Comparative Metabolism of Malathion-C™ in Plants and Animals
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The metabolism of malathion-C!4 was studied in
both bean seedlings and rats. The distribution of
imbibed or ingested radioactivity in expired CO,,
excrements, and certain tissues was determined.
Chromatography was used to determine the dis-
tribution of metabolites in extracts of rat urine, rat
stomach contents, and plant extracts at various in-

tervals after treatment with the pesticide. The rat
eliminated the bulk of ingested radioactivity in the
urine within 24 hours; the plant retained the activity
primarily in the form of soluble intermediates which:
were deposited in time into unextractable tissue
components.

particularly upon animals has become not only a

national concern but a concern to the scientist as
well. Recent advances in the area of pesticides have re-
sulted in the development of less persistent and more
selective pesticides. One class of chemicals which has
attracted particular attention in this vein is the phosphoro-
thioates. In this class malathion, originally announced
in 1950, has been especially attractive because of its ex-
tremely low mammalian toxicity.

The effects of malathion on both insects and animals
have been well cataloged, and a number of investigations
into its biochemical degradation have been reported—for
example, its high insect toxicity has been attributed to the
“activation’ to its oxygen analog malaoxon which is from
2 to 10 times more toxic than malathion itself (Krueger
and O’Brien, 1959). Resistance in the case of insects
has been attributed to the activity of carboxyesterase(s)
with the resulting formation of diacids (Bigley and Plapp,
1962; Dauterman and Matsumara, 1962; Matsumara and
Brown, 1961; Matsumara and Dauterman, 1964; Mat-
sumara and Voss, 1964, 1965). Although the major path-
way of degradation in the chicken (March et al., 1956),
mouse (Krueger and O’Brien, 1959), and rat (Seume and
O’Brien, 1960) is via the carboxyesterase(s), there appear to
be some limitations, since only the formation of the mono-
acids has been reported. Soil microorganisms have also
been shown to possess carboxyesterase activity (Matsumara
and Boush, 1966).

An additional mechanism for malathion degradation,
phosphatase(s), has been investigated extensively utilizing
P32.]abeled substrate (Krueger and O’Brien, 1959; March
er al., 1956; Matsumara and Brown, 1961; Matsumara
and Voss, 1964). Carboxyesterase action appears to
predominate in the mouse, while phosphatase predominates
in the housefly. In the cockroach and mosquito the two
are about equal (Darrow and Plapp, 1960; Krueger and
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O’Brien, 1959; O’Brien, 1957). Several excellent reviews
have described current knowledge on the mode of action
and metabolism of insecticides in insects and animals
(O’Brien, 1961, 1966).

The present paper compares the metabolism of malathion
(C-1*labeled in the 1,2-succinyl carbon moiety) in plants
and rats.

METHODS

Plant Metabolism. Seven-day-old greenhouse-grown
red kidney bean seedlings were excised at ground level and
placed in small test tubes containing 1 uc. (150 ug.) of
0,0-dimethyl-5[1,2-di(ethoxycarbonyl)ethyl-1,2-C'4] phos-
phorodithioate (malathion-C!%) in 0.2 ml. (pH 6.0) of
phosphate buffer. The labeled pesticide was obtained
from the Nuclear Chicago Corp. and was demonstrated
to be chromatographically pure by both paper and thin-
layer chromatography. The plants were forced to im-
bibe the solution by rapidly passing air over the foliage by
means of an electric fan. Usually 20 to 30 minutes were
required to complete this process. After imbibition, the
test tubes were rinsed three times with 0.2 ml. of buffer, then
half-filled with nutrient solution. The plants were main-
tained under lights (14-hour day) and harvested after 1, 2,
3,4,7,and 10 days.

Translocation of the carbon-14 label was determined by
radioautography in the following manner. The harvested
plants were pressed between sheets of filter paper, frozen,
and dried in a vacuum desiccator over Dry-rite. Radio-
autographs of the dried plants were prepared using No-
screen medical x-ray film. After exposure, the film was
developed in the conventional manner.

Additional plants were subjected to chemical extraction
as follows. After removal from the nutrient solution, the
stems were thoroughly rinsed with water and blotted dry,
and the entire seedling was ground in hexane. The resi-
due was washed twice with hexane and the tissue brought
to near dryness under a gentle stream of N, at room tem-
perature. The semidry residue was exhaustively extracted
with 809 ethanol, filtered on a 1-inch glass fiber filter
paper, and dried. The radioactivity in the dried tissue was
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Figure 3. Accumulation of radioactivity in rats fed mala-
thion-C14

A. In respiratory COs B. In urine

eliminated within 8 hours; however, 5.519 had been
eliminated within 24 hours.

