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Abstract. Cholinesterase (ChE) activity in 'blood .and ibrain as w ell as the 
hippocam pal and cortical EEG were investigated in rabbits exposed once a 
day for a period of two w eeks to an organophosphate insecticide, chlorphen- 
viniphos (CVP). The daily  dose of CVP was 14.0 m g/kg i.p. GhE activity in 
p lasm a and erythrocytes decreased toy 60 and 48%, respectively,' toy the end 
o f exposure and returned to the preexpoisure level w ithin 35 days. In the 
exposed  animals, killed a n d  .dissected a day after, the ChE activity in iblood 
had toeen found norm al, the level o f  ChE activity in some parts o f the brain 
w as still significantly depressed. The spontaneous hippocam pal EEG show ed 
no changes as soon as 24 hours after the exposure. H owever, after a period 
su fficien tly  long for  the normalization o f ChE activity in blood, the hippo­
cam pal arousal response (theta rhythm) to click and to: a tone associated 
w ith  pain was found heightened in the exposed rabbits. M oreover, spectral 
analysis of 5 minute EEG samples revealed a decrease in the content of 
7— <13 Hz activity in  the cortex o f  the exposed animals as com pared to the 
control ones. The obtained data suggest that exposure to  CVP m ay lead to 
functional changes in the brain outlasting the period of ChE depression.

INTRODUCTION

Human data suggest that exposure to organophosphorus compounds 
(OP) —  irreversible inhibitors of cholinesterase (ChE) — may result in 
alteration in brain functions outlasting the depression of ChE activity. 
Disturbances in psychic functions (15) as well as alterations in EEG (7) 
have been noted in workers several months or even years after the 
exposure. The persistence of long-lasting disturbances in EEG have 
been confirmed in monkeys after a single exposure to sarin, a chemical
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warfare agent (4). To our knowledge, the possibility that similar effects 
may be produced by less toxic OP-s used in agriculture has not been 
tested experimentally.

In previous experiments on rabbits we studied the effects of a sin­
gle exposure to chlorphenvinphos (Phosphoric acid 2-chloro-l/2, 4-di- 
chlorophenyl/vinyl diethyl ester-CVP), an OP insecticide used widely in 
Poland for control of the Colorado beettle (5). Apart from a transient 
increase in the content of the hippocampal rhythmic slow activity 
(RSA) visual inspection of the records revealed no clear-cut and persi­
sting changes (11). The present work concerns the effects of a repetitive 
exposure to CVP on hippocampal and neocortical EEG in the same 
species. Similarly, as in the previous work, special attention has been 
paid to the hippocampal EEG; at least one form of the hippocampal 
activity, namely the immobility-related RSA (IRSA) is controlled by 
the cholinergic system and may serve as an indicator of its functio­
nal state (3).

M ATERIALS AND METHODS 

Animals

Two groups of white New Zealand rabbits, males, about 6 months 
old and of 3.0-3.5 kg of body weight at the beginning of the experi­
ments have been used. Determinations of ChE activity in blood and 
in selected parts of the brain were performed in one group of animals 
(nj= 14, five exposed and nine controls). The rabbits of the second 
group (n =  10, five exposed and five controls) were prepared for the 
electrophysiological studies by implanting them with chronic intrabrain 
electrodes.

The pesticide and exposure conditions

The pesticide was obtained from the manufacturer (ORGANIKA- 
-AZOT, Jaworzno, Poland) in the form of a concentrate containing 92% 
of CVP (a mixture of cis and trans-isomers at a 1 : 9 ratio) and about 
8% of impurities (enolophosphates). Before use it was diluted with warm 
(40°C) sterile olive oil in order to obtain the required concentration 
(14.0 mg/ml). CVP was administered intraperitoneally. Each animal was 
injected ten times in a period of two weeks (one injection a day exclu­
ding Saturdays and sundays). The daily dose of CVP in the exposed 
animals was 14 mg/kg which constituted about 64% of the lowest dose 
used in the previous studies (11). It was expected that at this exposure



EEG after exposure to clilorphenvinplios 53

level the ChE activity in blood would not decrease below 50% of the 
control value, i.e. would remain close to the safety limits accepted in 
some countries (2). The control animals were injected with pure olive
oil in volume of 1 ml/kg.

