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ABSTRACT

Among the anthropic activities generating potentially toxic residues are those involved
with bovine hide processing (tannery industries). However, knowledge is scant regarding the
damage caused to the health of various organisms by tannery waste and studies are rare,
especially in mammalian experimental models. This study therefore aimed to evaluate the
physical and behavioral effects of the exposure of female Swiss mice to tannery effluent. To
accomplish this, for a period of 15 days the animals were fed tannery effluent diluted with
water in the following concentrations: 0% (control group, received only potable water), 5%
and 10%. The body mass of the animals was evaluated at the beginning and end of the
experiment, as well as the daily consumption of water and food. After 15 days of exposure to
the effluent, the animals were submitted to the elevated plus maze (predictive of anxiety) and
the forced swim test (predictive of depression). The treatments did not affect the animals’
body mass, either in eating behavior or in consumption of water. However, it was found that
the animals that ingested tannery effluent concentrations of 5% and 10% exhibited an
anxiolytic (lower level of anxiety, greater percentage of time in the open arms, longer time
and frequency in the diving behavior, less time of lurks and less frequency of freezing) and an
antidepressant effect (more time in climbing behavior and less time of immobility) when
compared to the control group. It was concluded that the exposure of female Swiss mice to
tannery effluents (5% and 10% diluted with water) causes behavioral changes, possibly
related to the neurotoxicity of this waste, without causing physical changes in the animals.

Keywords: agricultural residues, animal model, anxiety, depression, toxicity, xenobiotics.

Alteracoes comportamentais em fémeas de camundongos Swiss
expostas a efluente de curtume

RESUMO
Uma das atividades antropicas geradoras de residuos potencialmente tdxicos refere-se
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aquelas ligadas ao processamento do couro bovino (industrias curtumeiras). Embora se saiba
que essas industrias ao descartarem incorretamente seus residuos liquidos no ambiente
contribuem para o aparecimento de prejuizos na salde de diferentes organismos, raros sdo 0s
estudos que investigaram os efeitos desses residuos em modelos experimentais mamiferos.
Logo, o presente estudo objetivou avaliar os efeitos fisicos e neurocomportamentais da
exposicdo de fémeas de camundongos Swiss a efluente de curtume. Para isso, 0s animais
receberam pela via oral, por um periodo de 15 dias, concentracfes de 5% e 10% de efluente
de curtume, diluido em &gua. O grupo controle recebeu apenas agua potavel. A massa
corporea dos animais foi avaliada no inicio e ao final do experimento. Ja o consumo de agua e
racdo foi aferido diariamente. Apos 15 dias de exposi¢do, 0s animais foram submetidos ao
teste do labirinto em cruz elevado (preditivo de ansiedade) e ao teste do nado forcado
(preditivo de depressdo). Os resultados demonstram que os tratamentos ndo provocaram
alteracbes na massa corporea dos animais, tampouco no comportamento alimentar e no
consumo de &gua. Por outro lado, observou-se nos animais dos grupos 5% e 10% de efluente
de curtume efeito ansiolitico dos tratamentos, assim como efeito antidepressivo, quando
comparados aos animais do grupo controle. Logo, conclui-se que em fémeas de camundongos
Swiss a exposicdo a concentracGes de 5% e 10% de efluente de curtume diluido em agua,
embora ndo tenha causado alteracdes fisicas nos animais, pode causar alteracbes
neurocomportamentais, possivelmente relacionadas a neurotoxicidade desses residuos.

Palavras-chave: ansiedade, depressdo, modelo animal, residuos agroindustriais, toxicidade,
xenobiéticos.

1. INTRODUCTION

One of the wastes produced on a large scale, which is often discarded directly into the
environment without prior treatment and is considered a public health problem in countries
like Brazil, China, Pakistan and India, is tannery effluent (Prabakaran et al., 2007). Such
residues, as discussed by Godecke et al. (2012), are produced in different stages of
bovine-hide processing that require various mechanical and chemical treatment processes,
which give the effluent a high potential for transmitting toxicity to the environment and
organisms.

