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The methylating capability of methamidophos, assayed by the formation of [7-14C]methyl- 
guanine in mouse liver, was investigated using a 14C-insecticide labelled at the O —CH3 group. 
Following i.p. administration of the toxicant, [7-14C]methylguanine could be isolated from liver 
nucleic acids o f treated mice. The amount of 14C-label reached its maximum 6 h following ad­
ministration of the insecticide. At maximum l4C-labelling, the amount of 7-methylguanine calcu­
lated as fraction o f applied dose, was 20—22 x 10-4 and 98 —104 x _4, for D N A  and R N A , respec­
tively. The results obtained indicate also, that an appreciable amount of I4C-activity is incorpo­
rated via the C -l pool.

Introduction

M etham idophos (0 ,S -d im ethy l phosphoram ido- 
thioate (I) is an im portan t broad spectrum  insecticide 
with pronounced  systemic properties [1] and is sold 
under the b rand  nam es m onitor (Chevron Chemical 
Co. U SA ) and T am aron (B ayer Chemical Co. G er­
m any). It possesses high m am m alian toxicity [2] and 
is a po ten t inhibitor for plasm a and RBC-cholinester- 
ase [3—5]. It was recently reported  [6] that m eth­
am idophos induces d ifferent types of chrom osom e 
aberra tions in root tips of Vicia faba  plant.

A  num ber of organophosphorus insecticides were 
classified as alkylating agents [7] and the m ethylating 
capability of som e of the 0 ,0-dim ethylester type was 
reported  recently  [8—10]. In the present study, the in 
vivo  alkylating capability of m etham idophos towards 
N-7 of guanine of m ouse liver nucleic acids was in­
vestigated. F or this study an 0 14C H 3-labelled p repa­
ration  was used.

Materials and Methods

Chemicals

All chem icals w ere of analytical grade. [14C]M eth- 
am idophos had a specific activity of 4.16 mCi/g and a
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radiom etric purity over 98% . M ethylated bases 
(Sigma) were used as m arkers.

[O C H 3-14C] M etham idophos

M etham idophos was p repared  from  S-methyl 
phosphorodichloridothioate mainly according to  p ro ­
cedures described [11] (Schem e 1). The dichlorido- 
thioate was allowed to  react w ith one equivalent of 
[14C ]m ethanol in chloroform  at 0 —2 °C. A fter stir­
ring for 30 min, the reaction m ixture was sa turated  
with dry am m onia at tem peratu res below 10 °C. The 
isolated product was purified by partitioning 
betw een chloroform  and w ater.
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Scheme 1. Synthesis o f [0 -m eth yl-14C]methamidophos.
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Anim als

M ales of random ly bred  Swiss mice, 20—30 g of 
weight and 3 —4 m onths of age were given stand­
ardized food and w ater ab libitum. A  solution of 
[14C ]m etham idophos was injected intraperitoneally  
into the m ouse. The doses used were 1.6, 4.4 and
5.3 mg/kg body weight. D oses were chosen in such a 
way to avoid signs of severe intoxications. A t differ­
ent tim e intervals, mice were killed with chloroform  
and organs w ere rem oved and stored at - 2 0  °C till 
analysis.

Isolation o f  liver macromolecules

The radioactivity in m ouse liver was determ ined at 
3, 6 , 24 and 48 h following trea tm en t of mice. Total 
cell R N A  and D N A  were isolated from  the liver 
hom ogenate in 0.03 m  phosphate buffer, pH  6 . 8  

using a phenol-extraction m ethod based on techni­
ques described earlier [12—15]. Nucleic acids were 
precip itated  from  the com bined aqueous phases by 
addition of 2 volum es of ethanol and keeping over­
night at —20 °C. P rotein was isolated from  phenolic 
phases by addition of m ethanol followed by centrifu­
gation at 1000 x  g for 10 min [15]. The separated  p ro ­
tein was w ashed in succession with w ater, 5% T C A , 
e th a n o l: chloroform  ( 1 : 1), acetone, e th a n o l: ether 
( 1 :1) and finally with ether.

Base analyses

The nucleic acids were hydrolyzed with 1 n  HC1 at 
100 °C for 1 h and the hydrolysate was fortified with 
guanine, adenine and 7-m ethylguanine (200 pig 
each). Released bases were then fractionated  on an 
ionexchanger column (10 x 1 Cm) of Dowex 50WX- 
12(H '), 100—200 mesh using a gradient elution with 
1—4 n  HC1. The peak of 7-m ethylguanine was iso­
lated and rechrom atographed using the sam e system. 
The eluted fractions (5 ml each) w ere then m easured 
for their U V  absorption at 260 nm on a CE-595 D ou­
ble Beam Spectrophotom eter. Fractions were then 
dried over P20 5 in a desiccator. R esidues were taken  
in 2 ml m ethanol and diluted with 10 ml scintillator 
for counting of the radioactivity.

Radiomeasurements

Solutions of radioactive samples w ere analyzed for 
14C-activity in a N uclear E nterprises “M odel 8310” 
liquid scintillation spectrom eter. Tissues and protein  
samples were com busted in a Packard-O xidizer sys­
tem  306 and then assayed for radioactivity. The scin­
tillation cocktail consisted of perm ablend (5.5 g) and 
naphthalene (12 0  g) in one liter dioxan.

