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Impacted estuaries on the Brazilian Amazon coast near port
regions influence histological and enzymatic changes in
Sciades herzbergii (Ariidae, Bloch, 1794)

Estuarios impactados na costa amazonica brasileira pr6ximos a regides portudrias
influenciam mudancas histol6gicas e enzimaticas em Sciades herzbergii
(Ariidae, Bloch, 1794)
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Abstract

Enzymatic (glutathione S-transferase, GST and catalase, CAT) and histological biomarkers in S. herzbergii are
important for the analysis of impacted estuaries in port regions of the Brazilian Amazon coast. Fish specimens
were collected in two areas in the rainy and dry seasons: Porto Grande (potentially impacted region) and Ilha
dos Caranguejos (less impacted region). Sediment samples were collected for chemical analysis. Morphometric,
histological, and enzymatic biomarker analyzes were performed. The analysis of the sediments collected in the
potentially impacted region showed levels of iron, aluminum and polycyclic aromatic hydrocarbons above the
limits allowed by CONAMA legislation. Histological changes in the gills and liver, as well as GST and CAT activities,
were high in fish collected at the port. Analyzes suggest that fish in the potentially impacted region are subject
to pollutants that compromise their health.

Keywords: ecotoxicology, catfish, histology, organ, pollution.

Resumo

Biomarcadores enzimaticos (glutationa S-transferase, GST e catalase, CAT) e histolégicos em S. herzbergii sdo importantes
para a andlise de estuarios impactados em regiGes portudrias da costa amazonica brasileira. Espécimes de peixes
foram coletados em duas areas nas estacdes chuvosa e seca: Porto Grande (regido potencialmente impactada) e Ilha
dos Caranguejos (regido menos impactada). Amostras de sedimento foram coletadas para andlise quimica. Analises
morfomeétricas, histolégicas e de biomarcadores enzimaticos foram realizadas. A andlise dos sedimentos coletados na
regido potencialmente impactada mostrou teores de ferro, aluminio e hidrocarbonetos aromaticos policiclicos acima
dos limites permitidos pela legislagio do CONAMA. As alteragdes histolégicas nas branquias e no figado, bem como
as atividades de GST e CAT, foram elevadas nos peixes coletados no porto. As andlises sugerem que os peixes da regido
potencialmente impactada estdo sujeitos a poluentes que comprometem sua satide.

Palavras-chave: ecotoxicologia, bagre, histologia, 6rgao, poluicdo.

1. Introduction

In Maranhdo, the Sdo Marcos Bay estuarine region is
subject to anthropogenic impacts resulting from port,
domestic, and agricultural activities that generate chemical
pollutants, contaminating water bodies, sediments, and
aquatic biota. Such effects are mainly seen in typical
species of the mangrove ecosystem (Oliveira et al., 2019),
necessitating rigorous investigation of environmental
impacts in the region (Carvalho Neta et al., 2012). The port
complex is a very important undertaking for Maranhdo

State, ranking among the largest ports for large cargo ships
(Pinheiro-Sousa et al., 2022).

Biomarkers are any biological change in organisms that
predict in advance the effects of pollutants on molecules,
cells, tissues, physiology and behavior of animals in
the face of environmental stress (Walker et al., 2010).
Biomonitoring in regions that concentrate industrial and
port enterprises is essential to reduce anthropogenic
impacts, especially environmental impacts caused by
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heavy metals and polycyclic aromatic hydrocarbons (PAHs),
which are highly deleterious to aquatic biota in estuarine
regions (Pinheiro-Sousa et al., 2022).

In coastal systems, estuaries are ecosystems of high
biological and socioeconomic importance inhabited
by different populations of aquatic organisms, such as
crustaceans, fish, and mollusks (Rodrigues et al., 2016).
Some fish species are particularly important to local
economy and biodiversity, such as the catfish species Sciades
herzbergii - Bloch, 1794 and Bagre bagre - Linnaeus, 1766
(Castro et al., 2018). The fish known as “guribu” catfish
(S. herzbergii) is a species found in several water bodies in
Maranhdo and is commonly captured in artisanal fisheries
and consumed by the Maranhdo population, having a great
commercial value. S. herzbergii belongs to the Ariidae
family and occurs in tropical and subtropical coastal
zones, in marine, estuarine and freshwater environments,
being generally abundant in coastal waters with muddy
and shallow bottoms (Aradjo, 1988; Soares et al., 2020;
Pinheiro-Sousa et al., 2022). Studies indicate that fish can
bioaccumulate high levels of pollutants present in the
environment. Fish easily accumulate pollutants present
in contaminated environments, such as via the food chain,
feeding on other organisms, as well as being in direct contact
with contaminated water (Pinheiro-Sousa et al., 2022).

S. herzbergii is considered an excellent model organism
for the assessment of protected and impacted areas, serving
as a bioindicator of environmental pollution, given its
ability to respond to xenobiotics (Carvalho Neta et al., 2012).
It is also worth mentioning that this estuarine species is an
abundant resource of great relevance for artisanal fisheries
in Maranhdo, found in legally protected areas as well as
in areas historically impacted by heavy metals and PAHs,
such as the port complex (Carvalho Neta et al., 2009).

Analysis of histological and enzymatic biomarkers
in S. herzbergii is an important tool for identification of
anthropogenic impacts on the fish assemblage of Sdo
Marcos Bay (Sousa et al., 2013; Pinheiro-Sousa et al., 2022).

Previous studies assessed histological and enzymatic
biomarkers in fish gills and liver to understand
environmental impacts on fish populations (Pinheiro-
Sousa et al., 2022). The gills are in permanent contact
with the environment. Therefore, alterations in this
organ serve as an early warning of the presence of
environmental pollutants. It is also important to consider
that gill alterations may cause metabolic imbalance
and compromise the survival and performance of
fish (Saleh and Marie, 2016). In fish, the liver has
digestive and secretory functions and participates in
the biotransformation and excretion of xenobiotics,
being responsible for detoxification of the organism
(Matos et al., 2007).

Studies on organ alterations provide punctual
information that may reveal potential harm to animal
health (Pinheiro-Sousa et al., 2022). A great advantage
of using fish histological and enzymatic biomarkers
in environmental monitoring is that these parameters
allow examining target organs, including the gills and
liver, which are responsible for vital functions such as
respiration and excretion as well as accumulation and
biotransformation of xenobiotics (Soares et al., 2020).
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Thus, biomarkers are important methodologies to measure
the biological responses that fish are submitted.

