Bull. Environm. Contam. Toxicol. 24, 739-745 (1980)

Response of Female Guinea Pigs to Repeated
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Quinalphos (0,C=diethyl 0=2-quinoxalinyl phospho-
rothiocate) 1is a broad spectrum organophosphorus insecti-
clde, and in its pure form is available as a white
crystalline powder. It is readily soluble in organic
solvents but is sparingly soluble in water, about 20 ppm
at 20°C. It is unstable both in acid and alkaline media
but 1is more stable under basic donditions. Its half-life
is about 32 h at pH 11.0. Technical quinalphos is usually
available as a 70% solution in Xylene, Due to its broad
spectrum insecticidal action it is used quite extensively
in agriculture, Earlier the consumption of this insecti-
cide in India was around 60-300 metric tons (ANONYMOUS
1978). Presently the installed capacity is around 700
metric tons and the projected estimate is about 1000
metric tons (ANONYMOUS 1979).

Information on the toxic effects of quinalphos in
species of mammals is very fragmentary. Response of CCl
treated male rats to quinalphos and BHC has been studieé
recently (DIKSHITH et al. 1979). Quinalphos treated goats
have shown inhibition of acetylcholinesterase(AchE) acti-
vity in red blood cells(RBC). The rate of inhibition of
AchE and clinical symptoms of toxicity increased with the
additional doses of quinalphos (DIKSHITH et al. unpubli-
shed), The significance of measuring cholinesterase
activity for diagnostic and treatment of occupational
workers in field or work situations is already documented
(WHO TECHNICAL REPORT 1967,1973; HOLMSTEDT 1971).

We report here the behaviour of AchE activity in RBC and
brain of poisoned female guinea pigs as could be seen in
the inhibition and recovery of the enzyme.

MATERIALS AND METHODS

Female guinea pigs of average body weight (250 qa)
of the Industrial Toxicology Research Centre's colony
were housed in the air conditioned room (75+2°F) of the
animal house. Animals were maintained on pellet diet
(Hind.lever,India) and water ad libitum throughout the
period of study. All the animals were separated into
five groups, each with 24 animals.

0007-4861/80/0024-0739 $01.40
© 1980 Springer-Verlag New York Inc.



Preparation of the compound and treatment. Quinalphos
(technical grade) obtained from Regional Research Labo-
ratory, Jorhat, India was used. The compound dissolved
in.peanut 0il was administered daily orally to female
guinea pigs at amounts of 0,0,5,1.0,2.0 and 4.0 mg/kg
for a total period of 30 days,

Animals of group 1 were administered peanut oil
(0.2 mL/animal) and were used as control. GCuinea pigs
of the treated groups and control were killed at regular
intervals of 24 and 72 h, 7, 15 and 30 days. Four
animals from each group were kept for post-treatment
rest. These animals were killed 15 days after the last
dose of administration,

Organ body weight ratio, The liver, kidney, adrenal,
brain, ovary and uterus were removed and weighed indivi-
dually. The organ body weight ratio was calculated
using statistical method of FISHER (1950).

Histological Studies. Sections of the liver, kidney,
adrengl, brain, ovary and uterus were fixed in formalin-
saline solution. After routine processing of each
tissue, paraffin sections were cut at G/um thickness and
stained in haematoxylin-eosin.

Acetylcholinesterase estimation. Freshly removed brain
was washed free from extraneous material, homogenized in
0.25 M ice cold sucrose solution 10% w/v in a Potter-
Elevehjen type homogenizer. RBC was separated by centri-
fuging the blood at 2500 g for 10 min. Acetylcholinester-
ase(AchE,Eec3.1.1.7.) activity was assayed by the method
of HESTRIN (1949).

RESULTS AND DISCUSSION

Mortality and Morbidity. Guinea pigs exposed to quinalphos
0.5, 1.0 and 2.0 mg/kg/day) for 15 and 30 days did not
indicate any symptoms of poisoning or overt toxicity. How-
ever, animals dosed with 4.0 mg/kg/day exhibited severe
clinical symptoms of toxicity-like tremor, salivation,
convulsion and death. Several animals of this group died
irreqularly within a period of 7 days of administrationm.
Therefore, the tissues of group 5 animals were not used

for further study.

