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abstract. The aim of this study was to assess histopathological alterations in the gills of Astyanax jacuhiensis from different 

points along the Ijuí River and to determine if these abnormalities can be used as biomarkers in biomonitoring studies. Fish 

specimens were collected from three sites on the Ijuí River in winter and summer and examined histologically for abnormalities of 

the secondary lamellae of their gills. For each fish, estimates were made of the frequencies of lamellae with edema, hyperplasia, 

hypertrophy, epithelium lifting, lamellar fusion or deformation, in addition to the overall frequency of abnormal lamellae and the 

number of abnormalities per lamella. No differences were observed between sampling points during the winter. In summer the 

frequency of lamellae with hypertrophy was significantly higher at site 3 (Pirapó) than at site 2 (Santo Ângelo) and the frequency 

of abnormal lamellae was increased at site 1 (Ijuí) in comparison to site 3. Additionally, all three sample points had a significantly 

higher value in the winter than in the summer for one of the histological parameters analyzed. These results indicate temporal and 

spatial variation in the level of contamination of the Ijuí River and also shows that fish gill histopathology can be used for in situ 

biomonitoring studies.
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resumen. El agua de la cuenca del río Ijuí, en el sur de Brasil, se utiliza principalmente para irrigar los cultivos y para el 

abastecimiento público de agua. El objetivo del presente estudio fue evaluar alteraciones histopatológicas en las branquias de 

Astyanax jacuhiensis en diferentes puntos del Río Ijuí y determinar si tales anormalidades pueden ser usadas como biomarcadores 

en estudios de biomonitoramiento. Los especímenes fueron recolectados en tres puntos del río durante el invierno y el verano y 

luego las lamelas secundarias de las branquias fueron examinadas histológicamente para la presencia de anormalidades. Para 

cada pez se estimaron las frecuencias de lamelas con edema, hiperplasia, hipertrofia, desprendimiento del epitelio, fusión y 

deformación lamelar. Además, se obtuvieron las frecuencias de lamelas alteradas, así como el número medio de cambios por 

lamela. No se observaron diferencias entre los puntos de recolección durante el invierno. En el verano, la frecuencia de lamelas 

con hipertrofia fue significativamente mayor en el punto 3 (Pirapó) que en el punto 2 (Santo Angelo), y el punto 1 (Ijuí) presentó 

mayor frecuencia de lamelas alteradas que el punto 3. Además, en los tres puntos muestreados, el período de invierno presentó 

valores superiores para uno de los parámetros histológicos analizados. Estos resultados indican variación espacial y temporal en 

los niveles de contaminación del Río Ijuí y demuestran que el análisis histológico de las branquias de peces puede ser utilizado 

en estudios de monitoreo in situ.
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introduction
Pollution of freshwater ecosystems has become 
a matter of great concern because of the threat 
to public water supplies and to the aquatic bi-
ota (Jordão et al.  2002). Contaminated fresh-

waters induce changes to structural and physi-
ological aspects of the biota (Vutukuru et al.  
2007). In this context, fish have been employed 
as sentinel organisms in biomonitoring studies, 
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because of the key position they occupy in the 
trophic chain (Viarengo et al.  2007).
A biomarker has been defined as a biological 
response to a chemical or complex mixtures 
that gives a measure of exposure, and some-
times also of toxic effects (Peakall and Walker 
1994). Biomarker responses exhibited by fish 
to pollutants can be used as early warning 
signs of putative stressors and can often be 
used to identify the type of stressor (Vutukuru 
et al.  2007). It is generally accepted that his-
topathological biomarkers reflect the effects of 
exposure to a variety of aquatic contaminants 
(Mallatt 1985; Nascimento et al.  2012).
The fish gill is a multifunctional organ involved 
not only in respiration but also in osmoregula-
tion, metabolism of circulating hormones, ni-
trogen excretion and acid base balance (Olson 
1991). Gills have large surface areas in direct 
contact with potential irritants, and so histo-
pathological examination of these organs is 
critical to assessment of general fish health, 
and enables their use as biomarkers of wa-
ter pollution (Olojo et al.  2005; Farombi et al.  
2007; Flores-Lopes and Thomaz, 2011; Van 
Dyk et al.  2012). A variety of factors includ-
ing environmental pollutants and many para-
sites can induce morphological anomalies in 
fish gills. This organ typically responds rapidly 
to various irritants and the gill lesions that result 
have a negative effect on the performance of 
the fish and increase its susceptibility to sec-
ondary diseases, potentially causing fish mor-
tality (Flores-Lopes and Thomaz 2011).
In the present study, a fish species known in 
Brazil as lambarí (Astyanax jacuhiensis [Cope 
1894] Characiformes: Characidae) was used 
to assess the water quality of a river, which 
is subject to the influence of agriculture. The 
hydrographic basin of the Ijuí River is located 
in Brazil’s southernmost state, Rio Grande do 
Sul, and has a total area of 10,779 km2 and a 
population of 508,336 inhabitants. Water is pri-
marily used to irrigate crops and for the pub-
lic water supply. The most significant environ-
mental problems in the region of the Ijuí River 
hydrographic basin are discharge of untreated 
sewage into water bodies, farming methods 
that do not include soil conservation practic-
es, indiscriminate use of pesticides, and pro-
cesses of erosion and silting of springs and 
other water sources (Fepam 2010). This study 
was conducted with the objective of conduct-
ing a water quality assessment at three differ-
ent points along the Ijuí River, employing ab-