Determination of ChE '

The ChE activity in blood (plasma and erythrocytes) was determined 
in blood samples taken from the punctured ear marginal vein. In the 
exposed animals the determinations were made at the following time 
points: before the first CVP injection, 3 hrs after the first injection, 
10 min before the tenth injection, 3 hrs, 24 hrs, 48 hrs, 72 hrs, 7 days 
after the last injection and then once a week till the return of ChE 
activity to at least 90% of the control value. When it had happened 
the exposed animals as well as the unexposed ones were decapitated, 
the brains were removed from skulls as quickly as possible and dissected 
on ice into eight parts: cerebellum, medulla oblongata, midbrain, dience­
phalon, hippocampus, entorhinal cortex, temporo-parietal cortex and 
anterior part of the cerebral hemisphere (including white matter and 
the head of the caudate nucleus). Each part was carefully weighed and 
homogenized with addition of cold Sorenson buffer. Voss and Sachsee 
method (16) was applied for determination of the ChE activity in blood 
and in brain homogenates.

Surgery

AH animals used for electrophysiological experiments were implan­
ted stereotaxically with chronic bipolar electrodes under barbiturate 
anaesthesia (hexobarbital sodium). The electrodes were made of teflon 
coated stainless steel wire of 0.2 mm in diam (Medwire). The tips of 
the electrodes were placed in the dorsal hippocampus (4 mm poste­
riorly to Bregma, 4 mm laterally to the midline, and 4 mm below the 
brain surface), the anterior neocortex (5 mm anteriorly to Bregma, 3 mm 
laterally to the midline), and the posterior neocortex (9 mm posteriorly 
to Bregma and 6 mm laterally to the midline). The details of the sur­
gery have been described in previous papers (10, 11). The animals were 
allowed four to six weeks recovery after surgery.

Apparatus

EEG recordings were made with the use of an 8-channel electro­
encephalograph. Apart from the EEG inotor activity was recorded on



one of the* channels with the use of the “free cable”  method. The 
outputs of the EEG amplifiers were connected through an AD con­
verter with an IBM microcomputer. In some tests the EEG signals were 
recorded simultaneously on paper and in the mass memory of the com­
puter. During the recordings the animals remained in an observation 
cage (120X60X60 cm) with transparent roof and front and with a grid 
floor. The cage was located in a semi-soundproof enclosure. A closed- 
-circuit TV system enabled the experimenter to watch the animal 
behavior during the recording.

Procedure of the electrophysiological testings

The procedure of the electrophysiological testing consisted of:
a) Test 1 — recording of the spontaneous hippocampal and neo- 

cortical EEG with no sporadic stimuli applied.
Each recording session consisted of three 5 min periods of con­

tinuous EEG recording separated by 5 min intervals. Before the exposure 
three recording sessions were performed at one week intervals. After 
the exposure, sessions of recording the spontaneous EEG were perfor­
med 24 hrs, 7 days and 14 days after the last CVP injection;

b) Test 2 — testing the magnitude of the hippocampal arousal in 
response to a strong acoustic stimulus.

During this test animal remained seated within a tight enclosure 
separated by a thin plywood partition from the rest of the observation 
cage. Owing to this the distance between the loudspeaker (located 
within the observation cage) and the animal’s ears remained relatively 
constant during the testing. The testing consisted of a repetitive (30 X) 
application of a strong auditory stimulus (click). The stimulus was 
applied only when LIA (large irregular activity) was present in the 
hippocampus, and at intervals no shorter than 10 sec. The magnitude 
of the hippocampal electroencephalographic arousal was estimated on 
the basis of the duration of the RSA train induced 'by each click 
(Fig. 1). This testing was performed before the exposure once and was 
repeated eight weeks after the last injection of CVP;

c) Test 3 — testing the hippocampal and neocortial EEG before 
and after a change of the biological significance of a sporadic stimulus 
in the experimental situation.

This test was performed once on days 49, 50 and 51 after the 
exposure. It consisted of three 15 min sessions separated by a 24 hour 
interval. Each session was composed of three 5 min periods. During the 
first session spontaneous EEG was recorded for 5 min (period I), then 
$n acoustic stimulus (a 1000 Hg tone of 10 § duration) was applied ten
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Fig. 1. A section o f EEG reoond showing the hippocam pal eleotiroencephalographdc 
arousal response to  the click. Denotations of traces: Oc -  occipital cortex, Hr —  
right hippocampus, HI —  le ft hippocampus. The upw ard directed arrow marks 
the moment o f  the click  application. The double horizontal arrow  m arks the be­
ginning and the end o f the arousal response. Calibration: 200(xV, 1 sec.

times at 1 min intervals (period II and III). During the second session 
in periods II and III a short (0.1 s) electric footshock (sine wave 50 Hz,
1.5 mA) was applied at 1.0 Hz frequency during the last 5 secs of the 
tone duration. Thus, the tone became a signal of unavoidable footshock. 
During the third session the procedure was exactly the same as during 
the first one. During the first and third session EEG was recorded con­
tinuously on paper and in the computer mass memory. Records were 
not made during the second session.

