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A B S T R A C T

Sugarcane vinasse is a residue generated at a rate fifteen times greater than the ethanol production. Because of
its high organic and micronutrient content, this residue is used as a fertilizer on sugarcane crops. However, when
used in large quantities, vinasse can saturate the soil and contaminate nearby water resources by percolation and
leaching. Given the proven toxic potential of in natura vinasse, the present study aimed to evaluate the toxic
potential of leached sugarcane vinasse using Nile tilapia (Oreochromis niloticus) as a test organism. A bioassay
was performed after vinasse percolation in laboratory soil columns. The bioassay included one control group
containing fresh water and two treatment groups, the first exposed to a 2,5% dilution of leached of vinasse and
the second to a 2,5% dilution of in natura vinasse. After exposure, histopathological analysis was performed in
gills and livers, and the latter were labelled for HSP70 proteins. No significant changes were detected in the gills
of the exposed fish. However, in the liver, both in natura and leached vinasse induced statistically significant
histopathological changes. These changes include hydropic degeneration, cell boundary losses, pyknotic nuclei
and cellular disorganization. HSP70 expression significant increase in liver of both treatment groups were ob-
served, being higher for the in natura vinasse exposed group. Results suggested that both leached vinasse and in
natura vinasse were toxic, its still able to provoke histological changes and induce the cytoprotective response in
exposed fish liver, evidenced by a immunostaining of cellular stress proteins. Thus, in order to reduce its en-
vironmental impact, appropriated effluent disposal is essential.

1. Introduction

In the last decade there has been a steady increase in the biofuels
demand as an alternative to fossil fuels worldwide. Stimulated by the
1970s oil crisis, the searching for biofuel was intensified in order to
increase energy security, offset greenhouse gas emissions and support
rural economies, leading to a rapid expansion in the "green" fuels pro-
duction. However, several environmental impacts related to biofuel
production and agro-residues disposal have been reported in the lit-
erature, and biofuel usage continues to be a controversial subject (Van
der Voet et al., 2010; Tsao et al., 2012; Lazarevic and Michael, 2016).

Sugarcane ethanol represents the main alternative to fossil fuels.
Ethanol production from sugarcane biomass includes a distillation
process that results in a high amount of liquid by-product residue, the
vinasse or liquid stillage, obtained in a proportion of ten to fifteen times
greater than the ethanol (España-Gamboa et al., 2012; Christofoletti

et al., 2013). In general, it is characterized by acidic pH, high electrical
conductivity, high organic content (as organic acids), high chemical
oxygen demand (COD) and high biological oxygen demand (BOD)
(Moran-Salazar et al., 2016; Soto et al., 2017).

Great environmental disasters happened due to the contamination
of surface water sources by in natura vinasse. Therefore, since the 1980s
vinasse is often used in fertirrigation of sugarcane fields (Fontanetti and
Bueno, 2017). This technique is favored by its low cost and the ef-
fluent's properties, such as high water and organic matter content, as
well as potassium, calcium, nitrogen and other essential plant nutrients
(Christofoletti et al., 2013; Prado et al., 2013). Several studies indicate
that fertirrigation improves crop productivity, affecting chemical,
physical, hydraulic and biological attributes of soil (Goldemberg et al.,
2008; Laime et al., 2011; Da Silva et al., 2014).

However, when applied in large volumes, in natura vinasse can
cause serious environmental impacts. By modifying the soil physical
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properties, vinasse may either increase soil infiltration capacity, con-
taminating groundwater, or diminish it, promoting increased runoff
with possible contamination of surface water. In addition, the recharge
mechanism of groundwater and aquifers is controlled mainly by rainfall
events. Thus, upon reaching the soil containing vinasse, rainwater can
infiltrate or drain superficially, contaminating the water resources
(Silva et al., 2007).

Considering the different vinasse behaviors in the soil, Soto et al.
(2015) performed a mathematical simulation of the water and ionic
transport underground flow, hypothesizing the vinasse infiltration due
to fertirrigation in sugarcane crops. Results demonstrated that vinasse
solute can reach groundwater level in a short time of percolation (1–3
years) depending on its depth (6–20m), and that surface water re-
sources are also susceptible to contamination in a short period of time.

Considering this scenario, the importance of ecotoxicological stu-
dies is highlighted to predict the environmental and human health risks
associated with the use of complex contaminants mixtures in agri-
cultural soils. They also support the creation of conservation programs
for affected ecosystems. Its instrumental methods of analysis allow an
evaluation of the contaminating agents toxicity, where and how they
affect living organisms (Magalhães and Ferrão Filho, 2008).