normalities observed in the gills of Astyanax 
jacuhiensis as biomarkers.

Materials and methods
Specimens of A. jacuhiensis were collected 
with a landing net at three points along the Ijuí 
River. Collections were conducted during the 
winter (July) of 2012 and the summer (January) 
of 2013, exerting sufficient sampling effort to 
capture five fish at each point. Sampling site 1 
(28° 17’ 05” S and 053° 48’ 32,6” W) is located 
upstream of Ijuí municipality (78.915 inhabit-
ants); sampling site 2 (28° 19’ 23,5” S and 054° 
17’ 37,4” W) is located downstream site 1 and 
upstream Santo Ângelo municipality (78.836 
inhabitants), and sampling site 3 (28° 03’ 03,2” 
S and 055° 10’ 49,2” W) is located downstream 
site 2 and upstream Pirapó municipality (2.738 
inhabitants), around 30 km from the Ijuí River 
mouth, which flows into the Uruguay River. The 
distance between sites 1 and 2 is around 40 
km and the distance between sites 2 and 3 is 
approximately 110 km. In the area of the three 
sampling sites there is intensive use of the land 
for agriculture. In the present study, ethical 
guidelines for the protection of animal handling 
and welfare were followed.
After capture, fish were killed by decapitation 
and the first arch of the right gill was removed 
from each fish and fixed in Bouin solution for 
16h, washed in running water and then stored 
in alcohol at 70 %. The samples were later de-
hydrated in a graded series of alcohols and 
then set in paraffin. A rotary microtome (Leica, 
model RM 2125) was used to prepare 7 µm 
sections which were mounted on gelatin-coat-
ed slides preparatory to staining with hematox-
ylin/eosin (H.E).
The slides were examined under an optical mi-
croscope (Olympus CX 41) and images were 
digitized using a CCD camera (Micrometrics 
DSC 3000). For the histological study, from six 
to ten images were analyzed per fish. Eight sec-
ondary lamellae were viewed per image and any 
occurrences of the following histological abnor-
malities were noted: hyperplasia of the gill fila-
ment epithelium, lamellar hypertrophy, edema, 
lamellar fusion and deformation and epithelial 
lifting of gill filament. For each fish, the frequen-
cy of lamellae with each type of abnormality 
was estimated, as was the overall frequency of 
abnormal lamellae. Additionally, the total num-
ber of abnormalities was used to calculate the 
mean number of abnormalities per lamella.
Data were expressed as mean ± standard de-
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viation. Differences between sampling sites 
were evaluated using one-way analysis of vari-
ance (ANOVA) followed by the Tukey test and 
different sampling periods at the same site were 
compared using the T-test. The level of signifi-
cance was set at p≤0.05. All analyses were con-
ducted using the statistical package for social 
sciences (SPSS) for Windows, version 18.0.

results
The results of fish collected during the winter re-
vealed all seven types of gill abnormalities; only 
lamellar deformation was not observed at site 
3 and hyperplasia of the gill filament epithelium 
was observed at site 1 only. Figure 1 shows im-
ages of normal secondary lamella, hyperplasia 
and epithelial lifting of gill filament.
There were no significant differences between 
the three sites in samples collected during the 
winter considering the frequencies of the indi-
vidual types of lamellar abnormalities, as well as 
the overall frequency of abnormal lamellae and 
the mean number of abnormalities per lamella 
(Table 1). At all three sites, more than 65 % of la-
mellae exhibited some type of abnormality, with 
around 1.2 abnormalities per lamella.

In summer, fish exhibiting lamellar deforma-
tion were not observed (Table 1). In this sam-
pling period significant differences between 
sampling sites were observed for the frequency 
of lamellae with hypertrophy (p =0,01) and for 
the overall frequency of abnormal lamellae (p = 
0.046). The frequency of lamellae with hypertro-
phy at site 3 was significantly higher than at site 
2, while site 1 did not differ from sites 2 and 3. 
The overall frequency of abnormal lamellae dif-
fered significantly between sites 1 and 3 (69% 
vs. 41%), but neither of these two were different 
from site 2 (61% of abnormal lamellae).
Comparison of results for fish captured in winter 
with those captured in the summer at the same 
sampling sites revealed significant differences 
for all three sites (Table 1). In all cases, higher 
frequencies of abnormalities were observed in 
winter samples than in summer samples. At site 
1, there was a difference in the frequency of la-
mellar deformation (p = 0.038), at site 2 the fre-
quencies of lamellar hypertrophy differed (p = 
0.013) and at site 3 the number of abnormalities 
per lamella was different (p = 0.025).

