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Abstract

Histopathological alterations in liver have been widely used as a tool in studies for monitoring environmental quality.
To evaluate the environmental quality in the Cachoeira river, five spots were monitored between the municipal districts
of Itapé and Ilhéus, using liver histological analysis. The species chosen for analysis was Poecilia vivipara due to
the fact that it is one of the most abundant in the sampling. The routine technique of inclusion and impregnation in
paraffin was used, and the cuts were stained with Hematoxylin and Eosin (H & E). Histopathological alterations in the
liver were evaluated semi-quantitatively and based on the severity of the lesions. The results of the histopathological
alteration frequency together with the average taken from the Histopathological Alteration Index from points 1 (Vila
de Itapé) and 2 (Fazenda Santa Amélia) showed that in this area the environment is more threatened because of some
stressor agent, possibly contaminants that seem to be acting in the environment and endangering the health of fish. The
statistic results demonstrated that there were no significant differences among points 1, 2 and 4, which means they are
very similar to one another, and are ecologically endangered.

Keywork: Poecilia vivipara, toxicology, histopathologic alterations.

Alteracoes histopatolégicas observadas no figado de Poecilia vivipara
(Cyprinodontiformes: Poeciliidae) como ferramenta de avaliacao
da qualidade ambiental do rio Cachoeira, BA

Resumo

Alteragdes histopatoldgicas em figado tém sido amplamente utilizadas como ferramenta no estudo de monitoramento
da qualidade ambiental. A fim de avaliar a qualidade ambiental do Rio Cachoeira, foi realizado um monitoramento em
cinco pontos do rio, entre Itapé e [lhéus, utilizando-se anélise histopatoldégica do figado. A espécie Poecilia vivipara foi
escolhida para andlise por ser uma das mais abundantes nas amostragens. Foi utilizada a técnica histoldgica de rotina
de inclusido e impregnacdo em parafina, sendo os cortes corados com hematoxilina e eosina (H&E). As alteragdes
histopatolégicas no figado foram avaliadas semiquantitativamente e baseadas na severidade das lesdes. Os resultados
das frequéncias de alteracdes histopatoldgicas juntamente com as médias de IAH dos pontos 1 (Vila de Itapé) e 2
(Fazenda Santa Amélia) demonstraram que nestas dreas os ambientes encontram-se mais comprometidos por causa da
atuagdo de algum agentes estressores, que possivelmente, seja contaminante que deve estar atuando sobre o ambiente
e comprometendo a saide dos peixes. Os resultados dos testes estatisticos demonstraram que nao houve diferenga
estatisticamente significativa entre os pontos Vila de Itapé, Fazenda Santa Amélia e Ponto do Pitu, e que ambos — pontos
Vila de Itapé, Fazenda Santa Amélia — estdo comprometidos ecologicamente, apesar de o ponto Fazenda Santa Amélia
ser considerado o mais degradado de acordo com as frequéncias de alteracdes e o IAH.

Palavras-chave: Poecilia vivipara, toxicologia, alteragdes histopatoldgicas.

Braz. J. Biol., 2012, vol. 72, no. 1, p. 131-140 131



Paulo, DV., Fontes, FM. and Flores-Lopes, F.

1. Introduction

Pollution on freshwater surfaces is a major environmental
problem worldwide (Lobo et al., 2002). Deterioration in
these environments due to human activities has created a
need for developing and adjusting methods for environmental
quality (Bruschi Junior et al., 2000).

Different methods have been used in studies relating to
human impact on aquatic organisms. The methods are used
for the purpose of detecting and measuring the intensity of
the impact caused by the presence of contaminants on the
aquatic ecosystem and the potential toxic effects of chemicals
in these organisms (Martinez et al., 2004). Currently,
bioindicators and biomarkers have been used in assessing
the toxicity of chemical compounds of anthropogenic origin
in impacted areas (Oliveira-Ribeiro et al., 2005). Moreover,
histopathological biomarkers have shown to be excellent
tools for monitoring the balance of the aquatic ecosystem
(Winkaler et al., 2001) and for elucidating mechanisms
of action of various types of stress agents and on the
physiological conditions of organisms (Zagatto, 2000).
Taking this into account, pathological examinations have
been recognized as useful tools for assessing the effects
of pollutants in fish by examining them for morphological
alterations in their bodies (Poleksic and Mitrovic-Tutundzic,
1994), whereas the contamination increase in these ecosystems
has promoted severe morphological and physiological
alterations in aquatic organisms (Mazon et al., 1999).