Among the bioindicators, the Nile tilapia (Oreochromis niloticus) is
widely used as experimental model for studies on aquatic toxicology.
This is due to its high growth rates and good reproduction rates in
captivity, resistance to handling practices, adaptation to commercial
diets and tolerance to various environmental conditions (Figueiredo-
Fernandes et al., 2006). Several studies considered the analysis of target
organs such as gills and liver appropriated to investigate histological,
cellular and physiological changes in organisms exposed to various
contaminants (Abdel-Moneim et al., 2012; Ahmed et al., 2013;
Rodrigues et al., 2017). Gills are one of the first organs to come into
direct contact with substances present in the aquatic environment and
are responsible for vital functions. In addition to being the main site of
gas exchange, the gills are also involved in the osmoregulation, acid-
base balance and excretion of nitrogenous compounds (Machado,
2015). The liver plays a crucial role in detoxification and bio-
transformation processes. Due to its function, position and blood
supply, it is one of the most affected organs by the water pollutants
(Van der Oost et al., 2003) and has been used as a reference for the
analysis of tissue damage caused by environmental toxic compounds
(Ameur et al., 2012; Liebel et al., 2013; Kumar et al., 2016a, 2016b).

Environmental disturbances can also lead to changes in underlying
levels of organisms organization, what motivates the use of a biomarker
at molecular level to complement this study. Ubiquitous cellular stress
proteins (also referred to as heat shock proteins or HSPs) are recognized
as being one of the primary defense mechanisms for oxidants, toxins,
metals, free radicals, viruses, and their synthesis is generally increased
under these stressful conditions (Biekerns, 2000; Ponomarenko et al.,
2013). Under normal conditions, constitutive HSPs act as molecular
chaperones in important cellular processes such as protein metabolism,
cell cycle regulation and apoptosis (Kiang and Tsokos, 1998;
Hightower, 1991; Richter et al., 2010). In this group, the HSP70 family
(70 kDa molecular weight) stands out because it is highly conserved
and extensively studied, being used to monitor environmental pollution
due to its cytoprotective role in response to proteotoxic agents
(Mukhopadhyay et al., 2003).

In view of the toxic effects caused by vinasse and considering the
possible environmental contamination of water resources caused by
percolation/leaching of this waste on the soil, the present study in-
vestigated that whether after passage through the soil column, the vi-
nasse maintains its toxicity? And can the soil act as a filter for this so
toxic residue?

To answer the questions, the vinasse was percolated in the labora-
tory after construction of soil column system and the residue generated
was tested in water using tilapia as a model. For that, the Oreochromis
niloticus histopathology of gills and liver was evaluated, as well as the

immunostaining of HSP70 cellular stress proteins in the liver, after
acute exposure of this effluent in natura and with leached of vinasse.

2. Materials and methods

2.1. Test organism

Thirty individuals of the species O. niloticus (Perciformes,
Cichlidae), popularly known as Nile tilapia, were used as test organ-
isms. With an average size of 10 cm and average weight of 40 g, the
specimens were obtained from a fish farm. Before exposure, the animals
were acclimated for 15 days in 250 L tanks with adequate filtration and
aeration system. Fish were fed ration every day up to 24 h before the
beginning of bioassays. During the bioassays animals were not fed to
not increase the concentration of ammonia in aquariums.

Prior to the beginning of the experiments, the present study was
analyzed and approved by the “Comitê de Ética em Pesquisa no Uso
Animal da UNESP”- Rio Claro, São Paulo, Brazil (CEUA - IB - UNESP -
CRC), protocol no. 6301 from 29.07.2015.

2.2. Vinasse

In the present study in natura sugarcane vinasse provided by a
power plant located in state of São Paulo was used. It was transported in
thermal gallon and stored in a cold room at 4 °C. The leached of vinasse
was obtained after the vinasse go through a percolation system in sa-
turated soil (Rio Claro Formation) in the Basin Studies Laboratory
(LEBAC) of the Institute of Geosciences and Exact Sciences of UNESP,
Rio Claro Campus described in Correia et al. (2017a) as follows: To
obtain the leached from the vinasse, a percolation system was devel-
oped in the Laboratory of Basin Studies of the Institute of Geosciences
and Exact Sciences. The system consists of two vinasse reservoirs with
constant stirring to homogenize the solution and avoid vinasse parti-
culates decantation. The soil was compacted at field density in PVC
columns (19 cm high and 6.5 cm in diameter) and saturated previously
with deionized water. From the reservoir, the vinasse reached the soil
with the aid of a modified permeameter to guarantee the vinasse ap-
plication to the constant and homogeneous load. The leachad was ob-
tained through collectors installed at the end of the column after the
cap, composed of a duct, sieve plate with annular and radial grooves
and nylon screen, to prevent the passage of soil particles. The leaching
tests were performed in a climatized room (20 °C ± 3 °C) and the
samples were kept in a cold chamber (4 °C) until the beginning of the
experiments.