This study aimed to analyze histological (gill and liver)
and enzymatic (glutathione S-transferase, GST, and catalase,
CAT) biomarkers in S. herzbergii from estuaries near the port
complex of Sdo Luis, Maranhdo, Brazilian Amazon coast.

2. Materials and Methods

2.1. Study area

Fish specimens (S. herzbergii) were captured at two sites
in Sdo Marcos Bay (Figure 1). The first site is located near
the Alumar/Alcoa port of Porto Grande (PG - 02°39.460’
S,44°21.401' W), an area considered potentially impacted
by anthropogenic activities. The other site is located on
[lha dos Caranguejos (IC02 - 50.61' S, 044 - 30.614' W) in
a State Environmental Protection Area. IC is less subject
to anthropogenic activities and was therefore used as a
reference site in the current study (Figure 1).

2.2. Sampling of S. herzbergii

Fish specimens were captured by using a gillnet with the
help of local fishers in March (n=20) and July (n=20) 2019,
corresponding to the rainy and dry seasons, respectively. In
loco, specimens were processed to collect biological material
such as gills and liver for enzymatic analysis (GST and CAT)
and for histology analysis. Biometric data (measurements of
the size and weight of each specimen) was also recorded.
All experimental and handling procedures were performed
in accordance with regulatory bioethical requirements
and were approved by the Research Ethics Committee at
Maranhdo State University (protocol No. 01/2018 CRMV-MA).
The study protocol follows the guidelines of the Brazilian
College of Animal Experimentation (COBEA, 2015).
Authorization for fish collection was obtained from the
Maranhdo State Secretariat for the Environment and Natural
Resources (SEMA, 09/2019).

2.3. Water physicochemical parameters and trace
elements and PAH levels in sediment samples

At the time of fish sampling, water physicochemical
parameters (temperature, pH, and dissolved oxygen) were
measured using a multiparameter analyzer (HI 9829M,
Hanna Instruments, Woonsocket, RI, USA).

Bottom sediment samples were standardized
granulometrically to 200 m depth (74 pm), oven-dried at
40 °C, ground, and stored in propylene flasks. Approximately
1.0 g (dry weight) of sample was used, in duplicate,
to determine trace elements after acid digestion with
HNO, (65%) and HCI (37%) in a block digester at 80 °C
and neutralization with 15 mL of 0.1 N HCI. Metals levels
(Al, As, Ba, Cd, Co, Cr, Cu, Fe, Mn, Ni, Pb, Sr, V, and Zn)
were determined by inductively coupled plasma optical
emission spectrometry (ICP-OES) using an Optima 8300
system (PerkinElmer, USA). Total Hg (THg) was determined
by the methods described by Malm et al. (1989) and
Bastos et al. (1998). Briefly, 500 mg of bottom sediment
(dry weight) were mixed with a solution containing
HCI/HNO, (3:1) (Merck) and 5% (w/v) KMnO, (Merck).
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Figure 1. Location map of S. herzbergii sampling points in Sio Marcos Bay, Maranhdo State, Brazil: reference site (Ilha dos Caranguejos)

and port site (Porto Grande).

After digestion in a block digester for 60 min at 60 °C,
samples were titrated with 12% (w/v) hydroxylamine
hydrochloride (Merck) and mixed with 12 mL of ultrapure
water. THg measurements were performed by cold vapor
atomic absorption spectroscopy using a Flow Mercury
Injection System 400 (PerkinElmer). For quality control
purposes, reagents with a high degree of analytical
purity (PA, Merck) and certified sediment standards
(SS2 SSP-SCIENCE) were used. Solutions were prepared in
ultrapure water (Milli-Q Plus, Millipore). All glassware was
immersed in 5% (v/v) HNO, (Merck) for 24 h and rinsed with
ultrapure water before use. Mean recovery percentages of
trace elements ranged from 80% to 120%. For PAH analysis,
sediment samples were stored at 80 °C and processed
according to US EPA3550C/8270D protocols. Analysis
was performed by ICP-OES (Optima 8300, PerkinElmer).

2.4. Biometric measurements of S. herzbergii

In the field, fish were anesthetized with clove oil
(eugenol) and euthanized. Specimens were evaluated for
total length (cm), standard length (cm), fork length (cm),
and total weight (g). Liver and gill samples were preserved
in 10% formalin for 24 h for histological analysis.

2.5. Histological processing of S. herzbergii gills and liver

The gill arches of fish were decalcified for 24 h in a
10% nitric acid solution. Liver and decalcified gill samples
were dehydrated through an increasing alcohol gradient,
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diaphanized in xylene, and embedded in paraffin. Cross
sections (approximately 5 pm thick) were stained with
hematoxylin and eosin. The histological slides were
analyzed in microscopy (Carl Zeiss, Oberkochen, Germany)
and photomicrographed in an Olympus BX51 microscope.
Histological alterations in gills and in liver tissues were
evaluated semi-quantitatively according to Bernet et al.
(1999).

2.6. Bernet index for S. herzbergii gills and liver

When a histological alteration was identified,
the importance factor (w) of such an alteration was
categorized into one of the following three levels: 1,
minimal or reversible damage; 2, moderate or mostly
reversible damage; and 3, marked or irreversible damage
(Viana et al., 2021). We also recorded the extent of
histological alterations (a), which were classified as follows:
0, no alteration; 2, mild occurrence; 4, moderate occurrence;
and 6, severe occurrence. Gill and liver alterations were
quantified separately. Organ indices (I,,,) were calculated as
proposed by Bernet et al. (1999), in the Equation 1 below.

I org = ZZ(aorgrpalt X Worgrpalt)

rp alt

(1)

where org is the organ (constant), rp is the reaction
pattern, alt is the alteration, a is the score value, and w is
the importance factor.
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2.7. Analysis of GST and CAT activity in S. herzbergii gills
and liver

Gill and liver samples were weighed (1 g) on a precision
balance and mixed with buffer (50 mM Tris-HCl, 0.15 M KCl,
pH 7.4) at a sample/solution ratio of 1:4. The material was
centrifuged at 9,000 x g and 4 °C for 30 min. The supernatant
was centrifuged at 37,000 x g and 4 °C for 60 min to separate
the cytosolic fraction, which was used in the analysis of
GST and CAT activities. GST activity was measured as the
increase in absorbance at 340 nm and 25 °C, according to
the method of Keen et al. (1976), using reduced glutathione
(GSH)and 1-chloro-2,4-dinitrobenzene (CDNB) as substrates.
The method is based on the reaction between CDNB and
the -SH group of GSH catalyzed by the GST contained
in samples. GST activity is expressed as micromoles per
minute per milligram of protein (umol/min/mg protein).
CAT activity was evaluated at 240 nm by measuring
the decomposition rate of hydrogen peroxide (H,0,), as
described by Ventura et al. (2002) and Tagliari et al. (2004).
CAT activity is expressed in enzyme units (U)/mg protein.
Protein concentrations in the supernatant were also
determined according to the modified method of Jerome et al.
(2017), using a commercial kit of biuret and bovine serum
albumin as standard.