Recent studies in humans have shown a relationship between exposure to tannery
effluent and the onset of otorhinolaryngological (ENT organs), dermatological, ophthalmic,
respiratory, reproductive, and neuronal problems (Cuberos et al., 2009; Greene et al., 2012;
Rumin et al., 2013; Chandrasekaran et al., 2014). Several experiments have already reported
the effects of tannery effluents in inducing teratogenicity in sea urchin species, reducing the
growth of microalgae and in a variety of toxic effects on micro crustaceans (Oral et al., 2005).
Other studies have also shown the harmful effects of tannery effluents on fish, plants and
bacteria (Tagliari et al., 2004; Matsumoto et al., 2006; Mitteregger Jr. et al., 2007; Tigini et
al., 2011; Taju et al., 2012). However, studies of the effects of these pollutants on more
complex organisms, such as mammals, are still incipient.

Only a few authors have evaluated the effect of tannery effluents on mammals, among
which are Kumar et al. (2008), Siqueira et al. (2011), Moyses et al. (2014), Silva et al. (2015),
Lemos et al. (2015), Ferreira et al. (2015), Souza et al. (2016) and Rabelo et al. (2016). In the
pioneering study by Kumar et al. (2008), chronically exposing male Wistar rats to tannery
effluent, the authors observed a mass increase of all of the androgen-dependent organs
evaluated, such as the prostate and seminal vesicle, and found deformations in the
seminiferous tubules with testicular hyperplasia signals.

Siqueira et al. (2011) demonstrated that male Swiss mice given untreated 1% tannery
effluent diluted with water for a period of only 15 days exhibited anxiety-like behavior.
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However, Moysés et al. (2014), studying the neurotoxicity and hepatotoxicity induced by the
chronic exposure of male Wistar rats to tannery effluents, did not observe any change in the
variables investigated.

Recently, Rabelo et al. (2016) demonstrated that exposure to tannery effluent caused
memory deficit in Swiss mice in a similar way for both sexes, reinforcing previous findings
that these pollutants affect the central nervous system. In Souza et al. (2016), moderate
hydropic degeneration was detected in animals (C57BI/6J mice) exposed to tannery effluents,
mainly in the periportal space. A large number of necrotic hepatocytes were detected,
especially in animals exposed to higher tannery effluent concentrations. Further, the largest
number of hepatocytes with karyomegaly was observed in animals exposed to the highest
effluent concentrations.

On the other hand, the studies by Silva et al. (2015), Lemos et al. (2015) and Ferreira et
al. (2015) evaluated lethal doses of tannery effluents diluted with water at different
concentrations, using different sexes and strains of mice. While considered pioneering works
related to the evaluation of acute toxicity and determination of lethal doses of tannery effluent
in mice, these studies did not investigate the neurobehavioral effects in the animals, linked to
neuropsychiatric disorders such as anxiety and depression.

Thus, there is a clear gap regarding knowledge of the effects of exposure to tannery
effluents in mammalian experimental models, which makes it difficult to extrapolate or
approximate the possible effects of exposure on human beings. Besides the scarcity of studies
of this kind, the few works related to tannery effluent intake focused on male mammals
(Siqueira et al., 2011; Moyses et al., 2014), requiring that further study be done regarding the
possible effects on female animals. This study therefore aimed to evaluate behavioral changes
predictive of anxiety and depression caused by tannery effluent intake by female Swiss mice.

2. MATERIALS AND METHODS

2.1. Animals and experimental groups

This study used 35 female Swiss mice (6.5 months old) from matrices of the Animal
Facility of the Biological Research Laboratory at Federal Institute of Goias (IF Goiano) -
Campus Urutai (Urutai, GO, Brazil). All of the animals were kept under sanitary conditions
at a conventional animal facility, under temperature (22 to 24°C) and light control (12 h
light cycle). The standard diet for rodents (Nuvilab CR 1) and water was offered ad libitum.
The procedures adopted in this study were approved by the Ethics Committee on Animal
Use (CEUA) of the Instituto Federal Goiano (IF Goiano) - Campus Urutai (Urutai, GO,
Brazil) (protocol n. 17/2014).

