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Abstract-Thiophosphate insecticides-fenitrothion, diazinon and methylparathion-inhibit hepatic 
drug-metabolizing enzyme activity, which was assayed using aminopyrine and aniline as substrates. 
About 50 per cent inhibition was noted 4 hr after the injection of 25 mg/kg of fenitrothion into 
mice. The addition of thiophosphates to a microsomal drug-metabolizing enzyme system in uitro 
also produced an effective inhibiiion: lcsO was ca lo-’ M for fenitrothion. DDV? and in oxygenated 
metabolite of fenitrothion did not show any inhibiting effect either in vitro or in oioo. The inhibition 
in vitro was competitive. while the kinetics of inhibition in oiuo appeared to be noncompetitive. 
Drug metabolism by a rat liver preparation was also inhibited by thiophosphate in vitro, but treatment 
of male rats in uiuo resulted in little inhibition. The responses of female rats were similar to those 
of mice. The administration of fenitrothion to mice prolonged the hexobarbital sleeping time and 
suppressed the oxidative metabolism of parathion in liver preparations. 

Organophosphorus insecticides are well known as in- 
hibitors of cholinesterase [l]. In addition, they can 
react with many other enzymes or biological com- 
ponents [2,3]. However, it has been assumed to date 
that organophosphorus insecticides do not produce 
any significant effect at the levels that normally are 
found in the environment [4]. This assumption is 
based on the concept that most of the organophos- 
phates are so readily metabolized in animals that 
they cannot accumulate to an effective concentration 
in animal tissue even if they are administered repeat- 
edly. Many reports are available showing the rapid 
disappearance of organophosphates from animal tis- 
sue after a single administration by injection or feed- 
ing. 

However, preliminary experiments [S] in our labor- 
atory demonstrated that the rate of disappearance 
of fenitrothion given orally varies according to the 
method of administration. Fenitrothion, 300 mg/kg, 
dissolved in 0.1 ml of corn oil was administered orally 
to one group of male mice and the residual con- 
centration of fenitrothion in liver was determined at 
a certain time after dosing. Another group was given 
30mg/kg of fenitrothion every day for 10 days and 
the residue of fenitrothion in liver was also deter- 
mined at the same time. The results indicated that 
repeated administration slowed the rate of disappear- 
ance of this compound. 

It seems reasonable to consider that such a change 
of rate depends upon an effect on the activity of 
drug-metabolizing enzymes of fenitrothion treatment. 
A few reports [6-83 have referred to the effect of 
organophosphates on liver microsomal drug metabo- 
lism and this mechanism cannot be eliminated as 
one of the important effects of organophosphorus 
compounds. 

In the present report we deal with the inhibition 
of liver microsomal drug-metabolizing enzymes by 
a low level of organophosphates. 

MATERIALS AND METHODS 

Chemicals. The pesticides employed are fenitrothion 
(Sumithion; O,O-dimethyl 0-3-methyl-4-nitrophenyl 
phosphorothioate), an oxygenated metabolite of feni- 
trothion (Sumioxon; O,O-dimethyl O-3-methyl-4- 
nitrophenyl phosphate), parathion (O,O-dimethyl 0-4- 
nitrophenyl phosphorothioate), methylparathion 
(O,O-dimethyl o-4-nitrophenyl phosphorothioate) and 
DDVP (O,O-dimethyl 0-2,2-dichlorovinyl phosphate), 
which were kindly supplied by Sumitomo Kagaku 
Kogyo Co., Ltd., and diazinon [O,O-diethyl 0-(2-iso- 
propyl-Cmethyl pyrimidinyl) (6)-phosphorothioate], 
which was a gift from Nippon Kayaku Co., Ltd. Glu- 
cose 6-phosphate (G-6-P) and nicotinamide adenine 
dinucleotide phosphate (NADP) were purchased from 
Sigma Chemical Co. 

Animals. Male ddY strain mice, weighing 2528 g, 
and albino rats of both sexes, weighing 2OOg, were 
used. Phosphorus insecticides were given intraperi- 
toneally at a dose of 100 or 25 mg/kg, dissolved in 
0.1 or 0.3 ml of cottonseed oil to mice and rats re- 
spectively. As a control, cottonseed oil was injected. 