2.3. Physico-chemical analysis of vinasse

Physico-chemical analysis were carried out to characterize the
samples of in natura vinasse and leached of vinasse in a specialized
laboratory (TASQA Analytical Services Ltd., Paulínia, São Paulo,
Brazil). The following parameters were measured: pH, BOD (Biological
Oxygen Demand), COD (Chemical Oxygen Demand), calcium, iron,
phosphorus, potassium, sodium, and metals (aluminum, barium, lead,
cobalt, copper, chrome, strontium, magnesium, manganese, mo-
lybdenum, nickel e vanadium, selenium, silicon and zinc).

2.4. Bioassays

The bioassays were set up in 40 L aquaria. Five randomly chosen
acclimated fish were placed in each aquarium. The fish were arranged
in three groups: control, which received water from an artesian well;
test group, which received 2.5% dilution of leached of vinasse; and
comparison group, which received 2.5% dilution of in natura vinasse.
The bioassays were performed in triplicates and the Nile tilapia were
subjected to acute exposure (96 h) under constant aeration and tem-
perature (24 °C ± 2 °C) with a 12 h light/12 h dark photoperiod.

M.P.M. Coelho et al. Ecotoxicology and Environmental Safety 165 (2018) 367–375

368



Monitoring was carried out three times a day to verify the temperature
and pH of the aquariums, as well as the possible mortality and changes
in fish behavior.

2.5. Animal dissection

After the exposure period, O. niloticus specimens were anaesthetized
with benzocaine (0.1 g of benzocaine in 1ml ethanol per 100ml deio-
nized water) and euthanized. Their second branchial arch and liver
were removed by dissection in physiological saline solution. The tissues
were fixed for 24 h in different solutions according to the analyses:
Bouin solution (0.9% picric acid, 9% formaldehyde, and 5% acetic acid)
for histological techniques, calcium-formalin (40% formalin, 10%
CaCl2, and distilled water) for histochemical techniques, Karnovsky
0,4% for Scanning Electron Microscopy (SEM) and buffered paraf-
ormaldehyde (4% paraformaldehyde in 7.4 phosphate buffer saline
[PBS]) for immunohistochemistry; subsequently, the materials were
transferred to sodium phosphate buffer (PBS) pH 7.40.

2.6. Scanning Electron Microscopy (SEM)

For SEM analysis of the gills, a sample of each individual was de-
hydrated in a graded series of acetone (50%, 75%, 90%, 95% and
100%), critical point dried and fixed on a metallic support. The analyses
were carried out using a low vacuum Tabletop Scanning Electron
Microscope Hitachi TM3000. Thirty interlamellar regions of three
conserved filaments of each gill were analyzed. Analysis included
counting the number of chloride cells (protocol adapted from Biagini
et al., 2009), evaluating the preservation of the pavement cells’ ridges
and the presence of swollen cells. A score from 0 to 6 was established
for the observed changes. A score of 0 indicates that no changes were
observed, while 6 indicated changes in the whole organ (Marinho et al.,
2014; Correia et al., 2017b).

2.7. Histology

Portions of gills and liver were dehydrated in a graded series of
ethyl alcohol (15%, 25%, 50%, 65%, 70%, 80%, 90%, 95% and 100%).
The material was then embedded in historesin and sectioned in a mi-
crotome (6 µm thick). The sections were hydrated in a histology bath
and placed on glass slides. The slides were then stained with hema-
toxylin and eosin (H-E) according to Junqueira and Junqueira (1983).
Two slides with ten sections were analyzed for each fish, with n=5 for
each bioassay, performed in triplicates. A total of 60 slides and 600
histological sections were analyzed for each technique. The description
and histological changes evaluation were based on Bernet et al. (1999),
Marinho et al. (2014) and Correia et al. (2017b) protocols.

2.8. Histochemistry

In order to quantify gill mucous cells, sections were stained with
Periodic Acid-Schiff (PAS). Three histological sections of each slide,
with three intact gill filaments from each individual were selected for
evaluation of the mucous cells of 30 interlamellar regions. Two quan-
tification methods were used: (1) manually according to histological
procedures following the protocol of Biagini et al. (2009) and (2) Im-
ageJ Software counting tool, which is based on image contrast.