2.8. Statistical analysis

Abiotic, biometric, histological, and enzymatic data
were tested for normality by the Kolmogorov-Smirnov test

(p <0.05). Subsequently, Student’s t-test was applied using
Statistica 7.0 software (StatSoft Inc., 2005, Tulsa, OK, USA)
to determine significant differences between less impacted
(IC) and potentially impacted (PG) sites. Values of p < 0.05
were considered significant.

3. Results

3.1. Water physicochemical parameters and trace elements
and PAH levels in sediment samples

The physical-chemical parameters are similar between
the two areas. Apparently IC showed, in general, similar
and/or higher values for trace elements than PG, so much
so that no significant differences are seen between sites.
On the other hand, for PAH the values were really higher
in PG (Table 1). Trace element concentrations in sediments
were detected in the following order of magnitude:
Fe>Al>Mn> Sr>Cr>Ba>V>Zn>Ni>Cu>Pb>As>Cd>THg
(Table 1). Values for Fe and Al in PG and IC were above
the maximum levels defined by Brazilian environmental
legislation (CONAMA, 2004). Different PAHs (2-4-Ring,
2-Meth, AceP, AceN, Chri, DibenA , Phen, Fluoran, Fluore,
Naph, Py, BaA, 5-6-Ring, BaP, BbF, BghiP) were detected at
different concentrations in sediments, varying according
to site and season (Table 1). 5-6-Ring PAHs were detected
above regulatory limits (CONAMA, 2004) in all sampling
season.

Table 1. Physicochemical parameters of water samples, trace element and polycyclic aromatic hydrocarbon (PAH) levels in sediment
samples collected from estuaries in the Ilha dos Caranguejos and Porto Grande sites, Sio Marcos Bay, Brazil.

Physicochemical Ilha dos Caranguejos Porto Grande ,
- Values of reference’s
parameter Rainy season Dry season Rainy season Dry season
Temperature (°C) 28.7 28.2 28.2 30.3 28-32°C
Salinity 13.3 14.2 15.3 15.5 0,5- 30%.
pH 741 7.77 7.53 6.79 5-9
Dissolved O, (mg/L) 6.1% 6.3 5.7* 5.8* >3mg/L
Ilha dos Caranguejos Porto Grande
Trace element - -
Rainy season Dry season Rainy season Dry season
Hg 0,0260 £ 0,0011 0,0314 £ 0,0028 0,0292 +0,0032 0,0305 £+ 0,0035
Al 10,076.31 £ 41.75** 11,949.47 + 818.33* 10,252.33 + 739.50* 12,365.58 + 2,593.15*
As 6.05+0.06 7.01+0.52 5.60 +0.08 7.30£0.10
Ba 21.95+0.19 16.54 +0.57 15.83 £ 041 18.92 + 1.66
Cd 0.19+0.00 0.23+0.00 0.18 £ 0.01 0.23+0.01
Co 4.84+0.04 3.49+0.03 3.76+0.12 3.90+£0.35
Cr 27.65 £0.51 24.46 £0.39 22.79 £0.64 26.74+2.21
Cu 7.95+0,09 7.50 £ 0.03 7.57£0.16 8.14+£0.07
Fe 20,611.10 + 80.30* 21,481.52 + 677,14* 19,381.87 + 877,96* 21,764.62 + 2,016,63*
Mn 338.25+0.86" 308.63 +4.73* 125.06 +6.25* 301.10 + 44.93*
Ni 9.54+0.11 7.40+£0.19 7.26 +0.20 8.12+0.56
Pb 6.60 +0.13 5.06 £0.15 5.15+0.13 5.74+0.22
Sr 113.43 £ 0.79* 363.81+4,77F 222.12 +£6.59* 281.32 +12.58"
\% 21.25+0.04 21.46 £ 0.70 20.26 £0.74 23.57+1.27
Zn 18.62 £0.11 13.88 £+ 0.62 14.76 £ 0,22 16.27 +0.56

ab[ndicates significant differences between sites (p < 0.05). * Indicates significant differences between seasons (p < 0.05). LD: limit of detection;
LQ: limit of quantification. Data for trace elements are expressed as mean + standard deviation. Physicochemical parameters above the maximum
thresholds defined by the Brazilian Environmental Agency (CONAMA, 2011) are shown in bold. Trace elements above the maximum thresholds
defined by the Brazilian Environmental Agency (CONAMA, 2004) are shown in bold. PAHs above the maximum thresholds defined by the

Brazilian Environmental Agency (CONAMA, 2004) are shown in bold.
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Table 1. Continued...

PAHS Ilha dos Caranguejos Porto Grande
Rainy season Dry season Rainy season Dry season
2-4-Ring
2-Meth 5.65 <LQ 99.6 19.05
AceP <LQ <LQ <LQ <LQ
AceN 6.78 <LQ <LQ <LQ
Chri <LQ <LQ <LQ <LlQ
DibenA <LQ <LQ 50.87 32.09
Phen <LQ <LQ <Q <LQ
Fluoran <LQ <LQ <LQ <LQ
Fluore <LQ <LQ <LQ <LQ
Naph <LQ <LQ <LQ <LQ
Py 2.05 <LQ <LQ <LQ
BaA <LQ <LQ <LQ <LQ
5-6-Ring
BaP <LD <LD 415.2 3311
BbF <LD <LD 348.1 270.7
BghiP <LD <LD 329.0 3034

*b [ndicates significant differences between sites (p < 0.05). * Indicates significant differences between seasons (p < 0.05). LD: limit of detection;
LQ: limit of quantification. Data for trace elements are expressed as mean * standard deviation. Physicochemical parameters above the maximum
thresholds defined by the Brazilian Environmental Agency (CONAMA, 2011) are shown in bold. Trace elements above the maximum thresholds
defined by the Brazilian Environmental Agency (CONAMA, 2004) are shown in bold. PAHs above the maximum thresholds defined by the
Brazilian Environmental Agency (CONAMA, 2004) are shown in bold.