Enzyme preparation. Animals were decapitated and 
livers were homogenized with 4~01. of cold 
1.159/, KC1 and fractionated by means of differential 
centrifugations as described in a previous report [9]. 
To obtain post-mitochondrial supernatant, the homo- 
genate was centrifuged at 9000 g for 30 min. The micro- 
somes and the soluble fraction were prepared by 
ultracentrifuging the above mentioned 9000 g super- 
natant solution at 105,OOOg for 60 min using a Hita- 
chi preparative ultracentrifuge. 

Assays. For measurement of drug-metabolizing 
enzyme activity, aminopyrine (5 pmoles) and aniline 
(5pmoles) served as substrates. The incubation mix- 
ture consisted of 2.0 ml of 90009 supernatant, 1.0 ml 
of 0.1 M phosphate buffer (pH 7.4), 50 pmoles MgCl*, 
50 pmoles nicotinamide, @27 pmole NADP. 
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I.92 pmoles G-4-P and the substrate in a final volume 
of 50ml. When the influence of insecticides was 
tested irr vitro, each insecticide dissolved in 5~1 eth- 
anol was added to the incubation mixture. 

Aniline hydroxylation was determined by the 
method of Kato and Gillette [IO] after 30 min of incu- 
bation In the case of aminopyrine demethylation, 
production of formaldehyde was quantitatively 
assayed by the method of Cochin and Axelrod [f 11. 

Hexobarbi~l sleeping time was measured 4 hr after 
a single administration of fenitrothion. The mice were 
given 100 mg/kg of hexobarbital sodium. i.p., and the 
time during which the righting reflex was absent was 
designated as sleeping time. 

* Organophosphates were given il~trapcritoIlcally 4 hr 
prior to sacrifice in a dose of 15 mg:kg. Activities arc 
expressed as the mean rt S. E. of the metaholites produced 
in nmolesjmg protein:30 min. 

The metabolic conversion of parathion was assayed 
by determination of phosphate triester extracted from 
the incubation mixture. The incubation mixture con- 
sisted of buffer, cofactors and enzyme solution in the 
same amounts as those used in the assay for amino- 
pyrine demethylation. except that the substrate was 
parathion (6Ohg). After a measured reaction time. 
the incubation mixture was mixed with 20 ml acetone 
and centrifuged to remove denatured protein, which 
was washed again with 20ml acetone. The acetone 
layers were concentrated under reduced pressure to 

yield an aqueous solution. to which was added 20 ml 
of 2”, NaCl solution and 20ml hexane. Hexane 
extraction was repeated twice and the pooled hexane 
layers were dried over Na$O, and evaporated to 
dryness. The residue was dissolved in 1 ml acetone 
and analyzed by gas chromatography. 

Table 2. Activity of ammopyrine S-demcthylase in mouse 
liver after injection of organophosphate* 

Treatment 

Time after injection 
(hr) 

I 4 6 

Control 
Fenitrothion 
Diazinon 
Sumioxon 

100 IO0 100 
6X,4 + 16.1 39.0 k 10~3 37.3 i 4-X 
91.5 rf: 7.7 41.3 :k 5.X 74.6 f 0.4 

106.4 + 3.0 86.4 + 0.7 90.X + 2.3 _ 

* Drug was given intraperitoneally in a dose of 15 mg 
kg. Values are expressed as activity as per cent of control. 
The avenge enzyme activity of the control group 111 this 
experiment was 1 l-95 i 0.12 nmoles forInafdeh~de formed<’ 
mg protein/30 min. 

A Shimadzu GC-SA gas chromatograph equipped 
with a flame therm~onic detector was operated at 
190” using a 1.5 m glass column containing 5y.i SE-30 
coated on Shimalite W (60-80 mesh). The retention 
times were 3.74 and 3.1 min for parathion and para- 
oxon respectively. 