2.9. Immunohistochemistry

Liver samples were dehydrated in a graded series of ethyl alcohol
(15%, 30%, 50%, 70%, 85%, 90%, 95% e 100%) followed by xylol
+ alcohol and xylol (100%). The material was then embedded in
Paraplast and sectioned with the aid of a microtome (6 µm thick). The
sections were hydrated in a histology bath and placed on glass slides.

The immunohistochemical technique was performed according to

the protocol proposed by Silva-Zacarin et al. (2012) and adapted by
Coelho et al. (2017). For HSP70 immunostaining the primary antibody
used was the HSP70 Antibody - Monoclonal Anti-Heat Shock Protein 70
(Sigma-Aldrich) and the secondary antibody was the Anti-Mouse IgG
(whole molecule) - Alkaline Phosphatase antibody (Sigma-Aldrich). The
EnVision (Dako ™) G kit | 2 System/AP Rabbit/Mouse (Permanent Red)
was used to reveal markings.

The results were photographed using an Olympus BX51 photo-
microscope with its image capture program. The pictures were analyzed
using the ImageJ software, which provided the percentage of intensely
detected immunolabelled area, considering the analyzed material's total
area in each histological section. Positive marking was assigned when a
red-pink color was observed, which represented deposition of chro-
mogen at the antigen-antibody binding sites. Its intensity varied ac-
cording to the amount of HSP70 family proteins present in the cells. A
negative marking was assigned when this coloring was not observed.

2.10. Statistical analysis

To ensure appropriated statistical analysis, each data set was tested
for normality using the Shapiro-Wilk method. The parametric ANOVA
unidirectional test with Tuckey post-hoc with p < 0.05 or non-para-
metric Kruskal- Wallis with p < 0.05 was used.

3. Results

3.1. Physical-chemical analysis of vinasse

The analyses regarding metals revealed that no element in the vi-
nasse samples was in a concentration higher than the allowed for nat-
ural water and groundwater, as defined by CETESB (Environmental
Agency of the State of São Paulo) and CONAMA (National Environment
Council) (Table 1). Most of the elements detected in the vinasse had
their concentration reduced after percolation in soil columns, except for
aluminum, which concentration was increased.

Table 1
Physicochemical and metal analysis of vinasse samples.

Parameter In natura Vinasse Leached of Vinasse GVP

pH 4,140 4,700 –
DBO 5850 5500 –
DQO 12,533 11,116 –
Aluminum (mg/L) 0,580 1,910 0,005
Barium (mg/L) 0,920 0,037 0,001
Calcium (mg/L) 527,000 35,500 0,003
Chromium (mg/L) 0,014 0,001 0,003
Cobalt (mg/l) 0,012 0,001 0,003
Copper (mg/L) 0,042 0,004 0,004
Iron (mg/L) 6,920 0,077 0,005
Lead (mg/L) < QL 0,002 0,005
Magnesium (mg/L) 269,000 13,562 0,002
Manganese (mg/L) 2170 0,140 0,001
Molybdenum (mg/L) < QL 0,003 0,005
Nickel (mg/L) 0,017 0,001 0,003
Phosphorus (mg/L) 11,600 0,071 0,005
Potassium (mg/L) 2,660,000 132,540 0,030
Selenium (mg/L) 0,008 0,001 0,005
Silicon (mg/L) 18,100 1,151 0,060
Sodium (mg/L) 31,300 1,356 0,015
Strontium (mg/L) 1,550 0,084 0,005
Vanadium (mg/L) 0,032 0,027 0,003
Zinc (mg/l) 2,390 0,087 0,005

QL: quantification limit, GVP: Guiding Values (mg/kg) of Prevention and
Intervention for Soil and Groundwater according to CETESB (CETESB:
Environmental Agency of São Paulo State/Brazil - 195/2005-E), Method:
SMEWW: Standard Methods for the Examination of Water and Wastewater -
3120B.
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3.2. Mortality

Five out of the thirty initial individuals died during the bioassay:
one in the control group, one in the group exposed to in natura vinasse
and three in the group exposed to leached of vinasse.