Table 2. Mean * standard deviation of biometric measurements of S. herzbergii captured at two sites in the Sdo Marcos Bay, Brazil.

Parameter - Ic - PG
Rainy season Dry season Rainy season Dry season
Total weight (g) 204.27+ 18.41 204.2 £105.44 131.2% £25.77 88.22 +23.86
Total length (cm) 28.8*+0.71 11.63 £5.25 25.45* +1.77 2227 +£213
Standard length (cm) 24.39*+0.71 9.69 £+ 1.18 20.65" £1.79 18.77 £ 1.67
Fork length (cm) 25.26" £ 0.68 10.09 + 1.18 2147* £ 1.74 19.27 £ 1.67

* significant differences at p < 0.05. IC: Ilha dos Caranguejos; PG: Porto Grande.

Figure 2. Representative images of gill alterations in S. herzbergii. (A) Displacement of secondary lamellae (thin red arrows), (B) hyperplasia

(red circle) and (C) necrosis (thick black arrows).

3.2. Biometric measurements

Table 2 presents the mean and standard deviation of
biometric measurements of fish caught at both study
sites (IC and PG) at different times of the year (rainy and
dry seasons).

S. herzbergii specimens captured in IC (less impacted site)
weighed considerably more than those captured in PG
(potentially impacted site) in both seasons. Fish from IC had
higher total length than fish from PG in the rainy season.
In the dry season, by contrast, fish from PG had higher total
length than fish from IC.

Brazilian Journal of Biology, 2023, vol. 83, 271232

3.3. Histological biomarkers in gills and livers of S. herzbergii

The gill alterations identified in S. herzbergii captured
in IC were lamellar fusion (34%), epithelial displacement
(32%), tissue degeneration (17%), and hyperplasia (7%).
In individuals sampled in PG, the main gill alterations
were epithelial displacement (47%), lamellar fusion (15%),
hyperplasia (12%), necrosis (5%), and lamellar narrowing
(6%). Figure 2 depicts the main gill alterations observed
in S. herzbergii collected at the study sites (IC and PG).

The hepatic alterations identified in S. herzbergii collected
in IC were fibrosis, necrosis, and melanomacrophage
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centers and those of fish collected in PG were fibrosis,
necrosis, melanomacrophage centers, and hepatocyte
vacuolization (Figure 3).

3.4. Bernet indices for S. herzbergii gills and liver

The organ indices for the gills and liver of fish collected
from IC and PG (Table 3) are described according to
Bernet et al. (1999). The lesion indices of gills were higher
inICin both seasons. Liver lesion indices, on the other hand,
were higher in PG in both seasons, demonstrating that,
although the region is more impacted, it contains aquatic
contaminants that influence the response of S. herzbergii.
Despite the higher frequency of overall histological
alterations in fish from PG, gill lesions were more intense
in the region with lower impact (IC).

3.5. Enzyme biomarkers (GST and CAT) in gills and liver of
S. herzbergii

The results of GST and CAT activities in the gills and
liver of S. herzbergii captured in IC and PG at different times
of the year (rainy and dry seasons) are shown in Figure 4.
Student’s t-test revealed no significant differences in GST
and CAT activities between study sites and seasons (p > 0.05).

Gill GST activity of fish collected in IC was high in the
rainy season (Figure 4A). The same behavior is seen for
GST activity in fish liver collected in IC (Figure 4B).

Gill CAT activity was higher in the rainy season than in
the dry season for both sites. Furthermore, CAT activity was
higher in IC than in PG (Figure 4C). Liver CAT activity was
also higher in the rainy season in IC than in PG. In the dry
season, liver CAT activity was low in both IC and PG (Fig.4D).

C

Figure 3. Representative images of liver alterations in S. herzbergii. (A) Melanomacrophage center (thin red arrow), (B) vacuolization

(red circle) (C), necrosis (thin black arrow).
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Figure 4. Glutathione S-transferase (GST) and catalase (CAT) activity in gills and liver of S. herzbergii captured at different sites (IC and PG)
and times of the year (rainy and dry seasons) in the Sdo Marcos Bay, Brazil.
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Table 3. Lesion indices for gills and liver of S. herzbergii sampled at different sites in rainy and dry seasons in the Ilha dos Caranguejos

(IC) and Porto Grande (PG).

Organ Type of alteration Alteration Importance factor _Rainy season (log) ~_Dry season (log)
(w) IC PG IC PG
Gill Circulatory disorders Hemorrhage 1
Aneurysm 1
Congestion 1
Epithelial displacement 1
Regressive alterations Necrosis 3 203 184 220 168
Lamellar narrowing 1
Tissue degeneration 2
Fusion 2
Progressive alterations Hyperplasia 2
Liver Circulatory alterations Hemorrhage 1
Necrosis 3
Fibrosis 2
Steatosis 2
Regressive alterations Tissue degeneration 2
Hepatocytes vacuolization 2 40 86 70 80
Inflammatory responses Melanomacrophage centers 2
Leukocyte infiltration 2
Differentiating cells 1
Encapsulated amorphous 2

mass

Gill and liver histological indices of Sciades herzbergii collected in estuarine regions (IC and PG) of Sdo Marcos Bay, Maranhdo. IC: Ilha dos

Caranguejos; PG: Porto Grande; w: Importance factor; log: Organ index.

4. Discussion

Abiotic data (water pH, dissolved oxygen, salinity,
and temperature) for the study sites were in accordance
with CONAMA (2011) resolution for seawater. Mean pH,
salinity, and temperature values did not differ between
seasons at both collection sites. However, dissolved
oxygen was lower in PG in the dry and rainy seasons.
Similar values of temperature, salinity, and dissolved
oxygen were reported by Pinheiro-Sousa et al. (2022) for
Sdo Marcos Bay. Castro et al. (2018), however, reported
different results for the port region, observing high values
of dissolved oxygen for the same region. Dissolved oxygen
is essential for vital physiological processes in fish, also
serving as an important indicator of environmental quality
(Yuetal., 2023). High input of contaminants from industrial
and domestic wastewaters may lead to imbalances in
hydrological parameters, especially those related to a
decrease in dissolved oxygen (Santos et al., 2009). Dissolved
oxygen is considered one of the main parameters for
characterizing the effects of water pollution from effluents
and contaminants (Oliveira et al., 2010).