Table 3. Effect of including organophosphate in rncuba- 
tion mixtures on the activity in cino of hepattc amino- 

pyrine N-demethylasc from mice* 

RESC’LTS 

I&ihitiorz qf’drug mrtaholisr77 in vivo. Figure 1 shows 
the time-dependent changes of the activity of oxida- 
tive metabolism in the mouse liver 9ooO g supernatant 
after a single intraperitoneal injection of fenitrothion 
in a dose of lOOmg/kg. The time course of metabo- 
lism of both substrates was similar and maximum 
inhibition was seen at 4 hr after dosing. The inhibi- 
tory actions of a number of organophosphates at 
4 hr after administration of each insecticide are com- 
pared in Table I. Sumioxon and DDVP. both P==O 

* Activity was expressed as per cent of control (mean 
+ SE.). The activity obtained in the control mice was 
11.X8 + 0.85 nmoics formaldehyde formed:mg protein 
?O min. 

compounds, did not show inhibitory activity. The in- 
effectiveness of P=G analogues is also seen at other 
time intervals after dosing. as shown in Table 7. 

fd7ibirim qf’drzcg rtwtaholisr71 in vitro. Aminopyrine 
demethylase was significantly inhibited by the addi- 
tion of organophosphates to the incubation medium, 
as shown in Table 3. However. P=O compoLlnds 
were not inhibitory and, moreover, they enhanced 
the reaction rate somewhat. in contrast to thiophos- 
phates. This observation is compatible with the find- 
ings of Stevens ct ai [TJ 

I2 4 8 24 

Permd of treatment, hr 

Fig. 1. Time course of drug-metabolizing enzyme activity 
in mouse liver after injection of fenitrothion. Control and 
fenitrothion-treated (100 mg/kg i.p.) mice were sacrificed in 
parallel at each time period. Values are expressed as per 
cent of control activity at each time period. The vertical 
bars are standard errors of the mean of three experiments. 

Ej&d ~f~t~}zjtr~ri?~otI 077 ~77i~~osot?~~ cv7zym~ ~i77~~i~s. 

Fenitrothion competitively inhibited aminopyrine 
demthylase irl Ctro (Fig. ?a). Since fenitrothion itself 
is known to serve as a substrate for hcpatic micro- 
somal enzymes, it is possible that fenitrothion acts as 
a competitive inhibitor it1 zdro. When mice were 
treated in viw with fenitrothion ( 10 and 35 mg’kg) 
4 hr prior to sacrifice. inhibition of aminopyrine 
demethylase appeared to be noncompetitive (Fig. 2b). 
This suggests that the inhibition it! r:izrt may involve 
mechanisms other than substrate competition, Further 
studies are now under way. 
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Fig. 2. Lineweaver-Burk plot of the inhibition of amino- 
pyrine N-demethylation by fenitrothion in mouse liver. 

Species dljjkence: Response of rats. Table 4 shows 

that treatment of male rats with fenitrothion or dia- 

zinon produced only weak inhibition of hepatic drug- 
metabolizing enzyme activity as compared to the re- 
sponse from treated mice. Female rats, however, were 
as susceptible as mice. On the other hand, suppres- 
sion of drug metabolism in vitro by thiophosphates 
was clearly seen in rat liver preparations (Table 5). 

Recombinatiort study. It was felt to be possible that 
a decrease in the concentration of cofactors could 
be one of the mechanisms responsible for inhibition 
of drug-metabolizing enzyme activity. To clarify 
whether limitations in the levels of cofactors supplied 
to the system brought about the inhibition described 
above, recombination experiments were carried out 
with the microsomal and 105,OOOg supernatant frac- 
tions. 

As shown in Table 6, the activity of the enzyme 
dropped markedly when the microsomes were pre- 
pared from animals pretreated with fenitrothion. It 
is obvious, therefore, that the effect of fenitrothion 
is exerted directly on the microsomes. 

E&t offenitrothion treatment on barbiturate sleep- 
ing time. The above results showing the inhibition 
of drug metabolism led to a test to measure changes 
of biological half-life of a particular drug using a 
living animal. The influence of fenitrothion treatment 
on hexobarbital sleeping time was tested and the 
results are shown in Table 7. 

Four hr after administration of fenitrothion to 
mice, hexobarbital was injected intraperitoneally. The 

Table 4. Effect of organophosphate in ciuo on hepatic 
aminopyrine N-demethylation in rat liver* 

Fenitrothlon 

(male ratI 

Fenitrotluon 
(female rat) 

Dia~NlOll 

(male rat) 

0 (Control) I(x) Inn loo 
25 106~84 * 4.3K 27-14 * I35 X8.81 k 7.04 

50 8 I.46 i xl.89 23.94 + 2.41 851?* II85 
IO0 54 5x + 25 ?O 21.65 k ?,5? hl4SkY47 

* Organophosphate was injected i.p. 4 hr prior to sacri- 
fice. Values are expressed as remaining activity as per 
cent of control (means + S. E.). 

