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ABSTRACT. The use of fish species uses as bioindicators is an important environmental monitoring tool.
Histological biomarkers are adopted to assess the health conditions of different organisms and to indicate an
environmental hazard. Histology can be applied as an effective method to analyze the effects of pollutants and
other stressors. Accordingly, histological changes in the gill epithelium were analyzed to assess the adoption of
fish species Menticirrhus americanus (Linnaeus, 1758) and Micropogonias furnieri (Desmarest, 1823) as a
bioindicator to measure environmental quality in Paraty and Sepetiba bays, in Rio de Janeiro. A random sample
of 58 fish was collected from the assessed bays. We found Paraty Bay to be in good conservation condition,
whereas Sepetiba Bay is contaminated. The fish species collected from Sepetiba Bay showed lesions such as
epithelial lifting, aneurysm, and necrosis in the gills; thus, it was possible to suggest that histological biomarkers

be used bioindicators to measure the environmental impact in these bays.
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INTRODUCTION

The discharge of waste from agriculture, industries, and
urban activities into aquatic ecosystems results in the
production of a wide variety of organic and inorganic
pollutants. Aquatic environments around industrial
units are at high risk of contamination by pollutants
such as petrochemicals, solvents, oils, and heavy metals
(Rajamanickam & Narayanan, 2009). Increased
pollution in aquatic ecosystems leads to severe
morphological and physiological changes in aquatic
organisms (Mazon et al., 1999; Zhou et al., 2008).
Chemical and physical parameters are used as
biomarkers to monitor aquatic pollution and to evaluate
the adverse effects of heavy metals on aquatic
organisms (Van der Oost et al., 2003; Au, 2004).

Over the past few years, there has been an increase
in the concentration of heavy metals and nutrients in
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natural waters that receive municipal and industrial
waste. Heavy metals represent all environmental
pollutants’ major hazards due to their toxicity and
bioaccumulative nature (Elnaggar et al., 2009). The
relationship between metal accumulation and the
feeding behavior of a species reflects the crucial role of
bioavailability of different metals in the aquatic
environment and the trophic transfer to the food web
(Monperrus et al., 2005). Fish is the primary aquatic
organism that accumulates considerable amounts of
heavy metals exceeding their concentrations in the
aguatic ecosystem (Ambedkar & Muniyan, 2011).
Thus, determining the degree of pollution is of great
importance for assessing the potential impact of heavy
metals on the environment (Samanidou et al., 1991).

Fish are at the apex of the aquatic food chain, so
they are good bioindicators of contamination caused by
heavy metals (Hemmadi, 2017). Animals from contami-
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nated sites are proven to be great bioindicators
(Livingstone, 2003). Moreover, histological changes
have been widely used as biomarkers to evaluate the
health condition of fish exposed to contaminants and to
explain the mechanism of action adopted by several
stress agents (Hinton et al., 1992; Schwaiger et al.,
1997; Teh et al., 1997; Camargo & Martinez, 2007;
Bertoletti, 2008; Nascimento et al., 2012). These
changes are a quick method to detect the effects of
irritants, mainly chronic ones, on different tissues and
organs (Johnson et al., 1993; Velmurugan et al., 2009).
Identifying early warning signals through branchial
lesions is ecologically and economically relevant, as
well as faster; besides, they have the potential to be
used as biomarkers (Sousa et al., 2013).

Gills of fish are efficient biomonitoring tools due to
their large surface area, which has direct and permanent
contact with potential irritants (Bernet et al., 1999;
Sweidan et al., 2015). Gills are responsible for
respiratory gas exchange and play an essential role in
osmoregulation and acid-base regulation (Fernandes &
Mazon, 2003; Fernandes et al., 2007). They are the first
organs that respond to unfavorable environmental
changes (Benli et al., 2008). Changes in the epithelium
of gills can be due to exposure to a variety of
contaminants, and the severity of such alterations
depends on the concentration of these pollutants and the
exposure time (Franchini et al., 1994; Evans et al.,
2005; Gomes et al., 2012). Moreover, they are early
warning signs about fish health conditions (Sorour,
2001). Studies have shown that the degree of
morphological lesions in the gills can delimit the degree
of environmental pollution (Thophon et al., 2003;
Camargo & Martinez, 2007; Akinloye et al., 2009;
Flores-Lopes & Thomaz, 2011). Disorders affecting
ion regulation and gas exchange, which are processes
partly performed by gills (Verbost et al., 1995; Evans,
1997; Ledy et al., 2003), are among the main impacts
of pollution. Furthermore, mucous cells in gills play an
essential role in the resistance of fish to toxic
substances (Bernet et al., 1999), to abrasive injuries
caused by solid materials suspended in water (Dezfuli
et al., 2003) and to pollutants (Ledy et al., 2003;
Roberts & Powell, 2003).

