
Three different insecticides: dimethoate, cypermethrin and amitraz were given, alone or combined with
the heavy metals Pb, Hg and Cd, to male Wistar rats per os for 12 weeks from their 4th week of life.
After the treatment period, the left hemisphere of the rats was exposed in urethane anaesthesia, and spon-
taneous and evoked cortical activity was recorded from the primary sensory areas. The effects of
dimethoate on the spontaneous activity, and of dimethoate and amitraz on the evoked responses, were
increased by the metal combination treatment, whereby the metals alone had no effect on the spontaneous
and mild effect on the evoked activity. Finally, the animals were dissected, organ weights measured, and
relative organ weights calculated. The weight gain of all treated groups was significantly retarded com-
pared to the control. Several organ weights were also significantly reduced, mainly in groups receiving
insecticide plus metal treatment. The toxic interactions observed in this work indicate that combined
human exposure to environmental pesticide residues and heavy metals may have unexpectedly severe
effects.
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INTRODUCTION

The consequence of industrial and other human activity is an increasing level of
heavy metals in the environment. Lead has originated from lead processing-repro-
cessing industries and from use of leaded petrol. Absorbed Pb accumulates in the
central nervous system (CNS), primarily in the cortex and hippocampus [14] a major
negative outcome of which is abnormal cortical spontaneous and evoked activity, and
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IQ loss, in children [37]. In our earlier studies, altered cortical activity was seen in
adult rats after 12 weeks oral [25] or acute intraperitoneal [28] exposure to Pb.
Population-level cadmium exposure results from Cd in food (primarily cereals [24])
and in drinking water [10], and from the Cd content of tobacco products. In occupa-
tionally Cd-exposed adults, reduced visuomotor performance and postural balance
was observed [35], and in children, IQ deficit [19]. Rats exposed to Cd alone or com-
bined with an insecticide [15] showed altered cortical electrical activity. Mercury
exposure is known in occupational settings (chloralkali works, manufacturing of
light sources etc.), and, for the population, from dental amalgam fillings. Altered
EEG [30] and cortical evoked responses [20] were described in Hg-exposed work-
ers. In our previous studies, rats receiving subchronic oral HgCl2 treatment showed
alterations in the spontaneous and stimulus evoked cortical activity [29, 31].

Insecticides make important contribution to the environmental neurotoxicant
cocktail. Organophosphates are known to cause permanent inhibition of acetyl-
cholinesterase. In human organophosphate intoxication, first of all EEG abnormali-
ties were observed [23], which were then reproduced in animal experiments [13, 27]
together with alterations in cortical evoked activity [8]. Dimethoate (DIM) has mod-
erate human toxicity and widespread use. In our previous experiments, low dose
DIM was found to alter neurophysiological parameters of rats in acute [27] and sub-
acute [26] application.

Pyrethroids are widely used as insecticides because of their high insecticidal
potency and low mammalian toxicity. Cypermethrin (CYP) belongs to the type II
pyrethroids with mostly central action, leading to poisoning manifested in hypersen-
sitivity, choreoathetosis, tremors and paralysis [32, 36].

In patients intoxicated with amitraz (AMI; a formamidine-type insecticide),
depression of the CNS was found in all cases [1] together with respiratory depres-
sion, bradycardia, hypotension and convulsions. In rats, AMI altered visual evoked

Table 1
Treatment groups and doses

Group Doses (mg/kg b.w.)

CON Control (oil)
3MET Pb (20) + Hg (0.4) + Cd (1.61)
DIM Dimethoate (28.2)
DIM + 3MET Dimethoate + Pb + Hg + Cd
CYP Cypermethrin (55.5)
CYP + 3MET Cypermethrin + Pb + Hg + Cd
AMI Amitraz (26.5)
AMI + 3MET Amitraz + Pb + Hg + Cd

The doses – LOEL (lowest observed effect level) for the
insecticides and NOEL (no observed effect level) for the met-
als – were determined by Institóris et al. [15–18]). For solution
making and administration, see Materials and methods.
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Table 2
General toxicity of the metals and insecticides, as seen on the body weight gain (4th to 12th week),

relative organ weights, and haematological parameters

Body weight
Relative organ weights Haematology

Groups
gain (g)

lungs adrenals testicles WBC (103/ml) MCV (fl) Hb (g/dl)

