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Abstract: Species of fish are important vehicles for the transfer of contaminants to human populations, and may
show the potential exposure to pollutants. They have been used as representative taxocenosis of aquatic ecosystem
biotic community and as a environmental quality assessment tool. Its use in environmental monitoring has several
advantages because they are directly associated with agent stressors. The objective of this study was to relate the
histopathological changes observed and to verify the significance of histological analysis as a method of
histopathological evaluation in studies carried out in the area. The study also includes the importance of such type
of analysis in environmental change and to efficiently measure the degree of exposure in aquatic organisms to
chemical contaminant.

For histological analysis the animals were fixed in 10% formaldehyde and then decalcified, dehydrated with
ethyl alcohol for impregnation and paraffin embedding and cut at 5-7 pum. The sections were stained with
Hematoxylin and Eosin. Several types of alterations were observed in the specimens, some of them macroscopically
visible. The occurrence of this type of alteration is evidence of the presence of pollutants and/or degraded habitats
of the environments and the analysis of the spatial and temporal variation of their frequency of occurrence in these
environments represents an important source of evaluation and monitoring of water quality in these environments.
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Introduction

Disturbances caused by environmental unfavourable environmental factors. Vasanthi
contaminants to fishes affect their biological et al. (2013) reported that the presence of
characteristics and increase vulnerability to  contaminants usually appear in the



environment as very complex mixtures that
can cause interactive effects on the biota. It is
impossible to evaluate these contaminants
only by means of chemical analysis. According
to Teh et al. (1997), histopathological analysis
has already been tested and proposed as an
efficient and sensitive tool to monitor fish
health and environmental pollution in natural
water bodies.

Several analysis methods were considered
as reliable to evaluate the biological response
towards that
preventive measures can be taken (Dalzochio
etal, 2016). Gharred et al. (2015) and Morado
et al. (2017) stated that biomarkers are
measurements within an organism that
respond to environmental effects and are used
as tools in bio-assessment programs since
they reflect physiological changes induced by
exposure to pollutants. Studies on fish
biomarkers are of great significance as they
can help to evaluate organ alterations,
enzymatic responses, and histological changes
when exposed to polluted aquatic
environment (Bassey, 2019). The use of
biomarkers for biomonitoring environmental
quality in aquatic ecosystem had improved a
great deal and promising tool of interest
caused by its economical method, adequate in
the assessment of overall toxicities of complex
mixtures and measurement precision (Bassey,
2019).

environmental risk so

The use of species as biomarkers with the
purpose of biomonitoring natural aquatic
systems is necessary to efficiently measure
the degree of exposure in aquatic organisms
to chemical contaminants, although its large-
scale application is rare (Sureda et al.,, 2011).
The genetic, biochemical, behavioral
morphological
biomarkers in environmental biomonitoring

and
responses represent useful

and were considered important factors with
their importance highlighted by Ballesteros et
al. (2009).

The wuse of fish in environmental
monitoring studies has several advantages
(Jenkins (2004), as they are directly

associated with the sediment and water
column, have poor mobility and exhibit some
physiological
responses. According to Karr (1981), fish

mechanisms of biological

communities can provide important
information about the aquatic environment
and are therefore excellent indicators of
quality. Fish

bioindicators of pollution due to a great deal

environmental serve as
of response and sensitivity to changes in the

aquatic environment, which plays an
increasingly important role in biomonitoring

of environmental pollution (Bassey, 2019).

According to Thophon et al. (2003),
Jenkins (2004), Gharred et al. (2015) and
Morado et al. (2017), a biomarker has the
advantage to elucidate the stress level through
bioassay on the organism at various stages
and histological to
alterations  induced by
Chronic  and

from biomolecular
physiological

environmental
sublethal effects have been widely used as
biomarkers in the health evaluation of fish

stressors.

exposed to contaminants, and are important
as indicators of exposure (Flores-Lopes et al.,
2019). Histopathology is a great tool to assess
the degree of pollution. Chavan and Muley
(2014) stated that the study of histopathology
is of prime importance in the diagnosis,
etiology and prevention of disease.

Few studies have used fish species as a
representative taxocenosis of the aquatic
ecosystem biotic community and as an
environmental quality

assessment tool.