Menticirrhus americanus (Linnaeus, 1758) and
Micropogonias furnieri (Desmarest, 1823) belong to
the family Sciaenidae; these fish species are distributed
in the continental shelf region and in estuarine areas
that hold a significant diversity of life forms and
habitats (Menezes & Figueireido, 1980). Sciaenidae
accounts for the highest number of species in
southeastern Brazil and is one of the most important
demersal fishery resources (Vazzoler et al., 1999).
These species can be found in several environments, a

fact that suggests their high ecophysiological plasticity,
as well as their tolerance to a wide range of variations
in water physical and chemical parameters; therefore,
they are suitable for environmental monitoring
purposes. The objectives of this study were 1) to
evaluate histological changes in fish gills caused by
pollution and to analyze their use as biomarkers to
measure environmental impacts, 2) to compare the
response of mucous cells of fishes living in Paraty and
Sepetiba bays, as well as 3) to determine whether M.
americanus and M. furnieri are suitable to be used as
biomonitoring tools.

MATERIALS AND METHODS

Study site
Sepetiba Bay (22°54°-23°04°S, 43°34°-44°10°W) is
located in Rio de Janeiro State, southeastern Brazil. Its
area covers 520 km? and houses a wide variety of
habitats such as mangroves, sandbanks, and small
estuaries (Fig. 1). The drainage basin in this bay serves
a population of approximately two million people and
over 400 industries, including metallurgy, petroche-
mical, and pyrometallurgy smelters (Molisani et al.,
2004; IBGE, 2016). The bay is 5 m deep, on average,
and its water is rich in organic nutrients derived from
continental drainage; its bottom is predominantly
muddy (Barbiéri & Kronemberger, 1994). Sepetiba
Bay plays an important role in the regional aquatic
ecology; it is mainly important for juvenile fish that use
the area as a nursery ground. Industries in the Sepetiba
region develop activities responsible for the generation
of waste rich in Cd and Zn (Lacerda et al., 1982;
Molisani et al., 2004). Moreover, this bay has been
severely affected by anthropogenic activities over the
past 40 years (Pizzochero et al., 2019) because
materials and contaminants discarded in it have
changed its ecosystem (Wasserman et al., 2001).
Paraty Bay (23°13°04”S, 44°42°47”°W) is a small
bay inside Ilha Grande Bay, southeastern Rio de Janeiro
(Fig. 1). It was used as a reference environmental
protection area; the 1988 Federal Constitution has
protected it as a Union asset. The legislation aims at
safeguarding its biota. Nowadays, it was granted with
the status of World Heritage Site by the UNESCO
(Organizacdo das Nagdes Unidas para a Educacdo, a
Ciéncia e a Cultura). Its area covers 65,258 ha, and its
perimeter accounts for approximately 350 km? (Creed
et al., 2007). Paraty Bay is located between the two
largest Brazilian cities, Rio de Janeiro and S&o Paulo.
It is strongly influenced by oceanic water and houses
several smaller embayments such as Ribeira and
Jacuacanga (Figueiredo et al., 2008). Although Paraty
Bay faces the deposition of atmospheric contaminants
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Figure 1. Brazilian coast map showing the study sites.

from S&o Paulo and Rio de Janeiro, it is categorized as
a non-polluted area and has a relatively pristine natural
ecosystem (Molisani et al., 2004; Wanick et al., 2011).
The aquatic environment in the region does not seem to
suffer from the environmental hazard, despite the high
incidence of contamination sources. According to some
research scholars, Paraty Bay is a reference area given
its low level of heavy metals such as Ni, Cu, Cr, Mn,
Zn and Hg, a fact that justifies its categorization as an
area non-contaminated by anthropogenic sources
(Lacerda et al., 1982; Cardoso et al., 2001; Freret-
Meurer et al., 2010; Wanick et al., 2011).