3.3. Gill analyses

3.3.1. Scanning Electron Microscopy
Chloride cells quantification (Fig. 1A) revealed similar results

(Table 2) between treatments. No significant differences were observed
between groups. Pavement cells (Fig. 1B) of both treatment groups
preserved ridges, similar to those in the control group. Again, no sig-
nificant differences were observed between groups. However, a

Fig. 1. Histological sections (A-C) stained by Hematoxylin-Eosin (H-E) and Scanning Electron Microscopy (D-F) from O. niloticus gills. Control (A and D); Main
changes observed for the treatments (C-D and F-G). (* in B): epithelial detachment of secondary lamellae; (arrows in C): lamellar disorganization; (Arrowhead in F):
swelling of the pavement cells; F: primary filament; L: secondary lamella.

Table 2
Quantification of chloride and mucous cells on O. niloticus gills exposed to
leached of vinasse.

Chloride cells Mucous cells

Treatment Biagini Protocol Biagini Protocol Image J

Control 34,000 ± 31,524 256,222 ± 35,760 0,811 ± 0,307
In natura Vinasse 30,000 ± 18,444 211,800 ± 37,500 0,510 ± 0,137
Leached of vinasse 32,500 ± 32,943 236,375 ± 76,280 0,884 ± 0,422

There are no statistically significant values by the Kruskal-Wallis test with
p < 0.05 compared to the negative control. Values presented as mean± SD.

M.P.M. Coelho et al. Ecotoxicology and Environmental Safety 165 (2018) 367–375

370



swelling of the pavement cells was observed (Fig. 1C). Its alteration
index was statistically significant for the group exposed to leached of
vinasse in comparison to the control. The index was of 1.5 on a
1–6 scale, which is considered a very low index.

3.3.2. Histological analyses
Gills analyses in the control group (Fig. 1D) showed the standard

morphological structure described for teleosts (Machado, 2015). The
most frequently observed histological changes were epithelial detach-
ment (Fig. 1E) and lamellar disorganization (Fig. 1F). In addition, he-
morrhage, edema, and epithelial invasion were also observed. The
importance factors for each alteration found in the gills are presented in
Table 2. However, all alterations presented low indexes; therefore,
there were no statistically significant differences in the treatments in
comparison to the control (Table 4).

3.3.3. Histochemistry
Mucous cell analysis according to the protocol established by

Biagini et al. (2009) (Table 3) did not reveal statistically significant
differences for the treatments in comparison to the control. ImageJ
Software (Table 3) was used to calculate the percentage of mucous cells
per area. This analysis also did not reveal statistically significant dif-
ferences between groups. Cells from both treatments showed no re-
duction in size and/or abnormal morphology.

3.4. Liver analyses

3.4.1. Histological analyses
Liver analyses indicate standard liver tissue morphology as de-

scribed by Akiyoshi and Inoue (2004) in the control group. The stan-
dard tissue morphology consists of hepatocytes with well-defined nu-
clei, homogeneous or occasionally less stained cytoplasm, interspersed
by sinusoids where the erythrocytes are observed (Fig. 2A, B). Pan-
creatic tissue distributed along the hepatic parenchyma is also ob-
served.

However, the groups exposed to in natura vinasse and leached of
vinasse showed several histopathological changes (Tables 3 and 4).
Statistically significant changes in both treatments, when compared to
the control group, were: loss of cell boundary (Fig. 2E), presence of
pyknotic nucleus (Fig. 2D), loss of cytoplasmic integrity and dis-
organization of hepatic tissue (Fig. 2D). The group exposed to leached
of vinasse also showed higher presence of cytoplasmic vacuoles
(Fig. 2C), which was statistically significant in comparison to the con-
trol and to the group exposed to in natura vinasse. Hydropic degen-
eration (Fig. 2E) and increased nucleus size (Fig. 2F, G) observed in the
group exposed to in natura vinasse were also statistically significant in

comparison to the control group.

3.4.2. Immunohistochemical analyses
HSP70 cellular stress protein immunostaining in O. niloticus liver

samples were significantly elevated in comparison to the control group
for both in natura vinasse and leached of vinasse treatments. Detection
occurred predominantly in the periphery of the analyzed livers (Fig. 3).

4. Discussion

The high amount of vinasse released in the field as fertilizer gen-
erates a great cost-benefit for the sugar and alcohol industry since it
generates savings on artificial fertilizers and at the same time reuses the
vinasse produced. However, this practice raises concerns for en-
vironmentalists regarding its environmental impact, since this residue
has a high organic load and is proven to be toxic (Marinho et al., 2014;
Correia et al., 2017b; 2017c) can reach water resources by leaching in a
few years (Soto et al., 2015).