Bassey (2019) reported that fish biomarkers
are of great significance as they can help to
evaluate organ alterations, enzymatic
responses and histological changes when
exposed to polluted aquatic environment.
According to Cantanhéde et al. (2014),
histopathological changes in fish indicate that
individuals have developed defense
mechanisms against the action of stressors
present in the water and against possible
imbalances associated with low quality of the
them, currently, the
appearance of individuals with some type of
anomaly has widely
environmental monitoring programs
histological changes in fish tissues are
considered as biomarkers (Cantanhéde et al.,
2014) . The occurrence of various types of
anomalies in fish can be used as a parameter
for assessing environmental quality.

environment. For
been used in
and

The objective of this study was to review
the published reports in which the different
types of  changes observed  using
histopathological and ultrastructural analysis
after exposure to chemical substances present
in the environments. This study also aimed to
verify the importance of the results obtained
by histopathological analysis as a way of
verifying the occurrence of different types of

changes caused by different stressors.
Materials and Methods

This review was conducted with the aim of
considering the results obtained in various
studies and verifying the significance of
histological analysis as an important method
in the evaluation of environmental quality,
through the occurrence of different types of
changes caused by the presence of several
types of chemical substances that cause

several tissue modifications and are called
“Estressoeres Agents”.

The method used in all reports was
histological preparations of biological
materials collected at several study
points. The animals were anesthetized
by using MS 222 (Ethyl 3-aminobenzoate
methanesulfonate salt). Then, the animals
were fixed with 10% formaldehyde for a
period of one week. After this process, the
animals were preserved in 70% alcohol.
Selected specimens deposited in
Scientific Collections, Museums or Research
Laboratories - (UESC).

were

To prepare the slides for histological
studies, the
dehydrated and impregnated with paraffin.

material was decalcified,
Subsequently, the material was cut at 5 to 7
um and stained wih Hematoxylin and eosin

(HE).
Results

The observations of earlier studies have been
mentioned here. These studies mainly focus
on the histological alterations in various
tissues after exposure to some stressors -
chemical or parasites. Flores-Lopes et al
(2001) reported the occurrence of epidermal
tumors in specimens of Rineloricaria strigilata
related to the abnormal and excessive
proliferation of epithelial and connective
tissue cells associated with hypertrophy (Figs.
1A, B). The histological analysis allowed a
macroscopic view of the bone plates and
odontodes covering the body, making it
possible to perceive changes in the forming
tissues. Histological analysis demonstrated
the presence of alterations in the epithelial
and connective tissue of this structure. (Figs.
1C, D).



Fig. 1: Tumors observed in specimens of the species Rineloricaria strigilata: (A) - In the pectoral fin; (B)--
In the caudal peduncle; (C and D) -- Histological section of bone plates. ep - Epidermis; cs - mucus-secreting
cells; mel - Melanin layer; tcf - Loose connective tissue; o - Bone plates; od - Odontodes (Flores- Lopes et al., 2001).

Flores-Lopes (2000) and Flores-Lopes et
al. (2001) showed that the observed changes
caused the occurrence of bone plates in
Rineloricaria strigilata and were associated
with the prevalence of infection by digenetic
trematode parasites, probably belonging to
the strigeatoid order. Electron microscopy
scans showed total disorientation of
odontodes in the region of the tumors (Figs.
2A, B, Q).

Few authors observed that most of the
parasites were located in the spine and the
metacercariae appeared surrounded by layers
of blood leukocytes
(lymphocytes), macrophages and connective

cells such as

tissue. Flores-Lopes et al. (2001), Flores-
Lopes and Reuss-Strenzel (2011), Flores-

Lopes and Thomaz (2011) and Flores-Lopes
(2014), while carrying out studies on Guaiba
lake, observed a high frequency of specimens
of Astyanax alburnus with changes in their
bodies. Malabarba et al. (1996, 1997) noticed
morphological deformity in the body called
kypholordosis (Fig. 2D).