Water data

Water analysis was carried out at the collection site
based on the following physical and chemical
parameters: temperature, pH, dissolved oxygen (DO),
and turbidity. A probe (Horiba® mod. U-22/Water
Quality-Checker) calibrated before each collection
procedure was used for the analysis. Readings were
conducted 1.0 mdeep in water. The water samples were
obtained in Paraty Bay (8 collects) and Sepetiba Bay
(12 collects).
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Fish sampling

Thirty adult fish specimens from Paraty Bay (12
Menticirrhus americanus and 18 Micropogonias
furnieri) and 28 from Sepetiba Bay (12 M. americanus
and 16 M. furnieri) were collected during the rainy, and
a specialist supervised dry seasons in 2015 and 2016 by
professionals using gill nets, and the procedure. After
collection, fish species were identified, anesthetized
with benzocaine hydrochloride (50 mg L), as
recommended by Resolution 1000 from the Federal
Council of Veterinary Medicine in 2012 for fish
euthanasia, euthanized through hypothermia, measured
and weighed. All fish were immersed in formaldehyde
solution after euthanasia to diffuse post-mortem
changes. The ICMBIio license approved the current
research for fish collection under process number
10707. Collected specimens were taken to the
laboratory of histological techniques of Rio de Janeiro
Federal Rural University (UFRRJ) and the Fish
Ecology Laboratory of the Animal Biology Depart-
ment, UFRRJ.

The mean size (length) of M. americanus ranged
between 17.2 and 23.4 cm, and its body weight ranged
from 48.5 to 99.3 g, whereas the mean length of M.
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furnieri ranged from 20.1 to 30.2 cm and its body
weight ranged from 128.5 to 251.5 g. M. furnieri
presented wide variations in body size than M.
americanus, a comparatively small-sized species, but
all individuals were adults; sex was not considered.

Fish were dissected, the first gill arch from one of
the sides of each fish was excised, but filaments were
kept intact. The removed gill was fixed in 10% buffered
formalin for 24 h.

Histological changes and mucous cell analysis

Gills were dehydrated in increasing alcohol
concentrations, cleared with xylene, and soaked in
paraffin under laboratory conditions. Sagittal sections
(4 um thick) were cut, mounted on glass slides, and
stained with hematoxylin and eosin for histological
description. Mucins were visualized in Alcian Blue
(AB) at pH 2.5 (acid glycoconjugates) and in periodic
acid-Schiff (Santos et al., 2011) (neutral glycocon-
jugates). Sections of each fish gill were examined and
photographed using Olympus Bx41 microscope-
equipped with Nikon Coolpix 4300 digital camera.

Histological changes in gill tissues were classified
based on scores from 0 to 3, wherein 0 = no changes, 1
= slight changes, 2 = moderate changes, and 3 = severe
changes (Flores-Lopes & Thomaz, 2011). Minor
changes do not damage gill tissues, so the restructuring
and recovery of normal gill functions occur as environ-
mental conditions improve. Among these changes, one
finds interstitial edema, leukocyte infiltration, lamellar
epithelium hyperplasia, lamellar fusion, vasodilatation,
and lamellar blood congestion. Moderate changes are
more severe and affect tissues associated with gill
functioning; however, they are reparable, except when
vast gill areas are affected or kept under chronic
pollution conditions. Among these changes, one finds
the epithelial lifting. Regardless of improvements in
water quality or lack of exposure to toxic stimuli,
severe changes do not allow gill structure to recover;
among these changes, one finds lamellar aneurysms
and necrosis (Nascimento et al., 2012). The histopa-
thologic alterations index (HAI) (Poleksic & Mitrovic-
Tutundzic, 1994) is based on lesion severity; it
classifies changes of each organ based on progressive
tissue damage stages for the determination of HAI
(Poleksic & Mitrovic-Tutundzic, 1994; Nascimento et
al., 2012). The HAI values of each animal were
calculated according to the following formula: HAI =
(1 x SI) + (10 x SII) + (100 x SlII), wherein I, 11 and 111
correspond to the number of changing stages 1, 2 and
3; and S represents the sum of the number of changes
at each particular stage. HAI values ranging from 0 to
10 indicate normal organ functioning, values between
11 and 20 indicate slight changes in the organ, values

ranging between 21 and 50 indicate moderate changes
in the organ, values ranging from 51 to 100 indicate
severe lesions and values greater than 100 indicate
irreparable organ lesions (Poleksic & Mitrovic-
Tutundzic, 1994).

