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Abstract

The fish Prochilodus lineatus (Characiformes, Prochilodontidae), in addition to be-
ing a good bioindicator, is also of economic and ecological importance with a broad
distribution in the neotropics. Ecotoxicology examines the interaction between en-
vironmental chemistry and biota; and in this study we assess alterations of bile and
glycogen levels in the fish liver, organ responsible for detoxification, biotransforma-
tion and storing nutrients, such as glycogen, and for secreting bile. Fish were sepa-
rated in three groups to examine the damage caused by the exposure to waters from
Lago Azul-Rio Claro-SP and containing diluted biodegradable detergents in compari-
son to a control group (chlorinated water from an artesian well of UNESP-Campus Rio
Claro). A histological analysis was performed on HE and PAS stained sections. The
identification of structural changes and the assessment of the area occupied by bile
and glycogen were carried out with the software Image]J, showing that the liver was
affected morphologically (cell vacuolization, peripherals nuclei, for example) and
problems in bile release and production and storage of glycogen.
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1. Introduction

The genus Prochilodusis widely distributed in the neotropics, is characterized by aver-
age-to-large body size, detritivory, rheophily and migration capacity during the pira-

cema spawning season. Thirteen species have been currently described and are locally
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known in Brazil as curimbatd, curimba, curimatd-pacu (Silva [1]). The species Prochi-
lodus lineatus is widely distributed throughout the basin of Parana-Paraguai Rivers and
Paraiba do Sul River (southeast coast of Brazil). It has a high aquaculture potential due
to its low production cost, and is an economically attractive alternative. In the Parand
River Basin, schools of 60 to 80,000 individuals have been reported (Barbieri, et al [2]),
indicating the potential of this species for the fishing industry. Because of these charac-
teristics, its well described biology and sensitivity to pollutants, this species is suitable
for toxicity tests (Maduenho, et al [3]).

According to Mumford, et al. [4], the fish liver is a relatively large organ. Its color
ranges from red-brown in carnivore species to light brown in herbivore species, and it
can also vary from yellow to white in some seasons of the year, depending on the fish’s
diet.

The liver is a highly irrigated organ, due to its role in processing and storing nu-
trients absorbed from the digestive tract, neutralizing and eliminating toxic compounds
by biotransformation and bile secretion. This organ consists basically of hepatocytes,
which are polyhedral cells with six or more surfaces (Gerber, et al [5]); and Kupfer
cells. Because it is the main organ responsible for the detoxification of xenobiotics, the
liver may undergo changes, as it normally accumulates higher concentrations of toxic
substances (Maduenho, et al [3]).

Identified stages of liver degeneration in P. /ineatus are exposed to DFB (diflubenzu-
ron). According to these authors, Stage I is characterized by clusters of melano macro-
phages (with cellular and nuclear hypertrophy) and nuclei of hepatocytes displaced to-
ward the periphery. In Stage II, cytoplasmic degeneration observed is associated with
nuclear vacuolization, bile stagnation and pyknotic nuclei (Maduenho, et al [3]). Ac-
cording to Simonato, et al [6], fish exposed to pollutants, such as petroleum, can exhi-
bit modifications in the liver, such as hypertrophy and lateral displacement of the nuc-
leus, vacuolization and cytoplasmic degeneration, among others. Jiraungkoorskul, et al.
[7] conducted toxicological studies with herbicides and observed vacuolization and
nuclear pyknosis in the liver and dilation of the Bowman’s space in the kidneys of the
fish Oreochromis niloticus. In a similar study, (Aguiar, et al. [8]) reported that fenitro-
thion, another type of herbicide, caused a decrease in glycogen levels in the liver and
muscles of the fish Anguilla anguilla. Most morphological lesions, such as hyperplasia,
induced by water contaminants are non specific. However, cells are extremely suscepti-
ble to them (Maduenho, et al. [3]).

According to Bols, et al [9] [10], fish are especially important in ecotoxicological
studies. With approximately 20,000 different species occupying all aquatic niches, fish
are the most diversified group of vertebrates. Thus, the understanding of the effects of
pollutants on fish can provide a framework for the assessment of the degradation level
of aquatic habitats and also help predict possible impacts for human health. Toxic
agents are usually discharged in aquatic habitats in several ways, which humans can be
exposed to. Since several biological systems have been preserved throughout evolution,
the effects on fish may signal future impacts on human health. Therefore, fish can be
used as models for ecotoxicological studies, given their economic importance. For the
fishing industry, not only the health of certain target species is of extreme importance,

but also of the remaining species is considered critical for the maintenance of fishing
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stocks. The species examined in the present study, P. lineatus, is extremely important,
although not for the fishing industry, but rather in recreational fishing, which promotes
mental health (Campos, et al [11]).