Organ body weight ratio. Relative organ body weight of all
animals dosed with quinalphos at concentrations of 0.5,1.0
and 2.0 mg/kg/day for 15 and 30 days and also with a post
treatment period of rest are shown in Table 1. No signi-
ficant change was seen in the ratio of liver weight. How-
ever a significant fall in the weight of kidney was
observed in group 4 after 15 and 30 days ©of treatment.
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Weight changes in the adrenal after 0.5 and 1.0 mg/kg
@ose and exposed for 15 days was found to be a marginal
increase. 1.0 and 2.0 mg/kg of quinalphos caused sig-
nificant fall in the weight of brain after 30 and 15
days of treatment, respectively. The weight ratio of
the ovary was highly significant in 2 mg/kg dose and
uniformly lowered in all treatments except in 0.5 mg/
kg/day for 15 days. There was no marked change in the
uterine weight ratio.

Histological studies. Gross as well as microscopic
observations of the different vital organs suggested
no significant pathological change in any of the reat-
ments,

Acetylcholinesterase estimation, The activity of AchkE
in the brain and RBC of quinalphos treated and control
guinea pigs at 0, 24 and 72 h, 7, 15 and 30 days and
the pattern of recovery are summarised in Table 2. The
percent inhibition of AchE in RBC was more than 70% in
all the treatments. The increased period of exposure
with 2.0 mg/kg has shown a gradual fall in AchE inhibi-
tion, Brain has shown relatively less significant
inhibition in the activity of AchE as compared to RBC.

The recovery study suggested that the activity
of this enzyme could be normalised after 15 days of
rest. Thus, the enzyme activity was quickly restored
to about 100% within 15 days in lower dose (0.5 mg/kg),
while in higher dose regime (1.0 and 2.0 mg/kg) its
recovery was comparatively slower,

Female guinea pigs dosed with low levels of
quinalphos for 24 h to 30 days have shown no clinical
symptoms of insecticide poisoning. There was also no
death in any of the animals. In contrast animals
exposed to high concentration of quinalphos (4.0 mng/kq/
day) died within the first week with severe symptoms of
organophosphorus poisoning. The organ body weight ratio
of the trated animals, however, did succest sianificant
changes in comparison to control. It is of significance,
however, that none of the organs suggested any morpholo-
gical change in the poisoned animals.

The most striking and important property of an
organophosphorus insecticide is the capacity to combine
with cholinesterase even at very low levels of exvosure,
It has been reported that all the potent organophosphates
inhibit one or the other cholinesterase to a level of
50% or more at a concentration of 10-6, Majority of
them are effective at 10-6-10-% M (O'BREIN 1969). The
inhibition of AchE activity in the RBC and brain of all
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the animals dosed with different levels of quinalphos

was highly significant. It is, however, interesting to
observe here that lower concentrations of quinalphcs
produced maximum level of inhibition in comparison to
higher concentrations of the insecticide., It is possible
that lower concentrations faciliated maximum absorption
of the compound and therefore the inhibition was also
higher.

Studies with laboratory rats and domestic goat
also suggested that quinalphos inhibits the activity of
AchE in these animals quite significantly (DIKSHITH et al.,
unpublished). Phosphamidon, another organophosphorus
insecticide, has caused significant inhibition of AchE
activity in the rat and rabbit (DIKSHITH et al.,unpubli-
shed). Quinalphos although produced no discernible mor-
phological change in any of the tissues of female guinea
pigs, yet caused maximum inhibition of AchE activity in
RBC and brain. Similar observations have been made in the
carbaryl treated rats where the inhibition of AchE activity
was relatively low (DIKSHITH et al. 1976). In contrast
methyl demeton produced marked morphological changes in
liver and also caused highly significant inhibition of AchE
activity in RBC brain (DIKSHITH et al. 1979). It has been
observed in the present study that cessation from further
treatment of quinalphos for 15 days would lead to marked
recovery of the enzyme. In the lower concentration the
recovery was around 100 percent and also more significant.
It has been noticed in the methyl demeton treated rats
that a period of rest following organophosphorus poisoning,
a major restoration of AchE activity was possible (DIKSHITH
et al. 1979)., The present study thus confirms our earlier
observations. The study, therefore, is of great importance
and suggests that occupational workers who get exposed to
organophosphorus sprays and formulations require rest at
regular intervals, Given a brief period of rest, it is
possible for the workers to cope up with any kind of abnor-
mality with the severe inhibition of AchE activity and to
minimize the danger from organophosphorus intoxication.
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