The percentage of each anomaly observed in the gill
tissue of the two fish species collected in each bay was
calculated by dividing the number of fish presenting a
given anomaly by the total number of examined fish
(Table 2). The number of gill mucous cells (Ledy et al.,
2003) per individual was determined in the light
microscope (at 40x) by examining three filament
regions (base, middle, and apex), four filaments per
section and three sections separated by at least four
interval sections. Every examined region comprised ten
adjoining lamellae and their associated interlamellar
spaces on each side of the filament. In total, 36
measurements were taken per individual. Sections were
examined using the Hund H600 Wetzlar microscope
(40x).

Statistical analysis

The differences between sites and species were tested
based on each parameter. Significant differences were
compared using the binomial t-test for independent
samples or using the Mann-Whitney U-test. Bonferroni
correction was used to adjust P values to minimize type
| errors.

RESULTS

Water analysis

According to CONAMA resolution N°357 that sets
limits for parameters or indicators related to data about
the protection of aquatic communities (class 1) DO
concentrations should not record less than 5 mg L™ to
40 NTU turbidity and pH should be kept between 6.5
and 8.5.

Paraty and Sepetiba bays presented DO
concentrations and pH values within limits determined
by the resolution mentioned above in all collections.
Turbidity values were higher in Sepetiba Bay, although
it did not exceed the limit set by CONAMA (40 NTU).
On the other hand, Paraty Bay presented turbidity
values below the limits established to it. Results of
water physical and chemical analysis carried out at the
sampling sites are shown in Table 1.

Histological changes in gills

We observed no significant differences between
species in all histological changes. As expected, the
analysis of all gills obtained from fish collected at
Sepetiba Bay showed HAI equal to 100, indicating irre-
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Table 1. Physical and chemical analysis of the water from
the collection sites. SD: Standard deviation.

Sepetiba Bay Paraty Bay
Parameter Mean + SD Mean + SD
Temperature (°C) 27.24£0.22 28.03£0.09
Dissolved oxygen 6.40 £ 0.26 5.91+0.16
pH 8.50 £ 0.06 8.65 = 0.05
Turbidity 10.40 + 1.37 1.58 +0.33

versible organ damage. On the other hand, gills
obtained from fish collected at Paraty Bay presented
HAI between 11 and 20, indicating slight organ
damage.

The two bays showed a high incidence of
histological changes in the gills of the two fish species.
The observed histological changes included epithelial
lifting, interstitial edema, epithelial hyperplasia,
leukocyte infiltration, lamellar epithelium hyperplasia,
lamellar fusion, vasodilatation, lamellar blood conges-
tion, aneurysm, and necrosis (Fig. 2).

Based on the frequency of histological changes
(Table 2), stage Il changes were less common in fish
species collected in Paraty Bay, whereas stage | and 11
changes were often found in both sites.

Mucous cell

Mucous cells in the two examined species work as
pavements for both filaments and lamellae, they had a
positive response to PAS and AB staining, and this
outcome indicated the presence of neutral and acid
glycoconjugates, respectively (Fig. 3).

Positive cell counting to assess neutral mucus
showed statistical difference in mucous cells of gills
collected from fish belonging to the species Menti-
cirrhus americanus. However, Micropogonias furnieri
collected in Paraty Bay had smaller amounts of neutral
mucous cells (Fig. 4a). The counting of cells positive
for mucous acid secretion indicated a statistically
significant difference between sites in both species
(Paraty and Sepetiba bays). This result shows that fish
collected at Paraty Bay have a smaller number of cells
than those collected from Sepetiba Bay (Fig. 4b).