Data analysis

[The ink written EEG records were analysed visually. In the hip­
pocampal spontaneous EEG (Test 1 and partially Test 3) the content 
of the two basic patterns of activity — LIA and RSA — were evaluated. 
Within RSA, the movement-related RSA (MRSA) and the immobility- 
-related RSA (IRSA) were estimated separately on the basis of the RSA 
frequency and the presence of motor activity (Fig. 2). Records stored 
on discs (Test 3) were subjected to a spectral analysis by means of 
a computer program developed for this purpose in our laboratory.

Statistics

Statistical analysis was performed with the use of a two-way 
ANOVA and Tukey test (17). Data from each session (between-group
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comparisons) and from each group (within-group comparisons) were 
analysed separately.

RESULTS

General observations
No changes in general behavior in home cages were observed in 

the exposed animals during the period of exposure. However, in all 
exposed animals injections of CVP resulted in a 5—8% decrease in 
body weight (6.1% on the average) at the end of the exposure. It return­
ed to the preexposure level within one week after the exposure.

Injections of CVP resulted in a decrease in the rectal temperature. 
This decrease attained maximum (0.8—2.1°C, 1.6°C on the average) 
within 90—120 min after the injection and disappeared within 24 hrs. 
The effect of successive injections became gradually smaller, failing 
finally to appear.

Blood ChE activity during and after the exposure
Figure 3 presents changes in the ChE activity in full blood, plasma 

and erythrocytes in the course and after the exposure to CVP. A two- 
-way ANOVA (CompartmentXTime) showed that the effect of Time was 
highly significant (F2,i2 — 76.55, p <C 0.0001). The degree of ChE depres­
sion as well as the rate of normalization of the enzyme activity differed 
depending on the compartment tested (effect of Compartment: F2,i2 — 
1— 12.83, p <C 0.002, Time X Compartment interaction: F2,12 — 11.54, 
p <  0.002). The erythrocyte ChE appeared to be significantly more sen­
sitive to CVP than the plasma ChE. The plasma ChE activity was 
decreased 'by about 50% by the end of the exposure, whereas the acti­
vity of the erythrocyte ChE was reduced by about 60% on the average. 
The rate of normalization of activity was slower in the case of the 
erythrocyte ChE. In both these compartments ChE activity returned to 
90— 100% of the preexposure level within 28 days in three animals, 
and 35 days in the remaining two of this group.

Brain ChE activity
In the exposed animals, killed and dissected a day after the ChE 

activity in plasma and erythrocytes had returned to no less than 90% 
of the pre-exposure value, the level of ChE activity in some parts of
the brain, namely in the midbrain, diencephalon, hippocampus, entor-
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successive determination®

| -nt- fUn b{0p<j -g -  psagroa -£*- erythrocytes

Fig. 3. Blood ChE activity in rabbits during the course o f and after repetitive 
exposure to chlortphenvinphos. Ordinate —  ChE activity as a percent o f the pre- 
exposure value. Abscissa —  successive determinations; 0 —  control, 1 —  three 
hours after the first in jection , 2— 10 min before the tenth injection, 3, 4, 5, 6,
7, 8, 9, 10, 11 —  three hours, one day, tw o days, three days, one week, 
three weeks, fou r w eeks and five  weeks after the tenth injection, respectively.

hinal cortex and. temporo-occipital cortex was significantly lower than 
in the unexposed (control) rabbits (Table 1).

Brain electrical activity

a) Spontaneous hippocampal EEG before and after exposure to 
CVP (Test 1).

No between-group (exposed-vs-control) differences were found with 
respect to the global content of the three basic patterns of hippocampal 
activity, i.e. LIA, IRSA and MRSA. The only change seen in this test 
was a gradual decline in the MRSA content after the exposure. 
However, the groups did not differ in this respect;

b) Magnitude of the hippocampal arousal in response to click 
before and after the exposure (Test 2).
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TABLE 1. A  comparison 'between the 'brain ChE activity in norm al rabbits and in 
rabbits exposed repetitively to 'Chlorphenvinphos in the past. In 'the exposed 
rabbits brain ChE was determined a day after the ChE activity in plasm a and 
erythrocytes had foeen found above 90% o f  the ipreexiposure values.

