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Abstract

Manganese is an essential element for many physiological processes. However, in prolonged exposures or at high

concentrations it may present toxicity to several organs, which has made it an object of study in pharmacological,

behavioral, neurological and environmental research in different organisms. Thus, it was aimed to evaluate the
damage caused by acute and chronic exposures to this element, through the histopathological analysis of the
zebrafish (Danio rerio) intestine. Samples were embedded in paraffin for further processing in rotating microtome,

and the slides were stained with Alcian Blue and hematoxylin for observation and analysis under light microscopy.

The results demonstrated the potential of the metal to cause histological changes in this organ, such as fusion
of villi (in 0.5 and 4.0 mg L), and to increase by more than 50% the number of goblet cells (in 8.0 and 16
mg L) in the region analyzed, mainly in the highest concentrations of Manganese Chloride and in chronic
exposures, characterizing a possible inflammation of the intestinal epithelium. Thus, the histological analysis of
intestines demonstrated to be a reliable alternative for the toxicological evaluation. It is important to monitor the
concentrations of this and other metals in the water bodies, given their toxicity.
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Resumo

O manganés é um elemento essencial para iniimeros processos fisiologicos, no entanto, em exposigoes prolongadas
ou a elevadas concentragoes pode apresentar toxicidade para diversos orgdos, motivo que o tornou objeto de
estudo em pesquisas farmacologicas, comportamentais, neurologicas e ambientais em diferentes espécies de
organismos. Assim, objetivou-se avaliar o dano causado por exposicoes aguda e cronica a este elemento, através
da andlise histopatoldgica do intestino de peixe-zebra (Danio rerio). As amostras foram incluidas em parafina
para posterior processamento, e as ldminas foram coradas com Azul de Alcian e hematoxilina para observagdo
e andlise em microscopia dptica. Os resultados demonstram a capacidade do metal em causar alteragoes
histolégicas neste orgao, como fusdo de vilosidades (em 0.5 e 4.0 mg L), e aumentar em mais de 50% o niimero
de células caliciformes (em 8.0 e 16 mg L) na regidao analisada, principalmente nas mais elevadas concentragées
de Cloreto de Manganés, e apos exposic¢do cronica, caracterizando uma possivel inflamagdo do epitélio intestinal.
Assim a andlise histologica de intestinos demonstrou ser uma alternativa confiavel para avalia¢do toxicologica.
Destaca-se a importancia do monitoramento das concentragoes deste e outros metais nos corpos hidricos, dado
a sua toxicidade.
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1 Introduction

Studies on pollutants that are able to interfere at the hydric resources quality and its respective organisms are essential for the
control and public awareness of the environmental pollution (DALZOCHIO et al., 2017). Heavy metals are among the substances
studied which are usually found at the hydric bodies. They are a matter of concern because of the inability of the conventional treat-
ment systems in removing them from the water (HARIKUMAR and NASIR 2010). The presence of these substances in the aquatic
ecosystems is due to natural interactions between water, sediments and atmosphere (SANKAR et al., 2006), but their anthropogenic
sources are diverse, including industrial and domestic wastewater, storm drainages, leaching of landfills and atmospheric particles
(NAIR et al., 2006). Therefore, studies that evaluate the toxicity of each metal are tools that allow a better evaluation of the synergistic
effects that occur in the organisms when there is a variable amount of substances mixed, as occurs in rivers and other hydric bodies.

Regardless of source, the presence of metals in water causes concern due to its persistence, toxicity and bioaccumulation capa-
city in aquatic organisms (ISLAM et al., 2015; AHMED et al., 2015) and plants (SALAWU et al., 2018). Such substances, in an
isolated way, have been reported in studies using zebrafish (Danio rerio), as causes of histopathological (RENIERI et al., 2017),
behavioral NABINGER et al., 2018), reproductive and genotoxic lesions (HUREM et al., 2018), so this species is recognized as a
good indicator of toxicity.

Manganese, an example of these substances, is a natural element, essential for diverse physiologic processes, including metabolism
of amino acids, lipids, proteins and carbohydrates (ERIKSON et al., 2005), immunologic system, regulation of cell energy, growth
of the bone and connective tissue, blood clotting (ERIKSON and ASCHNER, 2003), and for some enzymes related to the synthesis
and metabolism of neurotransmitters (GOLUB et al., 2005). However, at high concentrations or prolonged exposure periods, it
shows toxicity for different organs in a wide spectrum of animals (ZHANG et al., 2003; ALTENHOFEN et al., 2017; CARVALHO
et al., 2018). Its occurrence in aquatic environments may be caused by anthropogenic activities as well, especially in regions near
to the industries responsible for the manufacture of iron and steel, use of fertilizers, fungicides and animal supplementation (PATIL
et al., 2016). Thereby, it has been a target of environmental researches, by a lot of groups of researchers (RIETZLER et al., 2001;
OLIVEIRA etal., 2008; HERMES et al., 2013; SMITH et al., 2014; SUBOTIC etal., 201 5). Given the scarcity of information about
the toxicity of this metal to organisms intestine, essential organ for absorption of nutrients, the aim of this study was to evaluate
histopathological alterations in zebrafish (Danio rerio) intestines after acute and chronic expositions to manganese chloride (MnCl,).