Flores-Lopes and Thomaz (2011)
reported that fish gills are organs used in
environmental monitoring programs. The
histopathological modifications observed in
the species Cyanocharax alburnus were
alteration of primary lamella, alteration of the
epithelium structure, cell vacuolization,
hyperplasia of the primary lamella epithelium,
and severe lifting of filamentar and lamellar
epithelium (Figs. 34, B). In gill, modification of
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Fig. 2: Bone plates of the species Rineloricaria strigilata. (A) - Plaque with normal position of odontodes, (B) -
Plaque with disorganized odontodes forming a tumor in the epithelial tissue (Flores-Lopes et al., 2001), (C) -
Digenetic trematodes in the spine of Astyanax alburnus, (D) - Astyanax alburnus specimen with kypholordosis.
Td - Trematoda-Digenea; Dc - Cell degeneration; Tc - Connective tissue (Flores-Lopes et al., 2001; Flores-Lopes,

2000).

the primary lamella can be observed, such as
the cyst similarity with parasitic protozoa
(Fig. 3B).

The
hypertrophy of the secretory cells, epithelial
the
presence of pyknotic nucleus in the Pillar

secondary  lamellae showed

lifting, alteration of the structure,
cells, infiltration of the immune system cells
and occurrence of aneurysms of various sizes
in some secondary lamellae (Figs. 3B, C)., the
occurrence of hyperplasia was verified,
demonstrating the severity of the filamentary
of the

hyperplasia of the epithelial cells and cells of

epithelial tissue, blood vessels,
the immune system (Fig. 3C). Flores-Lopes

and Thomaz (2011) observed the presence

of several
(Fig. 3D).

secondary lamella aneurysms

In Parablennius incognitus, Gharred et al.
(2015) observed that hepatic tissue from the
contaminated site had various alterations,
such as hypertrophy of hepatocytes, and
congestion and dilation of the central vein of
the Hepatic Portal System. The gills of Mugil
celphalus showed aneurysm or nodule
formation in the secondary lamellae, and
hypertrophy  was the
enlargement of the tissues (Vasanthi et al.,

2013).

observed with

The ultra-thin section of the fish gills
belonging to the control group showed a
smooth surface topography and organized



arrangements of primary and secondary
lamellae with uniform interlamellar space.

Fish liver showed hepatocyte vacuolization
and proliferation of fibroblast. Hepatocellular

Fig. 3: Gills of Cyanocharax alburnus. (a) 1- alteration of primary lamella structure; 2- secretion of mucus; 400X;
(b) 3- cyst with parasitic protozoans; 4- concentration of epithelial cells; 5- epithelial lifting of secondary
lamella; 400X; (c) 6- Hyperplasia, blood vessel, 7- hyperplasia of epithelial cells, 8- cells of immune system;
400X; (d) 9- aneurysm of secondary lamella; 400X. (Flores-Lopes and Thomaz, 2011).

necrosis was obvious in the hepatocytes,

showed organelle with classical
morphological aspects including nucleus,
mitochondria, lipid granules and rough
endoplasmic reticulum.

Flores-Lopes and Thomaz (2011)

demonstrated histopathological changes in
the gill epithelium of the Astyanax fasciatus,
such as vacuolation and hyperplasia of the
primary lamella epithelium, in addition to
hypertrophy and hyperplasia of mucus-
secreting and other cells (Fig. 4B).
Histopathological alterations in the epithelium
structure were observed -- vacuolization and
hyperplasia, hypertrophy, epithelial lifting,

pyknotic nucleus, secretion of mucus,
infiltration, aneurysms (Fig. 4 C). Flores-Lopes
and Thomaz (2011) stated that the individuals
had a black spot disease infestation and the
histological analysis showed that the agent
causing this disease digenetic
trematode (probably Diplostomatidae family)
during the metacercariae stage. This
trematode settles below the stratified
epithelial tissue or beneath the
connective tissue located just below the

epithelium and above the muscle (Fig. 4 D).

was a

dense

In Acipenser ruthenus, Poleksic et al
(2010) observed alterations in the gills such
as distended tips of the secondary lamellae,



and a focal hyperplasia and hypertrophy of
the respiratory epithelium. In the liver, they
observed fibrosis, congestion of sinusoids,

vasodilatation, hepatocyte cloudy swelling
and melanomacrophage centers. In a study
that aimed to assess the toxic potential of

