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Abstract. The aim of the present study was to investigate persistent neurobehavioural effects of
_ repeated low-level exposure to chlorphenvinphos ((2-chloro-1-(2,4-dichlorophenyl) vinyl diethyl
phosphate — CVP) in rats. The rats received 10 i.p. injections of CVP at daily doses of 0.5 mg/kg
or 1.0 mg/kg (one injection/day, five days/week) which corresponded to 1/20 and 1/10 of LD,
respectively, for this species. In a part of the rats, cholinesterase (ChE) activity in blood (plasma and
erythrocytes), and in the selected brain regions was determined at arbitrarily chosen time after the
last exposure. The determinations showed that the level of ChE inhibition was dose-related, but the
compartments studied differed in the magnitude of this effect. The differences in the level of ChE
inhibition between the compartments were particularly evident in rats which had received CVP at
the 1.0 mg/kg dose; in these animals 3 h after exposure the ChE activity in erythrocytes, plasma and
the brain corresponded to 78%, 48% and 67 —70%, respectively, of the control value. Enzyme
activity returned to the control level after 14 days in plasma and after 35 days in erythrocytes. In rats
receiving CVP at daily doses of 0.5 mg/kg, ChE activity in plasma was decreased by 40.8% and that
in erythrocytes by 21.4% 3 h after the last exposure. The activity of ChE in plasma returned to the
control level within four days and that in erythrocytes within 14 days. In these rats, in all the brain
regions studied except brainstem, ChE activity was not reduced significantly. :
In rats selected for behavioural tests, the following behavioural aspects were investigated: response
to novelty in an open field, acquisition and extinction of a one-way active avoidance response, and
the magnitude and persistence of the footshock-induced analgesia (hot-plate test). Testing in the
open field was performed before the exposure and then 1, 3 and 6 weeks after the last exposure. The
remaining tests were performed after the exposure. The interval between testing and the last CVP
injection was sufficient for recovery of ChE activity. It has been found that in rats of both exposure
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groups the response to novelty in the open field, i.e. the increase in locomotor and exploratory
activity in the presence of a new object, was reduced, albeit nonsignificantly, compared to the
unexposed animals. In rats which received CVP at the dose of 1.0 mg/kg, acquisition of the one-way
active avoidance response was facilitated. No differences between groups were found during
extinction of this response. In the hot-plate test, in rats exposed repeatedly to 1.0 mg/kg CVP, the
footshock-induced increase in the latency of the paw-lick response to heat (54.5°C) was stronger and
more persistent than in the unexposed animals. The above results show that some neurobehavioural
effects of exposure to organophosphorous (OP) compounds may be detected after a time sufficient
for recovery of ChE activity.

-

INTRODUCTION

Organophosphorus (OP) compounds are widely used throughout the world as
insecticides. The exposed groups include manufacturers, formulators, applicators and
the general population. The biocidal properties of OP are due to their ability to
disrupt cholinergic neurotransmission by irreversible inhibition of.acetylcholines-
terase (AChE). There are some experimental data showing that neurobehavioural
disturbances resulting from OP exposure are reversible. For example, Costa et al. (7)
have shown on mice that memory impairments caused by exposure to disulphoton
disappeared when the AChE activity returned to a normal level. However, clinical
and’ ep1dem1010g1ca1 observations suggest that, in people with a history of acute OP
exposure, some neurobehavioural disturbances may be detected long after full
restitution of AChE activity (8,12,15,16). Moreover, in humans (9) and in monkeys
(4), changes in-EEG were observed months or even years after an acute OP exposure.
There is no convincing evidence however, that such long-term effects may result from
a repeated exposure to OP at doses producing no overt acute symptoms.

In our earlier experiments we have found that even a single exposure of the rat
to CVP at a dose of 3.0 mg/kg producing overt acute symptoms (immobility, tremor,
salivation, diarrhoea) may result in some neurobehavioural alterations detectable
after the restoration of AChE activity in blood and in the brain. The observed
changes in behaviour suggested an increased fearfulness and/or increased reactivity
to environmental stressors. Some effects (a noticeable reduction of the response to
novelty) were also detected in rats receiving CVP at a dose producing no overt
symptoms (1.0 mg/kg). The purpose of the present work was to find out whether
repeated exposure to CVP at doses producing no overt acute behavioural symptoms
(1.0 mg/kg or 0.5 mg/ kg) could result in behavioural alterations after the restoration
of AChE activity in blood. and in:the brain.