Histological analysis provides a fast and efficient
process to express the health of organisms exposed to a
contaminated environment. When coupled with other tools
such as physical-chemical and toxicological properties of
water it is possible to infer a more precise diagnosis of
the environment under study and the possible reasons for
the conditions observed, since the alterations in specific
target organs may also express time of exposure to a
specific stressor (Schmalz et al., 2002). Histopathological
alterations of specific organs express the conditions and
represent endogenous and exogenous impacts on organisms
that originate from alterations in lower levels of biological
organization (Stebbing, 1985). Currently, physiological
and histopathological biomarkers are used extensively for
documenting and quantifying exposure, as well as the effects
of environmental pollutants. As monitors of exposure,
these biomarkers have the advantage of quantifying only
pollutants that are biologically available. As monitors of
effects, biomarkers can integrate the effects of multiple
stressors and help in the elucidation of mechanisms of
action (Adams et al., 1990).

The liver, as the largest organ of metabolism and for
having potential for biotransformation and excretion of
xenobiotics bioactivation, comes into direct contact with
pollutants absorbed from the environment (Gonzalez et al.,
1993; Bernet et al., 1999), therefore lesions in these
organs are often associated with pollution of the aquatic
environment.

The Cachoeira River Basin covers one of the major
socioeconomic regions of Bahia (Nacif, 2000). It has
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undergone an intense process of degradation, mainly
caused by the discharge of untreated municipal sewage
into its waters, the use of fertilizers and pesticides on
cocoa plantations and the illegal presence of tanneries in
the bank (Souza et al., 2009). Poecilia vivipara (Bloch
and Schineider, 1801) is a Cyprinodontiformes original
species of northern South America between Venezuela
and the Brazilian state of Amapa (Lucinda and Costa,
2007) and its vast distribution throughout South America
has been widely used as a bioindicator in programs for
monitoring the aquatic environment due to its sensitivity
to contaminants and tough response (development of
disease and histopathological alterations) and because it
is abundant at polluted sites with low dissolved oxygen
(Breseghelo et al., 2004).

This work aimed to monitor the environmental quality
of the Cachoeira river in order to compare the environmental
quality of the sampled spots by using histopathological
analysis in the liver of Poecilia vivipara.

2. Material and Methods

The Cachoeira river basin is located in southern
Bahia, Brazil between coordinates 14° 42°-15° 20’ S and
39°01°-40° 09° W and drains an area of approximately
4830 km?and to the east by the Atlantic Ocean (Oliveira,
1997 apud Schiavetti et al., 2002). Four quarterly
samplings were performed for one year, from June,
2007 to June, 2008. Collecting was done using a seine
net (5.5 m x 1.5 m x 0.5 cm) and pucd types (Malabarba
and Reis, 1987), at five spots along the Cachoeira river,
between the cities of Itapé and Ilhéus (point 1 — Vila
de Ttapé (14° 53° 934” S and 39° 25° 781” W); point 2
— Fazenda Sta. Amélia — Itapé (14° 52° 719” S and
39° 24’ 772" W); point 3 — in front of Jardim das Acdcias
— Itabuna (14° 47° 20” S and 39° 15’ 41” W); point 4 —
near Ponto do Pitd (14° 47 788” S and 39° 12’ 107" W)
and point 5 — Caminho das Sesmarias (14° 47° 072” S and
39° 06’ 273” W) (Figure 1).

The sampling spots were defined by using a pilot
sampling and according to conditions for access to the river.
Point Itapé was chosen as a comparative point because of
its location upstream from Itabuna at a distance of 32 km
from that municipality due to its proximity to the confluence
with the Salgado river and because it was considered to
have the best environmental quality for the presence of
metals according to studies by Klumpp et al. (2002).

The specimens were fixed in the field in 10%
formaldehyde. In the laboratory, the material was screened,
identified for the species level and preserved in 70% alcohol,
then it was deposited in the Ichthyology collection at the
Universidade Estadual de Santa Cruz — UESC.