Comparisons between the metals analysis of in natura and leached of
vinasse suggest that the soil is an efficient filter for metal immobiliza-
tion. The elements found presented lower concentrations, except for
aluminum (Al), which concentration increased. The increase of Al
concentration may be due the high concentration in which it is found in
the latosol-type clay soil of the region where the soil was collected. This
soil is rich in iron and aluminum oxides and hydroxides, displaying
reddish/yellowish colors, typical of the soil of tropical countries
(Toledo et al., 2000).

Aluminum is one of the most abundant elements on earth
(Fernández-Dávila et al., 2012). Its most toxic form for fish is inorganic
(Al); as the pH of the medium is acidified, the aluminum available there
polymerizes. This process leads to an increase in its toxicity due to the
decrease of its solubility that favors the accumulation of this metal in
the organisms (Poléo, 1995). In addition, aluminum interferes with
ionic and osmotic regulation (Andrén and Rydin, 2012). Thus, the Al
may have been entrained during the percolation process and accumu-
lated in the resulting solution.

Although the soil is a natural protection barrier to underground
aquifers, its metal retainment attributes are extremely complex.
Therefore, it is difficult to predict its behavior, especially long-term. It
is known that the mobility of metals will be determined by soil attri-
butes (Oliveira et al., 2001). The high content present in the vinasse
when adsorbed in the soil matrix may promote the following changes in
soil: pH increase, decreased oxidation potential, increased cation ex-
change capacity (Soto et al., 2017).

As for the gills analyses, it is known that pavement cells are the most
common cell type in the branchial epithelium. Its ridges are ancillary to
mucus retention, which contributes to protect lamellar surfaces against
environmental changes, such as toxic or infectious agents and sus-
pended particles (Mallat, 1985). Electron microscopy did not reveal
damage to the gills exposed to the percolated of vinasse, nor to the in
natura vinasse, since the pavement cells ridges were similar to the
control. The swelling of the pavement cells observed in the group ex-
posed to leached of vinasse was significant, but the assigned score was
low.

The number of chloride cells was not altered in comparison to the
control for both treatments. The chloride cells are large and usually
scattered on the lamellae surface. These are rich in mitochondria and
participate in the ions active transport, and can show altered shape,
structure, morphology and number due to changes in environmental
factors (Pereira and Caetano, 2009). Chloride cells quantification re-
vealed no statistically significant differences for the treatments in
comparison to the control. It suggests that the leached of vinasse did not
cause differences in the number of these cells.

Histological analyses revealed low alterations scores for both in
natura and leached of vinasse. Neither presented statistically significant
differences in comparison to the control. The main alterations were

Table 3
Main alterations observed in O. niloticus gills and livers exposed to vinasse, and
their corresponding factor of importance.

Organ Characteristics examined Factor of Importance (w)

Gills Epithelial detachment 1
Lamellar disorganization 1
Hemorrhage 1
Edema 1
Epithelial invasion 1
Hyperplasia 2
Hypertrophy 1
Pavement cell swelling 1

Hepatocytes Hydropic degeneration 2
Loss of cell boundary 3
Pyknotic nucleus 3
Increased nucleus size 2
Vacuolated cytoplasm 1
Loss of cytoplasmic integrity 3

Hepatic Tissue Disorganization of tissue 2
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epithelial detachment and lamellar disorganization, with a mean index
of 0.4 on a scale of 0–6. Epithelial detachment functionally reduces the
organ to diminish contamination by the toxic substance (Bernet et al.,
1999). Both alterations have minimal pathological importance,
meaning that the lesion is reversible when exposure to the stressor
ceases.

Mucous cells produce mucus that performs the protective function
of the gill tissue. The increase in this cell type may indicate the presence
of toxic substances in the water (David and Fontanetti, 2009). However,
the mucous cells quantification by both the protocols of Biagini et al.
(2009) and by the percentage analysis of ImageJ software, did not re-
veal statistically significant differences when compared to the control.

However, Correia et al. (2017b) have demonstrated the dilutions of
in natura vinasse toxic effects in gills of O. niloticus. The effluent caused
histopathological alterations such as loss of pavement cell ridges,
swelling, epithelial detachment and lamellar disorganization that were
statistically significant in relation to the control. There was also a sig-
nificant increase in the number of mucous cells and chloride cells.

Unlike the response in the gills, vinasse caused significant changes

in the livers. Alterations such as loss of cell boundary, pyknotic nucleus,
loss of cytoplasmic integrity and disorganization of hepatic parenchyma
were statistically significant in the groups exposed to both in natura and
leached of vinasse. The hydropic degeneration and increase of nuclei
were also significant in the group exposed to in natura vinasse. An in-
crease of cytoplasmic vacuoles in the group exposed to the leached of
vinasse was also significant. This can be explained by the fact that the
liver of teleosts is one of the most sensitive organs. Exposure to different
types of environmental pollutants may alter its morphology, biochem-
istry and physiology (Ahmed et al., 2013; Alesci et al., 2014).