ChE activity * (mean and SE)
statisti'cs 

(Tukey test)ibrain region control animals 
n =  9

exposed animals 
m =  5

cerebellum 22.04
1(0.39)

120.89
'(0,92) iNS

medulla
oblongata

21.55
.(0.79)

18.51
1(1.24) iNS

midbrain 129.30
<1.05)

24.59
1(1.60) ip <  0.05

diencephalon '18.97
1(0.34)

H6.19
(0.76) p  < 0.01

hippocampus 19.93
1(0.81)

.15.25
(1.02) ¢) <  0.01

pyriform  lobe 15.1.2
1(1.01)

9.55
(0.82) ip <  0.01

tem poro-occipital
cortex

19.47
:(1.26)

14.37
(1.60) ip <  0.05

frontal pole 35.45
((1.95)

29.01
1(2.86) iNS

* ChE activity is expressed in num ber o f  m icrom oles o f acetyltiochodine hydro­
lysed by one gram of fresh brain tissue during one min at 30°C.

In order to analyse the 'changes in the RSA response to click, 
both sessions (one before and one after the exposure) were divided into 
blocks of five trials each. For each block the mean duration of the RSA 
response to click was calculated. In both groups and in both sessions 
the RSA response shortened gradually (Fig. 4), i.e. habituation occurred. 
In the control group the magnitude of the RSA response as well as 
the habituation rate was similar in both sessions. In the exposed group 
the habituation proceeded at a similar rate in both sessions but the 
magnitude of the response after the exposure was generally higher (i.e. 
RSA persisted longer) than before the exposure in the same group 
(F(i,8) ='14.5, p<;0.01), as well as in the control group after the expo­
sure (F(i,8) = 1 9.94, p <  0.02);

c) Effect of exposure on the hippocampal and neocortical EEG 
before and after a change in biological significance of stimuli in the 
experimental situation (Test 3).

For the purpose of the analysis, each of the 15 min records made 
during the first (control) and during the third session were separated 
into three 5 min sections. Section 1 was from the control period (with 
no sporadic stimulus applied). Sections 2 and 3 encompassed the period
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(one block • 5 trials)
Fig. 4. The magnitude of the hippocam pal electroencephailograiphic arousal response 
to the d ic k  before and 56 days after the repetitive exposure to chloriphenviniphos 
in rabbits.

during which the acoustic stimulus (1000 Hz tone) was presented every 
one min. The ink — written records were analysed visually and the 
digital records were subjected to spectral analysis.

In all animals the presentation of the 1000 Hz tone resulted in the 
appearance of RSA in the hippocampal EEG. In the exposed group, 
however, this effect was significantly larger (the trains of RSA were 
longer) than that in the control. The differences between groups were 
particularly Strong during the third session (F(i,8) =  25.83, p <  0.001). 
■Similarly as in the case of the response to click the trains of RSA 
shortened during successive presentations of the tone but the groups 
did not differ in this respect (interaction was not significant, Fig. 5).

The results of the spectral analysis of the 5 min samples of the 
hippocampal EEG are presented in Fig. 6. Statistical comparisons of 
the spectral power within the 1—4 Hz, 4—7 Hz and 7—9 Hz bands re­
vealed no significant differences. The analysis of electrocorticograms, 
however, revealed that in the exposed rabbits in the first and third
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*  oil a CVP

Fig. 5. The m agnitude of the hippocampal electroencephalographic arousal response 
to the 1000 H z tone (before (A) and after (B) its association with an unavoidable 
footshock. The test was perform ed on days 41— 43 after the repetitive exposure 
to chlorphenvinphos. Ordinates: duration of the R SA  train (in seconds) measured 
from  the start o f  the tone. Abscissa: Roman numerals denote successive 5 min 
recording periods o f  the 15 min session during which the tone was presented. 
Numerals fo llow ed  by apostrophe refer to periods o f the third session (after the 
conditioning). See .text for further explanations.

session the proportion of activity within the 1—4 Hz band was higher 
(the differences were approaching statistical significance) and that with­
in the 7—13 Hz band was lower than in the control animals (first ses­
sion: F(1,8) =  5.75, p<0.05; third session: Fii8=7.1, p<0.05). No differen­
ces between groups as well as between sessions were found with res­
pect to the proportions of electroeortical activity within the remaining 
frequency'bands (4—7 Hz, 13—21 Hz and 21—32 Hz, Fig. 7).

DISCUSSION
I
1 - .