DISCUSSION

Sea and estuarine surfaces allow water to gain oxygen
through the atmospheric gas exchange. Fish can absorb
oxygen from water and transfer it to their bloodstream
through the gills (Francis-Floyd, 2003). The amount of
oxygen dissolved in one liter of water is referred to as
dissolved oxygen (DO). Some researchers use DO
monitoring as a water-quality indicator in coastal and

estuarine areas (Jack et al., 2009) because reduced
oxygen levels in water increase blood flow in fish gills;
assumingly, this process is the cause for changes in the
gills (Booth, 1979). The mean DO concentrations in
Sepetiba and Paraty bays were within limits recommen-
ded by CONAMA.

The pH is the indicator to measure the acidity or
alkalinity of water; therefore, it is essential to measure
this parameter to control pollution levels, since water
pH has a significant effect on the metabolism of aquatic
organisms (Boyd, 1995). We found no show significant
differences between pH values.

Turbidity is an important test to measure the quality
of water. Suspended and dissolved materials such as
clay scatter and absorb light, rather than transmit it in
straight lines (Rice et al., 1980). The high turbidity rate
found in Sepetiba Bay indicates high concentrations of
suspended sediments in the site. These sediments may
cause gill clogging and, resulting in lack of oxygen, a
factor that can compromise gill tissues.

Research indicates that metals resulting from
industrial centers are the main contaminants of Sepetiba
Bay (Morales et al, 2019). Previous studies
(Wasserman et al., 2001; Molisani et al., 2004,
Pizzochero et al., 2019) of sediment and water quality
in Sepetiba Bay showed a significantly higher heavy
metal contamination. In this study, the parameters
analyzed were within limits established by CONAMA
in the Paraty and Sepetiba bays. Thus the histological
changes could be caused by the presence of heavy
metals in the water. This result confirms the hypothesis
that Sepetiba Bay is at a high risk of chemical
contamination by heavy metals and detergents. The
gills of fish (M. americanus and M. furnieri) collected
at the reference site in Paraty Bay showed lower
histopathological changes than those from Sepetiba
Bay. Kim et al. (2001) demonstrated that histopatho-
logical changes in fish tissues are relevant biomarkers
to measure the impact of toxic substances since they
reflect changes in biochemical functions.

Interstitial edema and leukocyte infiltrations are
more often found in case of ecological disturbances
such as red tides, as well as in animals exposed to
chemical pollutants like heavy metals and certain
pesticides, and to doses of therapeutic formalin or
hydrogen peroxide (Skidmore & Tovell, 1972; Yang &
Albright, 1992). These changes reflect disturbances in
osmotic pressure regulation (Strzyzewska et al., 2016).
In total, 100% of fish collected at Sepetiba Bay
presented both of the assessed changes. M. americanus
specimens collected at Paraty Bay recorded 58.3% of
interstitial edema and 83.3% of leukocyte infiltration,
whereas M. furnieri recorded 77.8% of interstitial
edema and 88.9% of leukocyte infiltration.
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Table 2. The occurrence of histological changes in gills of Menticirrhus americanus and Micropogonias furnieri collected
from Paraty and Sepetiba bays. Number of examined individuals in brackets.

. . Paraty Bay Sepetiba Bay

 Histological changes M. americanus M. furnieri M. americanus M. furnieri
Epithelial lifting 41.7% (5) 38.9% (7) 91.7% (11) 100.0% (16)
Interstitial edema 58.3% (7) 77.8% (14) 100.0% (12) 100.0% (16)
Leukocyte infiltration 83.3% (10) 88.9% (16) 100.0% (12) 100.0% (16)
Lamellar hyperplasia 58.3% (7) 66.7% (12) 91.7% (11) 100.0% (16)
Lamellar fusion 41.7% (5) 38.9% (7) 100.0% (12) 87.5% (14)
Vasodilation 91.7% (11) 94.4% (17) 100.0% (12) 100.0% (16)
Lamellar blood congestion 83.3% (10) 94.4% (17) 100.0% (12) 100.0% (16)
Aneurism 25.0% (3) 33.3% (6) 100.0% (12) 100.0% (16)
Necrosis 16.7% (2) 11.1% (2) 100.0% (12) 93.8% (15)
Total 12 18 12 16