Similar to other pollutants such as pesticides (Fanta et al., 2003;
Pesce et al., 2008; Ansoar-Rodríguez et al., 2016), exposure to vinasse
caused morphological alterations in hepatocytes, which became irre-
gular and lost their cell boundaries. These changes provoke loss of the
hepatic parenchyma architecture (tissue disorganization) that can lead
to serious physiological consequences (Barja-Fernández et al., 2013).

The presence of hepatocytes with reduced-diameter, densely-het-
erochromatic and pyknotic-like nuclei was found to be significant in
this study and in studies evaluating the vinasse effects (Marinho et al.,

Fig. 2. Histological sections stained by Hematoxylin and Eosin (H-E) from O. niloticus livers exposed to leached of vinasse. Control (A and B); Main changes observed
for the treatments (C-G). H: Hepatocyte; N: Nucleus; PT: Pancreatic tissue; S: Sinusoid; V: Cytoplasmic vacuoles; PN: Pyknotic nucleus; IL: Loss of cytoplasmic
integrity; HD: Hydropic Degeneration; Arrow: loss of cytoplasmic boundary; Arrowhead: Increase in nucleus size.
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2014), glyphosate herbicides (Jiraungkoorskul et al., 2003), diquat
(Henares et al., 2008) and the imidacloprid pesticide (Ansoar-
Rodríguez et al., 2016) in livers of Nile tilapia. This study found that the
cells became hypofunctional in a possible cell death process in response
to the vinasse toxic potential (Fanta et al., 2003; Marinho et al., 2014).

Due to its detoxification role, the liver is exposed to a higher con-
centration of toxic agents when compared to other organs, what may
cause pollutants to accumulate in this organ (Barja-Fernández et al.,
2013). Thus, an increase in detoxification activity may lead to cellular
and nuclear hypertrophy (hydropic degeneration and nucleus size in-
crease, respectively) in hepatocytes. This response was observed here
and was significant for the group exposed to in natura vinasse. In this
sense, it can be deduced that in natura vinasse has been shown to be
relatively more toxic than its leached form.

Regarding the leaching of vinasse in particular, a higher number of
cytoplasmic vacuoles was observed. This may be indicative of an im-
balance between the rate of synthesis of substances in the parenchymal
cells and the rate of their release into the systemic circulation
(Jiraungkoorskul et al., 2003). In fact, although lipid accumulation may
be part of a normal physiological process, its significant increase may
indicate a mechanism for defense against lipid-soluble contaminants
(Biagianti-Risbourg et al., 1997), such as metals present in vinasse.

It is known that the metal constituents of vinasse can modify the
activity of liver enzymes and lead to histopathological changes in the
liver (Paris-Palacio et al., 2000), as it is the metabolic center of the
body's detoxification process. In this sense, it is important to consider
that the hepatic changes observed in the present study can have sec-
ondary effects in the whole organism. However, it is not possible to

establish a direct relationship between metal constituents and the da-
mages observed because the vinasse is a complex mixture. Its toxicity
can also result from additive or synergistic effects of the substances
(Alves et al., 2015).

Complementing this histopathological analysis, a biomarker at the
molecular level was used. In fact, the first response to any environ-
mental stress condition occurs at the subcellular level through the se-
lective overexpression of highly conserved proteins called heat shock
proteins (HSPs) (Bakthisaran et al., 2015). Among them, the most stu-
died are HSP70, molecular chaperones that help in the refolding and
membrane translocation of damaged proteins. It prevents the formation
of cytotoxic aggregates and the apoptotic process (Fink, 1999; Castro
et al., 2013). Thus, through their cytoprotective action, these proteins
act in the restoration of cellular homeostasis.

In relation to fish liver in particular, Schröder et al. (2000) validated
hepatic HSP70 as an efficient biomarker for the monitoring of en-
vironmental pollution. These authors correlated the high levels of
protein to the damage found in the fish species Limanda limanda DNA.
Several studies also support the significant increase in the expression of
HSP70 in fish liver as a way to evaluate the response to environmental
contaminants such as pesticides, sewage treatment effluents, metals,
through direct exposure or through the food chain. Other studies have
shown that there is a high correlation between the number of species
and the number of species that can be found in this region (Varo et al.,
2002; Ceyhun et al., 2010; Rajeshkumar, Munuswamy, 2011; Cuklev
et al., 2012; Rajeshkumar et al., 2013; Ansoar-Rodríguez et al., 2016).