Pinheiro-Sousa et al. (2022), when evaluating S. herzbergii,
and Jesus et al. (2020), evaluating the invertebrate Ucides
cordatus (Linnaeus, 1763), determined the concentrations of
Al, As, Cd, Fe, Mn, Pb, Ni and Hg in sediments in Sio Marcos
Bay. Element levels were found above the limits established
by law (CONAMA, 2004), a situation also observed in the
present study and reported by Carvalho Neta et al. (2012),
Carvalho Netaetal.(2009) and Castro et al. (2018). Sediments
are long-term storage sites for metals, and their profile is an
important indicator of environmental quality (Qu et al., 2017).

Brazilian Journal of Biology, 2023, vol. 83, 271232

In the present study, IC fish had higher weights in both
seasons than PG specimens. Regarding length, individuals
sampled from PG were larger only in the dry season.
Similar results were described by Soares et al. (2020) for
the same locations: IC fish were heavier than PG fish. The
authors attributed these results to the fact that fish from
the CI probably had more adequate feeding conditions.
The findings are in line with those of Carvalho-Neta et al.
(2012) and Viana et al. (2021).

ICis part of an Environmental Protection Area, suffering
less impact than the port site. Environmental conditions may
influence fish weight and size (Pinheiro-Sousa et al., 2022).
According to Soares et al. (2020), exposure of organisms
to contaminants and high pollutant concentrations may
compromise vital biological, biochemical, physiological,
and behavioral systems, leading to redirection of energy to
detoxification processes (Sousa et al., 2013). The high traffic
of vessels in the port complex is likely causing an increase
in toxic substances that might be associated with induction
of gill and liver lesions in fish and damage to aquatic health
(Castro et al., 2018; Soares et al., 2020).

The frequency of histological alterations in the gills
and liver of S. herzbergii specimens collected at the port
site indicates that these organisms are under stress
caused by metal and PAH contamination. Environmental
contamination by human activities causes functional damage
to fish. The alterations observed in the present study were
also described by Castro et al. (2018) in a study on the same
species occurring in Sao Marcos Bay. The authors found that
epithelial displacement was the most frequent alteration.
Fusion of secondary lamellae and epithelial displacement
in gills were also described by Sousa et al. (2013).
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According to Soares et al. (2020) identified lamellar fusion
and epithelial displacement in the tissues of S. herzbergii
sampled in S3o Marcos Bay. Lamellar fusion is a type of
injury that occurs as a defense mechanism against direct
contact between contaminants and the lamellar epithelium;
however, these changes also reduce the respiratory surface,
which may result in death (Pereira et al., 2020).

According to Pereira et al. (2020), epithelial displacement
is one of the most common biomarkers observed in the
gills of fish exposed to acute toxicity. The authors argued
that fusion of secondary lamellae is also frequently found
in organisms affected by contaminants. Fish are closely
associated with their aqueous environment, and changes
in the ecosystem are quickly reflected in quantifiable
physiological alterations. Analysis of gill lesions may
demonstrate the degree of stress to which organisms are
subjected (Sousa et al., 2013).

Epithelial displacement, fusion of secondary lamellae,
aneurysm, and hyperplasia, the most common alterations
observed in gills in the current study, were also reported
by Flores- Sousa et al. (2013); Pinheiro-Sousa et al. (2021).
These studies demonstrate the importance of identifying
gill lesions as a strategy to assess water quality and aquatic
species health. Gills are important indicators of water
quality because of their sensitivity to water conditions
and direct contact with the impacted environment.

Histological evaluation of S. herzbergii liver specimens
revealed a high frequency of melanomacrophage centers,
necrosis, hepatocyte vacuolization, and fibrosis in the
study sample. This result is in agreement with the
findings of Carvalho-Neta et al. (2014), who stated that
melanomacrophage centers are examples of defense
mechanisms. According to Bombonato et al. (2007),
melanomacrophage centers act as a form of natural defense
in fish. Santos Filho et al. (2014), in studying histological
biomarkers in bony fish, observed the presence of these
defense structures.

The liver is an important organ, as it performs vital
functions related to basal metabolism and participates in
detoxification, bioactivation, accumulation, and excretion
of xenobiotics (Figueiredo-Fernandes et al., 2006).
Therefore, the organ is of high interest to investigate the
exposure of fish to contaminants (Bernet et al., 1999).
Alterations such as necrosis appear after irrevocable loss
of cell function (Bernet et al., 1999). These pathologies
constitute a common response of fish in degraded aquatic
environments (Soares et al., 2020).

The gills and liver of harbor fish showed reversible and
irreversible damage. Alterations described as moderate to
mild may allow regeneration and recovery of the function of
the affected structure, if there is a decrease in exposure to
xenobiotics present in the environment (Bernet et al., 1999).
Histopathological changes in fish tissues are biomarkers
of exposure to environmental stressors, such as one or
more toxic agents (Bernet et al., 1999).

Antioxidant enzymes are considered the first line
of cellular defense against oxidative damage (Van der
Oost et al., 2003). Biochemically, cells try to eliminate
free radicals formed during metabolization of chemical
compounds by using specific enzymes, such as CAT
and GST (Di Giulio et al., 1989). The high CAT and GST
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activities observed at different collection season might
have been a physiological response to prevent significant
lipid damage. On the other hand, according to Freire et al.
(2015), these differences may simply be seasonal.
However, the increased induction of GST in contaminated
sites suggests that this type of biotransforming enzyme
responds strongly to environmental contamination
(Santana et al., 2018).

Histological changes are increasing in fish sampled
in the most impacted region, showing that the health of
S. herzbergii is compromised. We emphasize the importance
of carrying out molecular studies on S. herzbergii and the
use of multibiomarkers to subsidize effective measures
for the biomonitoring of the area and the health of the
local biota.

Acknowledgements

We are especially grateful to the Laboratory of
Biomarkers in Aquatic Organisms LABOAQ, (UEMA) for their
support and technical assistance. We are especially grateful
to the Laboratory of Biomarkers in Aquatic Organisms
LABOAQ, (UEMA) for their support and technical assistance
and to the Legal Amazon Biodiversity and Biotechnology
Network - BIONORTE for teaching and the Research
Support Foundation of the State of Maranhdo - FAPEMA
for financing and granting the scholarship.

References

ARAUJO, F.G., 1988. Relative abundance, distribution and seasonal
movements of catfish (Siluriformes, Ariidae) in the estuary
of Lagoa dos Patos-RS. Magazine Brasileira de Zoologia,
vol. 5, no. 4, pp. 509-543. https://doi.org/10.1590/S0101-
81751988000400002.

