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Male mice were i.p. injected with two doses (5& 15 mg/kg body weight) of [1-**C]ethyl-labelled
chlorpyrifos. The radioactivity in liver, fat, kidney and urine was measured 6, 24, 48, and
192 h after treatment. Liver RNA and DNA were isolated and hydrolyzed and the bases
separated by ion-exchange chromatography. Radioactivity resulting from incorporation and
alkylation of RNA and DNA was measured. Labelled 7-ethylguanine was found in RNA
hydrolysate which amounted 5.5 x 10~* calculated as fraction of the applied dose. In DNA
hydrolysate [**C]7-ethylguanine was missing and the major radioactivity was found in two
unknown peaks, one of which corresponds to 3 x 102 of the applied dose. The results indicate
that the extent of alkylation obtained with clorpyrifos is high as compared with other organophos-

phates with methyl esters.

In Egypt, a variety of pesticides are extensively
used to increase the yield of economic crops.
Chlorpyrifos  (dursban; O,0O-diethyl-O-3,5,6-tri-
chloro-2-pyridyl phosphorothioate) is one of the
most commonly used insecticides in Egypt for the
control of cotton leaf worm [1, 2]. Recently, it has
been demonstrated that chlorpyrifos induces a high
percentage of polychromatic erythrocytes with
micronuclei [3] and chromosome breakage [4] in
mouse-bone marrow following intraperitoneal and
oral administration. It also induces a significant
percentage of cells with chromosome aberrations in
root-mitosis of Vicia faba plants [S]. This prompted
us to conduct a series of studies on the chemistry
and toxicology of this important insecticide. A
number of organophosphorus insecticides were
classified as alkylating agents among which some
were found to be weak carcinogens [6].

The present investigation deals with the in vivo
alkylating properties of chlorpyrifos towards N-7 of
guanine in nucleic acids in mice.
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Materials and Methods

Synthesis of *C-labelled chlorpyrifos

[1-*C]ethanol (6 mmol, 1 mCi) was allowed to
react with thiophosphoryl chloride (3 mmol) in pres-
ence of pyridine to give O,0-diethyl thiophosphoro-
chloridate (II). After removal of the separated
pyridine hydrochloride, the reaction mixture was
taken in benzene and extracted with 1 N HCI to
remove the rest of pyridine. After removal of the
solvent, the residue was allowed to react with the
sodium salt of 3,5,6-trichloropyridinate in acetone
to give [1-*CJethyl-labelled chlorpyrifos (I). The
crude product was purified by chromatography on
silica gel column using benzene for elution. The
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radiopurity was determined by TLC radiotracer
technique and by inverse isotope dilution; yield of
pure chlorpyrifos 670 mg of sp.act. 0.83 mCi/g;
R:= 0.8 in benzene: methanol: acetic (39:14:7) and
0.73 in hexane: benzene (9:1).

Animals

Male mice weighing about 30 g and 15 weeks of
age were given standardized food pellets. A solution
of the labelled insecticide in 0.1 ml dimethyl-
sulphoxide was injected intraperitoneally. The
doses/animal used during this study were 150 and
450 ng (corresponding to S and 15 mg/kg body
weight) respectively. At different time intervals the
animals were sacrificed by chloroform and organs
were immediately removed and stored at — 20 °C till
analysis. These included liver, fat, kidney as well as
urine.

Analysis:
a) Isolation of Nucleic acids
1. Extraction of total cell RNA

The total cell RNA was obtained by phenol
extraction using a modified method which is based
on the techniques described earlier [7—9]. The livers
were homogenized in 0.03 M phosphate buffer
(pH 6.8) containing 0.14 M NaCl. The homogenate
was centrifuged at 800 xg for 10 min. An equal
volume of water saturated with phenol was then
added to the supernatant, stirred for one hour after
which a 0.5% sodium dodecylsulphate (SDS) was
added and the mixture was allowed to stand in a
water bath at 65°C for 15 min. After standing
overnight, the mixture was centrifuged at 250 x g for
one hour for better separation of the two phases.
The aqueous layer was then subjected to centrifuga-
tion at 1100 x g to get rid of any traces of protein for
20 min. It was then extracted with ether and RNA
was separated by the addition of two volumes of
ethanol and allowed to stand over night at — 20 °C.

2. Extraction of nuclear DNA

The crude nuclear pellet was homogenized in
10ml 1% Triton X-100. After centrifugation at
800 x g for 10 min, the pellet was resuspended in
10 ml Tris-sucrose buffer (0.05 M Tris HCI, pH 7.6,
0.025 M KCl, 0.005 m MgCl, and 0.25 M sucrose) and

recentrifuged. The pellet was finally suspended in
Sml 2% SDS-solution, homogenized (ultraturax)
and incubated for 1 h at 40°C. Ten ml phos-
phate buffer (0.03M, pH 6.8, containing 0.14 M
NaCl) and 15 ml of a mixture of phenol, chloroform
and i1soamyl-alcohol (50:50:1, v/v) were added and
the mixture was stirred for 30 min and left over
night at room temperature. After centrifugation, the
upper (aqueous) layer was extracted three times
with an equal volume of ether. DNA was then
precipitated from aqueous layer by the addition of 2
volumes of ethanol as in RNA (Scheme).