Figure 2. Description of histological changes in gills of fish collected at Sepetiba Bay. a) Presence of epithelial detachment
areas - epithelial lifting (»); vacuolation of interstitial space edema (—); oval structure of eosinophilic coloration with
delimited borders - parasite (#); epithelial lining proliferation - hyperplasia of the lamellar epithelium (-+) and vasodilation
(v) 300x, Micropogonias furnieri, b) presence of inflammatory cells - leukocyte infiltration (#); epithelial lifting (—); and
loss of lamellar architecture organization - lamellar fusion (*) 300x, Menticirrhus americanus, c) agglomerated red blood
cells - lamellar blood congestion (*) and elastic cartilage (c) 630x, M. furnieri, d) lamellar dilation is observed due to
agglomeration of red blood cells - aneurism (a) and epithelial lifting (—) 1150x. M. americanus, €) epithelial lifting (—)
and leukocyte infiltration (&) 630x, f) presence of eosinophilic cytoplasm and necrotic nuclei - necrosis () and
vasodilatation (v) 1310x, M. furnieri.

Lamellar epithelium hyperplasia is often associated
with exposure to waterborne irritants such as ammonia
and microorganisms (Karges & Woodward, 1984) and

high copper sulfate concentrations (Wani et al., 2011).
This process results from their chronic exposure to
waterborne irritants such as ammonia. This change
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Figure 3. Histology and histochemistry in gills: hematoxylin and eosin (HE), periodic acid-Shiff (Santos et al., 2011) and
Alcian Blue (AB) pH 2.5 in gills. a) HE-staining displays mucous cell population, Micropogonias furnieri from Paraty Bay,
b) all cells positive for neutral mucus (Santos et al.) are magenta at the secondary lamellae, M. furnieri from Sepetiba Bay,
c) acid mucous secretion (AB) stained at the secondary lamellae, Menticirrhus americanus from Sepetiba Bay, d) uniform
distribution of acid mucous (AB) in lamellae, M. americanus from Sepetiba Bay.
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Figure 4. Effects of acid and neutral mucous secretion increase. Data (n = 10 per group) are expressed as mean + standard

deviation. *P < 0.05 group Paraty Bay x Sepetiba Bay.

happens when cells derived from the primary lamellae
migrate distally; such migration causes cell accumu-
lation in the secondary lamellae anterior border
(Rogers, 2007). Cell accumulation can increase the
number of mucous cells at the lamellag; while

significantly reducing the respiratory area. Gusmao et
al. (2012) and Movahedinia et al. (2012) also observed
the histopathological effects of crude oils and their
byproducts. Lamellar epithelium hyperplasia was less
often found in animals collected in Paraty Bay.
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Secondary lamellar fusion is likely caused by severe
lamellar hyperplasia leading to the partial or total
fusion of lamellar capillaries within a hyperplastic
epithelial mass. However, the proliferation of epithelial
cells is often lower than that of hyperplastic changes
caused by modifications in mucus consistency. These
changes have been associated with chronic effects
caused by aluminum, as described in brown trout Salmo
trutta (Karlsson-Norrgren et al., 1986). Secondary
lamellar fusion, severe lamellar hyperplasia, and
lamellar epithelium hyperplasia represent the fastest
and easiest adaptation to low water quality, decreased
respiratory surface, and increased diffusion distance
(Sollid & Nilsson, 2006). Lamellar fusion was the less
abundant stage | change found in fish collected at
Paraty Bay.

Epithelial lifting is one of the earliest histological
changes observed in gills exposed to toxic substances
such as oils, detergents, ammonia, phenols, acids, and
metals such as mercury (Poleksic & Mitrovic-
Tutundzic, 1994). The separation and lifting of lamella
epithelial layers increase the intracellular spaces
between the pillar system and the epithelial lining of
secondary lamellae (Elshaer et al., 2015). These
adaptive responses avoid the entry of xenabiotics in the
organism (Simonato et al., 2008). Based on the results,
epithelial lifting was observed in 41.7% of M.
americanus. In 38.9% of M. furnieri collected at Paraty
Bay, as well as in 91.7% of M. americanus and 100.0%
of M. furnieri from Sepetiba Bay.