When possible, ten specimens of Poecilia vivipara from
each sampling spot were used for analysis. Measurements
were made for the standard length (SL) and total weight
(TW). The liver was then removed and placed in 70%
alcohol. The liver was prepared for histological analysis
by a routine technique of dehydration in ethanol and then
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Figure 1. Map of Bahia State and, in detail, the basin of the Cachoeira River showing the sampling points. 1) Itapé;
2) Fazenda Sta. Amélia; 3) Jardim das Acécias; 4) Ponto do Pitd; 5) Caminho das Sesmarias.

impregnation and embedding in parrafin. Sections of
5-7 um were made with microtome. The sections were
stained with hematoxylin and eosin (H&E) for general
visualization of the affected tissues and organs.

Histopathological alterations were classified using
scores of from 0 to 3, where 0 = no alteration, 1 = slight
alteration, 2 = moderate and 3 = severe alteration according
to Hose et al. (1996). Definitions for slight, moderate and
severe alteration were modified from Poleksic and Mitrovic-
Tutundzic (1994), and characterized as follows: 1) slight
alteration — alterations that do not damage organ tissues
in such a way as to impede restructuring and returning of
normal liver functions should environmental conditions
improve. They are restricted to small parts of the organ.
Example: hepatocyte vacuolation. 2) Moderate alteration—
alterations that are more severe and that lead to effects on
tissues associated with organ function; theses are reparable
lesions, but if large areas of the organ are affected or
maintained under chronic pollution conditions, they may
direct towards severe alterations. They occur in practically
the entire organ. Example: degeneration of cytoplasm and
nucleus. 3) Severe alteration — recovery of organ structure
is not possible, even with an improvement in the quality
of water or end of exposure to a toxic stimulus. Example:
tumor formation and alteration in the exocrine pancreas.
Based upon this scale, average values were calculated
so as to evaluate anomaly intensities for each sampling
spot (Table 1).

The presence of histopathological alterations in the
liver was assessed semi-quantitatively using the degree
of tissue alternation (Histopathological Alterations Index
— HAI) based on the severity of lesions. To calculate the
HAI (modified from Poleksic and Mitrovic-Tutundzic,
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1994), the alterations in each organ were classified in
progressive tissue damage stages (Table 1). An HAI value
was calculated for each animal using the Equation 1:

HAI = (1X SI) + (10X SII) + (100X SIIT) (1

where I, II and III correspond to the number of alteration
stages 1, 2 and 3 and S represents the sum of alternations
in a given stage.

HAI values of 0 to 10 indicate normal organ functioning;
values from 11 to 20 indicate slight alterations in the
organ; from 21 to 50 indicate moderate alterations in the
organ; values between 50 and 100 indicate severe lesions
and values above 100 indicate irreparable lesions in the
organ (Poleksic and Mitrovic-Tutundzic, 1994). Based on
tissue Repair Capacity, the lesions were classified in three
progressive stages: I — tissue reconstruction is possible
(structure and function); IT — more severe alterations (effects
on tissue functions); III — tissue restoration no longer
possible. Some cases were selected and photographed
with the use of a photomicroscope.

The non-parametric Mann-Whitney test for independent
samples with p < 0.005 was utilized to compare intensity
means of alterations in the two species. The differences
between sampling sites were tested using non-parametric
ANOVA. The results obtained for each station were
compared by Tukey’s test. The degree of significance was
95%. Statistical analysis were carried out using the Past
version 1.11. software

3. Results

37 individuals of Poecilia vivipara were used, 15 of
which were collected in the village of Itapé, 11 at Fazenda
Santa Amélia and 11 at Point of Pitd. As these individuals
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Table 1. Classification of the severity of histopathological
changes observed in the liver of Poecilia vivipara. Modified
from Poleksic and Mitrovic-Tutundzic (1994).
Stages
1 Melano macrophage Center
Vacuolated cytoplasm
Irregular form of the hepatocytes
Eosinophil granules in the cytoplasm
Nuclear hipertrophy
Celular hipertrophy
Irregular nuclei
Lateral position of the nucleus
Leukocyte infiltration
1I Degeneration of the cytoplasm
Degeneration of the nucleus
Pyknotic nuclei
Vacuolated Nuclei
Rectilineation of vessels and parenchyma

Alterations

11 Focal necrosis
Tumor

were mostly in the juvenile stage whose standard length
ranged from 13.06 to 42.54 mm, the total weight ranged
from 0.02 to 2.48 g and liver weight from 0.0010 to
0.0590 g, the at analysis showed that the standard length
of individuals were more juveniles in points Vila de Itapé
and Fazenda Santa Amélia the average size was of 24 and
24,7 were more juveniles and the average size was of 24
and 24.7 mm respectively, those of section 4 with a mean
of 44.56 mm would be in the adult phase.

