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CHANGES IN THE SPONTANEOUS AND EVOKED CORTICAL
ACTIVITY OF RATS INDUCED BY TWO MITOCHONDRIAL
TOXINS
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Department of Public Health, University of Szeged Faculty of Medicine, Szeged, Hungary

ABSTRACT: Mitochondrial toxins are an interesting group of neurotoxicants including certain heavy
metals and a number of organic compounds. In case of manganese, brain is one of the target organs,
resulting in compulsive and aberrant behaviour, emotional instability and hallucinations. Mn™
ions are known to interfere with certain enzymes involved in the energy-producing mitochondrial
oxidation. The organic toxin 3-nitropropionic acid (3-NP) is produced by various microfungi and
is found in leguminous plants used as animal feed. 3-NP causes biochemical and morphological
alterations in the brain. Humans exposed to 3-NP develop seizures and coma, followed by persisting
abnormalities of motion. In this study we tried to elucidate to what extent neurophysiological
measurements are sunitable to detect functional changes caused by acute administration of these
toxicants.

In anaesthetised male Wistar rats, a silver recording electrode was placed on the somatosensory
projection area of the whiskers. The corresponding peripheral site was stimulated by weak electric
pulses, and the cortical response was recorded. On the averaged records, amplitude and latency
were measured. Spontaneous activity electrocorticogram (ECoG) was taken simultaneously, and the
relative distribution of the activity over the bands (delta to gamma) was automatically generated.

On intraperitoned administration of Mn** (50 mg/kg) the amplitude of the evoked response
showed first a decrease then an increase. In the spontaneous cortical activity, there was a parallel shift
to lower frequencies but the correlation of the two changes was moderate. Acute administration of
3-NP (20 mg/kg, ip.) decreased the amplitude of the evoked response. Its effect on the spontaneous
activity was below significance.

Due to the importance of these substances as environmental burden and as experimental tools,
further investigation of their functional neurotoxic properties is justified.
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INTRODUCTION

Manganese is a ubiquitous element, essential for living organisms in small amounts
but toxic when overdosed (ATSDR, 2000). Exposure to abnormally high levels of
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manganese has traditionally been an occupational risk factor. Nowadays, Mn is
present in the general environment, largely due to human activity. Methylcyclopen-
tadienyl manganese tricarbonyl (MMT) is used as anti-knock petrol additive in
certain countries (Lynam et al., 1999). Some Mn-compounds have widespread agri-
cultural application as fungicides (Ferraz et al., 1988), and spent dry cells contribute
to the Mn content of solid household waste.

In humans, the brain is among the organs most affected in chronic Mn exposure.
Inorganic Mn can pass the blood-brain barrier (Ashner et al., 1999) and tends to
deposit in the brain (Mena et al., 1967). The chronic disease resulting from long-term,
high-dose occupational exposure to manganese resembles parkinsonism (Montastruc
et al., 1994), with functional (Shinotoh et al., 1997) and structural (Yamada et al.,
1986) damages to the dopaminergic systems.

In animals, manganese was found to interfere with CNS synaptic functions in
several ways. Tyrosine hydroxylation, a crucial step of dopamine synthesis, was
blocked by Mn in vitro (Hirata et al., 2001), possibly by a mechanism depending on
inhibition of mitochondrial function, and the mitochondrial complex II (Malecki,
2001) and complex III (Zhang et al., 2003) were found to be inhibited by the presence
of Mn. Mn™" is known to block voltage dependent Ca™ channels of neurons and
presynaptic endings (Nelson, 1986). Calcium currents of cortical neurons, induced
by application of excitatory amino acids, were blocked by Mn®* (Pumain et al.,
1987). The release of the excitatory transmitters and of GABA, was reduced by
moderate doses of Mn>* (Takeda et al., 2003). Another effect of Mn?*, inhibition of
astrocytic glutamate uptake, can, on the contrary, enhance synaptic transmission in
the cortex (Hazell and Norenberg, 1997).

The substance 3-nitropropionic acid (3-NP) is naturally found in Astragalus spe-
cies (Leguminosae) thus intoxicating grazing animals (Johnson et al., 2000). Hu-
man intoxication may result from infestation of foodstuffs (sugar cane, cereals, etc.)
with moulds of the Anthirium and Aspergillus genus producing 3-NP. Human expo-
sure to 3-NP, even in low doses, causes acute encephalopathy followed by dystonia
(Liu et al., 1992).

The morphological and functional effects of 3-NP intoxication have been repli-
cated in animal experiments (Brouillet et al., 1999). Decrease of motor performance
was seen (Teunissen et al., 2001) with degeneration of primarily the striatum but
also the hippocampus and thalamus (McCracken et al., 2001). At the cellular level,
3-NP inhibits succinate dehydrogenase, a key enzyme of oxidative energy produc-
tion (Coles et al, 1979) which effect develops fast and is not limited to the sites of
morphological damage (Brouillet et al., 1998). Beyond that, 3-NP was found to act
on NMDA receptors thereby inducing excitotoxicity (Pubill et al, 2001).

