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Introduction
According to Pough et al. [1], most of aquatic vertebrates have 

gills, which are specialized structures for gas exchange, placed in the 
pharyngeal pouches in fish. According to Pough et al. [1], the water 
flow is usually unidirectional, entering through the mouth, passing over 
the gills and exiting through the operculum. The vascular arrangement 
of gills maximizes the exchange of oxygen; each gill filament has two 
vessels: the afferent vessel, which extends from the gill arch to the tip of 
the filament, and the efferent vessel, which returns blood to the gill arch 
[1]. The gills, which should be permeable to oxygen and carbon dioxide, 
are also permeable to water and as a result, most of the movements of 
water and ions occur through the gill surface. 

The gill epithelium coats the gill arch, rakers, filaments and 
interlamellar regions, it is stratified and composed of several cell 
types (pavement cells, mucus-secreting cells, chloride cells and non-
differentiated supporting cells), as well as taste buds [2]. The chloride 
cells are large, scattered on the lamellar surface, rich in mitochondria 
and act in the transportation of active ions [2,3]. Moreover, due to a 
large number of mitochondria in these cells, they are also known as 
mitochondria-rich cells or MRC [4].

According to Evans [4], since the beginning of physiological 
studies, numerous articles have demonstrated that chloride cells may 
express active Na-K-ATPase in a variety of teleosts. As reported by 
Perry [3], several studies have suggested that chloride cells are active 
sites for the regulation of ion transport in marine and freshwater fish, 
especially in marine fish, in which ion transportation can account 
for a substantial portion of energy budget, due to the hydrolysis of 
ATP by the various ion-transport ATPases. Under unfavorable ionic 
conditions or in contact with toxic agents, the chloride cells proliferate 
in the filaments and gill lamellar surface [3]. According to Perry and 
Walsh [5], these cells have higher metabolic rate than the others found 
in gill, and the metabolic rate of the rest of the organ directly affects 
the population of chloride cells, which may generate their proliferation.

According to Nilsson [6], if on one hand a large surface facilitates 
gas exchange, on the other hand, it can cause several problems, 
including energetically unfavorable fluxes of water and ions. The author 

continues stating that as a result, fish appear to have a respiratory 
surface area matched to their oxygen demands.

When faced with changes in the need for oxygen uptake, for 
example through altered physical activity or altered ambient oxygen 
levels, fish have long been known to make two different adjustments: 1) 
change the water flow over the gills or 2) change the blood flow inside 
the gills [6]. Moreover, it has recently become clear that at least some 
teleosts have a third option: reversibly remodel the gill morphology [6]. 
In this context, the analysis of morphological changes is an efficient 
tool for diagnosing and identifying the physiological consequences of 
sublethal contamination [7]. 

This article aimed to identify the effects of urban pollutants in 
the fish species Prochilodus lineatus, which was chosen because its 
importance as a neotropical sensible specie and as a food resource. 

Material and Methods
Individuals of the fish species Prochilodus lineatus were used in 

the present study, divided into three groups of 10 individuals each and 
each group was housed in a polyethylene box of 500 liters. The animals 
were fed with the same diet used at CEPTA - Chico Mendes Institute, 
location where the animals were collected. Temperature and oxygen 
levels were controlled by a system of recirculated water in each box to 
make sure only the water remained as a difference between the groups. 
The control group (referred as control) was exposed to provenly pure 
water from the well of UNESP - Rio Claro - SP. The second group 
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(referred as Blue Lake) was exposed to water of the lake “Lago 
Azul”, located in Rio Claro - SP - Brazil. The third group (referred as 
detergent) was exposed to a dilution in the proportion of 1:1,000,000 of 
a mixture of biodegradable detergents from various brands,that have as 
in common the compound linear alkylbenzene sulfonates (LAS).

Few studies deal with the toxicity values of biodegradable 
detergents, and according to Roy [8], LD50 values for various groups 
of fishes range from 7 ppm to 22.5 ppm. In such study, Roy [8] used 
a dilution of 1 ppm in order to detect histological changes in very low 
levels of pollutant agents, considering that it is already expected that 
changes occur in higher levels and that dilutions of detergent in rivers 
should not exceed this value.

The analyzed materials were collected after the exposure periods of 
one week and twenty days. Before sacrifice, which was accomplished 
to collect the organs, the animals were anesthetized with benzocaine 
solution (0.1 g benzocaine in 1 mL of ethyl alcohol per 100 mL of water) 
to minimize animal suffering during the process of dissection. The gills 
of 6 animals of each group were fixed in aqueous Bouin and prepared 
for historesin techniques with reactions in HE, PAS, Picrocirus Red, 
and Feulgen, and fixed in neutral formalin for Von Kossa technique. 

The mucous and chloride cells were counted among 10 secondary 
lamellae and the count was repeated five times in each individual on 
each group. The results were submitted to the normality test of Shapiro 
– Wilk and the difference between the groups was analyzed with 
Kruskal-Wallis/Dunn, in the software Biostat 5.0.

To validate the experiment, all the protocols were performed in 
duplicate.

Results
Analysis showed secondary lamellae fusion and changes in gill 

morphology on individuals exposed to polluted environments, both 
in the detergent group and in the Blue Lake group throughout the 
experiment (Figure 1).

The technique of Picrosirius Red showed that only the detergent 
group exhibited increase in the amount of collagen around the cartilage 
found in the primary lamella, after twenty days of experiment (Figure 
2A).

The slides submitted to the Feulgen reaction showed increase in 
the nucleus size of epithelial cells, which are found at the edges of 
hypertrophied secondary lamellae, both in the detergent and in the Blue 
Lake group (Figure 2B).