BASTOS, W.R., MALM, O., PFEIFFER, W.C. and CLEARY, D., 1998.
Establishment and analytical quality control of laboratories for
Hg determination in biological and geological samples in the
Amazon, Brazil. Ciéncia e Cultura, vol. 50, no. 4, pp. 255-260.

BERNET, D., SCHMIDT, H., MEIER, W., BURKHARDT-HOLM, P. and
WAHLI, T,, 1999. Histopathology in fish: proposal for a protocol
to assess aquatic pollution. Journal of Fish Diseases, vol. 22, no. 1,
pp. 25-34. http://dx.doi.org/10.1046/j.1365-2761.1999.00134.x.

BOMBONATO, M.T.S., ROCHEL, S.S., VICENTINI, C.A. and VICENTINI,
1.B.E,, 2007. Morphological study of the liver tissue of Leporinus
macrocephalus. Acta Scientiarum. Biological Sciences, vol. 29,
no. 1, pp. 81-85.

CARVALHO NETA, R.N.E, ANDRADE, T.D.D.M., OLIVEIRA, S.R.S.,
TORRES JUNIOR, A.R., CARDOSO, W.S., SANTOS, D.M.S.,
BATISTA, W.S., SERRA, LM.R.S. and BRITO, N.M., 2009. Respostas
bioquimicas e morfol6gicas em Ucides cordatus (Crustacea,
Decapoda) como indicadores do estado de contaminagdo em
manguezais e areas portudrias do norte do Brasil. Environmental
Science and Pollution Research International, vol. 26, pp.
15884-15893. http://dx.doi.org/10.1007/s11356-019-04849-0.
PMid:30955201.

CARVALHO NETA, R.N.E, SOUSA, D.B.P,, ALMEIDA, Z.S., SANTOS,
D.M.S. and TCHAICKA, L., 2014. A histopathological and biometric
comparison between catfish (Pisces, Ariidae) from a harbor and
a protected area, Brazil. Aquatic Biosystems, vol. 10, no. 1, pp. 12.
http://dx.doi.org/10.1186/s12999-014-0012-5. PMid:25535566.

Brazilian Journal of Biology, 2023, vol. 83, 271232


https://doi.org/10.1046/j.1365-2761.1999.00134.x
https://doi.org/10.1007/s11356-019-04849-0
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30955201&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30955201&dopt=Abstract
https://doi.org/10.1186/s12999-014-0012-5
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25535566&dopt=Abstract

Port regions influence histological and enzymatic changes in Sciades herzbergii (Ariidae, Bloch, 1794)

CARVALHO NETA, R.N.F, TORRES JUNIOR, A.R. and ABREU-SILVA,
A.L, 2012. Biomarkers in catfish Sciades herzbergii (Teleostei:
Ariidae) from polluted and non-polluted areas (Sdo Marcos’ Bay,
Northeastern Brazil). Applied Biochemistry and Biotechnology,
vol. 166, no. 5, pp. 1314-1327. http://dx.doi.org/10.1007/s12010-
011-9519-1. PMid:22228406.

CASTRO, J.S., FRANCA, C., FERNANDES, ]., SILVA, ].S., TEIXEIRA, E.G.
and CARVALHO-NETA, R.N.E,, 2018. Histological biomarkers in
gills of Sciades herzbergii (Siluriformes, Ariidae) captured in the
Sdo Marcos Estuarine Complex, Maranhdo. Arquivo Brasileiro
de Medicina Veterindria e Zootecnia, vol. 70, no. 02, pp. 410-418.
http://dx.doi.org/10.1590/1678-4162-9906.

COLIGACAO BRASILEIRA AMERICANA - COBEA, 2015 [viewed
13 April 2015]. Protegdo e bem estar de animais de laboratério
[online]. COBEA. Disponivel em: https://www.cfmv.gov.br/
bem-estar-animal-8/comissoes/2020/07/14/.

CONSELHO NACIONAL DO MEIO AMBIENTE - CONAMA, 2004.
Resolugdo no. 344. Didrio Oficial da Unido, Brasilia.

CONSELHO NACIONAL DO MEIO AMBIENTE - CONAMA, 2011.
Resolugdo no. 430. Diario Oficial da Unido, Brasilia.

DI GIULIO, R.T., WASHBURN, P.C., WENNING, R.J., WINSTON,
G.W. and JEWELL, C.S., 1989. Biochemical responses in
aquatic animals: a review of determinants of oxidative stress.
Environmental Toxicology and Chemistry: An International
Journal, vol. 8, no. 12, pp. 1103-1123. http://dx.doi.org/10.1002/
etc.5620081203.

FIGUEIREDO-FERNANDES, A., FONTAINHAS-FERNANDES, A.,
PEIXOTO, F., ROCHA, E. and REIS-HENRIQUES, M.A., 2006.
Effects of gender and temperature on oxidative stress enzymes
in Nile tilapia Oreochromis niloticus exposed to paraquat. Pestic.
Pesticide Biochemistry and Physiology, vol. 85, no. 2, pp. 97-103.
http://dx.doi.org/10.1016/j.pestbp.2005.11.001.

FREIRE, C.A., SOUZA-BASTOS, L.R., CHIESSE, J., TINCANI, EH.,
PIANCINI, L.D., RANDI, M.A., PRODOCIMO, V., CESTARI, M.M.,
SILVA-DE-ASSIS, H.C., ABILHOA, V., VITULE, ].R., BASTOS, L.P. and
DE OLIVEIRA-RIBEIRO, C.A., 2015. A multibiomarker evaluation
of urban, industrial, and agricultural exposure of small characins
in a large freshwater basin in southern Brazil. Environmental
Science and Pollution Research International, vol. 22, no. 17, pp.
13263-13277. http://dx.doi.org/10.1007/s11356-015-4585-5.
PMid:25940483.

JEROME, E.C., HASSAN, A., OMONIYI-ESAN, G.O., ODUJOKO, 0.0.
and CHUKWUKA, A.V., 2017. Metal uptake, oxidative stress and
histopathological alterations in gills and hepatopancreas of
Callinectes amnicola exposed to industrial effluent. Ecotoxicology
and Environmental Safety, vol. 139, pp. 179-193. http://dx.doi.
0rg/10.1016/j.ecoenv.2017.01.032. PMid:28135665.