There are a few common points in the neurotoxicity of these two, chemically
very different agents, primarily the effect on the mitochondrial energy production
and on the dopammerglc structures. The aim of this work was to describe the effects
of acute Mn>* or 3-NP exposure on the spontaneous and stimulus-evoked cortical
activity in rats and to find possible similarities in the effect of these two neurotoxi-
cants.
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METHODS

The experiments were done on adult male Wistar rats (ca. 350 g b.w.). In urethane
(1000 mg/kg b.w.) anesthesia, the head of the rats was clamped in a stereotaxic
frame and the left hemisphere was exposed. Silver recording electrodes were placed
on the somatosensory projection area of the whiskers (barrel field). The correspond-
ing peripheral site was stimulated by electric pulses (ca. 4 V, 0.05 ms, 1 Hz). The
pattern of recording consisted of a five-minute epoch of electrocorticogram (ECoG)
recording, followed by evoked potentials (EPs) recorded by applying one train of 20
stimuli to the whiskers. This pattern was repeated every 20 minutes. After 4-5 control
records, 50 mg/kg Mn>* (MnCl, dissolved in distilled water) or 20 mg/kg 3-NP
(dissolved in distilled water and pH set to 6.0) was administered via a peritoneal
cannula and the recording was continued for further ca. 2.5 hours. On the EPs, am-
plitude and peak latency was measured by hand after automated averaging. Form
the ECoG records, band activity was automatically computed and the ECoG index
(delta+theta/beta;+betay) calculated.

RESULTS

Evoked potentials

The effect of Mn”™" was detectable mainly on the response amplitude. After injection
of Mn™, an increase of the amplitude was seen which kept growing until the re-
cording was finished and became significant (Fig. IA). In parallel controls, not
treated over the recording period, there was no trend of change. The latency of the
first peak of the somatosensory EP was not influenced by the Mn treatment.

The effect of 3-NP was less manifest. With long delay after administration, the
EP amplitude suddenly decreased (Fig. /B). On the latency there was no notewor-
thy effect.
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Fig. 1. The effect of acute Mn** (50 mg/kg, ip, A) and 3-NP (20 mg/kg, ip, B) on the
amplitude and latency of the somatosensory evoked potential. Abscissa: time, pre-
treatment control period indicated by negative values. Ordinate: amplitude and
latency given in relative values (related to the mean value of the control period).
*: p<0.05.
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Spontaneous activity

The effect of the two substances on spontaneous activity was of similar direction
and magnitude (Fig. 2, A and B). The ECoG index increased in both cases, indicat-
ing the predominance of slow wave activity. With Mn*", the effect appeared within
40 minutes after administration while the action of 3-NP was seen only after ca.
1.5 hours.
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Fig. 2. The effect of acute Mn** (A) and 3-NP (B) administration on the spontane-
ous cortical activity. Displayed as in Fig. I, Ordinate: ECoG index value (see
Methods). *: p<0.05.

To see if there was any correlation between the effects of the agents on the spon-
taneous and evoked cortical activity, the numerical values of the two were plotted
against each other The correlation diagram obtained (Fig. 3) showed fair correla-
tion in case of Mn”* but practically no correlation in case of 3-NP.
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Fig. 3. Correlation diagram of the ECOG index (abscissa) and the evoked potential
amplitude (ordinate) in case of Mn** and 3-NP treatment. Both axes are given in
relative units. The correlation coefficients are inserted.

DISCUSSION

In the rats treated acutely with 3-NP, both spontaneous (preponderance of slow
waves) and stimulus-evoked (decreased EP amplitude) cortical activities were de-



CENTRAL EUROPEAN JOURNAL OF OCCUPATIONAL AND ENVIRONMENTAL MEDICINE * 2004; 10(1): - 9

pressed. Although these two effects showed no correlation, they probably had
a common cause, energy insufficiency due to impeded mitochondrial oxidation
(Coles et al., 1979). In human volunteers exposed to hypoxia, EEG was shifted to
lower frequencies (Van der Post et al., 2002). In cases of inherited or idiopathic
mitchondrial dysfunction, cortical functions are likewise affected (Montirosso et al..
2002); in the EEG, the main abnormality was slowed activity (Sciacco et al., 2001).
Alteration of certain visual EP components (Scaioli et al., 1998; Finsterer, 2001)
was also seen in such patients.

Another effect, inhibition of astrocytic glutamate uptake by 3-NP (Tavares et al.,
2001), 3-NP has in common with Mn>* (Normandin and Hazell, 2002). In case of
Mn, this leads to increased cortical excitatory transmission, probably explaining the
increase of EP amplitude. In case of 3-NP, the effect is probably suppressed by
the general effect of mitochondrial dysfunction. Mn, too, is a mitochondrial toxin
(Malecki, 2001; Zhang et al., 2003), which effect was reflected in the slowed
ECoG; in this aspect, the effect of the two substances was probably similar also in
mechanism. On the contrary, the correlation of the alteration in the ECoG and EP
parameters under Mn influence reflected no common mechanism but the accumula-
tion of Mn in the brain.

Mn and 3-NP are both important as causes of environmental exposure and as
tools in modelling the effect of the former, which justifies further studies of their
neurotoxic effects.
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