Discussion
Pollution is defined as undesirable alterations 
in the environment that can have harmful con-
sequences for organisms. Water resources 
have been impacted by discharge of high lev-
els of pollutants resulting from anthropogenic 
activities. In this context, biological responses 
to stress induced by pollutants can be used as 
early warnings signs of toxic effects (Flores-
Lopes and Thomaz 2011). Gills are vital struc-
tures for fish health and consequently abnor-
malities to these structures can damage the 
animal and can be used as indicators of envi-
ronmental contamination.
In the present study, abnormalities observed in 
the gills of A. jacuhiensis were used as potential 
biomarkers of water quality in the Ijuí River. This 
species feeds on insects, zooplankton, algae, 
plants and the eggs of other fish and can toler-
ate physical and chemical variations to water 
(Bemvenuti and Moresco 2005). Therefore, the 
species is a good choice for assessment of the 
water column and suspended or dissolved ma-
terials. Nascimento et al.  (2012) observed that 
the water column dweller Oligosarcus hepse-
tus (Cuvier 1829) had gills most susceptible to 
changes, making the species more suitable for 
assessing environmental quality in rivers.
The results observed for this species demon-
strated that about 60% of secondary lamellae 

Figure 1. Histological sections of gills of 
A. jacuhiensis stained with HE. (A) General view 
of gills, presenting primary (PL) and secondary 

(SL) lamellae with no alterations from fishes 
captured in the summer at the site 3. (B) Epithelial 

lifting and hyperplasia of gill filament (arrow) 
observed in the animals from site 1 in the winter. 

(C) Secondary lamella exhibiting hypertrophic 
cells (arrowhead) in the gills of fishes from site 2, 
collected in the winter. (D) Secondary filaments 
from site 3 from fishes obtained in the winter 

showing less hyperplasia (asterisk).  Bars = 10 µm.
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presented alterations and the most frequent 
changes in the gills were hyperplasia of epithe-
lium, followed by lamellar hypertrophy, edema, 
lamellar fusion and epithelial lifting of gill fila-
ment. Most gill damage is either direct, as a re-
sult of the action of pollutants on the cells, or 
indirect, caused by defense or compensatory 
mechanisms (Wendelaar-Bonga 1997).
The frequencies of abnormalities observed in 
gills from A. jacuhiensis did not exhibit differ-
ences between sample points at either of the 
two sample times, suggesting that, in terms of 
their effects on gills, the environmental condi-
tions in the Ijuí River were similar at all three 
sites. Edema and epithelial lifting were ob-
served at all three sites and are the first signs 
of serious abnormalities in gills (Tophon et al.  
2003). Henares et al.  (2008) observed lamel-
lar fusion, edema and epithelial lifting of gill 
filaments in gills of Oreochromis niloticus af-
ter exposure to the herbicide Diquat. Consid-
ering that the primary economic activity in the 
Ijuí River basin is agriculture, it is possible that 
some of the abnormalities observed in gills of 
A. jacuhiensis are the result of exposure to pes-
ticides. However, different irritants may cause 
almost identical lesions and gill structural dam-
age may merely reflect a generalized stress re-
sponse rather than toxicant- or parasite-spe-
cific responses (Mallatt 1985; Haaparanta et 
al.  1997). At all three sites, samples collected 
during the winter exhibited significantly higher 
values for one of the histological parameters 
analyzed, which indicates temporal variation 

in xenobiotic concentration and/or composi-
tion along the entire extent of the Ijuí River, with 
winter exhibiting more stressful conditions. The 
data reported here are similar to findings from 
another study that also observed more severe 
damage to fish gills during the winter (Camargo 
and Martinez 2007).
Field studies using biomarkers offer the advan-
tage of only quantifying pollutants that are bio-
logically available and can integrate the effects 
of multiple stressors (Adams 1990). Morpho-
logical parameters are higher-level responses 
following chemical and cellular interaction and 
are generally indicative of irreversible dam-
age. Histopathological alterations in the gills 
of A. jacuhiensis proved to be a very suitable 
biomarker for in situ studies, since seasonal 
or temporal variation was detected at all three 
sampling sites. However, caution should be 
taken in interpreting these results because the 
number of samples by region and season are 
small to establish definitive conclusions.
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