Control activities obtained from untreated male and 
female rats were 11.52 If: 2.58 and 7.68 f 0.23 nmoles for- 
maldehyde formed/mg protein/30 min respectively. 

Table 5. Effect of including organophosphate in incuba- 
tion mixtures on the activity i11 vitro of hepatic amino- 

pyrine N-demethylase from male rats* 

Organophosphate 

Fenitrotluon 
Methylparatixon 
Sumtoxon 

Concentrat,on of organophosphate 
IW*M 10miM lO-‘M 

20.94 + 3f!4 54.63 k 4 30 85.43 + 5.82 
IS.40 + Oh3 b>?? + 331 95.x4 + 2.17 

I IO-42 + 1.05 IO1 13 + I.05 101.55 
DDVP Y7-63 k l-36 10073 k 4.15 XY 98 f 8.05 

*Activity was expressed as per cent of control (mean 
2 S.E.). 

The control activity of this experiment was 
11.55 * @ 15 nmoles/mg protein/30 min. 

Table 6. Recombination study of subfractions obtained 
from control and fenitrothion-treated mouse liver* 

FVdCflOll lnhlbmon 
Substrate Microsomes Supernatant Actwty (” I n 

Aminopyrine Control Control 13.55 f 002 
Control Treated I3 70 & 0.82 
Treated Control 5.94 * O-IO 56 
Treated Treated 5.29 61 

Anihnr Control Control 7 I I * 0.59 
Control Treated h-71 * 0.75 
Treated Control 3 35 * O-13 53 
Treated Treated 3 50 51 

*Mice were treated with fenitrothion (25 mg/kg) and 
sacrificed 4 hr after dosing. Activity was expressed as 
nmoles product formed/mg protein/30 min (mean + S.E.). 

Table 7. ElTect of fenitrothion on hexobarbital sleeping 
time in mice* 

Treatment 
Sleeping time 

(min) 

Control 
Fenitrothion 

50 + 5 
215 _+ II 

* Four hr after a single administration of fenitrothion 
(25 mg/kg i.p.). mice were injected intraperitoneally with 
sodium hexobarbital (lOOmg/kg). Values are the times in 
min + S. D. during which righting reflex was absent. 

duration of sleeping was sigmticantly increased by 
the treatment with fenitrothion. The magnitude of 
effectiveness is the same as that of SKF-525A, which 
is well known as a potent inhibitor of drug-metaboliz- 
ing enzyme activity. 

Effect of feuitrothion treatment on metabolic degra- 
datiorl ofparathion. From the viewpoint of toxicology, 
the most important problem is whether the pre-exist- 
ence of organophosphate in uiuo influences the meta- 
bolic fate of newly administered organophosphates. 
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lncubatlon period, KII” 

Fig. 3. Oxidative metabolism of parathion by mouse liver 
preparations. Fenitrothion was intraperitoneally adminis- 
tered to mice in a dose of 25 mg/kg 4 hr prior to sacrifice. 
Sixty pg parathion dissolved in lO$ ethanol was added 
to a reaction mixture consisting of 1Gml of 0.1 M phos- 
phate buffer (pH 7.4). SO pmoles MgCl,. 50 pmoles nico- 
tinamide. 0.27 fitmole NADP. 1.92 /imole G-6-P and 2.0 ml 
of 9000 y supernatant fraction prepared from homogenate 
of control and treated mice liver. The amount of parathion 
and paraoxon were determined by means of gas chromat- 
ography after the conventional extraction as described in 
text. Each value represents the average of three measure- 
ments. Parathion remaining: control, ~ -c+ --: treated. 
~~--~~. Paraoxon accumulated: control. L ; 

treated 

Figure 3 shows the rate of metabolism of parathion 
in liver preparations obtained from control and feni- 
trothion-treated animals. Pretreatment of mice with 
25 mg/kg of fenitrothion suppressed oxidative degra- 
dation of parathion. resulting in greater retention in 
the reaction medium. 

