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Abstract. 
In an attempt to model occupational and environmental Mn exposures and their possible interaction, young male Wistar rats were exposed to Mn by oral administration in dissolved form (MnCl2·4H2O, 14.84 and 59.36 mg/kg b.w.) and by intratracheal application of MnO2 nanoparticles (2.63 mg/kg b.w.). After 3 and 6 weeks oral, or 3 weeks oral plus 3 weeks intratracheal, exposure, general toxicological, and electrophysiological tests were done. Body weight gain was significantly reduced after 6 and 3 plus 3 weeks exposure, but the effect of the latter on the pace of weight gain was stronger. Organ weights signalized systemic stress and effect on lungs. Changes in evoked electrophysiological responses (cortical sensory evoked potential and nerve action potential) indicated that the 3 plus 3 weeks combined exposure caused equal or higher changes in the latency of these responses than 6 weeks of exposure, although the calculated summed Mn dose in the former case was lower. The results showed the importance of the physicochemical form of Mn in determining the toxic outcome, and suggested that neurofunctional markers of Mn action may indicate the human health effect better than conventional blood Mn measurement.


1. Introduction
It has been recognized in the last ca. 20 years that people’s exposure to nanoparticles (NPs)s—let them be pollutants or components in nanotechnological products—has major influence on health. NPs are, by definition, particles which measure less than 100 nm in all three directions. In this size range, the surface-to-mass ratio becomes extremely high, meaning that this particle fraction (also called ultrafine dust) represents only a small mass fraction in any (environmental or occupational) dust sample but a high number of particles with a very high and reactive overall surface [1]. The small size also means that, once absorbed, NPs have extreme mobility within the (animal or human) organism and can reach all parts of it by crossing conventional barriers such as the alveolar or capillary wall. This, and the inflammogenic nature of NPs, is strongly influenced by their surface characteristics [2].
Concerning manganese (Mn), both fine and ultrafine particles containing this metal are likely generated in various phases of production and processing of Mn, from ore mining through steel casting and welding to the production of dry batteries; so that particle inhalation is a major way of—primarily occupational—exposure to this metal. The human nervous system effects of chronic Mn exposure are manifested by a state called manganism, a set of symptoms that is similar to Parkinson’ disease and appears frequently in welders inhaling metal fumes [3]. Such exposure is typically job-related (but see [4]) while the general public might experience particulate Mn inhalation due to the use of methylcyclopentadienyl manganese tricarbonyl (MMT) as an antiknock petrol additive in some countries [5].
Manganese-induced Parkinsonism was, however, also observed in patients undergoing maintenance hemodialysis [6] or in inadvertent overdosing due to long-term ingestion of a health supplement containing high levels of Mn, which indicates that other physicochemical forms of Mn and other routes of exposure are also relevant to the health of the CNS. For geological reasons (e.g., in Greece [7]) or due to man-made pollution (such as improper disposal of used dry cells in Japan [8]) abnormally high Mn levels in the drinking water were observed, together with CNS symptoms of the affected population. In regions of the USA with high-Mn drinking water, loss of visual and verbal memory, typical for Mn-induced brain damage, was described [9]. The neurotoxic spectrum of Mn is variable: epileptic activity was observed in children following inhalational Mn exposure [4] or prolonged total parenteral nutrition [10], and alterations in EEG and evoked potential were seen in shipyard workers [11].
Based on the above literature data, indicating the relevance of both inhalational and oral exposure by Mn to nervous system effects, the present study was aimed at investigating the adverse neurofunctional effects in rats, caused by Mn in different physicochemical forms (by inhaled Mn NPs and by dissolved Mn taken up orally). Our goal was to create an experimental model reproducing complex human Mn exposure—including occupational and nutritional sources—more adequately, and to detect the effects by electrophysiological methods, the suitability of which was proven in previous works [12, 13].
2. Materials and Methods
2.1. Animals and Treatment
Young adult male Wistar rats (7 weeks old, body weight 200 ± 20 g) were obtained from the breeding centre of the university and were housed in a GLP-rated animal house (22 ± 1°C, 30–60% relative humidity, 12 h light/dark cycle with light on at 06:00), with free access to tap water and standard pellet (at start, there were 12 groups of 12 rats each; this number allowed for eventual losses during treatment, finally 8 rats per group were chosen randomly for evaluation).
Treatments, representing oral and inhalational exposure, were performed once daily, 5 times a week, and lasted altogether 3 or 6 weeks (see Table 1 for group codes, doses, and treatment times). The oral doses were based on an earlier work of us [14] where 14.84 and 59.36 mg/kg b.w. of MnCl2 were given by gavage for several weeks. The intratracheal dose of 2.63 mg/kg b.w. of MnO2 NPs was likewise tested in a previous experiment [12].
Table 1: Treatment scheme with group codes, doses and treatment times.
	

	Group code	Treatment and dose
	

	C3	3 weeks, untreated
	VC3	3 weeks, distilled water, orally
	MnL3	3 weeks 14.84 mg/kg b.w. MnCl2, orally
	MnH3	3 weeks 59.36 mg/kg b.w. MnCl2, orally
	C33	6 weeks, untreated*
	VC33	3 weeks, distilled water, orally + 3 weeks HEC intratracheally
	MnL33	3 weeks 14.48 mg/b.w. kg MnCL2, orally + 3 weeks MnO2 NPs 2.63 mg/kg b.w. intratracheally
	MnH33	3 weeks 59.36 mg/b.w. kg MnCL2, orally + 3 weeks MnO2 NPs 2.63 mg/kg b.w. intratracheally
	C6	6 weeks, untreated*
	VC6	6 weeks, distilled water, orally
	MnL6	6 weeks 14.84 mg/kg b.w. MnCl2, orally
	MnH6	6 weeks 59.36 mg/kg b.w. MnCl2, orally
	



                *C33 and C6 were two different groups of rats.


For oral application, manganese chloride (MnCl2 4H2O; Reanal, Hungary; purity 99.5%) was dissolved in distilled water to 1 mL/kg b.w. administration volume and was given to the rats by gavage. The NPs used for intratracheal application consisted of MnO2, had 23.2 ± 3.3 nm diameter, and were synthesized at the Department of Applied Chemistry, University of Szeged by a technique combining sonication and hydrothermal treatment (see [13] for details). The NPs were suspended in 1% hydroxyethyl cellulose (HEC) dissolved in PBS (pH 7.4) to have a physiologically neutral vehicle in which unwanted surface interactions of the NPs were unlikely. The nanosuspension was instilled in the rats’ trachea in brief diethyl ether anaesthesia (see [12] for details). The instilled volume was 1.0 mL/kg b.w. The summed dose (see Table 2) was calculated by adding the 