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ABSTRACT: In modern societies, whole populations are exposed to a variety of toxic substances,
several of which affect the nervous system. This points to the need of searching for means of early
detection of harmful effects. Sensory evoked potentials are readily recorded in experimental
animals and in humans and have been shown to be sensitive of toxic effects. Taking rats
subchronically exposed to different environmental xenobiotics as a model of human exposure, our
aim was to identify toxicant-induced changes, which can be used for early detection of neurotoxic
effects in humans. Young adult rats were treated for 10-12 weeks with various insecticide agents
and heavy metals, and sensory evoked potentials were recorded after the treatment period in acute
experiment. Dependence of the basic parameters of the evoked potentials, i.e. amplitude, latency
and duration, on the frequency of stimulation and on the number of stimuli in a train was in-
vestigated.

In the somatosensory evoked potentials there was a slight frequency dependence on the
latency and duration, which was dissimilar in control and treated rats. The sequence of stimuli
(first/last ones) had an effect mainly on the amplitude of somatosensory and visual evoked
potentials, which again was altered by the xenobiotic treatment. It can be concluded that certain
properties of the evoked potentials seem to be highly sensitive to xenobiotic exposure and may be
usable for detection of such exposures in humans.
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INTRODUCTION

Xenobiotics entering the human body from the environment and via food and drink
are a major source of health risk. As heavy metals — including lead, mercury and
cadmium — continue to be used in industry, agriculture and medicine, ill effects due
to them deserve special attention. Several environmental heavy metal compounds
are known to affect the nervous system, our knowledge on their possible population
neurotoxic effects at low doses and long exposure times is, however, limited.
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The adverse effect of chronic inorganic lead exposure (WHO, 1995) has been
described by several authors. Needleman (1983), Needleman and Gatsonis (1990)
and Bellinger et al. (1989) found impaired IQ and various behavioral difficulties in
children with elevated body lead content due to chronic exposure. Otto et al. (1985)
observed characteristic EEG and auditory evoked potential alterations in school-
children after several years of exposition to lead. From a large-scale multicenter
study, similar alterations were reported by Winneke et al. (1990). In animal models,
postnatal lead treatment induced EEG disorders and learning disability in young
rats (Kumar and Desiraju, 1992). Lead-exposed rhesus monkeys had diminished
discriminative auditory performance (Molfese et al., 1986). Alterations of sensory
evoked potentials of rats on subchronic lead exposure was reported by Nagyma;jté-
nyi et al. (1997b).

Mercury (WHO, 1991) as well is known to affect human and animal nervous
system whereby the effects of organic and inorganic mercurials were in some cases
found to be similar (Yuan and Atchison, 1994). Mercuric chloride was found to
cause impaired learning together with behavioral abnormalities in young rats
(Archer, 1993). Human occupational exposure to Hg vapor, resulting in various
abnormalities of the peripheral (Singer et al., 1987) and central (Lille et al., 1988;
Soleo et al., 1990) nervous system functions, has been extensively described. In
monkeys, methyl mercury caused sensory deficits (Rice, 1996). Alteration of spon-
taneous and evoked cortical activities on exposure to inorganic mercury in rats was
described by Schulz et al. (1997).

Cadmium (WHO, 1992) is known to affect several organs including the liver, the
kidneys and the skeletal system. Its neurotoxic effect, however, has not been de-
scribed until rather recently. It turned out that pre- and/or postnatal Cd exposure
affects locomotor (Ruppert et al., 1985; Smith et al., 1985) and behavioral (Mohd et
al., 1986) development in young rats and alters some functional features of sponta-
neous and evoked CNS activities (Yargicoglu et al.,, 1996; Nagymajtényi et al,,
1997a). Cadmium also influences the metabolism of acetylcholine (Devi and Fin-
germann, 1995) and of biogenic amines (Flora and Tandon, 1987) in the brain and
has possibly a role in nervous tissue degeneration due to abnormal tissue oxidation
(Shukla et al., 1987; Kumar et al., 1996) and mitochondrial respiration (Fern et al.,
1996).

Aluminum has been suspected to be a causal or confounding factor in human
neurodegenerative processes like Alzheimer’s disease (WHO, 1997). Coordination
and manipulation was impaired in exposed workers (Hosovski et al., 1990). The
well-known “dialysis encephalopathy” is also attributed to the dialysate-borne alu-
minum exposure (Schreeder at al., 1983). Impairment of learning and memory was
found also in aluminum-treated rabbits (Solomon et al., 1990) with possibly corre-
sponding electrophysiological changes (Franceschetti et al., 1990).

Given the alterations of evoked central nervous activity on exposure to most of
the metals mentioned above, both in humans and in experimental animals, it seemed
worthwhile to test whether such alterations can be used for early recognition of
toxic exposure, i.e. as a biomarker (Grandjean et al., 1994), To this end, certain
“dynamic features” of the cortical evoked potentials were defined. Changes of the
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parameters of the individual evoked potentials (increase of latency, decrease of
amplitude) over a series of 50 stimuli were considered as “fatigue”. “Frequency
dependence”, on the other hand, was defined as dependence of the evoked potential
parameters on the frequency of stimulation. It was investigated whether these fea-
tures are significantly different in metal exposed and control rats.