JESUS, W.B.D., OLIVEIRA, S.R.S.D., ANDRADE, T.D.S.D.0.M., SOUSA,
J.B.M., PINHEIRO-SOUSA, D.B., SANTOS, D.M.S., CARDOSO, W.S.
and CARVALHO-NETA, R.N.E,, 2020. Biological responses in gills
and hepatopancreas of Ucides cordatus (Crustacea, Decapoda,
Ocypodidae) as indicative of environmental contamination
in mangrove areas in Maranhdo State, Brazil. Latin American
Journal of Aquatic Research, vol. 48, no. 2, pp. 226-236.
http://dx.doi.org/10.3856/vol48-issue2-fulltext-2374.

KEEN, J.H., HABIG, W.H. and JAKOBY, W.B., 1976. Mechanism for
the several activities of the glutathione S transferases. The
Journal of Biological Chemistry, vol. 251, no. 20, pp. 6183-6188.
http://dx.doi.org/10.1016/S0021-9258(20)81842-0. PMid:977564.

MATOS, P., FOTAINHAS-FERNANDES, A., PEIXOTO, F., CARROLA,
J. and ROCHA, E., 2007. Biochemical and histological hepatic
changes of nile tilapia Oreochromis niloticus exposed to
carbaryl. Pestic. Biochemistry & Physiology, vol. 89, pp. 73-80.
http://dx.doi.org/10.1016/j.pestbp.2007.03.002.

Brazilian Journal of Biology, 2023, vol. 83, 271232

MALM, O., PFEIFFER, W.C., BASTOS, W.R. and SOUZA, C.M.M., 1989.
Utilizagdo do acessorio degeragdo de vapor frio para andlise de
mercirio em investigagdes ambientais por espectrofotometria
de Absor¢do atdmica. Ciencia e Cultura, vol. 41, no. 1, pp. 88-92.

OLIVEIRA, C.N.D., CAMPOS, V.P. and MEDEIROS, Y.D.P, 2010. Evaluation
and identification of important parameters for the quality of water
bodies in the semi-arid region of Bahia. Case study: hydrographic
basin of the Salitre River. Quimica Nova, vol. 33, no. 5, pp. 1059-1066.
http://dx.doi.org/10.1590/S0100-40422010000500010.

OLIVEIRA, S.R.S., BATISTA, W.S., SOUSA, ].B.M., NOLETO, K.S., LIMA,
L.M.A., ANDRADE, T.S.0.M. and CARVALHO NETA, R.N.E,, 2019.
Enzymatic and Histological Biomarkers in Ucides cordatus
(Crustacea, Decapoda) in an Industrial Port on the North Coast
of Brazil. Bulletin of Environmental Contamination and Toxicology,
vol. 102, no. 6, pp. 802-810. http://dx.doi.org/10.1007/s00128-
019-02594-1. PMid:30937496.

PEREIRA, N.J., SANTOS, M.M., SILVA MAIAO, J.P.L., CAMPOS, ].S.P,, SILVA,
N.D., MENDES, D.CSS. and SANTOS, D.M.S., 2020. Histological
biomarkers in fish gills in the assessment of environmental
contamination of the Mearim River, northeastern Brazil.
Brazilian Journal of Development, vol. 6, no. 9, pp. 68063-68079.
http://dx.doi.org/10.34117 /bjdv6n9-297.

PINHEIRO-SOUSA, D.B., LIMA, M.LS., GONCALVES, R. M., SANTOS, D.M.S.,
CARVALHO NETA, A.V,, BENJAMIM, LA. and CARVALHO-NETA,
R.N.E, 2022. Interaction between Benzo [a] anthracene 7, 2-dione
7-oxime (BZA) and calf thymus dsDNA using electroanalytical
genosensor. Analytical Biochemistry, vol. 657, pp. 114905.
http://dx.doi.org/10.1016/j.ab.2022.114905. PMid:36154836.

PINHEIRO-SOUSA, D.B., SOARES, S.H.C., TORRES, H.S., JESUS,
W.B., OLIVEIRA, S.R.S., BASTOS, W.R., RIBEIRO, C.A.O. and
CARVALHO-NETA, R.N.F,, 2021. Sediment contaminant levels and
multibiomarker approach to asses the health of catfish Sciades
herzbergii in a harbor from the northern Brazilian Amazon.
Ecotoxicology and Environmental Safety, vol. 208, pp. 111540.
http://dx.doi.org/10.1016/j.ecoenv.2020.111540. PMid:33157514.

QU, X., REN, Z., ZHANG, M., LIU, X. and PENG, W., 2017. Sediment
heavy metals and benthic diversities in Hun-Tai River,
northeast of China. Environmental Science and Pollution Research
International, vol. 24, no. 11, pp. 10662-10673. http://dx.doi.
org/10.1007/s11356-017-8642-0. PMid:28283976.

RODRIGUES, CA.L, RIBEIRO, R.P,, SANTOS, N.B.and ALMEIDA, Z.S., 2016.
Patterns of mollusc distribution in mangroves from the Sdo Marcos
Bay, coast of Maranhdo State, Brazil. Acta Amazonica, vol. 46, no. 4,
pp. 391-400. http://dx.doi.org/10.1590/1809-4392201600493.

SALEH, Y.S. and MARIE, M.A.S., 2016. Use of Arius thalassinus
fish in a pollution biomonitoring study, applying combined
oxidative stress, hematology, biochemical and histopathological
biomarkers: a baseline field study. Marine Pollution Bulletin,
vol. 106, no. 1-2, pp. 308-322. http://dx.doi.org/10.1016/].
marpolbul.2016.03.030. PMid:27039960.

SANTANA, M.S., SANDRINI-NETO, L., NETO, EE, RIBEIRO, C.A.0.,
DI DOMENICO, M. and PRODOCIMO, M.M., 2018. Biomarker
responses in fish exposed to polycyclic aromatic hydrocarbons
(PAHs): systematic review and meta-analysis. Environmental
Pollution, vol. 242, no. Pt A, pp. 449-461. http://dx.doi.org/10.1016/].
envpol.2018.07.004. PMid:30005257.

SANTOS FILHO, E.M., REZENDE, K.F.0., EMERENCIANO, A.K.,
MOREIRA, L.M,, VILA, V.B., BORGES, R M., and PRESSINOTTI, L.N.,
2014. Evaluation of histological biomarkers in fish collected
upstream and downstream from the urban area. Atas de Satide
Ambiental, vol. 2 no. 1, pp. 09-22.

SANTOS, T.G., BEZERRA JUNIOR, J.L., COSTA, K.M.P. and FEITOSA, FA.N.,
2009. Phytoplanktonic biomass dynamics and environmental
variables in a tropical estuary (Pina Basin, Recife, PE).
Revista Brasileira de Engenharia de Pesca, vol. 4, pp. 95-109.

