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Distribution and Elimination of [!*C]Malathion in the Rat

Berit Muan* and Inger Nafstad

The distribution pattern of malathion after intravenous administration of [**C]malathion to rats was
studied by whole-body autoradiography. Highest levels of radioactivity were detected in the liver and
the kidney, which reached peak values 1-3 min following administration. The amount of radioactivity
decreased rapidly, and after 24 h, only low levels in the liver, the kidney, the intestines, and the Harderian

gland were detected.

The organophosphorus compound malathion, 0,0-di-
methyl S-(1,2-dicarbethoxyethyl) phosphorodithioate, has,
compared to other organophosphates, a low mammalian
toxicity and is widely used as a broad-spectrum contact
insecticide and acaricide, as well as an ectoparasitic agent
on both animals and human beings. Some investigations
on the pharmacokinetic properties of malathion are pub-
lished (Bourke et al., 1968; Gupta and Paul, 1976; Muan
et al., 1985), but little has been done to clarify the dis-
tribution pattern of the compound. In the present work,
the distribution in rats after intravenous administration
of malathion has been studied by whole-body autoradi-
ography and liquid scintillation counting.

MATERIALS AND METHODS

Test Materials. [1“C]Malathion, with specific activity
112 uCi/mg, was obtained from Amersham International
plc (Buckinghamshire, England). It was prepared by the
condensation of diethyl [2,3-14C,Jmaleate with 0,0-di-
methyl dithiophosphoric acid, and the radiochemical purity
was 98%, as determined by thin-layer chromatography on
silica gel in the manufacturer’s laboratory. A 250-uCi
portion of [*“C]malathion was dissolved in 1 mL of 96%

Department of Pharmacology and Toxicology, The
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Dep., 0033 Oslo 1, Norway.

ethanol and a salt buffer to 5 mL, to a final concentration
of 50 uCi/mL.

Test Animals and Administration. Eight male
Wistar rats (Mellegaard, Denmark) weighing 170-220 g
were used. The animals were kept in cages, three in each,
and maintained in 12 h light and 12 h darkness at 20 °C
and 55% relative humidity. They were fed ad libitum with
a commercial pelleted diet containing 24% proteins, 2%
fat, and minerals and vitamins in adequate amounts
(Mollesentralen 1/S, P. Larsen & Co., Oslo, Norway) and
had free access to water during the experiment.

The rats were given 200 pL /100 g of body weight (bw)
of the solution of [1¥C]malathion in the tail vein, corre-
sponding to 10 uCi/100 g bw or 0.09 mg of malathion/100
g bw.

Whole-Body Autoradiography. One rat was sacrificed
with diethyl ether euthanasia at 1, 3, and 10 min and 1,
2, 6,12, and 24 h after administration. The animals were
mounted in a 1% (w/v) aqueous gel of carboxymethyl-
cellulose and frozen in a bath of n-hexane cooled with solid
carbon dioxide to about -75 °C.

Sagittal sections (30 um) through the whole frozen an-
imal containing representative samples of all tissues were
taken at different levels of the body. Three successive
sections at each level were collected on tape (No. 821, 3
M Co., St. Paul, MN) at -20 °C in a PMV cryomicrotome
(PMV 450 MP, Stockholm, Sweden). The sections were
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Table II. Radioactivity in Rat Tissues at Different
Survival Times following Intravenous Administration of 10
uCi/100 g bw of [!{C]Malathion Assayed by Liquid
Scintillation Counting (Results Expressed as Micrograms
of Malathion Equivalents/Gram of Tissue and Represent
Values Obtained from Two Parallel Samples of 10 mg of
the Tissues)

time after small large
admin liver kidney brain intestine intestine
1 min 3.38 1235 0.05 0.00 0.11
3 min 4.05 2,51 0.25 0.73 0.01
10 min 1.21 8.98 0.11 1.31 0.01
1h 1.19 0.98 0.13 4.19 0.07
2h 0.30 0.73 0.00 0.12 0.29
6h 0.00 0.34 0.00 0.00 0.38
12h 0.00 0.00 0.00 0.00 0.29
24 h 0.00 0.07 0.00 0.00 0.02

