Wisconsin Agricultural Experiment
Station.

References

Browwn, A. W. A, 1960.
sistance against insecticides.
5:301—326.

Busvine, J. R. 1954.

Mechanisms of re-
Ann. Rev. Ent,

House flies resistant to

a group of chlorinated hydrocarbon insecticides.
Nature 174:783-785.

Davinson, G. 1956, Insecticide resistance in
Anopheles gambige Giles: a case of simple Men-
delian inheritance. Nature 178:863-864.

, and Mason, G. F. 1963, Genetics of
mosquitoes. Ann. Rev. Ent, 8:179-196,

GeroLt, P. 1965. The fate of dieldrin in
insects, J. Econ. Ent, 58:849-857.

Krassen, W., and Brown, A. W. A, 1904
Genetics of insecticide-resistance and several visi-
ble mutants in Aedes aegypti. Canad. J. Genet.
Cytol. 6:61-43.

Marsumura, F., and Brown, A, W. A. 1961,
Biochemical study of a malathion-tolerant strain
of Aedes acgypn. Mosquito News 21:192-194.

Moss, J. A., and Hataway, D. E. 1964. Trans-
port of organic compounds in the mammal. Par-
titon of dieldrin and telodrin between the cel-
lular components and soluble proteins of blood.
Biochem. J. 91:384-393.

O'BrieN, R. D., and Marsumura, F. 1964.

DDT: a new hypothesis of its mode of action.
Science 146:657-658.
. Perry, A. S., Prarck, G, W., and BUCKNER,
A. ], 1964. The absorption, distribution, and
fate of C*-aldrin and C"-dieldrin by susceptible
and resistant house flies. J. Econ. Entomol.
57:867-842.

Ray, J. W. 1963. Insecticide absorbed by the
central nervous system of susceptible and resist-
ant cockroaches exposed to dieldrin, Nature
197:1226-122%,

WINTERINGHAM, F. P. W., and Hazrzrison, A.
1959. Mechanisms of resistance of adult house-
flies to the insecticide dieldrin. Nature 184:608-
610.

President

HARVEY J. DOMINICK
Illinois Dept. of Public Health
Div. of Sanitary Engineering
Springfield, Illinols

Vice-President

JOHN ALLEN

Macon Mosquito Control
District

Decatur, llinois

ILLINOIS MOSQUITO CONTROL ASSOCIATION

EXECUTIVE COMMITTEE

Past President
WILLIAM LASCHINSK!
North Shore Mosquito
Abatement District
Northfield, iilinois

Secretary-Treasurer

EUGENE M. BELLONT
South Cook County
Mosquito Abatement District
Harvey, lllinois

Trustee Member

WALTER WELLS

Northwest Mosquito
Abatement District

Wheeling, llinois

Employee Member
Thomas J. Evert
Lake Bluff Mosq. Abate,

ist.
Lake Bluff, lllinois