The animals were divided into three experimental groups, which received tannery
effluent diluted with drinking water at the following concentrations: 0% (control group),
which received only potable water; 5% tannery effluent (concentration defined based on
Moysés et al. (2014)) and 10% tannery effluent (twice the maximum dosage defined by
Moyseés et al. (2014)). Furthermore, concentrations of 5% and 10% of tannery effluent
match with 1/12 and 1/6 of the median lethal dose (LDsg) given to female Swiss mice
(Ferreiraet al., 2015).

2.2. Management of tannery effluent

Each animal orally received (by gavage) a volume of 1 ml of liquid (water - control
group - or tannery effluents diluted with water - 5% and 10% groups) twice a day, , totaling
2 ml of liquid daily, for a period of 15 days [exposure period based on the study of Siqueira
et al. (2011)]. The management of liquids by gavage was chosen in order to allow control of
the amount of intake.
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2.3. Tannery effluent and water used

The tannery effluent used in this study was the wet-blue type, obtained from a tannery
industry located in Inhumas, GO, Brazil. The chemical characterization of the tannery effluent
used indicates the presence of high concentrations of heavy metals compared to the drinking
water used for diluting the waste (Table 1).

Table 1. Physicochemical and chemical characterization of the
untreated tannery effluent used in the present study”.

Parameters Potable water Untreated effluent
pH at 25°C (UpH) 7.20 4.05
Total solids (mg L™) 80.00 37,380.00
Total sodium (mg L) 5.25 9,690.00
Total zinc (mg L™) 0.03 0.30
Calcium (mg L™ 4.00 601.20
Lead (mg L™) <0.01 0.32
Arsenic (mg L™) <0.01 <0.01
Magnesium (mg L™) 2.43 364.80
Chrome (mg L™) <0.05 859.00
Cadmium (mg L™) <0.001 0.095
Nickel (mg L™) <0.01 0.55

# Analyzes conducted in a commercial laboratory in Goiania, GO, Brazil,
according to the methodology recommended by the American Public Health
Association (APHA et al., 2005).

2.4. Feed and water intake and behavioral analysis

Consumption of water and food by the animals was measured daily. Calculations of feed
and water intake were obtained by the daily subtraction of the amounts refused from the
amounts offered on the subsequent day.

Tests predictive of anxiety and depression were performed on the animals in order to
evaluate the possible behavioral effects of tannery effluent intake diluted with water, as
itemized below.

2.4.1. Elevated plus maze test (EPM)

On the 16th experimental day, the EPM test was performed according to the procedures
proposed by Walf and Frye (2007) and Komada et al. (2008). The animals’ anxiety index was
calculated according to Estrela et al. (2015): Anxiety Index = 1 — [([Open arm time/Test
duration] + [Open arms entries/Total number of entries])/2]. Furthermore, the percentage of
time spent in the open and closed arms was evaluated, as this is regarded as a primary
parameter of the EPM according to Walf and Frye (2007). Complementary ethological
parameters were also evaluated, to include: stretched-attend postures (exploratory postures in
which the body is stretched forward then back to its original position without any locomotion
forward), head-dippings [exploratory movements performed in the open arm when the mouse
put its head and shoulders down towards the EPM floor level, as Garavelho (2005)], self-
cleaning (sequence of oriented movements to clean the head and body) and freezing
[operationally defined as the total absence of body and vibrissae movement, except those
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necessary for breathing for at least 6 seconds, according to Reimer et al. (2015)].

All test sessions were recorded by a video camera suspended 30cm above the EPM. The
behavioral parameters in the EPM were evaluated with the PlusMZ software. Two trained
observers reviewed the video; each video was analyzed three times, yielding an inter- and
intra-observer agreement greater than 85%.

2.4.2. Forced swim test

On the 17th experimental day the forced swim test was conducted, which consisted of
maintaining each mouse individually within a cylindrical tank (height 39 cm, depth 20 cm and
diameter 20 cm) containing water at 25 °C for 6 minutes. After the test, the mice were
removed from the water and placed in a box with a paper towel and dried without human
interference, before being returned to their cages.

All test sessions were videotaped with a video camera located 30 cm above the tank to
allow further evaluation of the time spend in immobility, swimming and climbing behavior,
according Can et al. (2012) and Costa et al. (2013). These parameters were recorded and
summarized in either one block of 6 min (i.e., the total time of the test), or in one block of 4
min (i.e., the last 4 min of the test) or in the remaining block of 2 min (the first 2 min of the
test), as proposed by Costa et al. (2013). Similar to the EPM analysis, two trained observers
reviewed the video, and each video was analyzed three times, yielding an inter- and intra-
observer agreement higher than 85%.