The high aluminum concentrations found in natural vinasse and
especially in the leached of vinasse may be a major factor in its toxicity.
Teinen et al. (2008) reported that aluminum was able to accumulate in
Pansky Pond fish, damaging the gill epithelium of these animals. In the
present study, the presence of gills, kidneys and liver of fish of the
species Catla catla, Labeo rohita and Cirrhina mrigala (Azmat et al.,
2012).

The present study observed a significant immunolabelling increase
of this family of proteins in the liver of animals exposed to vinasse in
both in natura and leached forms when compared to the control group.
This may be due to the proteotoxic action of this residue. Its adverse
effects on the integrity of the intracellular proteins would have acti-
vated the biochemical signaling cascade, culminating in the transcrip-
tion of heat shock genes and the accumulation of these molecular
chaperones detected by immunohistochemistry (Pirkkala et al., 2001).
Thus, HSP70 would be acting in cell repair and detoxification ma-
chinery (Bierkens, 2000), presumably in response to oxidative stress
induced by exposure to the residue, what correlates with the histo-
pathological changes observed in the organ.

Table 4
Frequency of occurrence of significant alterations in gills and liver found in O. niloticus exposed to vinasse.

Organ Alteration Control In natura Vinasse Leached of vinasse

Gills Epithelial detachment 0,410 ± 0,770 0,320 ± 0,540 0,430 ± 0,620
Epithelial disorganization 0,440 ± 0,520 0,970 ± 0,750 0,430 ± 0,390
Hemorrhage 0,130 ± 0,180 0,270 ± 0,360 0,150 ± 0,350
Edema 0 0,120 ± 0,170 0
Epithelial invasion 0,190 ± 0,270 0,250 ± 0,350 0,060 ± 0,170
Hyperplasia 0,160 ± 0,350 0 0
Hypertrophy 0,500 ± 0,900 1,900 ± 1,660 0,300 ± 0,530
Pavement cell swelling 1,000 ± 0 1,000 ± 0,220 1,500 ± 0,530*

Liver Loss of pavement cell ridges 3,500 ± 1,200 3,500 ± 0,790 3,500 ± 0,910
Hydropic degeneration 3,030 ± 1,250 6,800 ± 1,190* 5,000 ± 0,910
Loss of cell boundary 0,35 ± 0,99 11,360 ± 2,020* 12,970 ± 1,470*

Pyknotic nucleus 0 ± 0 4,450 ± 2,320* 4,930 ± 2,480*

Increased nucleus size 0,040 ± 0,140 1,730 ± 1,100* 0,400 ± 0,880
Vacuolated cytoplasm 2,310 ± 0,840 0,850 ± 0,750 4,800 ± 0,730*

Loss of cytoplasmic integrity 2,510 ± 2,090 10,310 ± 2,810* 11,260 ± 1,640*

Disorganization of hepatic tissue 0,370 ± 0,700 6,790 ± 2,020* 6,860 ± 1,010*

Values presented as mean± SD.
* Statistically significant when compared to the control by one-way ANOVA/Tukey, p < 0.05.

Fig. 3. Average of intense HSP70 immunolabelling area in O. niloticus liver
obtained using the ImageJ program (means± SD). Values expressed as per-
centage. * Statistically significant when compared to the other groups by one-
way ANOVA/Tukey, p < 0.05.
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5. Conclusion

Based on the results obtained through analyses of the metals in the
vinasses, it can be concluded that the soil working as a filtering medium
during vinasse percolation through the soil. It reduces the vinasse
constituent metals concentration, attenuating the organic/inorganic
load of the solution that will reach the water after infiltration.

Histopathological analyses have shown that in natura and leached of
vinasse presented toxicity and it was capable of promoting significant
alterations, which were comparatively more severe in the liver. In ad-
dition, vinasse was shown to induce proteotoxic action triggering cy-
toprotective responses such as increased expression of the HSP70 family
of stress proteins. As a result, there was greater immunostaining of
these proteins in the response to in natura vinasse in relation to the
leached form.

Accordingly, the vinasse use as a fertilizer requires caution. Its toxic
potential, for both in natura and leached forms, should receive greater
attention in order to reduce its environmental impact. In addition, it is
worth emphasizing the soil salinization risk with the continuous use of
vinasse, due to the biochemical characteristics of this residue.
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