The liver structure in P. vivipara was similar to that of
other teleosts. Most of the cells in the hepatic parenchyma
presented a polygonal form, rounded nuclei and granular
cytoplasm. These cells were distributed irregularly between
the sinusoidal vessels, canaliculi and larger vessels, as well
as around the bile duct. In some individuals, the fibroblasts
were also observed between the hepatocytes. In the hepatic
parenchyma, it was possible to observe exocrine pancreas,
usually close to blood vessels and ducts. The exocrine
pancreas was made of polygonal cells with a prominent
central nucleus and with the presence of secretion granules
in some of the cytoplasm. These cells presented basophily
when stained with hematoxylin (Figure 2a).

Tissue analysis demonstrated that the individuals
sampled in points Vila de Itapé, Fazenda Santa Amélia
e Ponto do Pitu presented slight alterations (1), such as
vacuolation of cellular cytoplasm and irregular formation
of hepatocytes. Some cells presented irregularly shaped
nuclei. Infiltration by leucocytes (lymphocytes, eosinofils,
neutrofils and macrophages) was also observed in some
liver areas (Figure 3a). Among the moderate alterations
(2), the occurrence of clusters of cytoplasm degeneration,
formation of pyknotic nuclei and rectilineation of blood
vessels could be observed, and the hepatocytes were
disposed in a cord shape (Figure 2c,d). Among the severe
alterations (3), necrosis in hepatocytes and formation of
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fibromas were observed. Most fibromas developed near
blood vessels or from conjunctive tissue cells in the tunica
intima. In these fibromas, the conjunctive cells multiply
and form a thick and fibrous layer below the endothelial
cells, where it was also possible to identify infiltration by
many leucocytes and macrophages (Figure 3a,b).

At Vila de Itapé, 18.9% of the individuals had livers
with vacuolated hepatocytes with small or large fat vacuoles
adding pressure to the nucleus to position itself laterally or
irregularly in the cell. Focal and total degeneration points
were observed throughout the hepatic parenchyma and in
the exocrine pancreas cells. Some lipofucsin granules were
also observed in the hepatocytes, as well as rectilineation
of vessels and cell cords. In two individuals, fibromas
were found at this point that were formed from the tunica
adventitia of the bile ducts, and one of the fibromas had
expanded throughout almost all of the analyzed area.

The highest frequency of individuals with vacuolated
hepatocytes (21.6%) was found at Fazenda Santa Amélia.
Other alterations observed were several points of focal and
total degeneration in the hepatic and exocrine pancreas
cells, as well as alterations in the pancreatic cells in
various regions of the exocrine pancreas and liver. In these
individuals, hepatocytes with pyknotic nuclei, invasion
of blood cells, rectilineated vessels and cell cords were
also observed and in two individuals the occurrence of
small fibromas developing next to blood vessels or inside
the tunica intima of the vessels was noticed. Besides the
fibromas, hypertrophy was also observed in the endothelial
cells, and all of them had become quite tumescent.

At Vila de Itapé and Fazenda Santa Amélia of four,
P. vivipara individuals presented fibromas that were in a
more severe state. The fibroma was found inside the tunica
intima of the vessel, which was quite thick (Figure 3b). The
exocrine pancreas was observed to be in an advanced state
of degeneration, which may be related to the advance of
cells creating the fibroma. The cellular boundaries of the
hepatocits near the neoplasic region were no longer clear
and their cytoplasm was full of vacuoles. These alterations
led to disarrangement in the hepatic parenchyma and the
pancreas, demonstrating that the organ was probably
exposed to some stressor agent.

At Ponto do Pitu, 21.6% of the specimens presented
cytoplasm vacuolation. Alterations such as pyknotic nuclei,
nuclei in lateral positions and a few clusters of blood cell
invasions were also observed, as well as one allergic cluster
and one cytoplasmatic degeneration cluster. The exocrine
pancreas had a small amount of mucinogen granules, but
the format and coloring of the cells were conserved.