DISXSSION 

Among the many actions of organophosphate in- 
secticides on various enzymes and biological com- 
ponents. one of the most important for chronic toxi- 
cological evaluation is the effect of the residual levels 
of organophosphates. The level of several ppm of 
organophosphates is equivalent to a concentration 
of cu. IO-“M. 

This paper demonstrates that the thiophosphate 
insecticides employed in these experiments inhibit the 
microsomal oxidative metabolism of aminopyrine and 
aniline in mice both in oitro and in oivo. 

With fenitrothion inhibition in vitw was seen even 
at a concentration lower than lo-‘M. It is reason- 
able to speculate that the inhibition in vitro, which 
was competitive with substrate. may occur because 
thiophosphates may function as alternative sub- 
strates [7, 8, 12-141. 

DDVP and Sumioxon, oxygenated metabolites of 
fenitrothion. were ineffective as inhibitors of micro- 
somal metabolism irl oitro. This result is compatible 
with that of Gandu Rao and Anders [S]. who demon- 
strated that paraoxon and malaoxon added in vitro 
were very poor inhibitors of ethylmorphine metabo- 
lism in rat liver microsomes. and suggested that the 
lack of inhibitory action is attributable to their failure 

to serve as substrates for the microsomal mixed-func- 
tion oxidase system. 

The inhibitory effect of thiophosphates irl ritro on 
drug metabolism is well documented. as mentioned 
above, but the mode of action of organophosphates 
on hepatic microsomal drug metabolism in the intact 
animal is not yet clarified sufficiently. Only alterations 
of hexobarbital sleeping time [&Xl and zoxazolamine 
paralysis time [X] have been tested as parameters of 
response irr ~!itw. 

In this report the time-dependent changes of the 
activity of hepatic drug-metabolizing enzyme were in- 
vestigated and maximum inhibition was demon- 
strated at 4 hr after injection. irrespective of the type 
of chemical structure of the thiophosphates examined. 

Kinetic studies using the liver preparation from 
mice treated with fcnitrothion irl rim indicated that 
the inhibition irl riw was noncompetitive. Further. 
the recombination of microsomal and soluble frac- 
tions prepared from normal and treated animals indi- 
cated that the inhibitory effect in L?LY> did not appear 
in the soluble fraction but only in microsomea While 
the detailed mechanism of inhibition obtained by 
treatment irl viw is still obscure. the observations 
mentioned above indicate that inhibition irk I%;L’O is 
not attributable to substrate competition caused by 
the free organophosphates existing in cytoplasm. but 
rather to some modification of microsomal membrane 
or microsomal components. The possibility of micro- 
somal modification through phosphorylation can be 
excluded by the lack of effectiveness of oxygenated 
compounds in LGco. 

Species difference was not shown iu ~!itro but was 
clearly demonstrated in the experiment with organo- 
phosphates given in Ritz The failure to obtain prolon- 
gation of hexobarbital sleeping time by administration 
of malathion to the rat irk L& [8] is quite likely 
from this result. The weak response of rats may be 
due at least partly to the more rapid metabolic trans- 
formation of thlophosphates in rat liver than in 
mouse liver. 

The alteration of biological half-life of thiophos- 
phate insecticides by pretreatment with thiophosphate 
itself is quite probable. since the oxidative degrada- 
tion of parathion in liver preparation was slowed 
by pretreatment with fenitrothion. The amount of 
paraoxin in the reaction medium apparently de- 
creased as a result of fenitrothion treatment. Though 
the amount of paraoxon may be controlled by both 
oxidative conversion of P=S to P=O and hydrolytic 
degradation of paraoxon, the decreased accumulation 
of paraoxon could be a reflection of inactivated oxi- 
dative metabolism. 

Murphy [IS] reported that repeated administration 
of malathion causes suppression of malathion meta- 
bolism because of carboxyesterase inhibition by 
malathion itself. Therefore, in the same manner. the 
repeated administration of thiophosphate may pro- 
duce the slowing of metabolic degradation of thio- 
phosphates. The results obtained from our prelimi- 
nary experiment presented at the beginning of this 
paper can be explained by this concept. The detailed 
investigation, including the half-life in the living ani- 
mal. effect of the route and frequency of dosing. and 
the comparison of various metabolic pathways pro- 
posed for each thiophosphate, will be reported else- 
where. 
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