Fig. 4: Gill of Astyanax fasciatus. (a) Normal Gill (1 - secondary lamella; 2 - primary lamella; 3 - chloride cells;
400X); (b-d) gills with alterations; (b) 4 - fusion of secondary lamella; 5 - epithelium detachment; 6 - vacuolization;
400X; (c) 7 - alteration of primary filament structure; 8 - cyst with parasitic protozoans; 9 - alteration of secondary

lamella structure; 400X;

cadmium in Oreochromis niloticus, Paulo et al.
(2020) found the presence of death cell areas
in the hepatic parenchyma, characterizing an
area of necrosis with degenerating pancreas
and a large number of atrophied cells with the
strongly condensed chromatin. These authors
observed a high frequency of moderate and
severe lesions, classifying the organ as having
irreparable structural damage. Flores-Lopes
et al. (2020) suggested that high amount of
chemicals, such as Mg*?, Ca2*, K*, Na*, etc,
probably caused histological
individuals.The gill tissue showed histological
alterations like lifting of the respiratory
epithelium, hyperplasia of the
epithelium, parasites, and aneurysm.

changes in

lamellar

(d) 10 - monogenetic parasite; 400X (Flores-Lopes and Thomaz, 2011).

Flores-Lopes et al. (2019, 2020) reported
that the most frequent changes were the
occurrence of leukocyte infiltration, irregular
hepatocyte form, cell degeneration with
cytoplasmic vacuolization and more than one
vacuole per cell. When analyzing specimens of
Oncorhynchus mykiss, Banaee et al. (2013)
reported that histopathological analysis had
important alterations in liver including
necrosis, cytoskeleton disarray, changes in
shape
distribution as well as intense damages in
space between hepatocytes
sinusoid vessels, increased vacuolization of
the endothelial and morphological

derangement.

nuclear and heterochromatin

Disse’s and

cells



In order to assess the environmental
impact of some chemical components in the
liver of Tilapia rendalli, Flores-Lopes et al.
(2020) used histological and ultrastructural
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analysis to demonstrate different types of
alterations in the organs and
cells that form these tissues. These  authors
found injuries in the exocrine pancreas,
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Fig. 5: Electron microscopy of Tilapia rendalli liver. N - Nucleus, BC - Blood cell, M - Mitochondria, RER - Rough
endoplasmic reticulum, AN - Apoptotic nucleus, L - Lipids, CN - Celular necrosis and glycogen (arrow) (Flores-

Lopes et al., 2020).

rectilineation of blood vessels, pyknotic
nuclei, cytoplasmic degeneration, irregular
hepatocytes, nuclei in the lateral position,
leukocyte

infiltration, nuclear hypertrophy and cellular

cytoplasmic vacuolation,
and focal necrosis (Fig. 5 A). Ultrastructurally
an increase in lipid droplets and secretory
granules, cell necrosis, nuclei in the apoptotic
process (Fig. 5 B), organelles with undefined
architecture, celular necrosis and glycogen
(Fig. 5 C), and large zymogen granules
composed of very electron-dense material
were noticed (Fig. 5 D).

Malabarba et al. (1996) and Flores-Lopes
and Thomaz (2011) observed several
histopathological  alterations,
vacuolation and hyperplasia of the primary
lamellar epithelium, high incidence of bone

such as

plate epidermal tumors and an occasional
occurrence of tumors. These authors
demonstrated that changes in the gills of these
individuals were affected by the action of
various stressors. Flores-Lopes et al. (2001)
described the presence of macroscopic
alterations, called neoplasms or neoplasias, a
growth disorder, characterized mainly by an
incessant, abnormal and excessive cell
proliferation. Alterations such as necrosis,
hyperplasia, hypertrophy, rupture of the
branchial epithelium, mucus hypersecretion
and lamellar fusion were noticed by Flores-
Lopes et al. (2005), who pointed out that they
were more frequent in fish gills exposed to
toxicants, and some of these lesions are found
more frequently in places contaminated with
heavy metals than with other toxic
components. Flores-Lopes and Malabarba



(2007) pointed out that organ damage, such
as tumors or neoplasms seems to be related to
the presence of pollutants.