The results obtained from analyzing the intensity
frequency of alterations in P. vivipara livers demonstrated
that the individuals at Fazenda Santa Amélia presented the
highest frequency of moderate (2) (40%) and severe (3)
(20%) alterations, totaling 60% of the observed changes. At
point Vila de Itapé, it was found that most alterations were
considered slight (1) (almost 60%). It was also observed
that the percentage of moderate (2) (30%) and severe (3)
(10%) alterations was less than what was observed at the
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Figure 2. a) Normal Liver of Poecilia vivipara, H & E (400x); b) Liver with ligth alterations H & E (400x); c-d) Liver with
moderate alterations in the parenchyma and exocrine pancreas, H & E (400x). AP - Alterations in the liver parenchyma,
CD - cellular degeneration, CV - Vessels Congestion, PD - Pancreatic Degeneration; H - Hepatocytes; P - Pancreas; RV -
Rectiliniear shape of Blood vessels; Arrow - Vacuoles, BV - Blood Vessels and IP - Irregular pancreas.

Fazenda Sta. Amélia point. The sum result of those types
of alterations was slightly greater than 40% (Figure 4).
In the point near Ponto do Pitd, the percentage of slight
alterations observed (60%) was considerably higher than
what was found for the other points. Moderate alterations
totaled more than 30% and severe alterations less than
10% (Figure 4).

Using HALI analysis, it could be observed that the
Vila de Itapé and Fazenda Sta. Amélia points presented
the highest averages (117.53 and 143.6 respectively).
These values demonstrate that individuals at these points
present irreparable damage to the organ (Stage III). As
for the point near Ponto do Pitd, its average was 87.3,
demonstrating that individuals present severe lesions to
the organ, so that its recovery is not possible (Transition
from stage II to III) (Figure 5).

The results of frequency intensity and HAI analysis
indicate that at points Vila de Itapé, Fazenda Santa
Amélia e Ponto do Pitu, individuals were subjected to
environmental stress factors over a long period of time
given that they present high frequency of moderate and
severe alterations and high HAI averages. Results from
the statistical analysis demonstrated that there was no
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statistically significant difference between the sampled
points, indicating that through histopathological analysis
both points present signs of environmental degradation.
It was not possible to compare environmental quality for
all points defined in the pilot sample given that specimens
of Poecilia vivipara were not sampled at the Jardim das
Acacias and Caminho das Sesmarias points.

4. Discussion

The results of this study demonstrate that the high
frequency of histopathological alterations found in the liver
of Poecilia vivipara specimens is probably associated to
alterations on the aquatic environmental quality, related to
some parameters verified by Pinho (2001) such as discharges
of domestic and industrial wastes, detergents, pesticides
and residues from the Coograp dairy product industry. This
author has observed that the phosphorus concentration in
the Cachoeira river basin is 25 times greater than what
is determined by the CONAMA resolution 357 for class
2 rivers (Brasil, 2005).

Klumpp et al. (2002) found a growing increase in
phosphate and nitrogen concentrations along the river
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Figure 3. a-c) Fibroid of blood vessels of the liver; d) Liver of Poecilia vivipara with severe alterations; A - H & E (200x),
B toD - H & E (400x). BC - Blood Cell, BV - Blood Vessels, CV - Vessels Congestion, F - Fibroma; DP - Degeneration of
the Exocrine Pancreas, LI - Leukocyte Infiltration, RV - Rectiliniear shape of Blood Vessels; V-vacuole.

with a drastic increase in phosphate concentration and
a 100% increase in nitrogen observed after Itabuna
which indicates a strong influence by urban wastes on
nutrient concentrations in the water. Besides the high
concentrations of phosphate and nitrogen, these authors
found that the concentrations of certain metals such as
copper, chromium and aluminum along the river have
increased. He attributed this high amount of metals and
eutrophication of the Cachoeira river agriculture (due to the
use of fungicides containing copper in cocoa plantations),
mining and urban effluents from the region. Pinho (2001)
also observed that Dissolved Oxygen (DO), the biological
demand of oxygen (BDO) and coliforms thermotolerant
(total and fecal) also presented values above the standards
established by the CONAMA resolution, mainly in the
lower portions of the basin.