2.5. Assessments carried out after the behavioral tests

2.5.1. Determination of the phases of the estrous cycle in female mice

Immediately following the completion of each behavioral test, the estrous cycle of female
mice was assessed by vaginal cytology, according to the methodology described by Byers et
al. (2012). Since the phase of the estrous cycle in female mice directly influences the behavior
of the animals and the results of neurobehavioral tests (Goldman et al., 2007), only the results
of females that were in dioestrus were considered for analysis.

Although a total of 35 female Swiss mice were used in this study, each experimental
group was composed of at least 6 animals. As the behavioral tests were performed on
different days (the 16th and 17th experimental day) and considering that the entire estrous
cycle in mice usually lasts 4-5 days, the behavioral parameters quantified for each test were
from different females who presented the dioestrus phase on the test day. The same female
was seen in more than one behavioral test only in some cases, as the dioestrus phase is the
longest stage of the estrous cycle in mice and may last more than 48 h (Byers et al., 2012).

2.5.2. Physical evaluation, euthanasia and histological evaluations

On the 17th experimental day, after the completion of the behavioral tests, the animals
were weighed and then euthanized by decapitation to collect fragments of the esophagus and
stomach. The purpose of this step was to assess whether the gavage procedure caused
macroscopic or histological changes in those organs that could interfere with behavioral
outcomes. Moreover, this step evaluated whether treatment with tannery effluent caused
histological changes in the structure of these organs, considering the direct contact of these
organs with the content of the liquid administered to the animals. After collecting these
organs, fragments thereof were subjected to histological preparation, as in Luna et al. (1968)
and Behmer et al. (1976). Images of the tissue fragments were taken on histological slides
using the TSView image-analysis system, Version 7.1. It is emphasized that all slides of the
experimental groups were blinded and then mixed for randomization. All histological analysis
was performed by the same observer, using microscope objective lens 40x, 100x and 400x.
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2.6. Statistical analysis

The data were first analyzed for residual normality by the Shapiro-Wilk test and for
homoscedasticity by the Bartlett's test. Then the data regarding tangible mass, feed and water
intake, and behavioral parameters were submitted to one-way analysis of variance (one-way
ANOVA) by Tukey's post-test at 5% probability, using ASSISTAT software, Version 7.7 beta
(distributed for free).

3. RESULTS AND DISCUSSION

There were no differences in the body mass of animals between the experimental groups
(Figure 1A). Moreover, no changes were observed in drinking water or feed intake by the
animals of the experimental groups (Figure 1B and 1C), suggesting that the treatments did not
alter the feeding behavior of the evaluated animals, which may explain the lack of differences
between the animals’ corporeal masses at the end of the experiment.

While existing studies regarding tannery-effluent intake in mammalian models (Siqueira
et al., 2011; Moyseés et al., 2014, Lemos et al., 2015) had not estimated the physical
parameters of the animals, weight change is one of most-used parameters in toxicological
evaluations to indicate the appearance, often early, of the toxicity of a particular substance in
an animal organism (Pires Junior et al., 2012).

Regarding the histological analysis, there were no histopathological changes in the
animals’ esophagi (Figure 2) and stomach (Figure 3), demonstrating that the gavage
procedure or the contact with liquids, especially with the treatments of 5% and 10% tannery
effluent, caused no damage to these organs.

Regarding the behavioral tests, when assessed in the EPM, the animals that received
water containing 5% and 10% tannery effluent showed a lower rate of anxiety, a higher
percentage of entries into the open arms and a lower percentage of time spent in the closed
arms than did the control group (Figure 4A).
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Figure 1. (A) Corporeal mass, (B) water consumption (mL) and (C)
feed (g) of female Swiss mice (in dioestrus phase) exposed or not to
the tannery effluent intake diluted with water. The data were
submitted to simple analysis of variance (one-way ANOVA), at 5%
probability. The bars indicate the mean + standard deviation. Control
group (n = 6), 5% of tannery effluent group (n = 6) and 10% of
tannery effluent (n = 6) group.