Two facts discovered in the present studies require consideration. 
Firstly, in rabbits exposed repetitively to CVP the activity of ChE in 
blood, particularly in plasma, returns to a normal (preexposure) level
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faster than in some parts of the 'brain, and secondly, detectable chan­
ges in the brain electrical activity exist after normalization of the ChE 
activity in blood and in the brain.

Blood is the only element in which ChE can be 'determined in ex­
posed workers and the assessment of the exposure level as well as the 
degree of recovery after the exposure is usually based on the outcome 
of this determination. When the level of ChE inhibition in plasma and 
erythrocytes differs from that in other parts of the body, ęspecially 
in the brain, the risk of diagnosing an intoxicated person healthy and 
capable to work is high.

So far direct data which could make possible prediction of the le­
vel of ChE inhibition as well as the normalization rate in the human 
brain after CVP exposure (as well as after exposure to other OP-s) are 
lacking. Relationships which may exist in man can only be extrapolated 
from the results of experiments performed on animal models. The si­
tuation is more complicated as the relationship may differ depending 
on the animal species (13) as well as on the compound studies (9, 14). 
It means that in order to obtain information, on which a reliable dia­
gnosis could be based, data from several species concerning the same 
OP are necessary.

The lack of significant changes in the hippocampal spontaneous EEG 
as early as 24 hrs after exposure (when the ChE activity was still low) 
is in agreement with our previous data (11). It may suggest that the 
part of the brain cholinergic system which is involved in the control 
of the hippocampal activity (IRSA), similar to that participating in the 
control of body temperature, can undergo fast adaptive changes. The 
results of the further tests, however, show that in the exposed animals 
the functional state of the brain is not exactly the same as in the 
control ones even eight weeks after the exposure, i.e. after a time suf­
ficient for full normalization of the ChE activity in iblood and, most pro­
bably, in the brain. It is in accordance with the observations done on 
exposed workers with histories of exposure to sarin (7) and on monkeys 
exposed experimentally to the same compound (4). Our data suggest that 
long-lasting changes may appear also as consequence of exposure to less 
toxic OP-s, used extensively as agricultural pesticides.

The longer duration of electroencephalographic arousal in the hip­
pocampus (RSA) in response to the click as well as to the tone after 
its association with pain, suggests an increased reactivity of sensory 
and/or emotional systems after a CVP exposure. On the other hand, 
the slowing of cortical activity, revealed by spectral analysis, suggests 
a decreased level of unspecific activation during the intervals between 
successive stimuli. Taken together, these changes may be regarded as
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evidence of increased liability of the CNS functional tone after the CVP 
exposure. Since, in the present experiments, ChE determinations did not 
parallel the electrophysiological testing, one cannot tell whether the 
above changes were related to the still diminished ChE activity in some 
parts of the brain or to long-lasting ChE depression in the past.

It is worth emphasizing here that the changes in the cortical EEG 
(increased activity within 1—4 Hz band), seen in our exposed rabbits, 
were opposite to those reported in workers and in monkeys (4, 9) after 
exposure to sarin; in the latter cases an increased high-frequency acti­
vity was observed. It is possible that these differences might be due 
to some differences 'between these two OP-s in the effect on other neuro­
transmitter systems (6) or in the interaction with cholinergic receptors. 
The ability to interact with postsynaptic cholinergic receptors has been 
shown in the case of several OP-s (1, 8). According to our knowledge 
CVP has not been tested for its possible postsynaptic action. In our pre­
vious experiments on rats (12) we found that changes in the hippocampal 
EEG produced by acute CVP exposure were disproportionally weak in 
comparison to those produced by physostigmine in spite of comparable 
effects on ChE activity. It may either confirm that physostigmine acts 
as an agonist of the postsynaptic cholinergic receptors (1) or suggest that 
CVP interacts with these receptors in an antagonistic fashion.

CONCLUSIONS

il. In rabbits after repetitive exposure to CVP (14.0 mg/kg i.p. daily 
for two weeks) cholinesterase activity in the blood normalizes faster than 
in some parts of the brain.

2. In the exposed rabbits, in the absence of strong sporadic stimuli, 
especially those associated with pain, hippocampal EEG shows no chan­
ges as soon as 24 hrs after the end of the exposure.

3. Repetitive exposure to CVP results in an increase of the hip­
pocampal arousal (theta rhythm or RSA) in response to strong acoustic 
stimuli and to stimuli associated with pain as well as in a decrease of 
the content of 7— 13 Hz activity in the neocortex. These effects are 
detectable after time sufficient for normalization of the ChE activity in 
blood.
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