MATERIALS AND METHODS

Subjects. The experiments were performed on male Wistar rats (Imp:Dak,
outbred) 90— 120 days old. The animals were housed in groups, six rats per cage, in
standard laboratory conditions (temperature: 20—22°C, humidity: 50—60%, L/D
cycle 12/12 h with light on at 6 a.m.), and fed with standard rat chow and water
ad libitum.

Enzyme, determinations and behavioural studies were performed on separate
groups of rats. ‘
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Insecticide. Chlorphenvinphos was obtained from the manufacturer (ORGA-
NIKA-AZOT, Jaworzno, Poland) in the form of a concentrate consisting of 92%
CVP (cis- and trans- isomers at 1:8 ratio) and about 8% impurities (enolopho-
sphates). Before use, it was dissolved in warm (about 40°C) sterile -olive oil in
order to obtain the required concentration.

Determination of cholinesterase activity

Ninety seven animals used in this part of the experiment were divided into
three groups: control group and two exposed groups. Each rat was given ten i.p.
injections within a period of two weeks (one injection/day, five days a week). The
rats were injected with pure olive oil (control group) or oil-diluted CVP at 1.0 mg/kg
(group 1.0 mg/kg) or 0.5 mg/kg (group 0.5 mg/kg). This is equivalent to about 1/10
and 1/20 LD, for the rat. The volume of the injected solutions was 1 ml. Samples
of animals from each group (consisting of 3-—8 animals) were killed by decapitation
at a pre-selected time after the exposure (3 h, 4, 7 and 14 days in the 0.5 mg/kg group
and 3 h, 4, 7, 14, 21, 35, 42 and 49 days in the 1.0 mg/kg group). The killing was
performed at 11— 12 a.m. in all cases. For the determination of serum cholinesterase
(sChE) and red blood cells acetylcholinesterase (rbcAChE) activities, samples of
blood flowing out from the cut vessels were collected. The brain was removed from
the skull as quickly as possible and dissected on ice into five parts. Each part was
weighted with 0.001 g accuracy and homogenised in a glass Potter-Elvehjen’s
homogeniser with the addition of cold Sorensen’s buffer (0.066 M, pH 8.0). The
volume of the buffer as well as the volume of the homogenate samples taken for
enzyme determination were adjusted on the basis of earlier determinations of AChE
activity in a given part of the brain (19). The activity of enzymes in blood and brain
homogenates was determined by spectrophotometry using acetylcholine iodide as
substrate and ditiobisnitrobenzoic acid (DTNB) as chromogen (20).

Behavioural investigations

The rats used for the behavioural tests were divided into three groups: two
exposed groups and a control group (each consisting of 10 subjects). At the beginning
of the experiment the animals were handled 10 min/day for four days. The handling
was performed in the same room in which the behavioural tests were performed.
This was followed by a two-week injection period. During this period the rats
received ten i.p injections (one injection/day except Saturdays and Sundays) of CVP
diluted in olive oil in a dose of 1.0 mg/kg/day (1.0 mg/kg group) or 0.5 mg/kg/day
(0.5 mg/kg group) or olive oil alone (control group). The behaviour of rats in
home cages was observed at least once a day, usually 30 min after the injection,
during the whole injection period. Body weight was measured once a week till the
end of the experiment.

Open field behaviour. The ‘open field’ used in the present studies consisted
of a white square arena, (100 - 100 cm), surrounded by walls, 20 cm high, and divided
into 49 squares (14.3 - 14.3 cm) with black lines painted on the floor. A 25 W bulb,
located 100 cm above the centre of the arena, served as the source of light
during the testing. The animals were tested in the open field every second day
(three times a week with 48 h intervals between sessions) in the week preceding
the injection period, and then in weeks 1, 3 and 6 following the last injection. Each
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daily session started with placing the rat into middle of the open field. In open arena
the rat was observed for five min. During the last three sessions in the open field the
rats were presented with a new object (a cylindrical box of 7.0 cm in diameter), placed
in the middle of the arena. The measured variables were: the number of squares
crossed (locomotor activity), and the number of rearings (exploratory activity).