2 Materials and Methods

All the methodological procedures performed in this study occurred according to the predicted and established by the Ethics
Committee on the Use of Animals (CEUA) of Feevale University in protocol n® 02.16.046.

A solid manganese chloride (MnCl,) reagent (LabSynth®, purity 98%) was used for the preparation of the dilutions to be
tested. The concentrations used varied from 0.5 mg L ' [limit established for Class 3 waters, destined to the supply for human
consumption after conventional or advanced treatment, by the National Council of the Environment (CONAMA) through Reso-
lution 357/ 2005](BRASIL, 2005), and continue increasing up to 16.0 mg L ', where 11 mg L - is the NOAEL (dose that has no
effects) for this element, for humans (WHO, 2003).

Danio rerio were obtained from a local supplier. Reconstituted water was used for maintenance and exposure of animals (ISO,
1996). Fish were acclimated under laboratory conditions for 07 days (before acute and chronic experiments) at a temperature of 26
+2°C and pH at 7.0 — 8.0, with a maximum density of 5 animals per liter of water, being submitted to a day/night cycle of 10:14
h (lights on at 7:00 am), in constant aeration, and were fed thrice per day commercial flake food (Alcon). During all proceedings
the animals were kept under the same conditions. For the acute experiment the animals were exposed (n =7 per group) to different
concentrations of MnCl, (0.5 mg L, 1.0mgL",2.0mgL",40mgL ", 8.0 mgL " and 16.0 mg L ') and reconstituted water,
being this group considered the negative control. After 96 hours of exposure, the fish were sacrificed to remove the intestine from
each animal. The samples were fixed in formalin, dehydrated in a graded ethanol series, embedded in paraffin, sectioned at 7 pm
in a rotating microtome and stained with alcian blue and hematoxylin.

For chronic exposure (n=7 per group), animals were obtained from the same supplier, and then exposed for 30 days at con-
centrations of 0.5 mg L "' and 4.0 mg L *' of MnCl,, and to the reconstituted water (negative control). Histological procedures
occurred at the end of the 30 day exposure, as previously mentioned for the acute experiment.

The samples from both experiments were analyzed under light microscopy (400x magnification) with a coupled camera to
obtain the images (Opton TA- 0124 HD). Fifty fields were analyzed per animal (n = 7 per group), where the presence or absence
of eosinophils in the intestinal epithelium, infiltration of blood cells, increase in intestinal villi thickness and fusion of intestinal
villi were recorded. In addition, for each field the number of goblet cells marked by alcian blue staining was also counted.

For the interpretation of the results, the normality of the data was tested through the Kolmogorov-Smirnov test, for later appli-
cation of the ANOVA test, followed by the Tukey post-test, when necessary. Pearson’s correlation coefficient was also applied,
when relevant. All statistical analyses were performed in GraphPad Prism 6 software.
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3 Results and discussion

The appearance of morphological changes was observed at the end of the exposure periods, being these significant changes
found in the chronic exposure. It is to highlight that no alterations in the assessed water parameters were observed. The histo-
pathological changes and goblet cells analyses can be observed in figure 1. No significant differences were observed in relation
to the histopathological changes in the acute experiment, however, there was a tendency of increase histological changes as
the MnCl, increased concentrations (Fig. 2). For the chronic exposure, the fish of the negative control differed significantly
from the other groups (p = 0.004), presenting greater percentage of fusion of intestinal villi (Fig. 2 and 3). Other changes did
not differ significantly between the groups.

Regarding goblet cell counting (Table 1), in the acute experiment, the negative control group and the concentration of 0.5
mg L - of MnCl, differed significantly from the concentrations of 8.0 mg L ' and 16.0 mg L !, with a lower amount of mucus
cells marked by alcian blue (p =0.001). The Pearson correlation applied in this goblet cell counting (Table 1) revealed a positive
correlation between the number of these cells and the increase in MnCl, concentrations after acute exposure.

Although it is not possible to assess if there is correlation in chronic exposure, it is emphasized that the number of goblet
cells recorded in the animals exposed to 4.0 mg L' of MnCl, was relatively higher than in the control group of the same ex-
periment and the animals exposed to the same MnCl, concentration from acute exposure. Even so, no significant differences
were found between the groups of the chronic experiment for counting these cells, suggesting that after chronic exposures
to MnCl, the intestinal epithelium of zebrafish present a more attenuated inflammatory response than after acute exposures.