Rev. Ambient. Agua vol. 11 n. 3 Taubaté — July / Sep. 2016 NN
IPABHt



Behavioral changes in female Swiss mice exposed to tannery effluents 525

As for ethological parameters evaluated in the EPM, these corroborate the primary
behaviors observed in that test, since the animals who ate tannery effluent exhibited more
time and frequency of diving behavior and shorter lurking, as well as less frequent freezing
behavior (Figure 4B and 4C), results consistent with an anxiolytic effect of the treatments.
Regarding the diving behavior, it is inversely associated with anxiety, as discussed by
Anseloni and Branddo (1997), which is consistent with the instant study, which found
anxiolytic behavior in animals exposed to tannery effluent intake. Regarding lurking behavior,
it may be defined as a risk-assessment behavior, which promotes information, confirmation
and identification of danger (Espejo, 1997). Therefore, a decrease in the time and frequency
of this behavior, as observed in the instant study (Figure 4A and 4B), suggests a decrease
animals’ anxiety over the situation, in which they are exposed in the EPM test and are less
fearful of remaining in the open area of the apparatus.

Figure 2. Representative photomicrographs of different regions of the esophagus (A-D)
in longitudinal sections, of female Swiss mice (in the dioestrus phase) exposed or not to
tannery-effluent intake diluted with water. L: lumen; Ep: mucosal epithelium; (K):
keratin layer; (ICL): inner circular layer of smooth muscle; (IOL): internal outer layer of
smooth muscle; Sub: submucosa (formed of dense connective tissue). A-C: 10x
magnification. B: 40x magnification. H&E staining.

On the other hand, in a new environment, or in a potentially dangerous or threatening
situation, mice tend to be quiet or still, with tense muscles, and are alert and ready for quick
and vigorous action. This defense reaction is called “freezing”. Alternating with immobility,
the animal can perform careful exploration of the environment, thus making assessing risk.
Therefore, a decrease in the frequency of this risk-assessment behavior, as seen in this study
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(Figure 4C), is consistent with an anxiolytic behavior, as discussed in other studies
(Pietropaolo et al., 2014).

L

Grupo 5% de efluente

Figure 3. Representative photomicrographs of the fundus of the stomach (A-F) of female Swiss mice (in the
dioestrus phase) exposed or not to tannery-effluent intake diluted with water (P): preach; (GP): gastric pit; (FG):
fundic glands; (MC): mucosal cells. A, C and E: 10x magnification. B, D and F: 40x magnification. H&E staining.

N N,
ENAN

N\ o\
Ry

Rev. Ambient. Agua vol. 11 n. 3 Taubaté — July / Sep. 2016 N\
IPABH1?



Behavioral changes in female Swiss mice exposed to tannery effluents 527

100 509 Fes = 3,894
@ p=0,044
Fes) = 3,718 .g a
80 Fei) = 3,819 p=0,046 % 40 a
p=0,045 a o b
T b >
T D s
1=
S 60 _ 2 304
g F(MS)__ 3,903 iE’ Feis) = 6,279
A":) p=0,043 b b B g p=0,010
8 Q
S 404 S 204 _ _ a
o a a @ Fei = 1,085  Fews = 0,917
Z p=0,372 p=0,420
b 5
»
20 b
£
[
0 N T N T \ ~ T
Q e ° Q ©  o° Q o0
$ %) N $ (%) N $ N
& A M oS
: Percentage OfI : Percentag I HAnxietyindexH Head-dippings Freezing  Self-grooming Stretched-attend
R h ostures
time spent on e of time P
the open arms spent on

the closed
arms

_ Fei = 8,030
50 p=0,004
a

o 1

304
Fis) = 2,052
p=0,162

O
Frequency of the
complementary behaviors

20 Fis = 3,999 Fes) = 0,982 a

10+

00 00 00 00

Head-dippings Freezing Self-grooming Stretched-attend
postures

Figure 4. (A) Primary parameters and anxiety index in the EPM test, (B) time and (C) frequency
of complementary behavior exhibited by female Swiss mice (in dioestrus phase) exposed or not
to tannery effluent diluted with water in the EPM test. Different letters indicate significant
differences among the experimental groups. All data were submitted to analysis of variance
(one-way ANOVA) with Tukey's post-test at 5% probability. Control group (n = 6), 5% tannery
effluent group (n = 6) and 10% tannery effluent group (n = 6). Different letters indicate
significant differences among the experimental groups.