9/10


https://doi.org/10.1007/s12010-011-9519-1
https://doi.org/10.1007/s12010-011-9519-1
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22228406&dopt=Abstract
https://doi.org/10.1590/1678-4162-9906
https://doi.org/10.1002/etc.5620081203
https://doi.org/10.1002/etc.5620081203
https://doi.org/10.1016/j.pestbp.2005.11.001
https://doi.org/10.1007/s11356-015-4585-5
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25940483&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25940483&dopt=Abstract
https://doi.org/10.1016/j.ecoenv.2017.01.032
https://doi.org/10.1016/j.ecoenv.2017.01.032
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28135665&dopt=Abstract
https://doi.org/10.3856/vol48-issue2-fulltext-2374
https://doi.org/10.1016/S0021-9258(20)81842-0
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=977564&dopt=Abstract
https://doi.org/10.1590/S0100-40422010000500010
https://doi.org/10.1007/s00128-019-02594-1
https://doi.org/10.1007/s00128-019-02594-1
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30937496&dopt=Abstract
https://doi.org/10.34117/bjdv6n9-297
https://doi.org/10.1016/j.ab.2022.114905
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36154836&dopt=Abstract
https://doi.org/10.1016/j.ecoenv.2020.111540
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33157514&dopt=Abstract
https://doi.org/10.1007/s11356-017-8642-0
https://doi.org/10.1007/s11356-017-8642-0
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28283976&dopt=Abstract
https://doi.org/10.1590/1809-4392201600493
https://doi.org/10.1016/j.marpolbul.2016.03.030
https://doi.org/10.1016/j.marpolbul.2016.03.030
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27039960&dopt=Abstract
https://doi.org/10.1016/j.envpol.2018.07.004
https://doi.org/10.1016/j.envpol.2018.07.004
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30005257&dopt=Abstract

Torres, H.S. et al.

SOARES, S.H.C., SOUSA, D.B.P,, JESUS, W.B. and CARVALHO-NETA,
R.N.E,, 2020. Histological biomarkers in Sciades herzbergii
(Pisces, Ariidae) to assess impacts in estuarine environments
in Sdo Marcos Bay, Maranhdo. Arquivo Brasileiro de Medicina
Veterindria e Zootecnia, vol. 72, pp. 1403-1412. http://dx.doi.
org/10.1590/1678-4162-11701.

SOUSA, D.B.P, ALMEIDA, Z.S. and CARVALHO-NETA, R.N.E, 2013.
Biomarcadores histolégicos em duas espécies de bagres
estuarinos da Costa Maranhense, Brasil Histology biomarkers
in two estuarine catfish species from the Maranhense Coast,
Brazil. Arquivo Brasileiro de Medicina Veterindria e Zootecnia,
vol. 65, no. 2, pp. 369-376. http://dx.doi.org/10.1590/S0102-
09352013000200011.

TAGLIARI, K.C., CECCHINI, R., ROCHA, J.A.V. and VARGAS, V.M.F,
2004. Mutagenicity of sediment and biomarkers of oxidative
stress in fish from aquatic environments under the influence
of tanneries. Mutation Research, vol. 561, no. 1-2, pp. 101-117.
http://dx.doi.org/10.1016/j.mrgentox.2004.04.001. PMid: 15238235.

VAN DER OOST, R, BEYER, J. and VERMEULEN, N.PE., 2003. Fish
bioaccumulation and biomarkers in environmental risk
assessment: a review. Environmental Toxicology and Pharmacology,
vol. 13, no. 2, pp. 57-149. http://dx.doi.org/10.1016/S1382-
6689(02)00126-6. PMid:21782649.

10/10

VENTURA, CE., GAELZER, L.R,, ZANETTE, ]., MARQUES, M.R.E. and BAINY,
A.CD., 2002. Biochemical indicators of contaminant exposure
in spotted pigfish (Orthopristis ruber) caught at three bays of Rio
de Janeiro coast. Marine Environmental Research, vol. 54, no. 3-5,
pp. 775-779. http://dx.doi.org/10.1016/S0141-1136(02)00137-X.
PMid:12408649.

VIANA, TM.A,, OLIVEIRA, S.R.S., TORRES, H.S., JESUS, W.B., TEIXEIRA,
A.F. and NETA, R.N.E.C,, 2021. Histological biomarkers in
gills and livers of Sciades herzbergii (Bloch, 1794) in a port
area and in an environmental protection area - MA, Brazil.
Brazilian Journal of Development, vol. 7, no. 4, pp. 41047-41065.
http://dx.doi.org/10.34117/bjdv7n4-526.

WALKER, A.N., GOLDEN, R. and HORST, M.N., 2010. Morphologic effects
of in vivo acute exposure to the pesticide methoprene on the
hepatopancreas of a non-target organism, Homarus americanus.
Ecotoxicology and Environmental Safety, vol. 73, no. 8, pp. 1867-1874.
http://dx.doi.org/10.1016/j.ecoenv.2010.08.013. PMid:20825991.

YU, H., HE, Y., ZHANG, ]., ZHANG, Z. and ZHANG, X., 2023. Hepatic
transcriptome analysis reveals the metabolic strategies of
largemouth bass (Micropterus salmoides) under different
dissolved oxygen condition. Comparative Biochemistry and
Physiology. Part D, Genomics & Proteomics, vol. 45, pp. 101032.
http://dx.doi.org/10.1016/j.cbd.2022.101032. PMid:36371883.

Brazilian Journal of Biology, 2023, vol. 83, 271232


https://doi.org/10.1590/1678-4162-11701
https://doi.org/10.1590/1678-4162-11701
https://doi.org/10.1590/S0102-09352013000200011
https://doi.org/10.1590/S0102-09352013000200011
https://doi.org/10.1016/j.mrgentox.2004.04.001
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15238235&dopt=Abstract
https://doi.org/10.1016/S1382-6689(02)00126-6
https://doi.org/10.1016/S1382-6689(02)00126-6
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21782649&dopt=Abstract
https://doi.org/10.1016/S0141-1136(02)00137-X
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12408649&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12408649&dopt=Abstract
https://doi.org/10.34117/bjdv7n4-526
https://doi.org/10.1016/j.ecoenv.2010.08.013
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20825991&dopt=Abstract
https://doi.org/10.1016/j.cbd.2022.101032
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36371883&dopt=Abstract