One-way active avoidance. The testing of one-way active avoidance response
was performed in a box composed of two identical compartments (32 - 54 - 24 cm).
The floor of each compartment was made of stainless steel rods connected in parallel
with the output of an electric shock generator. The compartments were separated by
a wall with a small (8§ cm - 7 cm) opening secured by a hinged door. The openlng was
cut out in the middle of the wall at its bottom edge. '

The testing of one-way active avoidance response was composed of two phases:
the acquisition phase and the extinction phase. Each phase was composed of three
daily sessions. During the acquisition phase each trial started from placing the rat
in the left compartment. Five seconds later, a 1000 Hz tone (a conditioned stimulus
— CS) from a loudspeaker located in the middle of the back wall was switched on.
If the rat did not enter the right compartment within 5 sec from the tone onset
it received electric footshocks (unconditioned stimulus — US), one per two seconds,
via the metal rods of the floor. Fach footshock consisted of a series of three
rectangular 2.5 mA, 20 msec pulses applied at 3.0 Hz frequency. The CS and US
remained on until the rat escaped to the right compartment. Ten seconds later it was
transferred to a ‘waiting cage’ where it remained for 25 —40 sec before the next trial.
Each day the rat was trained to a criterion which consisted of four avoidances
(entries into the right compartment before the US onset) in five consecutive trials.
The acquisition rate was assessed on the basis of the number of trials to criterion and
the number of footshocks received by the rat in successive daily sessions.

The extinction phase started two days after the end of the acquisition phase.
Like during the acquisition phase, each trial during extinction started from placing
the rat in the left compartment. The required response, however, consisted in staying
in this 'compartment for 10 sec with CS on. Each entry into the right compartment
during CS presentation was punished by electroshock until the rat returned to the
left compartment. After a 10-sec staying in the left compartment the CS was turned
off and the rat was transferred to the waiting cage for 25—40 sec. On each day of
extinction the procedure was continued until the rat reached the criterion: no
response, i.e. entering the right compartment, during 10-sec CS presentations in four
out of five consecutive trials. The extinction was assessed from the number of trials to
criterion and the number of footshocks received in successive daily sessions.

The testing of acquisition and extinction of the active avoidance response was
performed on days 47 to 55 after the last injection.

Hot-plate behaviour. The equipment consisted of a hot-plate and a shock cham-
ber. The hot-plate was a flat rectangular copper box (350 - 350 - 35 mm) filled with
water. The water temperature was kept constant at 54.5°C (40.2). A plastic translucent
cylinder (280 mm diameter, 250 mm height) with a top cover formed an enclosure
preventing the rat from stepping off the plate. The shock chamber was a tight
(100 - 200 - 400 mm) equipped box with a metal grid floor which could be electrified.

The test was performed twice, i.e. 59 and 60 days after exposure. It consisted of
placing the rat on the hot-plate within the plastic enclosure. After the occurrence of
the expected response — licking the foot — or, in the case the licking had not
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occurred, after 60 sec of staying on the plate, the animal was transferred into the shock
chamber where it received trains of electric footshocks, one every 5 sec for 2 min. The
train duration was one second, the frequency of electric pulses in the train — 5 Hz,
pulse duration — 6.5 msec, and the current intensity — 3.5 mA. Immediately after
shocking, the rat was transferred into the hot plate again. The latency of the paw-lick
response before shocking (L1), after shocking (L2) and 24 h after the footshock (L3)
was carefully measured with a stop-watch. The stop-watch was switched on at the
moment when the rat, being placed into the plastic enclosure, touched the hot plate

with four paws. It was switched off immediately after the first lick at the foot of the

right or left hind limb had been noticed.