Surprisingly, the results of this study in the EPM test differ from those shown by Siqueira
et al. (2011), which gave three-month old male Swiss mice tannery effluent at a concentration
of 1%, and found anxiogenic behavior in the animals. These data, together with the results of
this study, suggest that the response of different genders of the Swiss mice strain exposed to
tannery effluent appears to be different, although it is important to consider that the chemical
composition of the effluent used in the studies may not be similar. In the study by Siqueira et
al. (2011), the authors did not provide information on the chemical composition of the
effluent used, noting only that the effluent used contained high organic and inorganic loads
and high concentrations of chlorides and chromium salts. This fact makes it difficult to assess
the factors related to the effluents used, which might explain the differences between the
studies and allow us to infer that the chemical composition of the effluents may be the cause
the different responses of the organisms to exposure.

Especially with regard to gender, according to Waxman and Holloway (2009), sex
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differences in pharmacokinetics and pharmacodynamics characterize many drugs and
contribute to individual differences in toxicity. Sex-based differences in drug metabolism are
the primary cause of sex-dependent pharmacokinetics and reflect underlying sex differences
in the expression of hepatic enzymes active in the metabolism of drugs, steroids, fatty acids
and environmental chemicals, including cytochromes P450 (P450s), sulfotransferases,
glutathione transferases, and UDP-glucuronosyltransferases. Studies in rat- and mouse-liver
models have identified more than 1000 genes whose expression is sex-dependent; together,
these genes impart substantial sexual dimorphism to liver metabolic function,
pathophysiology and neurobehavioral. Thus, the differences between the present study and the
study of Siqueira et al. (2011) may also be explained by the sex difference of the animals
evaluated.

Moreover, this study differs from the study by Moysés et al. (2014), who found that
three-month old male Wistar rats exposed to different concentrations of untreated tannery
effluent (0.1%, 1% and 5%), also diluted with water, exhibited no changes in any of the
behavioral parameters evaluated during the EPM test. Besides the differences between the
types of effluents used in the instant study and in the study by Moysés et al. (2014), as well as
in the period of exposure of the animals, we must consider the physiological and biochemical
differences between the species of the rodents investigated. As discussed by Nogueira et al.
(2003), metabolic differences observed in rats and mice, with the possibility of the formation
of more toxic metabolites in mice, is important in explaining the differential effects observed
in the species investigated.

It is known that tannery effluents have a very diverse and complex chemical
composition, and may even vary between different tannery industries. Recently, Moysés
(2010) identified more than 20 organic chemicals in effluent while analyzing the effects of in
vitro exposure of tannery effluent on the activity of different enzymes in mice, rats and
Drosophila melanogaster. The chemical variations of these residues and the complexity of
compounds are related to different treatment methods used in the tannery industries, the
manner in which the effluents are stored, as well as to the step of processing the bovine skin
from which the effluents are produced. Therefore, the health effects of the ingestion of these
effluents in organisms can be diverse and can vary between different species and strains, as
mentioned above. Notwithstanding this, although detailed analysis of the organic composition
of the effluents have not been conducted in this study, nor in the works of Kumar et al.
(2008), Siqueira et al. (2011), Moysés et al. (2014), Silva et al. (2015), Lemos et al. (2015) e
Ferreira et al. (2015), hampering our understanding of the mechanisms related to the
anxiolytic effect observed in the animals, it is suggested that constituents (organic and/or
inorganic) of the effluent may have acted in the animals’ body similar to benzodiazepines,
drugs commonly used to treat anxiety disorders (Andreatini et al., 2001).