CON 400.01 ± 24.50 0.345 ± 0.025 14.36 ± 2.24 0.750 ± 0.061 13.73 ± 3.32 59.28 ± 1.15 14.81 ± 0.92

3MET 398.62 ± 37.51 0.332 ± 0.020 14.38 ± 2.27 0.750 ± 0.056 17.25 ± 4.86 58.43 ± 1.06 16.09 ± 1.41

DIM 352.50* ± 46.52 0.404* ± 0.043 14.28 ± 2.43 0.856* ± 0.088 12.09 ± 3.10 57.99 ± 1.47 14.09 ± 1.63

DIM + 3MET 340.00* ± 23.90 0.377 ± 0.030 16.14 ± 2.78 0.817 ± 0.127 10.21* ± 2.62 57.24* ± 1.84 14.36 ± 2.42

CYP 397.24 ± 38.22 0.349 ± 0.030 19.07* ± 2.99 0.761 ± 0.109 12.04 ± 2.79 57.67* ± 1.01 14.81 ± 1.87

CYP + 3MET 373.79 ± 40.19 0.351 ± 0.040 15.50° ± 1.83 0.787 ± 0.099 14.02 ± 3.86 57.64* ± 1.83 15.60 ± 2.06

AMI 311.25* ± 33.57 0.404* ± 0.052 15.43 ± 1.99 0.855* ± 0.070 14.85 ± 2.48 59.68 ± 2.24 15.94 ± 1.09

AMI + 3MET 303.75* ± 21.34 0.388* ± 0.045 15.23 ± 2.11 0.939* ± 0.110 9.65* ± 3.95 59.36 ± 1.28 16.78* ± 2.32

The values are mean ± SD (n = 8). * p < 0.05 vs. control; ° p < 0.05 vs. 3MET. WBC: white blood cell count; MCV: mean red blood cell volume; Hb:
haemoglobin. For group codes, see Table 1.
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potentials [2], reduced motor activity and inhibited monoamine oxidase but not
acetylcholinesterase [22].

This study was performed to model a possible combined human insecticide–heavy
metal exposure in animals, and to in investigate how these toxicants influenced the
activity of the central nervous system.

MATERIALS AND METHODS

Young adult male Wistar rats (12 weeks old, ca. 250 g body weight) were used. The
animals were housed under GLP-certified (certification No: 3011/48/2003) standard
conditions, with rodent chow and water provided ad libitum. The animals were reg-
ularly checked for eventual symptoms of intoxication and their body weight was
recorded weekly. Each group consisted of 8 rats.

Treatment of the rats was done by gavage, 5 days per week, for 12 weeks from the
rats’ 4th week of age, according to the doses and combinations in Table 1. The met-
als were dissolved in distilled water (to 1 ml/kg), DIM and CYP in sunflower oil (0.5
ml/kg). AMI was suspended in 1% methyl cellulose mucus containing 0.1% Tween
80 (5 ml/kg).

On the day following the last administration, the rats were prepared for electro-
physiology in urethane anaesthesia (1000 mg/kg ip). The left hemisphere was
exposed, and (following ca. 30 min recovery) silver recording electrodes were placed
on the primary somatosensory (SS), visual (VIS) and auditory (AUD) areas. First,
electrocorticogram (ECoG) was recorded simultaneously from these sites for 6 min-
utes. Then, peripheral sensory stimuli were applied in a series of 50, with 1 Hz rep-
etition frequency (SS: also 2 and 10 Hz), and cortical evoked potentials (EPs) were
recorded from the same sites. From the ECoG records, power spectrum by bands was
obtained. On the cortical EPs, latency and duration of the main waves was measured
after averaging [27, 28]. All recording and analysis was PC-based, using the NEU-
ROSYS 1.11 software (Experimetria, Hungary). Finally, the rats were sacrificed by
an overdose of urethane, dissected, organ weights measured, and relative weights,
related to 100 g body weight [15] calculated. The data were compared by one-way
ANOVA, after Kolmogorov-Smirnov normality test. For post hoc analysis, LSD was
used with p < 0.05 as criterion of significance. All experimental work was carried out
in conformity with the principles of the Ethical Committee for the Protection of
Animals in Research of the University.