Discussion

Previous studies reported that exposure of
fish to pollutants (agricultural, industrial and
sewage) resulted in several pathological
alterations in different tissues of fish (Abbas
and Ali, 2007). Several of these studies
observerd alterations in different organs and
forming tissues.They demonstrate the effects
caused by several chemical compounds
(stressors), and classify them as eliminated
agents, since they cause several types of

changes in the tissues.

According to Kinne (1984) the term stress
means forces (i.e. variations in temperature
and salinity, oxygen availability, impact of
disease-causing agents, social dominance)
that act on an organism or its parts that are
significant enough to interfere with its normal
functions. Such forces can produce specific
and non-specific responses. Wedemeyer and
McLeay (1981) emphasized that stress is best
defined as the effect of any environmental
change or force that extends homeostatic or
stabilization processes beyond their normal

limit at any level of biological organization.

The occurrence of various types of
changes, according to Flores-Lopes and
Malabarba (2007) and Paulo et al. (2012),
demonstrates that the water quality of the
environments are undergoing important
changes in its constitution, being greatly
influenced by the presence of several types of
polluting substances that will cause several
alterations in the diverse species. These
action of

authors show the continuous

stressors, since the histological changes only

begin to appear after some time of exposure to
the polluting agent.

Environmental change, usually of
anthropogenic origin, causes disturbances of
varying degree of severity, such as profound
changes in the physical and chemical
characteristics of aquatic environments, which
contributes to modify the evolution of natural
systems (Boudou and Ribeyre, 1989; Schulz
and Martins-Junior, 2001). Sindermann
(1990), Adams (1990) and Thomas (1990)
commented that stress represents the sum of
morphological, physiological, biochemical and
behavioral changes in individuals, resulting
from the action of stressors that somehow
alter the structure of the population. The
changes observed in histological
investigations of several studies, with different
species, have demonstrated the action of
stressors and the effects caused by these
substances on the analyzed organs and
tissues. According to Sindermann (1990),
much of what we call pathology or disease is a
consequence of environmental stressor action,
mainly because many pollutants are
chemical stressors. The
appearance of several types of alterations is
probably related to the presence of various
stressor agents in the studied environments.

Adams (1990) and Thomas (1990) stated
that stress effects on fish health are
particularly important when damage to health
tends to reduce growth, and
reproductive success, therefore reducing the
intrinsic rate of population growth. Thus, such
organisms become predisposed to disease,
with a reduced fish's ability to tolerate

environmental

survival,

subsequent stresses such as salinity
fluctuation, temperature, pH, dissolved
oxygen, parasite infection and natural

predators. Any environmental factor that is



not optimal can act as a stressor for fish,
which, if extreme or prolonged enough, can
affect an individual's survival (Sindermann,
1990).

Few studies using biological monitoring
with fish have been conducted in various
environments, especially using native species.
Au etal. (1999) and Kim et al. (2001) pointed
out that cytological and histopathological
changes in fish tissues are useful biomarkers
of the exposure effect to toxic substances,
which reflects priority changes in biochemical
physiological Histo-
pathological examination has been recognized

and/or functions.
by several authors as a valuable tool for
assessing stressful environmental impacts on
fish populations (The et al, 1997; Oliveira
Ribeiro et al.,, 2002).

Histological  biomarkers provide a
powerful tool for detecting and characterizing
the biological endpoint of toxic substances
and exposure to carcinogens. Moore and
Simpson (1992) reported that methods for
identifying adverse changes induced by toxic
substances should initially focus on organs
such as the liver and kidney, as these organs
have the function of metabolizing and
eliminating toxic substances. Histological
analysis represents an efficient method for
detecting effects of irritants, especially some
chronic ones, on various tissues and organs.
Bernet et al. (1999) and Paulo et al. (2020)
demonstrated the significance and importance
of using the histopathological analysis in order
to evaluate the occurrence of various types of
changes in different species. Bassey (2019)
stated that histology is a useful technique
towards the assessment of toxic substances in

aquatic organisms from polluted ecosystems.