Based on the information about the damage caused by the absorption of toxic com-
pounds by fish in disturbed habitats, it is possible to better understand the relationship
among different ecological levels and how they affect the human population that uses
this species in recreational fishing and for consumption. Therefore, we examined possi-
ble alterations in the liver tissue, focusing on quantifying bile and glycogen levels in the
fish P. lineatus.

Thus, the present study provides important information for the population living
near Lago Azul, as it involves a disturbed urban area and the effects of common pollu-
tants, such as biodegradable detergents, on the environment. It also quantifies bile and
glycogen levels for the first time in ecotoxicological studies of fish. This will allow a
deeper understanding of the effects of pollutants on fish and shed light on possible

bioindicators to be analyzed and quantified.

2. Material and Methods

It was collected 36 specimens of Prochilodus lineatus at ICMBio/CEPTA-Pirassununga,
Sdo Paulo, Brazil. Fish were divided into three groups of 12 animals and maintained in
three 500-1 polyethylene boxes at 25°C, exposed to three different conditions, control
(G1), detergent (1 ppm), (G2), and Lago Azul (G3). These treatments were chosen due
to the growing concern of the possible effects caused by biodegradable detergents and
also the water from Lago Azul (2°24'39"S, 47°33'39"E) Rio Claro-SP, which according to
studies carried out by SABESP (water and waste management company owned by Sao
Paulo state), is polluted.

Histological analysis was conducted with a Leica DM2000 microscope fitted with a
DEFC 280 Leica camera. Images were captured with the software Leica IM50 and ana-
lyzed with the software Image] 1.44e (Figure 1 and Figure 2).

Fish were sampled twice after 7 and 20 days of experiment. Six fish of each group
were anesthetized with 0.01% benzocaine, a total of 18 fish was sacrificed in each sam-
pling. The liver was removed, fixed with Bouin and processed for historesin and PAS
and H-E staining, following [12]. The material was examined under light microscope
with a 40x objective lens and a Leica DM 2000 camera attached. Analysis was carried
out with the software Image] 1.44e. Averages obtained from 5-6-pm sections were cal-
culated for each individual. From each section, 5 regions were chosen depending on the
type of analysis. For quantitative analysis of bile, regions near bile ducts were chosen, as
bile is stored to be later discharged into the duct. To quantify glycogen, five regions
distant from large vessels were chosen in order to analyze the largest number of hepa-
tocytes as possible. Statistical analysis was carried out with the software BioStat 5.0 and
normality was assessed with the Shapiro-Wilk test, and compared with the Kruskal-
Wallis/Dunn test [12].

3. Results

The results obtained in the analysis of the total area occupied by bile are presented in
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Figure 1. Quantification of glycogen has been processed by Image] software (Free software, http://rsb.info.nih.gov/ij).

Table 1. At Day 7, a significant difference was observed between G1 and G2 when
compared to G3 (p < 0.05). At Day 20, a significant difference (p < 0.05) was observed
only when G1 and G3 were compared. No differences were observed when G2 was
compared to the other two groups.

Fish of G3 at Days 7 and 20 had less glycogen stored when compared to individuals
of other groups (Table 1). At Days 7 and 20, glycogen levels in G1 and G3 were signifi-
cantly different (p < 0.05), as well as in G2 and G3 at Day 7.

Vacuoles were observed in G2 (Figure 3(c) and Figure 3(d)) at Days 7 and 20. In the
latter, in addition to vacuoles, bile levels were lower when compared to that of G1
(Figure 3(a) and Figure 3(b)). In G3 (Figure 3(e)) at Days 7 and 20, liver damage was
similar to the observed in G2 at Day 20, but the decrease in bile levels was more prom-
inent. At Day 20, G3 exhibit a significant increase in vacuolization and decrease in bile
levels.

Regarding the quantification of glycogen granules, the analysis could not be carried
out, as the control group exhibited several small granules of glycogen that could not be
differentiated by the software, making the analysis unfeasible. The results obtained
demonstrated that the exposure to pollutants can produce serious damage to the liver
tissue and other organs, as the capacity to store glycogen, the main energy source for
the organism, decreases (Figure 4).

In G2 at Day 20 (Figure 4(d)) glycogen area significantly decreased (p < 0.05) when
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Figure 2. Quantification of bile had been been processed by Image] Software (Free software, http://rsb.info.nih.gov/ij).

Table 1. The table shows the average of bile and glycogen in um? calculated under magnification of 400x, for each group in 7 and 20 days
and the statistic results (p) when compared with the control group. Note the decrease o bile area in G3 group and the decrease of glycogen
area in G2 after 20 days and in G3 during all the experiment.