⎯⎯⎯→

Fig. 1. Power spectra of the electrocorticogram recorded from the somatosensory (A), visual (B) and
auditory (C) area. Abscissa: groups (see Table 1). Ordinate: relative power (% of total activity) of the
bands as shown by the insert in A. * p < 0.05 vs, the same band in CON; ° p < 0.05 vs. the same band

in 3MET
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RESULTS

The general toxicity of the treatments was considerable on the body weight gain
(Table 2). The metals alone had no significant effect but further increased the signif-
icant body weight deficit caused by DIM or AMI. Of the organs investigated, the rel-
ative weight of the lungs was significantly altered by DIM, AMI and AMI + 3MET,
that of the adrenals by CYP and CYP + 3MET, and that of the testicles by DIM, AMI
and AMI + 3MET. No other organs (liver, kidneys, spleen etc.) were affected by the
metals and insecticides. The haematological parameters were significantly altered
only in the combination groups, except for MCV which was decreased in the CYP
treated group, too.

The power spectrum of ECoG was similar in the three areas in the control animals.
In the group treated with the LOEL combination of the metals (3MET), a slight shift
towards higher frequencies was seen in the SS and VIS area (Fig. 1). DIM caused
significant shift in the same direction in all areas, which was intensified in the
DIM + 3MET group mainly in the SS area. CYP alone had an effect on the ECoG
only in the VIS focus. In the CYP + 3MET group, increased fast activity was seen in
the SS and AUD area. AMI alone caused some increase in the high-frequency waves
and this effect seemed to be abolished in the metal combination group.

The latency of the SS EP was increased by the metal combination and by the
insecticides DIM and CYP (Fig. 2). The effect of DIM was significantly strengthened
by the metals, and also the effect of AMI + 3MET was, in contrast to AMI alone, sig-
nificant. The frequency dependence of the latency was also influenced by the toxi-
cants but not significantly. The effect of the treatments on the latency of the VIS EPs
was similar; the changes of the EP duration were significant but showed less clear
trend. On the AUD EPs, single effects were significant but showed no clear interac-
tions.

DISCUSSION

Although the studied neurotoxicants are chemically different, they can have common
targets of action, such as the influence on the cholinergic cortical activation [21].
Hg2+ inhibits choline acetyltransferase [9], and Pb2+ increases spontaneous and
decreases stimulus-evoked release of ACh [33], interfering this way with the ascend-
ing cholinergic activation of the cortex. Cd-induced ECoG alteration in rats was also
published [34]. The effect of DIM, as a cholinesterase inhibitor, on the cholinergic

⎯⎯⎯→

Fig. 2. Latency of the somatosensory evoked potential (A), and latency and duration of the visual (B) and
auditory (C) evoked potential. Ordinate: data (mean + SD, n = 8) of latency (A) or latency and duration
(B, C). Insert in A: bar patterns for stimulation frequency, Hz. Insert in B: bar patterns for latency and

duration in B and C. * p < 0.05 vs. control; ° p < 0.05 vs. 3MET; # p < 0.05 vs. insecticide alone
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activation is evident, and was indeed strengthened by the metals. CYP had minimal
effect on the ECoG and this was not much altered in the CYP + 3MET group, simi-
larly to earlier publications [7]. The effects of AMI resulted most likely from inhibi-
tion of monoamine oxidase [11] and the alpha-2-adrenergic agonist effect of the
agent [6]. This led in our work to a shift of the ECoG to higher frequencies which
was in line with literature data [12].

The insecticides studied had, generally, a depressive effect on the EPs. The effect
of DIM was the most marked and showed the highest positive interaction with the
metals. The action of DIM was probably indirect, via the cholinergic regulation of
cortical activity [21], while the metals studied are known to interfere with the gluta-
matergic transmission responsible for the thalamocortical transmission. Hg2+ inhibits
the uptake of glutamate by astrocytes [4] leading to overstimulation and desensitiza-
tion in the thalamocortical (and possibly lower) synapses, while Pb2+ is known to
inhibit the stimulus-dependent release of glutamate [3]. The effect of AMI on the EP
parameters was mild, and was in the SS area reversed by the metals which was in
parallel with the effects seen on the ECoG spectrum. CYP and the heavy metals may
have common sites of action on ionic channels [5] but the alterations in the EP data
were mostly not strengthened in the CYP + 3MET group vs. CYP only.

Our results indicate that heavy metals may in some cases increase the neurotoxic-
ity of insecticides, possibly also in humans exposed to environmental residues of
these toxicants.
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