Liver homogenate

Crude 800g

Nuclei
1%Triton Supernatant
x 100 800g Phenol  Phenol
extracn. extract
—— Supernatant
Pure Aqueous extract
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Ethanol
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—=*Phenol extract

Aqueous
extract

lEthunol

Nuclear DNA

Fractionation of mouse liver

b) Base analysis

Each nucleic acid was dissolved in 6 ml phosphate
buffer (pH 6.8) and the solution was fortified with
guanine, 7-ethyl-guanine and adenine (0.2 mg each).
Hydrolysis was performed by heating with IN HCI
for 1 h at 100 °C. The hydrolsate was fractionated
on anion exchange column of Dowex 50 W X—12
(H*) (100—200 mesh), equilibrated with 1 N HCI by
gradient elution from 1-4N HCI (200 ml each,
40 ml/h). The fractions (5ml each) were mea-
sured using SP 6—400 UV-spectrophotometer PYE-
UNICAM at 260 um. The samples were evaporated
under reduced pressure and the residues taken up in
0.2 ml distilled water and 2 ml methanol. The latter
was added to avoid acid quenching.

¢) Distribution studies

For the determination of *C-activity in different
organs, one gram tissue (liver, fat or kidney) as well
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as 1 ml urine were oxidized in a Packard Sample
Oxidizer (306). The samples were then counted
using a Nuclear Chicago Liquid Scintillation Spec-
trometer Model 194. The scintillation cocktail used
consisted of permablend (5.5g) and naphthalene
(120 g) in one liter dioxane.

Results and Discussion

The distribution of '*C-activity among liver, fat,
kidney and urine at different times following intra-
peritoneal injection of the **C-labelled chlorpyrifos is
shown in Table I. The amount of radioactivity ex-
creted in urine shows a rapid rate of elimination of
the insecticide and/or its metabolites. The C-
activity in liver and fat reached its maximum value
after 6 h following application and decreased
thereafter. This may indicate that chlorpyrifos does
not tend to accumulate in these tissues.

The amount of **C-activity found in the liver and
fat decreased with time, while that in the kidney
showed a constant increase of chlorpyrifos and/or
its metabolites. This is in agreement with the find-
ings on rats fed with [**Cl]Chlorpyrifos [10]. Where-
as the acute toxicity of organophosphates is mainly
due to their phosphorylation properties, i.e., ability
to inhibit cholinesterase enzymes, the late-time
effects or the chronic toxicity might be caused by

alkylation of certain bases in the nucleic acids. The
alkylation properties of organophosphorus insecti-
cides on nucleic acids were recognized in the last
few years [11], and the chemical and biochemical
significances of alkylation reactions were sum-
marized [12—14]. We now have found that the **C-
incorporation in nucleic acids, prepared from mouse
liver, was greater in RNA than in DNA; and with

Table . Amount of C (ug/g tissue) in liver, fat, kidney
and urine (pg/ml) following i.p. administration of *C-
labelled chlorpyrifos to male mice.

Time Tissue
(h] : : .

Liver Fat Kidney Urine

D, Db D, D, D, D, D, D,
6 122 20.8 223 294 29 S1 - -
24 87 162 89 228 32 71 465 917
48 7.8 150 5.0 228 57 194 509 120.7
192 56 97 41 147 129 306 202 31.7
D, = initial dose 150 pg/mouse.

D, = initial dose 450 pg/mouse.
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Fig. 1. Time courses of radioactivity in mouse liver nucleic
acids after intraperitoneal administration of [**C]chlor-
pyrifos (5 mg and 15 mg/kg body weight).
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Fig. 2. Chromatographic and radioactive profile of acid
hydrolysis of mouse liver RNA via ion exchange chroma-
tography on Dowex 50 (H) eluted with 1-4N HCL
Guanine, 7-ethyl-guanine and adenine were added (0.2 mg
each) as tracers before hydrolysis. x—x= E,; 0---0=
14C-activity. Data mean of duplicate experiments.

the 15mg dose than with S mg/kg body weight
(Fig. 1).

It can be shown that the amount of radioactivity
in both acids decreases rapidly with time. A similar
trend has been observed with other organophos-
phorus insecticides, such as trichlorphon, where a
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Fig. 3. Ion exchange chromatography and radioactive
profile of mouse liver DNA-hydrolysate after treatment
with chlorpyrifos. Chromatography and elution were per-
formed as in RNA. x—x= FE,,; 0-—-0="C-activity.
Data mean of duplicate experiments.

half-life of 2h was calculated for the removal of
[7-**C]methyl guanine from mouse liver DNA and
RNA following i.p. administration [15]. By base hy-
drolysis and choice of specific targets, e.g., 7-alkylat-
ed guanine, it would be possible to discriminate
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