Flores-Lopes et al. (2020) sugested the use
of different methods (physico-chemical,
histological and ultrastructural) were efficient
to evaluate the environmental quality. Facey et
al. (2005) suggested that physiological stress
in fish population decreased with reduction in
exposure to pollutants and Paulo et al. (2012)
observed that fish tissue alterations are
reliable and efficient tools to detect and
monitor environments that are influenced by
anthropogenic activities.

Malins (1989) concluded that
histopathological alterations are almost
exclusively associated with tissue changes,
and occur mainly in fish from areas close to
high demographic densities and/or that have
relatively high  degree of sediment
contamination. According to McCain et al.
(1988), histopathological conditions tend to
reflect long-term chronic effects and provide
small indication of more acute effects that may
be happening in an ecosystem. Moore (1985)
pointed out that pollutant-induced cellular
responses should, in theory, provide faster and
highly sensitive indicators of environmental

impact.

Water pollution induces pathological
changes in fish (Bernet et al., 1999) and these
modifications range from  biochemical

alterations in a single cell to changes in the
entire population. Gonzalez et al. (1993) and
Walters and Plumb (1980) have shown that
physicochemical or biotic modifications in the
aquatic environment induce injury to fish and
these variations in water chemistry can be
directly lethal to fish, and the sub-lethal
damages can sufficiently stress the fish,
predisposing them to infectious disease.

Moller (1985) has shown that attention to
the impact of pollution on fish health has

10



intensified as pollutants can cause diseases
that increase mortality or decrease the
commercialization of valuable species, and a
disease can serve as a monitor for pollution
purposes. Bergman (1985) cites the following
changes: 1- genetic mutations, 2- changes in
behavior, 3- physical dysfunctions (including
reproduction dysfunctions), 4- physical
deformities or dysplasias, 5- death and 6-
cancer or tumors/neoplasms.
(1990) defined disease as "any departure
from the normal structure and functioning of
an animal" or as "the end result of the
interaction between a noxious stimulus and a
biological system" and emphasized that a
disease is a complex interaction between the
host, the pathogen and the environment.

Sindermann

Flores-Lopes et al. (2001) also pointed out
that the occurrence of this type of alteration
with an identical pattern in bone plates is
evidence of the presence of pollutants and/or
degraded habitats and the analysis of the
spatial and temporal variation of their
occurrence  frequency  represents  an
important source of evaluation and water
quality monitoring. Flores-Lopes et al. (2019)
opined that the types of histopathological
changes and the high frequency of severe
changes indicate that individuals are exposed
The
alteration

in the environment.
this type of
demonstrates that the water quality of the
environments are

to a stressor
occurrence of

undergoing
changes in its composition, being influenced
by the presence of several types of polluting
substances, that will cause a number of
alterations in various species.

important

Epithelial cell lifting, epithelial
hypertrophy hyperplasia, slight
deformations of the lamellae and fusion of
adjacent lamellae were more prevalent and

and

pronounced in the fish and mucous can be
found on the respiratory epithelium of fish
exposed to stress conditions, which can
suggest that the mucous layer protects
lamellar surfaces against infectious agents,
toxic agents and particles
(Vasanthi et al.,, 2013). Liver and gill are more
often recommended as environmental
indicator organs of water pollution than other
fish organs. Relatively high concentrations of
heavy metals were found in liver and gill
which suggests the possibility of using these
two organs as metal bio-indicators present in
the environment.

in supension

Figueiredo-Fernandes et al. (2007)
observed that hyperplasia and fusion of
secondary lamellae are defense mechanisms
for species because they increase the area
through which the water pollutants are able to
reach the blood circulation. Gharred et al.
(2015)

biochemical and physiological processes may

reported that several molecular,
intercept the toxic effects of pollutants. The
chronic exposure of fishes to contaminants
may cause cellular process dysfunctions and

tissue lesions.

Flores-Lopes et al. (2019) reported that

histological analyses have revealed that

changes usually occur along with other
rectilineation of

modifications, such as

sinusoidal vessels, cells with cytoplasmic

degeneration, constant presence of
lymphocytes and macrophages and congestion
These

integrate the impact of a variety of stressors

of sinusoidal vessels. alterations
(pathogens, toxic compounds and unfavorable
nutritional and environmental conditions).
Thereby,

incorporate biotic factors and water quality in

histopathological biomarkers

a holistic view of fish status, and are reliable

11



markers of environmental stress (Zimmerliet
al. 2007).

