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Abstract:

The use of heavy metals can lead to considerable emission and, hence, harmful
levels at workplaces - affecting employees - and in the general environment - resulting
in airborne, foodborne etc. population exposure. Lead and mercury represent an
environmental health hazard including nervous system damages. Beyond human
studies on exposed individuals, animal experimentation is required in order to elucidate
toxic mechanisms and develop biomarkers for early detection of the adverse effects.

The aim of this study was to see the short-term effect of inorganic lead and
mercury on the activity of the somatosensory system of rats. Weak electric shocks to
the whiskers served as stimuli, and the evoked nervous activity was recorded from the
cortical and subcortical focus of the brain. From the cortex, spontaneous activity was
also recorded. Both lead and mercury caused alterations in the recorded stimulus-
evoked and spontaneous bioelectric activity. These alterations probably reflect a
specific action of the heavy metals on the nervous system so they have a potential use
in human health protection.
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1. INTRODUCTION

A number of heavy metals are known to affect the activity of the nervous
system of animals and humans, as indicated by the multitude of neurological signs
following occupational exposure, or by the effects of airborne, foodborne etc.
exposure of the population.

Lead has been used in large amounts in metal and inorganic forms (in
batteries, piping, paints, solders etc), and tetraethyl lead was, and in a number of
counties still is, used as a petrol additive. Lead in any form is accumulated in the
central nervous system, first of all in the cortex and hippocampus [15]. Pb?* interferes
with Ca-dependent regulation of protein kinase C, calmodulin, ATPases, etc. due to
the competition of with Ca®* ions [3,27]. Partly due to the interference with Ca**, lead
also affects several transmitter systems. GABA uptake was decreased and dopamine
uptake increased in synaptosomes from lead-treated rat brains [16]. Alterations in the
dopaminergic, cholinergic and glutamatergic control of behavior were observed in
lead-treated animals [10]. In humans, alterations of various forms of central and
peripheral evoked activity, like sensory evoked potentials and nerve conduction
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velocity, were described in lead-exposed individuals [2,19]. In our earlier studies,
similar changes were found in rats after up to 12 weeks oral exposure by Pb?* [22].

Mercury is another heavy metals known to be Harmful for the nervous system.
In occupational exposure to inorganic mercury, alter}tions of the spontaneous [25]
and stimulus-evoked [19] cortical electrical activity have been reported. Mercury in
animal experiments affected a number of ion channels in the peripheral and central
nervous system [29]. Hg** also interfered with calcium homeostasis, by disturbing Ca
uptake to the endoplasmic reticulum [13]. In rats treated with ionic mercury, higher than
normal levels of the transmitters noradrenaline [14] as well as dopamine and serotonin
[18] were seen. In vitro ligand binding of rat cortical muscarinic receptors also was
negatively affected by Hg*" [8]. In earlier studies of our group on mercury effects on the
cortical activity, rats receiving subchronic HgCIl, treatment showed alterations in the
spontaneous [11] and stimulus evoked [28] cortical activity.

The aim of the present study was to see the short-term effect of inorganic lead
and mercury on the activity of the somatosensory system of rats.

2. METHODS

Adult male Wistar rats of ca. 350 g b.w. were used in the experiments. After
urethane anaesthesia (1000 mg/kg b.w., ip.) the animals' head was fixed in a
stereotaxic frame and the left hemisphere was exposed. Wounds were sprayed with
10 % lidocaine and the exposed cortex was covered with warm paraffin oil.
Recording of spontaneous activity (electrocorticogram, ECoG) and evoked potentials
(EPs) commenced after an hour of recovery. Somatosensory stimulation was done
by a pair of needles delivering weak electric shocks to the whiskery part of the skin
(rectangular pulses: 3-4 V, 0.2 msec). EPs were recorded from the primary
somatosensory cortical focus (ball-tipped silver electrode) and from the thalamic
relay nucleus VPM (steel needle electrode placed to stereotaxic coordinates [24].
The pattern of recording consisted of a five minutes ECoG taken from the cortical
sufrace, then EPs by applying one train of 20 stimuli to the whiskery skin. This
pattern was repeated every 20 minutes.

Recording and evaluation of the electrical activity was done by a PC and the
NEUROSYS software (Experimetria, UK). After 5 control records, mercury (HgCl,, 7
mg/kg) or lead (Pb(CH3COO),, 1000 mg/kg) was administered via a peritoneal
cannula and the recording was continued for further ca. 2 hours. After averaging the
individual EPs, peak-to-peak amplitude and latency of the main peaks (from the
stimulus artefact) was measured. From the ECoGs, band activity (standard, delta to
gamma [17] was automatically determined and the so-called ECoG index calculated
(relation of the Ilow and high frequencies in the recorded ECO0G,;
delta+theta/betal+beta?2).

3. RESULTS

The effect of the heavy metals mostly started immediately after administration
and developed in the next 2 hours.

On the spontaneous activity (ECoG index), a trend to decreased activity was
seen (Fig. 1). The effect was significant when Hg, but not when Pb, was
administered.

The amplitude of the evoked potentials increased. This effect was also
stronger with Hg than with Pb, and was generally more pronounced on the cortical
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projection area than at the thalamic relay site (Fig. 2). Both metals increased the
latency of the EPs (Fig. 3), the effect being significant both at the thalamic and at the
cortical recording site.

In case of Hg administration, there was a significant correlation between the

alteration of the spontaneous cortical activity (ECoG index) and the evoked potential
amplitude, as shown by the correlation diagram (Fig. 4, left). In case of Pb, the
correlation was poor (Fig. 4, right).
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Fig. 1. Effect of Hg and Pb on the spontaneous cortical activity of rats
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Fig. 2. Increase of the evoked potential amplitude on Hg and Pb administration in
the cortical focus (left) and the thalamic relay site (right). Displayed as in Fig. 1.
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Fig. 3. Increase of the evoked potential latency (1% peak) on Hg and Pb
administration in the cortical focus (left) and the thalamic relay site (right). Displayed
as in Fig. 1.
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Fig. 4. Diagrams of the correlation between the changes of the spontaneous
(abscissa) and the evoked (ordinate) cortical activity in case of Hg (left) and Pb
(right). trend lines fitted and correlation coefficients calculated by EXCEL.

4. DISCUSSION

Following exposure to inorganic mercury compounds, accumulation of mercury
within the CNS has been demonstrated [1,21], in spite of its tendency to bond to plasma
proteins. Pb%*, although forms low solubility salts with physiological anions like CI', is
readily absorbed by various routes of exposure [31]. Entering the blood stream, Pb?*
passes the blood-brain barrier above a concentration threshold [4].

The alterations of the cortical evoked potentials found in our work (increased
latency and amplitude) were similar to those seen in chloralkali workers [9] which has
several possible explanations. The excitatory thalamocortical input is glutamatergic, and
Hg®" inhibits the glial uptake of Glu [7]. Lead, too, interferes with the spontaneous and
stimulus-evoked release of Glu and GABA [5,6,30]. In case of Hg?*, an effect on the
ascending cholinergic activation [20] is also likely. Hg* inhibits choline
acetyltransferase [12] and decreases the binding of ACh on the muscarinic receptors
[26], resulting in less activation. Inorganic lead could possibly interfere with the
cholinergic activation of the cortex by increasing the spontaneous and decreasing the
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stimulus-evoked synaptic release of ACh [30]. In our results, however, the correlation

between spontaneous and evoked cortical activity was firm for Hg”* but poor for Pb?*.
These alterations probably reflect a specific action of the heavy metals on the

nervous system so they have a potential use in human health protection.
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