Statistical analysis. In the case of cholinesterase activities (absolute values) the
differences between groups were estimated with the use of the nonparametric (blood)
or parametric (brain ) one-way Kruskal-Wallis, ANOVA and Sheffe’s test (17,21).
The data obtained from behavioural experiments were analyzed with a parametric
two-way ANOVA and the Tukey’s test (21).

RESULTS
Biochemical results

The results of ChE (AChE) determinations after repeated i.p. exposure to CVP
are presented in Tables 1 and 2.

In both exposed groups the values of successive determinations of sChE differed
significantly (in the 1.0 mg/kg group: X? = 35.614, df = 8, p<0.001, and in the
0.5 mg/kg group: X% = 11.581, df = 4, p <0.05). Three hours after the last CVP
injection, sChE activity was 52% (SE 4 3.2) and 59.2% (SE + 6.2) in the 1.0 mg/kg and
0.5 mg/kg groups, respectively. In the 1.0 mg/kg group, sChE activity returned to the
normal level by day 14 after the last exposure, in the 0.5 mg/kg group within 24 h.

Differences between successive determinations were also significant for rbcA-
ChE (the 1.0 mg/kg group: X? = 39.122, df = 8, p<0.001; the 0.5 mg/kg group:
X% = 13.795, df = 4, p <0.05). Three hours after the last exposure the enzyme
activity was 78.6%, SE+7.1 in the 0.5 mg/kg group, and 22.1%, SE+ 1.8 in the
1.0 mg/kg group. In the 0.5 mg/kg group rbcAChE activity returned to normal level
by day 14 after the last injection and that in the 1.0 mg/kg group by day 35.

The analysis of the brain AChE data showed that in the 0.5 mg/kg group the
values of successive determinations differed significantly only in the case of the
brainstem (F, ,; = 6.543, p <0.001); 3 h after the last exposure the enzyme activity
was 75.7% (SE+6 9) of the control value, and returned to the normal level by day 7.
In the remaining brain regions the changes were small and the differences between
successive determinations insignificant. In the 1.0 mg/kg group, significant differences
between successive determinations were found in all brain regions studied (dien-
cephalon: Fy 4, = 21.049, p < 0.001; hippocampus: Fg 5, = 31.425, p <0.001; fron-
tal pole: Fg 5, = 21.084, p <0.001; cerebellum: Fg s, = 13.288, p <0.001; lower
brainstem: F8 s2 = 38.496, p < 0.001). Three hours after the last 1n]ect10n the lowest
ACHhE activity was noted in the hippocampus (33.4%, SE+4.3), and in the frontal
pole (33.0%, SE+1.5). AChE activity returned to normal level by day 4 in the
cerebellum, day 14 in the hippocampus and day 21 or 35 in the remaining brain
regions studied.
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Behavioural results

Body weight. Differences between groups in the rate of body weight increase
during the experiment were not found (data not shown).

Open field behaviour. A two-way ANOVA (groups x sessions) revealed no
significant differences between groups or between sessions in the week before
the exposure (data not shown). In the first week after the last injection only the
effect of the session factor was significant, both in the case of locomotor
activity (F, ,, = 13.38, p <0.01), and exploratory activity (F, ,, = 5.55, p < 0.02);
in all groups the exploratory activity in sessions II and III, and the locomotor
activity in session III were significantly higher than in session I (p < 0.05 in all cases).
Results suggesting an effect of exposure were found only in the data from week 6,
where a significant group x session interaction was found in the case of exploration
(F,27 = 551, p<001) as well as locomotion (F, ,, = 1191, p<0.001). In all
groups there were some differences between sessions (Figs. 1 a and b). In the control

120 {
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Fig. 1a. Locomotor activity of rats in open field, five weeks after repeated-exposure to 0.5 mg/kg or
1 mg/kg chlorphenvinphos.

- ¥*p<0.05 compared to session II.
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Fig. 1b. Exploratory activity of rats in open field, five weeks after repeated exposure to 0.5 mg/kg or
1 mg/kg chlorphenvinphos.
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group the locomotor and exploratory activities in session III (with the new object)
were increased. In the case of locomotor activity the increase was significant statistic-
ally (compared to session II, p < 0.05). On the other hand, in the exposed groups, both
the exploratory and locomotor activities were decreased in session III compared to the
preceding sessions, but these differences were not significant statistically.