Figure 1 - Images of intestinal villi of Danio rerio, black and thin arrows indicate goblet cells stained with Alcian Blue.
Image A represents the acute exposure control group. In B (0.5 mg L "' MnCl, - acute exposure) the thickness of intestinal
villi (|---[) and blood cell infiltrate (red arrow) was observed. In C (16.0 mg L - of MnCl, - acute exposure), the thick black

arrow shows the fusion of the villi. The D image represents the chronic exposure control group. In E (0.5 mg L ' of MnCl, -
chronic exposure) the black arrowhead denotes the presence of eosinophils in the intestinal villi, and the F image represents
the group chronically exposed to 4.0 mg L' of MnCl,
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Figure 2 - Graphs representing the % of villi with histological changes, in relation to the control group (red line), of animals
acutely (A) and chronically (B) exposed to MnCl,. Data expressed as mean + standard deviation

A B
160%
1408 -
g 150% - s
5 140% £ 130% |
£ g2
g 130% e 120 4
: | g
£ 120% ‘ £ 110% -
2 1108 -
g 5 100%
 100% —F— —_ - _— = = -
z [ 90%
i 90% =
806 #® BO%
0.5 1 2 4 8 16 05 4
® Acute exposure m Chronic exposure

Figure 3 - Graph representing the % of villous with fusion. (Data expressed as mean + standard deviation). * Represent a
significant difference in relation to the control

50% -

45% o

%

0% *

35% -

30%

25%

20%

15%

10% -

5% -

0% = T T T T T |
05 1 2 1 8 16

Control

Fusion of villi (%)

MnCl;concentrations (mg L)
mAcute = Chronic

Table 1 - Table containing Pearson (R) correlation applied between histological changes and MnCl, concentrations in both
exposures (data expressed as percentage), and goblet cell counting. R representing the Pearson correlation applied to the data.
Data expressed as mean + standard deviation
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Histopathological lesions are described as important tools in biomonitoring and ecotoxicological studies due to ease of
interpretation, both in acute and chronic exposure situations (SANTOS et al., 2015). However, it is known that the accumula-
tion of metals in different tissues depends mainly on the concentrations and periods of exposure, a fact that can be observed
in the present study; villus fusion, and blood cell infiltrate appeared more frequently in fish exposed to higher MnCl, concen-
trations at both exposure periods; as well as villus thickness, which shows a tendency to increase in the measurements (data
not shown). These histological changes represent inflammatory responses of the intestinal epithelium, which causes concern,
since the intestine plays important roles in the digestive system and is, therefore, a key organ for homeostasis of the organism
(DOS SANTOS et al., 2016).

The change in the frequency of intestinal eosinophils can occur through changes in the differentiation of eosinophils in the
bone marrow, leading to changes in circulating association, migration of these cells from the circulation to a target tissue, and
changes in survival longevity within the tissue (SVENSSON-FREJ, 2011). In acute exposure, eosinophils, a kind of multifunc-
tional leukocytes with an important role in parasitic infections and allergic inflammations, were found in a smaller number in
the higher concentrations of MnCl, tested, characterizing an abnormal condition, since these cells appear in greater quantity
in the fish gills and intestines, playing an important role in the recovery of lesions (SFACTERIA et al., 2015; DA SILVA et
al., 2017). Thus, the reduction in the frequency of these cells can lead to problems in intestinal immunity (CHEN et al., 2015).
An inverse response can be observed in fish from chronic exposure to MnCl,, since there was an increase in the frequency of
eosinophils at the concentrations tested, characterizing intestinal inflammation (BRUGMAN et al., 2014; WITTE et al., 2014).

Regarding the goblet cell counting, other authors also report the increase of these cells in situations of exposure to various
xenobiotics (FLEMING et al., 2010; OEHLERS et al., 2012; DOS SANTOS et al., 2016). These cells participate in the main-
tenance and development of the intestinal epithelium and secrete mucus, an essential substance for protection against infec-
tions, which prevents the contact of microorganisms with intestinal epithelial cells (ROCHA et al., 2016). Increase in mucus
production may represent a defense response to exposure to high concentrations of MnCl,, as observed in the acute experiment.

It is known that the presence of pathogens alters the composition of the intestinal microbiota and may induce innate immu-
ne responses in zebrafish (YANG et al., 2017). However, few studies report the interference of chemical elements under the
intestinal microbiota in the species (AUGUSTINE et al., 2015). In mice, a study reports that prolonged exposure to metals
changes the intestinal microbial composition of animals (ZHAI et al., 2017) in a specific way (varying from metal to metal)
and dependent on time. The same author reports that lead causes a decline in intestinal microbiota diversity, while an inverse
response is observed for animals exposed to cadmium. In order to better understand the mechanisms involved in intestinal
damage caused by chronic exposure mainly to MnCl, in zebrafish, evaluating the intestinal microbiota would be important.
Another aspect that should be considered is the route of exposure and absorption of aquatic pollutants such as manganese.

4 Conclusion

Based on the results obtained, it is observed that even in acute exposures, high concentrations of MnCl, can cause changes
in the production of mucus-secreting cells and the appearance of histopathological changes in the intestinal epithelium of
Danio rerio. Thus, the importance of quantification and removal of this and other metals from the different water bodies is
emphasized, aiming to reduce to the maximum the damages that these substances can cause to aquatic biota and human health.
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