In total, 100% of fish collected at Sepetiba Bay
presented vasodilation, whereas 91.7% of M.
americanus and 94.4% of M. furnieri collected at
Paraty Bay recorded vasodilation. This outcome
suggests the severe exposure of these specimens to
water pollutants (Gomes et al., 2012). Fish subjected to
stressful conditions can present vascular changes in
lamellae; their response to such exposure can be
dysfunctional and impair their physiology (Heath,
1995; Lima et al., 2006).

Lamellar blood congestion was found in all (100%)
specimens collected at Sepetiba Bay, and in most
specimens collected at Paraty Bay. There were
microscopic damages and losses of double-concave
cells (pillar cells) in these fish; consequently,
capillaries of the respiratory lamella fused and formed
a uniform space filled with blood. This process led to
lamella dilatation and lamellar blood congestion in
other fish species (Strzyzewska et al., 2016). Lamellar
blood congestion can impair gills’ gas-exchange
function and break pillar cells; thus, it can hinder their
supporting capacity and, consequently, cause structural
lamellar disorder (Gomes et al., 2012).

An aneurysm is characterized by blood leakage
within the lamellae and by the pillar cell system's
rupture, with subsequent dilation of blood vessels
(Martinez et al., 2004). It appeared to reflect a
deleterious effect of xenobiotics on branchial tissue
(Simonato et al., 2008); moreover, it is a severe and
often irreversible change. Aneurysm was found in
100% of fish collected at Sepetiba Bay, whereas fish
collected at Paraty Bay recorded a low aneurysm rate.
The incidence of aneurysms in the selected fish species
may be associated with their eating habits since the
organic matter found in the sediment had accumulated
pollutants (Stehr et al., 1998). Lamellar aneurysms
were also observed in the gills of fish exposed to
cadmium, a heavy metal often used in experimental
toxicological studies. This change results in significant
cadmium accumulation in the environment and
industrial and domestic waste (Garcia-Santos et al.,
2007).

Necrosis is characterized by eosinophilic cytoplasm
and necrotic nuclei (pyknosis, karyorrhexis, and
karyolysis). This phenomenon is typical of the
degenerative process. Necrosis of epithelial cells in the
gills is often observed after fish’s exposure to toxins
(Rogers, 2007). They can be the result of prolonged
exposure to irritants, including water suspensions,
which can cause turbidity (Strzyzewska et al., 2016).
This irreversible histological change was found in
almost all fish collected at Sepetiba Bay, whereas the
ones collected at Paraty Bay presented a low
occurrence of it.

Mucous cells analysis

Several studies have highlighted the vital role played by
mucous cells in fish gills (Saboaia-Moraes et al., 2005).
In physiological terms, mucus secretion is primarily
associated with respiratory tract lubrication and
protection  against  pathogenic  microorganisms
(Zaccone et al., 1989; Whitear & Mittal, 2006). This
secretion also plays a vital role in ion regulation and
diffusion in fish (Handy et al., 1989). Glycoconjugates
secreted on the surface of mucous cells play an
important role in lubrication, as well as in the protection
against, and inhibition of, microorganisms (Diaz et al.,
2001). Fish collected from Paraty Bay had a smaller
number of mucous cells than the ones collected from
Sepetiba Bay. The increased number of mucous cells in
fish from Sepetiba Bay may be due to a disturbance in
the aquatic ecosystem (Ledy et al., 2003). The
hypersecretion of gill mucus may be a non-specific
response from fish subjected to acidic conditions
(Karlsson-Norrgren et al., 1986) and from fish exposed
to pollutants of distinct nature (Mallatt, 1985).
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CONCLUSION

In conclusion, we observed histological changes and a
higher presence of mucus in fish gills. This result
suggests contamination of the assessed sites by non-
specific xenobiotics. Histological changes seen in the
gill epithelium of Menticirrhus americanus and
Micropogonias furnieri could differentiate Paraty Bay
(reference area) from Sepetiba Bay (potentially
contaminated).

The higher incidence of branchial lesions shows that
the fish in Sepetiba Bay are experiencing stress due to
water pollutants (heavy metals and solvents). Although
further studies are still needed to confirm our result, we
can suggest that histological changes can be considered
useful biomarkers to assess environmental contami-
nation in Paraty and Sepetiba bays.
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