10 {

~N o o©

numberof trials to criterion
o

] 1 2 3
successive sessions '

10 1

no of foot-shocks to criterion
@

o

successive sessions

£y

N

escapefavoldance ratio
w

-

o
o

1.0 mgikg

— — — controls  -*-°-" 0.5 mg/kg

Fig. 2. Acquisition of the active avoidance response in control rats and rats exposed repeatedly to CVP.
*p <0.05 compared to the control group



114 R. So¢ko et al

One-way active avoidance: acquisition and extinction. Fig. 2 presents the results
of active avoidance acquisition test. ,

Acquisition. A two-way ANOVA of the number of trials to criterion in
successive sessions revealed no effect of the group factor and a significant effect of the
session factor (F, ,, = 20.25, p < 0.001); in"sessions II and III the number of trials to
criterion was significantly smaller than in session I. The groups x sessions
interaction was not significant.

For the number of shocks received in successive sessions, the analysis showed
a significant effect of the session factor (F; ,; = 70.98, p <0.001); in session I the
number of shocks received by rats was significantly higher compared to sessions II
and HI. The groups x sessions interaction was also significant (F,,, = 6.45,
p < 0.05). Consequent detailed comparisons showed that in session I the exposed rats
received fewer shocks than the control animals but only in the case of the 1.0 mg/kg
group this difference was significant statistically (p < 0.05). In other words, it was
easier to force the exposed rats to escape than the control ones.

The analysis of the escapes/avoidances ratio revealed a significant effect of
the session factor (F, ,, = 61.45, p<0.001) — generally, the value of this ratio
in session 1 was significantly higher than in sessions II and III — and a significant
groups x sessions interaction (F, ,;, = 4.59, p < 0.05). The consequent comparisons
showed that in session I the value of the escape/avoidance ratio in group 1.0 mg/kg
was significantly smaller than in the control group. )

50
e r . B -

[
o .
< 40k ) (111 - L2
g | E5-13
s 35 - i
c T * — p<0.05 compared
= 30 to control
> i .
(&) .
s 2T T L
O L : —
- 20 % a —
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= £ 1 ]
I e — —
x 10 B — —
o KK — —
a o — T
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s — —
0
Control 0.5 mg/kg 1.0 mg/kg
CvpP CvP

Fig. 3. Diagrams illustrating the effect of a 2-min intermittent footshock on the latency (expressed

in seconds) of the paw-lick response to heat in control rats and rats exposed repeatedly (ten times) to CVP

at a daily dose of 0.5 mg/kg or 1.0 mg/kg. The bars represent group means and SE. L1, L2 and L3

— paw-lick latencies before footshock, immediately after the footshock and 24 h after the footshock,
respectively.
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Extinction. The analysis of the results from the extinction part have revealed
that in the case of all assessed parameters only the effect of the session factor was
statistically significant; in all groups in session I the numbers of trials to criterion
and the number of shocks received were significantly higher than in the remain-
ing sessions (p <0.001 in-all cases). The effect of the group factor and the
groups x sessions interaction were not significant (data not shown).

Hot-plate behaviour. The results of this test are shown in Fig. 3. The analysis
of paw-lick latencies before shocking (L1), immediately after shocking (L2) and
a day after shocking (L3) revealed a significant effect of time (F, ,, = 14.53, p < 0.05)
and significant groups x time interaction (F,,; = 7.67, p<0.05). Consequent
repeated comparisons showed no differences between groups with respect to L1 and
L3. However, L2 appeared to be significantly longer in the 1.0 mg/kg group
compared to the control group (p < 0.05)