DISCUSSION

Whole-body autoradiography gives a picture of the
distribution of the total radioactivity administered and
does not differentiate between the labeled compound and
its metabolites. The results of the present study show that
malathion is rapidly distributed to different organs in the
rat, with the highest concentration found in the kidney.
Peak levels of radioactivity in the liver and the kidney are
reached within a few minutes following administration.
After 1 h, the level in the kidney is reduced to about 5%
of the maximum amount in that organ. After 24 h, the
values of radioactivity are low in all organs. This indicates
that the excretion of malathion is rapid. This is in
agreement with the results published by Bourke et al.
(1968). He found that after administration of 25 mg of
[*4C)malathion to rats, activity appeared in the urine
within 2 h and 91.7% was eliminated within 24 h, while
an additional 7.75% remained in the gastrointestinal

contents. Gupta and Paul (1976) have shown that over
90% of a single oral dose of malathion was excreted within
24 hin the hen. They found the highest concentration of
malathion in the liver followed by the kidney and other
organs. In a study on malathion used as an ectoparasitic
agent on cattle, a rapid decline was demonstrated in the
levels of malathion in blood and milk following an in-
travenous injection of the compound to lactating cows
(Muan et al., 1985).

The presence of relatively high levels of radioactivity in
the intestinal content may be due to bile excretion, mucosal
secretion, or both. Eating of evacuation may be the ex-
planation for the radioactivity detected in the esophagus
and stomach. With the exception of the liver, the kidney,
and the intestines, whole-body autoradiography revealed
no particular accumulation organ for malathion.

Registry No. Malathion, 121-75-5.
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1-(4-Ethynylphenyl)-2,6,7-trioxabicyclo[2.2.2]octanes: A New Order of
Potency for Insecticides Acting at the GABA-Gated Chloride Channel

Christopher J. Palmer* and John E. Casida

1-(4-Ethynylphenyl)-2,6,7-trioxabicyclo[2.2.2] octanes were prepared as candidate insecticides via pal-
ladium-catalyzed coupling of (trimethylsilyl)acetylene with the corresponding 1-(4-iodophenyl) compound
or by dehydrobromination of the 1-[4-(1,2-dibromoethyl)phenyl] derivative. The 4-tert-butyl-1-(4-
ethynylphenyl)trioxabicyclooctane has a topical LDs, for adult female houseflies (Musca domestica L.)
of 0.06-0.09 ug/g alone or 0.01 ug/g on synergism with piperonyl butoxide at 25 or 35 °C. It is 20- to
40-fold more potent than previously reported 1,4-disubstituted trioxabicyclooctanes and is equal in potency
to (1R,cis)-permethrin at 25 °C and (1R, cis,aS)-cypermethrin at 35 °C. This tert-butyl compound and
its n-propyl and cyclohexyl analogues alone or with synergist are also much more potent than dieldrin,
DDT, (1R,trans,aS)-allethrin, parathion, and propoxur. It therefore appears that suitable trioxabi-
cyclooctanes acting at the GABA-gated chloride channel approach or reach the potency of the most
effective established insecticides acting on sodium channels and the cholinergic system.

The 1,4-disubstituted 2,6,7-trioxabicyclo[2.2.2]octanes
are a new class of insecticides that probably act as GABA,
receptor antagonists and thereby inhibit GABAergic sy-
naptic transmission (Palmer and Casida, 1985, 1987; Casida
and Palmer, 1988). The compounds reported to date are
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very effective against houseflies and American cockroaches
but only in the presence of piperonyl butoxide (PB), in-
dicating that their toxicity is limited by oxidative detox-
ification.

The present study attempts to improve the insecticidal
activity of trioxabicyclooctanes and minimize the need for
a synergist by appropriate modifications of substituents
in the 1- and 4-positions. Houseflies are used for the
primary bioassays because of the available structure-ac-
tivity data with this species. A more general goal is to
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