Fidelman (2005) points out that activities such as
inappropriate agricultural and ranching, deforestation, urban
and industrial activities contribute to environmental quality
degradation. Mangabeira et al. (2004) notes that recent studies
have demonstrated that waters in the Cachoeira river basin
are polluted by various metals and that water and sediment
samples may reflect only a momentary situation. These
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authors have observed high chromium concentrations in
the water, sediment and the roots of Eichhornia crassipes.
Klumpp et al. (2002) observed chromium along the river
with an increase in the concentration of this metal, which
was found in the regions closer to Itabuna. This increment
possibly attributed to effluent discharges from tanneries in
the Itabuna region. The contribution of domestic wastes
cannot be excluded. These authors have observed that except
for Vila Cachoeira, there was an increase in aluminum
concentration moving towards the lower reaches of the
river. The water treatment station in Itabuna is probably
the main source for aluminum in the Cachoeira river, using
aluminum sulfate for coagulation and flocculation of water
from the Almada river a few kilometers upstream, so as
to improve water turbidity and color.

The results obtained from P. vivipara have demonstrated
that the high frequency in cytoplasmatic vacuolation is
probably associated to the action of chemical substances
that are released into the environment and Dyk et al. (2007)
noted that inhibition in protein synthesis and accumulation
of lipids is associated to the response of hepatocytes to toxic
agents. Fanta et al. (2003) points out that the vacuolation
process can be considered a normal action by the liver or an
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Figure 4. The relative frequency of histopathological
alteration intensity observed in the liver of Poecilia vivipara
per sample point in the Cachoeira river. 1 = light alteration,
2 = moderate and 3 = severe alteration.
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Figure 5. Values of index of Histopathologic alteration
(IHA) to the liver of Poecilia vivipara for points sampled in
the Cachoeira river.

indication of a state of stress, due to the high energy demand.
For authors such as Thomas (1990), Kéhler et al. (1992),
Teh et al. (1997), changes such as hepatocyte vacuolation,
glycogen depletion, inflammation, alteration in the shape
of sinusoidal vessels and neoplasmas can be interpreted as
responses to environmental stress and are thus considered
to be histopathological indicators of environmental quality.
Olurin et al. (2006), studying the histopathological response
of a liver to glyphosate, also observed that this type of
degeneration in Clarias gariepinus Burchell (1822) was
associated with intoxication by pollutants and Takashima
and Hibyia (1995 apud Meletti et al., 2003) warn that cellular
degeneration through fat refers to a pathological condition
in which there are numerous cells with high fat content.
Walters and Plumb (1980) pointed out that toxic
substances may modify the chemical composition of water,
which may be lethal to fish or may stress them enough to
predispose them to disease. These authors further noted
that congestion in blood vessels and an increase in cell
volume are responses by hepatocytes to the presence of
toxic substances, including metals such as cadmium and
zinc. Martinez et al. (2004) reported that fish contamination
from lead may trigger a wide range of metabolic factors
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and physiological alterations seen as secondary responses
to stress.

The high frequency of pathological alterations observed
in moderate and severe degrees at points Vila de Itapé and
Fazenda Sta. Amélia have influenced the high HAI value
for these points, indicating that even if there had been
improvements to the environmental conditions, the liver
had been so highly affected that its recuperation would
no longer be possible. The degree of these alterations
is probably related to prolonged exposure to action by
contaminants. Flores-Lopes et al. (2007) have pointed out
that these alterations may be associated to the response to
some stressor agent present in the aquatic environment that
is not detected in traditional physical-chemical analyses. At
these points, four specimens of P. vivipara with fibromas
were observed, one in a more severe state, presenting a
quite thick tunica intima in the vessel and the exocrine
pancreas at an advanced stage of degeneration. These
alterations demonstrated that the organ had probably been
exposed to prolonged action by some stressor agent. From
the average standard length of specimens examined in
this study, we that the higher frequency of alterations was
observed mostly in young individuals other than adults,
making the first ones more susceptible to stressors.