Results and Discussion

The 14C-activity in mouse liver following i.p. in jec­
tion of different doses of the radioactive insecticide 
into male mice is shown in Fig. 1. The highest

( h o u r s )

Fig. 1. 14C-activity in mouse liver 
following i.p. administration of 
different dose of [methyl-14C]- 
methamidophos to male mice. 
Each point a mean of 5 mice.
G ----------O 1.6 mg/kg body weight;
O------------ O =  4.4 mg/kg body
weight; • ---------------•  =  5.3 mg/kg
body weight.
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radioactivity in liver was reached to  6 h following 
adm inistration of the labelled insecticide.

The isolated nucleic acids and protein  contained 
14C-activity. Table I shows the tim e course of R e ­
labelling in relation to tim e and dosage. In general, 
the specific activity of the isolated m acrom olecules 
increased with increase of applied dose and reached 
its maximum 6 h following adm inistration of m eth ­
am idophos. The data obtained indicate a tendency of 
the insecticide to react with RN A  than  with D N A .

Base analyses were carried out so as to differenti­
ate between 14C-incorporation and alkylation. Fig. 2 
shows the elution curve and radioactivity profile o b ­
tained from chrom atography of the H Cl-hydrolysate 
of D N A  on Dowex 50WX-12.

Analysis of RN A -hydrolysate using the same sys­
tem as in D N A  gave a com parable picture. In both  
cases, 14C-activity was found to be present in the 
adenine, guanine and 7-m ethylguanine fractions of 
the column effluent. R echrom atography of the
7-m ethylguanine fractions on D ow ex 50WX-12 
showed that about 76—80% of the chrom atographed 
radiodose was associated with 7-m ethylguanine. The 
am ount of 7-m ethylguanine form ed contributed  to  
about 9% and 13% of the radioactivity in D N A  and 
R N A , respectively. A t maximum 14C-labelling, the 
am ount of 7-m ethylguanine form ed, calculated as 
fraction of total applied dose, was 2 0 —22 x  10~4 and 
98—104 x lO -4, for D N A  and R N A , respectively

F ra c tio n s

Fig. 2. Chromatographic and radioactive profile o f acid 
hydrolysis of mouse liver D N A , via ion exchange 
chromatography on Dow ex 50W X-12(H') eluted with 
1—4 n  HC1. Guanine (A ), 7-methylguanine (B ) and 
adenine (C) were added as tracers before analysis.
• ---------- •  — E 260; • --------•  =  14C-activity. Data are
mean of 2 experiments.

Table I. Amount of 14C as dpm and jig methamidophos/mg nucleic 
acid or protein in liver of male mice following i.p. administration of 
different doses of [OCH3-14C]methamidophos.

Time
[hrs] [14C as

dpm/mg material* 
jj,g methamidophos/mg material]

RNA
D ,a

D N A Protein R N A
D 2b

D N A Protein

3 540 700 70 3200 1250 340
(0.1) (0.13) (0.012) (0.58) (0.23) (0.06)

6 3560 4100 240 7070 4400 420
(0.64) (0.74) (0.042) (1.28) (0.78) (0.075)

24 300 390 400 1200 3170 630
(0.054) (0.069) (0.072) (0.22) (0.57) (0.114)

48 40 17 135 440 370 320
(0.008) (0.003) (0.024) (0.078) (0.07) (0.057)

*  T > t o  o r p  r r jp o n  n f  t l lT C C  r C n !lC 3 tC S .
a D , =  1.6 mg/kg body weight. 
b D 2 =  5.3 mg/kg body weight.
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(Table II). The extent of 14C-labelling in R N A  was 
higher than in D N A .

The alkylating properties of organophosphorus in­
secticides are well recognized and were already re ­
viewed since 1967 [16]. A  num ber of them  were re ­
ported  as po tential alkylating agents [7], where the 
N-7 of guanine was considered to be the preferable 
site of alkylation [8 , 9, 17 -19]. The form ation of

Table II. Extent of 14C-labelling in macromolecules of 
mouse liver 6 h following i.p. administration of 
[OCH3-14C]methamidophos.

Material Applied dose 
[[xg/mouse]

Extent of 14C-labelling
[as fraction of total dose x  10-4]
in macromolecules in 7 M eGu.

moieties

D N A a 133 225 20
160 243 22

R N A a 133 751 97.7
160 800 104

Protein3 48 612
133 480
160 328

a Data are mean of 3 experiments.

labelled 7-m ethylguanine may be taken as indication 
for chem ical alkylation of guanine moieties. On the 
o ther hand , the isolation of labelled guanine and 
adenine suggests incorporation of radioactivity, via 
C -l pool in the biosynthesis of these nucleotides.

The decrease in !4C-label in D N A  with time in vivo 
finds analogy with results previously reported  for 
genotoxic alkylating agents [2 0 - 22] and some 
organophosphorus insecticides [8 , 10, 12], This may 
be a ttribu ted  to  fresh synthesis of nucleic acids and/or 
to repair mechanism s. T he latter, how ever, is known 
to be a slow process.

The results obtained indicate a fair methylating 
capability of m etham idophos, as com pared with 
o ther o rganophosphorus insecticides. M etham ido­
phos was reported  to  be readily dealkylated in vivo 
to  give S-methyl phosphoram idothioic acid [23]. 
A lkylation of N-7 of guanine with small groups, such 
as m ethyl o r ethyl groups, was reported  not to corre­
late with carcinogenic or m utagenic effects [24, 25], 
In a test battery , how ever, alkylation of nucleic acids 
may be of significance in evaluation of the genotoxic 
po tential o f a chem ical, since it provides an indica­
tion th a t the toxicant could reach and react with the 
target w ith the form ation of an alkylated product.
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