As discussed by Kryger et al. (1985), this group of substances is characterized by
neurotransmitter action in the gamma-amino butyric acid system (GABA) that is the major
inhibitory neurotransmitter of the central nervous system. Besides alcohol, GABA and its
agonists, such as benzodiazepines, barbiturates, and imidazopiridinos derivatives, act in a
transmembrane structure of the GABA-receptor called the “GABAA complex” (Kandel et al.,
2000). The GABAA complex, in turn, is mainly made-up of five protein subunits (2 alphas, 2
betas and one gamma) with extramembrane receptors for various substances (Kryger et al.,
1985). These substances bind to receptors in the GABA complex and directly or indirectly
open the chloride channel, causing an influx of anions into the neuron, which results in the in
hyperpolarization of the cell, producing an anxiety-like effect (Andreatini et al., 2001).
Although rare, some studies involving contaminants in rodents demonstrate behaviors similar
to those seen in this study (Stangherlin et al. 2006; Lopez-Crespo et al., 2007; Chen et al.,
2011), supporting the hypothesis that the tannery effluent which was used may have acted

Rev. Ambient. Agua vol. 11 n. 3 Taubaté — July / Sep. 2016 N2
IPABH1



Behavioral changes in female Swiss mice exposed to tannery effluents 529

similarly to these drugs.

In relation to the forced-swim test, which is a predictor test of depression in laboratory
animals (Porsolt et al., 1977), it was observed that the animals in the 10% tannery effluent
diluted with water group exhibited more time in climbing behavior and reduced immobility
time (the first two minutes of the test and total test time - 6 minutes), as compared to the other
experimental groups (Figure 5). Thus, these data show an antidepressant behavior of the
animals exposed to higher effluent concentrations in the present study, which differs from
Siqueira et al. (2011) and Moysés et al. (2014). In these studies, the authors suggest that
exposure to tannery effluent for brief time periods does not induce depression or
antidepressant behavior in Swiss mice and Wistar rats exposed to concentrations of 1% and
5% effluent, respectively. It is believed that these differences are also related to the
particularities of the various studies, such as the sex of the evaluated animals, the exposure
period, the effluent concentrations used and the chemical composition of the effluents.
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Figure 5. Climbing, immobility and swimming behavior time (at different
times in the forced-swim test) exhibited by female Swiss mice (in the
dioestrus phase) exposed or not to tannery effluent diluted with water.
Different letters indicate significant differences among the experimental
groups. All data were submitted to analysis of variance (one-way ANOVA)
with Tukey's post-test at 5% probability. Control group (n = 6), 5% tannery
effluent group (n = 6) and 10% tannery effluent group (n = 6). Different
letters indicate significant differences among the experimental groups.

It is important to consider that tannery effluents have a very complex and diversified
chemical constitution that can vary between different tanning industries (Shakir et al., 2012).
Recently, Moysés (2010), when analyzing the effects of in vitro exposure to tannery effluent
on the activity of different mice and rat enzymes and Drosophila melanogaster, identified
more than 20 organic chemical compounds in the effluent. The chemical variation of these
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residues and the complexity of the compounds are related to different treatment methods used
in the tanning industries, how these effluents are stored, as well as to the bovine hide-
processing stage from which the effluents are produced (Shakir et al., 2012). Thus, although
Moyses (2010) has analyzed effluent, it is impossible to compare those results with other
studies due to lack of information regarding the composition of the other effluents.

Nevertheless, it is suggested that the highest concentration of tannery effluent intake by
the animals acted similarly to antidepressants also commonly used in the treatment of
depression. Different studies have shown that rodents (mice or rats) in the forced-swim test,
under the effect of different antidepressants, exhibit increased mobility and/or increased
climbing, supporting the hypothesis that the tannery effluent used in the instant study (at the
10% concentration) may have acted in a similar way to antidepressants (Cryan et al., 2005;
Can et al.,, 2012; Costa et al., 2013). Other studies have observed an antidepressant effect of
different contaminants in rodents (Posser et al., 2008; Acker et al., 2009; Takasaki et al.,
2013), which reinforces our hypothesis. However, new research is needed regarding the
mechanisms related to the observed effects.

4. CONCLUSION

The exposure of female Swiss mice (in dioestrus phase) to tannery effluent
concentrations of 5% and 10% causes neurobehavioral changes consistent with anxiolytic and
antidepressant effects, without causing physical changes in the animals. It is suggested that
the mechanisms by which the tannery effluent interferes with the physiology and behavior of
the animals be investigated in detail.
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