METHODS

The investigation was based on the method of recording described previously
(Nagymajtényi et al., 1997a,b). Rats (Wistar males, 10 weeks old) were treated by
gavage, 5 times per week for 12 weeks, with 320 mg/kg b.w. lead (lead acetate),
1.6 mg/kg mercury (mercuric chloride), 14 mg/kg cadmium {(cadmium chloride) or
for 6 weeks with 200 mg/kg aluminum (aluminum chloride). Controls had distilled
water in the gavage. At the end of the treatment period, the animals were anesthe-
tized with 1000 mg/kg urethane, the head was fixed, and the left hemisphere ex-
posed. Somatosensory and visual cortical evoked potentials were recorded from the
corresponding primary foci. The stimulus was an electric square pulse (ca. 3 V, 0.05 ms)
delivered to the right whisker pad or a 60 lux flash directed to the contralateral eye
by a glass fiber light conductor. Stimulation was performed in series of 50 pulses at
various frequencies.
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Fig. 1. Measurements on the averaged sensory (SS: somatosensory, VIS: visual)
evoked potentials.

A: Peak amplitude and latency was measured, in vertical and horizontal direction,
respectively, between point o (time zero and voltage zero level) and points a and b
(SS) or point a (VIS). For SS, zero was marked by the stimulus artifact, for VIS, it was
taken from the trigger zero.

B: Onset latency of both evoked potentials was measured as shown by the length
of arrow 1. Arrow 2 extends to the cessation point of the principal wave(s).
Duration is obtained by subtracting. Calibration: 0.5 mV, 5 ms for SS; 0.5 m¥V, 50
ms for VIS.
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For the evaluation of “fatigue”, a stimulation frequency of 1 Hz was used. The
first 5 and the last 5 of the evoked potentials of a series (stored in a PC) were aver-
aged, and amplitude and latency of the main negative and positive wave component
peaks was measured (Fig. 1A). The relative change ([average of the last 5]/ [aver-
age of the first 5]) indicating contingent fatigue was calculated and again averaged
for the whole groups of animals (10 rats). For determination of frequency depend-
ence, series of 50 stimuli were applied at 1, 2 and 5 Hz frequency, and the onset
latency and the duration of the evoked potentials were measured (Fig. 1B) and
again, the average values for the groups were calculated. Presence and significance
of the difference in fatigue or frequency dependence between the control and
treated groups was tested with two-sample r-test (average was calculated).

RESULTS

Of the parameters investigated the latency of the main waves of the evoked poten-
tials showed minor changes during a series of stimuli. Of the metals tested, only
lead caused a stronger increase of the latency of the negative peak of the somato-
sensory evoked potential. The amplitude changes over the series were, to the con-
trary, clear-cut, and hence interpretable as fatigue.

TABLE 1. Group averages of the fatigue, calculated as relative change, in various
parameters of the evoked potentials. Values above and below zero indicate that
the given parameter was increased and decreased, respectively, in the last
potentials of a series vs. the first ones. * p<0.05

Somatosensory evoked potential

Groups
Relative change (last/first) Control Pb Hg Cd Al

Latency, negative wave 0.98940.007 1.161*+0.075 0.935+£0.061 0.957 +0.035 1.062+0.025
Latency, positive wave 0.995+0.009 0965 £0.024 1.067£0.401 1.084 +0.039 1.008+0.046
Amplitude, negative wave  0.85610.221 0.659*+0.243  0.809+0.285 0.752*+0.214 0.841+0.244
Amplitude, positive wave ~ 0.895+0.182 0.795 £0.233 0.872%0.462 0.853 +0.372 0.972+0.659
Amplitude, summed 0.849+0.198 0.746*+0.194 0.841+0.349 0.804 %0.252 0.8891+0.352

Visual evoked potential

Groups
Relative change (last/first) Control Pb Hg Cd Al
Latency, main wave 0.97540.010 1.083 £0.085 1.005+0.057 1.107+0.065 1.042+0.025
Amplitude, main wave 0.839+0.176  0.736*£0.265 0.798+0.257  0.802+0244  0.921+0.251

A measurable decrease in the amplitude between the first and the last evoked
potentials was seen in each animal, control or treated, in both modalities. This is
indicated by values below 1.00 in Table 1. Control rats showed merely a moderate
decrease of the evoked potential amplitude. Most of the above-mentioned metals,
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however, induced a much stronger decrease in both the somatosensory and the vis-
ual evoked potentials (in the former, mainly when calculated for the negative
[upward] peak or for the peak-to-peak amplitude of the main waves).

We tested the frequency dependence, up to now, only on the somatosensory
evoked potentials. The influence of stimulation frequency on the onset latency and
duration of the potentials is shown in Table 2. As one can see, only duration proved
to be frequency-dependent and this dependence was significantly influenced by lead
but only marginally by aluminum.

TABLE 2. Group averages of parameters of the somatosensory evoked poten-
tial, demonstrating frequency dependence

Onset latency (ms) Duration (ms)
Stimulation Control Pb Al Control Pb Al
frequency
1 Hz 7.73+0.38 8.15+0.43 8.02+0.51  10.73£1.22 12.10 £121 11.64£1.18
2Hz 7.96+0.57 8.234+0.37 8.1840.33  12.65+1.37 13.58 £1.15 12.82+1.56
S5Hz 7.7540.51 8.29+0.41 7.90+0.35  12.55%£1.66 15.07*+2.12 13.48x1.11
DISCUSSION

The present way of evaluation of numeric parameters of sensory evoked potentials
has shown that they can be used for detecting toxic effects. In humans, alterations
of visual evoked potential latency on mercury exposure was described by Urban et
al. (1996) who also stressed the sensitivity of such investigations in detecting toxic
effects. Otto et al. (1981) reported about alterations of the human auditory evoked
potential on lead exposure, and Lilienthal et al. (1996) found its analogue in mon-
keys. Similar effects of other toxicants, e.g. ozone in rats (Custodio-Ramirez and
Paz, 1997), were also described.

Various forms of evoked activity, including sensory potentials, are routinely re-
corded also in humans. As a number of data in the literature indicate the sensitivity
of such evoked activities to toxic influence, these can be promising candidates for
functional biomarkers of neurotoxic effect.
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