Of the ingested activity, 53.35 97 had been absorbed from
the stomach contents within 8 hours, and only 7.75% re-
mained at the end of 24 hours.

The distribution of carbon-14 in the various tissues ex-
amined is also given in Table III. The lung, heart, and
spleen all contained less than 0.01 % of the ingested ac-
tivity. The kidney, liver, and blood each contained less
than 197 at 8 hours; however, this value had been con-
siderably reduced by 24 hours.

Extraction of the urine with hexane resulted in the re-
moval of only insignificant quantities of radioactivity.
Subsequent chromatography of the urine in ethanol-am-
monia-water (80:4:16) resolved four radioactive metab-
olites. The distribution of the four major metabolites
with time is shown in Figure 4. Metabolite N represents
the largest proportion of total activity in the urine, fol-
lowed in order by metabolites P, M, and O. The per-
centage of N and P diminished with time, M remained
constant, and O increased.

Paper chromatography of the activity recovered in the
stomach contents in butanol-butyric acid-water (2:2:1)
resulted in the separation of five metabolites (Table IV).
Four had R, values similar to those found in the urine,
while the fifth appeared to be absent from the urine. Of
the total activity in the stomach contents the per cent of
metabolite V decreased with time, while the per cent of the
others increased. The over-all activity in the stomach
contents, however, decreased with time,
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Table III. Distribution of Radioactivity in Rats Fed
Malathion-C!4

Average 7, Distribution

8-Hour 24-Hour
Sample exposure exposure
CO, 1.66 &= 0.342 2.77 = 0.33
Urine 44,12 = 5.17 83.44 + 2.21
Feces 0.78 = 0.22 5.51+1.93
Lung <0.01 <0.01
Heart <0.01 <0.01
Liver 0.28 = 0.07 0.18 = 0.03
Spleen <0.01 <0.01
Kidney 0.09 = 0.03 0.05 £ 0.03
GI tract 0.30 = 0.03 0.05 = 0.01
GI contents 46.65 = 7.32 7.75 £ 2.13
Blood 0.78 = 0.17 0.20 = 0.05

2 Average deviation from mean.

Table IV. Distribution of Radioactivity in Gastrointestinal
Contents of Rats Fed Malathion-C'*

Metabolite
R S T U V  Malathion
R; (BABW)> 0.09 0.24 0.34 0.49 0.86 0.92
R; (EAW) 0.05 0.19 0.31 0.48 0.69 0.86
Exposure, % of Total Activity Recovered
Hours in Stomach Contents
8 6 9 11 . 73
24 15 11 14 3 53

@ Butanol-butyric acid-water (2:2:1).
b Ethanol-ammonia—water (80:4:16).
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Figure 4. Distribution of radioactive compounds in urine of
rats fed malathion-C!+



DISCUSSION

Of the radioactivity added, 7.7%, was recovered from
plants one day after treatment with malathion. In no case
was unchanged malathion recovered from the rat.

The evolution of respiratory C**0, from either plants or
rats fed 2,3-succinyl-labeled malathion was insignificant in
terms of the total substrate added. The rat did expire
about 297 over a 24-hour period; however, only a
trace of C'0, was evolved in the plant experiments.
The primary method of elimination of pesticide metabolites
in the rat was in the urine. This was rapid; only about
1097 of the ingested malathion radioactivitiy was present
in the animal after 24 hours. The plant, on the other hand,
lacking a system for waste ejection, retained all the radio-
carbon absorbed. The deposition of carbon-14 into the
tissue appeared to be an important process in the plant.
The per cent of carbon-14 recovered in the ethanol-in-
soluble material (tissue) increased with time to about 9%
by the end of the experimental period. The rat, however,
being able 1o excrete waste products, accumulated very
little radioactivity in the tissues examined.

The greatest percentage of added activity was recovered
as ethanol-soluble intermediates from both plants and
animals. The rat apparently degrades malathion shortly
after ingestion. The degradation products are then ex-
creted almost immediately in the urine. Some of the
metabolites formed in the stomach contents and urine of
the rat are similar to those formed in plants, although their
distribution may vary.

Generally, plants and animals appear to handle mala-
thion in a similar manner; however, the rate of degradation
in animals is somewhat greater. Although the rat may
eliminate metabolites in the urine, plants appear to store
considerable quantities in the tissue.
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