Gl G2 G3
7 days 20 days 7 days 20 days
7 days 20 days
Average P Average P Average P Average P
21421.3333 19508.5000 19860.0000 11300.0000 4440.0000 4669.5000
Bile >0.05 >0.05 <0.05 <0.05
(SD-3428.1802) (SD-4596.4867) (SD-3825.4420) (SD-3715.1306) (SD-02502.22568) (SD-3575.3098)
46646.5000 47614.3333 32253.1667 22643.3333 17687.1667 10143.8333
Glycogen >0.05 <0.05 <0.05 <0.05
(SD-989.0569) (SD-2200.4646) (SD-2957.0761) (SD-4306.6625) (SD-2395.0835) (SD-1861.2162)

compared with those of G2 at Day 7 and the control group (Figure 4(a) and Figure
4(c), respectively), and early signs of cytoplasmic vacuolization are observed. In G3
(Figure 3(e) and Figure 3(f)), vacuolization reached its highest level when compared
with groups G2 at Days 7 (Figure 4(c)) and 20 (Figure 4(d)) and G3 at Day 7 (Figure
4(e)). Also, fish of G3 at Days 7 and 20 exhibited less glycogen stored (p < 0.05) when
compared with individuals of other groups (Table 1).

4. Discussion

According to Maduenho, ef al. [3], liver damage can be classified into three stages. The
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Figure 3. (A) and (B)—Aspect of the liver stained with H-E of the con-
trol group after 7 and 20 days of experiment respectively. (C) and (D)
—Aspect of the liver of the detergent group after 7 and 20 days of expe-
riment respectively. (E) and (F)—Aspect of the liver of the Lago Azul
group after 7 and 20 days of experiment respectively. Note that the
presence of bile (arrows) decreases in (C), (D), (E) and (F) and that in
(D), (E) and (F) it is possible to visualize a vacuolization of the hepato-
cytes (stars).

first stage is characterized by the presence of clusters of melano macrophages and cel-
lular and nuclear hypertrophy. In the second stage, nuclear vacuolization is observed
along with cytoplasmic and nuclear degeneration, bile stagnation, and pyknotic nuclei.
In the third stage, alterations impair liver functions, such as processing and storing nu-
trients absorbed from the digestive tract, neutralization and elimination of toxic sub-
stances by biotransformation of chemicals, and bile secretion. Based on these characte-
ristics and the results presented in Table 1, we suggest that in addition to bile stagna-
tion, the area occupied by bile decreases, as observed in G3 at Days 7 and 20.

Another characteristic observed in G2 at Day 20 and G3 at Days 7 and 20 was cytop-
lasmic vacuolization, which displaced nuclei to the periphery of the cell, as also re-
ported by Pereira, et al [12]. Of the three stages described by Meyers, et al [13] and
Maduenho, ef al. [3], we observed features that characterized the first two stages.

In a similar to xicological study, (Aguiar, et al [8]) showed that in Anguilla anguilla,
fenitrothion reduced levels of glycogen in the liver, in ultrastructural analyses of hepa-

citos Tilapiatilapia. Oreochromis niloticus exposed to urban pollution, showed drastic
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Figure 4. Aspect of the liver stained with PAS of the control group after
7 and 20 days of experiment respectively. (C) and (D)—Aspect of the
liver of the detergent group after 7 and 20 days of experiment respec-
tively. (E) and (F)—Aspect of the liver of the Lago Azul group after 7 and
20 days of experiment respectively. Note that the concentration of gly-
cogen (arrows) decreases in the groups’ detergent and lagoazul through-
out the experiment.

reduction of Glycogent (Vutukuru, et al [14], Abdel-Moneim [15]), also observed in
our study in G2 on the 20th, had a significant decrease in glycogen granules in relation
to G2 on Day 7 and the corresponding control group. In G3, the area occupied by gly-
cogen was lower when compared with individuals from other relevant groups.

In G2 and G3, cytoplasmic vacuolization was observed and was more prominent in
G3 at Day 20 when compared with G2 at Days 7 and 20 and G3 at Day 7.

In the present study, bile and glycogen levels decreased in the liver of the fish P. /i
neatus, demonstrating that cells exposed to pollutants lost their capacity to produce this
secretion and store nutrients. The damage caused by toxic compounds affects the diges-
tive process and the glycogen reserves of these individuals. This suggests that other tis-
sues might also be damaged, but in a longer term.

Our findings present relevant information, as it involves a disturbed urban area (La-
go Azul), and examines the effect of common pollutants in the environment, such as
biodegradable detergents. In addition, it also assesses bile and glycogen levels for the

first time in ecotoxicological studies of fish. These compounds are important for the
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digestion and storage of nutrients in fish, allowing a better understanding of the effects

of pollutants in this species and shedding light to possible bioindicators to be analyzed

and quantified.
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