The presence of heavy metals, pesticides
and other harmful chemicals, the liquid
wastes and even half burnt bodies are
producing deleterious effects on various
biological systems, specially lymphatic system,
of the aquatic organisms (Khan, 2016). Due to
feeding and living in the aquatic environments
fish are particularly vulnerable and highly
exposed to pollution because they cannot
escape from the detrimental
pollution (Mahboob et al., 2014).

effects of

Vazzana et al. (2014) reported that specific
types of exposure affects leukocyte levels
circulating in tissues and promotes leukocyte
chromatin condensation, resulting in
apoptosis, fragmentation in the DNA and
death of these cells in long term exposures.
According to Authman et al. (2015), heavy
metals such as mercury, cadmium, copper,
lead and zinc are of the most important
pollutants which affect aquatic environment
and fish. Rodrigues et al. (2018) did not
observe significant histopathological changes
in the intestine of the species Danio rerio in
the acute experiment, however, there was a
tendency for increased histological changes as
MnCl; concentrations increased.

Lamas et al. (2007) reported several
specific advantages in describing the natural
characteristics of aquatic systems and in
assessing changes to habitats. According to
Garred et al. (2015), the pollutants deeply
affect the
leading to the accumulation of reactive oxygen
species (ROS), which affects the antioxidative
enzymes. They observed that fishes under
contamination stress are susceptible to the
effects of ROS and have developed effective

antioxidant/poxidant balance

antioxidant defenses. According to these
autors, the gills are considered an important
uptake, bioconcentration and excretion of
chemical compounds route and a prime target
to contaminants, due to the surface area in

contact with the external medium and

reduced distance between internal and
external medium.
Paiva et al (2017) demonstrated

histopathological changes in fish species after
exposure to herbicide (Atrazine - ATZ).
Nogueira et al. (2012) considered that with
the increase in indiscriminate wuse of
herbicides, high of these
products have already been detected in
Brazilian rivers. Abdel-Moneim et al. (2012)
consider that due to urban, industrial and
agricultural activities, freshwater sources are
dumped with different kinds of chemicals that
affect the inhabiting biota.

Paiva et al. (2017) reinforce the
importance of the application of a
semiquantitative methodology to evaluate the
actual degree of severity induced by a
xenobiotic in every analyzed target organ. For
these authors, the results demonstrate that
the liver is a sensitive histological biomarker.
According to Thomas (1990), the advantage of
using specific biochemical bioindicators is that
they can often indicate the nature of the
environmental stressor.

concentrations

The data obtained in several studies using
histopathological  analysis by
investigators such as Malabarba et al. (1997),
Flores-Lopes (2000), Flores-Lopes and
Malabarba (2007), Flores-Lopes and Thomas,
(2011), Flores-Lopes etal. (2001, 2002, 2005,
2019 and 2020) and Schulz and Martins-
Junior (2001) demonstrate that the meaning
and, mainly, the importance of using the

several

12



histopathological method as a form of
environmental assessment, demonstrating the
different types of tissue changes that can
occur due to the action of various types of
chemical substances present in the

environment.
Conclusion

This work aimed to verify the meaning and
importance of using the histological method
and, consequently, the
through the histopathological analysis of the
fish species in different
environments, with a literature review of
several scientific articles on the use this
method.

results obtained

tissues  of

The results obtained demonstrated the
types of histo-
pathological alterations due to the action of
several types of chemical substances, called
"Stressing Agents”, which are present in
different environments. The data from these
studies make clear the importance of using the
histological method as an excellent evaluator
of organs and tissues of different species
exposed to the action of different types of
stressors.

occurrence of several

These  studies have shown that
histopathological analysis is of fundamental
importance in evaluating the occurrence of
various types
generated by the action of several products
present in the environment. Through the
studies we different
ecosystems, it was possible to observe that the
presence of these substances can provoke

several types of alterations.

of changes, mainly those

carried out, in

The literature review allowed a
verification that the

histopathological changes are not occasional,

occurrence of

since they occur due to the presence of several
stressors in the environment.
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