DISCUSSION

In our previous studies we have found that after a single i.p. exposure to CVP
at a dose of 3.0 mg/kg producing overt acute behavioural and vegetative symptoms
of. OP intoxication (immobility, salivation, urination, diarrhoea), or of 1.0 mg/kg
not producing such symptoms, subtle changes in the rat behaviour may be detected
after a time sufficient for complete or almost complete recovery of AChE activity
in blood and in the brain. In the case of the 3.0 mg/kg dose, these changes consisted
in a depression of the response to novelty in the open field and, compared to control
animals, a stronger and more durable increase in paw-lick latency after footshock
in the hot-plate ‘test. In the case of the 1.0 mg/kg dose only a depressed response
to novelty was observed (19) . The results of the present studies show, however,
that an increased effect of footshock on the hot-plate behaviour may be also detected
in rats which received CVP at this dose, i.e 1.0 mg/kg, repeatedly. Moreover, these
rats show a facilitated acquisition of the one-way active avoidance, an effect which
was not mentioned earlier. It should be stressed again that, judging from the
biochemical data, both effects were detected when the level of AChE activity in blood
and in the brain was normal. It may be concluded then, that both a single exposure
to CVP at a dose producing acute symptoms of OP intoxication, and repeated
exposures at doses not producing such symptoms, can lead to behavioural
alterations outlasting the depression of AChE activity in blood and in the brain.
Nonetheless, the exposure-induced transient depression of AChE activity in the brain
continues to be regarded as the most likely cause of these alterations. The level
of AChE inhibition seems to be an important factor determining the occurrence of
the persistent behavioural effects. In the present experiment they were detected only
~in the 1.0 mg/kg group where the AChE activity determined 3 h after the last
exposure was inhibited by more than 50% in all compartments studied, but not in
the 0.5 mg/kg group where in the none of the compartments the AChE was inhibited
by more than 35%.

The present study shows that the brain regions differ in the magnitude of
the CVP-induced AChE inhibition as well as in the time of AChE recovery.
It was particularly evident in the 1.0 mg/kg group. AChE activity in the cerebellum
was less inhibited and needed shorter time to recover than AChE activity in
the remaining parts of the brain, particularly in the cortex of the frontal pole.



116 . R. Soéko et al.

Considering the known role of the frontal cortex in motivational and attentional
processes (10), it is likely that the observed behavioural alterations in the 1.0 mg/kg
group were related somehow to the consequences of long-lasting depression of AChE
activity in this area, possibly at the level of cholinergic receptors. It should be
stressed that the level of inhibition and the course of recovery of tbcAChE and brain
AChE (except the cerebellum) were similar, which confirms that after OP exposure
the rbcAChE activity is a good indicator of AChE activity in the majority of brain
areas. (1,11,13).

The results of our present studies, just like those of our earlier works, (19) seem
to suggest that rat rbcAChE and brain AChE are more sensitive to CVP than the rat
plasma ChE. This is in contrast to humans, where plasma ChE is a more sensitive
enzyme (6,14).

The character of the behavioural alterations found in the rat long after
exposure to CVP, either repeated (present studies) or acute, suggest an increased
" fearfulness. This is concordant with persistent emotional disturbances found in
OP-exposed humans; common subjective symptoms are: feeling of anxiety and
increased fearfulness (2,18). For a long time already, the cholinergic system has been
linked with the control of negative emotional states (5), and many studies have
shown that cholinergic agonists administered directly to a variety of brain
regions induce behavioural and vegetative symptoms characteristic of a defensive
behaviour (3). Thus, the behavioural effects noted in our studies may be interpreted
as an evidence of an increased activity, or excitability of cholinergic neurons in
some parts of the rat brain. It is well known that a single strong or weak but
repeated electrical or chemical stimulation of the brain may lead to a permanent
decrease in seizure threshold, a phenomenon known as kindling, It has been
shown that months after repeated exposure to some pesticides kindling is being
facilitated, which suggests that exposure to these compounds leads to a persistent
increase in excitability of some brain structures. According to some authors,
persistent hyperactivity of the cholinergic system may be responsible for some
EEG alterations (9) and psychological disturbances in persons exposed to OP in the
past (2,8,12,15,16,18). However, direct experimental proof of this conjecture is not
available.

To sum up, the results of our present studies show that in the rat, repeated low
level exposure to CVP, an OP pesticide, may result in behavioural alterations
- detectable after restoration of AChE activity. Further experiments are needed to
characterize the basic behavioural deficits produced by the exposure and the changes
within the brain responsible for the deficits.
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