In order to analyze chloride and mucous cells (Figure 3), a cell 
count was necessary. In Von Kossa technique [9], it was observed 
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Figure 1: A and B – Aspect of the gill of the control group after 7 and 20 
days of experiment respectively stained with H-E.  C and D - Aspect of the 
gill of the detergent group after 7 and 20 days of experiment respectively 
stained with H-E. E and F - Aspect of the gill of the Blue Lake group after 
7 and 20 days of experiment respectively stained with H-E. Notice the 
lamellar fusion (arrows) and hyperplasia (asterisk).
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Figure 2: A – Aspect of the gill of the control group after 7 and 20 days 
of experiment stained with Picrocirius Red.  B - Aspect of the gill of the 
detergent group after 20 days of experiment stained with Picrocirius 
Red. C- Aspect of the gill of the Blue Lake group after 7 and 20 days of 
experiment stained with Picrocirius Red. Notice an increase in the reaction 
in the detergent group, which represents deposition of more collagen in 
the gill.  D - Aspect of the gill of the control group after 7 and 20 days of 
experiment stained with Feulgen.  E - Aspect of the gill of the detergent 
group after 7 and 20 days of experiment stained with Feulgen. F- Aspect of 
the gill of the Blue Lake group after 7 and 20 days of experiment stained with 
Feulgen.  Notice an increase of nucleus size (arrows) and disorganization of 
the nucleus in the lamellar fusion area (asterisk).  
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Figure 3: A – A mucous cell (arrow) in the gill evidenced by the PAS 
technique. B – Chloride cells (arrows) evidenced by the Von Kossa 
technique.
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chloride cells proliferated in the Blue Lake group with P greater than 
0.01, in both periods of the experiment. 

In the detergent group, such proliferation was observed only after 
twenty days of exposure, with P greater than 0.01. These cells were 
identified due to their dark-colored granules in the cytoplasm and were 
located among the secondary lamellae and, in some cases, found in 
the secondary lamella, according to Pereira and Caetano [9]. As was 
recorded for the observation of chloride cells, the count of mucous cells 
with PAS technique showed a proliferation of these cells in all periods 
of the experiment and in the two groups exposed to pollutants, with P 
greater than 0.01 (Table 1). 

Discussion
According to Torres and Christofoletti [10] lamellar fusion may 

have a protective function, because it decreases the gill surface. On the 
other hand, epithelial hyperplasia, as well as its detachment, might have 
a defensive function because they increase the distance that substances 
in the water have to travel to reach the bloodstream.

Therefore, the lamellar fusion found in all groups exposed to 
pollutants in this experiment demonstrated an attempt of the organism 
to prevent further absorption of pollutants. Moreover, morphological 
changes in secondary lamellae were recorded which according to 
Perry and Laurent [11] can be considered attempts to retain some 
physiological functions, and may be evidenced by the change in nucleus 
size in the terminal regions of secondary lamellae. These results were 
also found by other authors, such as the study of Jiraungkooskul et al. 
[12], in which proliferation of secondary lamellae cells, hyperplasia, 
lamellar fusion and aneurysms in gill were the main results obtained 
after exposure to herbicides.

In addition, the increase in the amount of collagen found in 
the gills of individuals exposed to detergent may be considered as a 
modification of the gill structure in order to maintain its integrity and 
physiological functions, knowing that collagen keep the form of the 
filament, helping cartilage and bones in gill structure.

According to Perry [3], several studies have suggested that chloride 
cells are active sites for the regulation of ion transport in marine and 
freshwater fish, especially in marine fish, in which ion transportation 
can account for a substantial portion of the energy budget, due to the 
hydrolysis of ATP by the various ion-transport ATPases (including 
Na+/K+-ATPase, high-affinity Ca2+-ATPase and perhaps the poorly-
defined Cl-/HCO3

—ATPase). Under unfavorable ionic conditions or in 
contact with toxic agents, chloride cells proliferate in the filaments and 
in the gill lamellar surface [3]. As pointed out by Bindon et al. [13], one 
of the most often studied and physiologically important morphological 
adjustments involves significant variation in number and/or size of 
chloride cells. These findings were confirmed in this experiment which 
recorded the proliferation of chloride cells, highlighting an attempt of 
the organisms to regulate ionic imbalance caused by pollutants in the 
environment.

According to Breseghelo et al. [14], mucous cells in the gill 

epithelium of fish are responsible for secreting a layer of glycoproteins 
and glycolipids, which is one of the protection mechanisms of the 
epithelium. As indicated by Torres and Christofoletti [10], the mucus 
acts as a barrier, establishing a protective function and it is also 
important in facilitating ionic regulation. In this study, we identified 
mucous cells proliferation, whose main function seems to be to 
establish a protective barrier against the intake of pollutants, which was 
also confirmed by all the changes recorded. Such proliferation was also 
reported by Breseghelo et al and Biagini et al. [14,15] in studies using 
acute exposure to pollutants, as was the case of this work. According 
to Takashima and Hibiya [16], mucus accumulation on the gill surface 
may lead to a decrease in gas exchange efficiency. Thus the proliferation 
observed might be increasing the damage to gill filaments, taking 
into account the possible decrease in oxygen levels in the cells of gill 
filaments, which would cause several damages and even lead to cell 
death. 

Conclusion
From these results we concluded that contaminants contained 

in the tested polluted environments, such as the urban lake water, 
generated morphological changes in the fish gills, which might often 
be considered as attempts of the organism to avoid direct contact with 
pollutants. However, these changes may weaken the main functions of 
the gills, such as gas exchange, and lead to ionic imbalance suggested by 
the proliferation of chloride cells. 
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