The results of histopathological analysis corroborate
the results obtained using HAI, which demonstrated greater
severity in histopathological alterations at points Vila
de Itapé and Fazenda Sta. Amélia, which is probably an
indication of greater environmental degradation. Similar
results were observed by Fanta et al. (2003), who observed
that the liver is an organ that suffers serious morphological
alterations in fish exposed to pesticides, such as nuclear
alterations, pyknotic nuclei and lateral position, as well
as intense vacuolation. Authors such as Sakr and Jamal
Al Lial (2005), Peebua et al. (2006) and Scaff and Scussel
(2008) have also observed that histopathological alterations
such as hepatocyte vacuolation, focal and total necrosis,
infiltration by leucocytes, pyknotic nuclei and necrosis
due to hepatocyte apoptosis are associated to individuals
being exposed to environments contaminated from toxic
substances.

The results obtained in this study differ from those
verified by Pinho (2001), for whom Vila de Itapé and
Fazenda Santa Amélia were considered as having good
environmental quality, since at those points low concentrations
of fecal and total coliforms thermototolerant, a high
concentration of dissolved oxygem concentration and
low biological demand of oxygen (BDO) were observed.
Although these environments may present coliform and
total coliform, BDO and DO values that are within the
standard established by CONAMA resolution 357 from
2005, these parameters are probably not responsible for
the histopathological alterations. These data make it clear
that other contaminants such as detergents, heavy metals
and others must be acting on the environment, leading to
the development of pathologies observed in specimens.
Frieberg et al. (1971) apud (Olojo, 2005) analyzing the
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bioaccumulation of lead in the liver observed that this
metal promotes degeneration of the hepatic cells.

The water quality study for the Cachoeira river carried
out by Pinho (2001), at points close to those sampled in
this study, revealed that raw impact from the city of Itapé
did not impact that stretch. However, this same author
characterized the area corresponding to the Fazenda Sta.
Amélia point as being in a process of degradation of water
quality, due to receiving waste discharges from various
food factories and the local slaughterhouse.

An elevated frequency of slight alterations was observed
for the point near Ponto do Pitd, reflected in the HAI result
for this point, which presented a lower average (87.2)
compared to that for point Vila de Itapé and Fazenda
Sta. Amélia (117.5 and 143.6 respectively). Although the
average for this point was lower than for the others, it also
demonstrated that there are indications of environmental
degradation. This area was also characterized as having
had an impact by Pinho (2001) as the results obtained for
phosphorus presented a high concentration in the basin. The
author also observed that dissolved oxygen (DO), biological
demand of oxygen (BDO) and coliforms (total and fecal)
presented values outside the standards established by the
aforementioned CONAMA resolution, mainly in the lower
portion of the basin (regions between Itabuna and Ilhéus).

This point is characterized by being near a rural area
and near the city of Itabuna, where human influence
may be encountered, with the discharge of domestic and
industrial waste coming from the urban perimeter. Liicio
(2010) showed in studies on the Cachoeira river that in the
sampling area close to this point besides the contribution
that showed the sewer upstream, the entry of tributaries
that are likely to pour into the river are more refractory
organic matter with the primary source pastoral activities.

The results obtained using statistical tests and HAI
demonstrate that the Vila de Itapé, Fazenda Sta. Amélia
and near Ponto do Pitd points presented indications of
degradation of the environmental quality, with no statistically
significant difference found among them, indicating that
they are ecologically threatened. Due to the fact that
Fazenda Santa Amélia presents a higher frequency of
severe and average alterations and higher HAI average,
it may be considered as having the worst environmental
quality compared to the others, as it fits into the category
having the most irreparable liver damages. In other words,
even if environmental conditions are reestablished, the
organ will not recover.

The present data clearly shows the need for more
studies within the Cachoeira River Basin. It is considered
important to conduct more detailed studies on the chemical
substances present in the river’s water, which may lead to
a better accuracy for the occurrence of histopathological
responses in the liver of fish species. Thus, the results
obtained in P. vivipara are important, given that the
Cachoeira river is undergoing an anthropogenic action
along the river and at certain points the environment is
now eutrophized.
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5. Conclusion

The results of this study may imply that the Cachoeira
river is undergoing a process of environmental degradation
due to the high presence of severe pathological alterations
in the liver of Poecilia vivipara. Furthermore, these results
associated with data supplied by other studies indicate that
environmental agents probably pesticides, heavy metals,
sewage and others should be acting on these populations.
Thus, it is imperative that mitigation measures such as
reducing the release of waste into the river, deforestation
and pesticide use are taken to ensure that no damage will
occur in the populations of these species.
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