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Abstract 
Fish populations are sensitive to environmental impact resulting from many factors, as an intro-
duction of exotic species, industrial or residual waste, oil spills, pesticides or other agents that can 
directly affect the ecology and species survival. Astyanax altiparanae is pelagic and active swim-
mer specie and can have serious implications on its way of life as changes in muscle structure of 
fish may occur since the presence of pollutants in the water. In this study we analyze the altera-
tions in Muscle and collagen fibers of the pectoral muscles and pollutants exposed flows contained 
in water with biodegradable detergents, and water coming from the Blue Lake, River clear-SP 
(2˚24'39"S, 47˚33'39"E) diluted. Effects of these exposures were analyzed during the period of 
seven and thirty days. Compared with acclimatized fish (Astyanax altiparanae) with pure water 
from an artesian well, the muscle fibers morphology and collagen concentration on them have 
changed due to the exposure to urban pollutants and biodegradable detergents.  
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1. Introduction 
Muscle tissues generate and transmit power and can be formed by several types of muscle cells such as skeletal, 
cardiac or smooth muscle cells. Fish muscles are mostly striated, comprising from 40% to 75% of the animal’s 
weight [1] [2]. In fish, muscle fibers are distributed in different areas or compartments, while in mammals there 
is mosaic pattern of distribution [1]. Another important characteristic of the fish muscular system is multiply- 
innervated contractile fibers. Involving these fibers is connective tissue which holds them together and myo-
meres are separated by connective tissue sheaths called myosepts [3], though architectural details such as mus-
cular and connective tissue anatomy and tissue relations in myomeres are not well known. Collagen is the main 
constituent of connective tissue in fish muscles. Firmness of the muscle is directly related to its collagen content 
[4] [5]. Skeletal muscle constitutes the majority of edible parts of fish and in addition, striated muscle includes 
muscles associated with fin movement [6]. Physiological roles of red muscle are different from those of white 
muscle. Red muscle is laterally located in the animal’s body, it extends toward the spine and turns dark red in 
sites of high myoglobin concentration [3] [7]. In fish, red muscle has a higher lipid content than white muscle, a 
greater number of mitochondria per cell and higher respiratory rate; red fibers are aerobic with slow contraction 
[8]. Red muscle is used to power slow sustainable swimming, however, when swimming speed increases, there 
is progressive recruitment of white muscle, representing a power reserve for short high speed swimming [9]. In 
some species of fish white muscle is an important fraction of an animal’s total mass, and may represent from 80% 
to 100% at a given point of a transversal section. White muscle is responsible for short, strong bursts of motion, 
which occur during food capture or predator escape. White fish muscles have low amounts of mitochondria, 
lower respiratory rates and get fatigued faster than red fibers; furthermore, they are anaerobic, with glycolytic 
metabolism [1] [8]. Red/white fiber ratio in a fish’s body is related to lifestyle, thus pelagic fishes have higher 
proportions of red fibers while white muscle fibers predominate in benthic fishes [7] [10]. This dependence on 
swimming speed and lifestyle reflects a flexibility in muscle morphology that makes it useful as a tool for envi-
ronmental assessment, especially in cases where swimming speed can be impaired by pollutant exposure. Our 
target specie, Astyanax altiparanae, also known as yellow tail lambarior tambiú, is commonly consumed, how-
ever its commercial value is only average due to its small size, despite its great ecological value as foraging spe-
cie [11] [12]. The specie is characterized by a silver body, with a ventral region, gray dorsal region and yellow 
caudal, anal and pelvic fins, with the rest being hyaline or slightly yellow [13]. Fish populations are sensitive to 
a variety of environmental impacts including oil spills, pesticides and industrial residues, which can directly af-
fect ecology and survival. Our urban contaminants come from a lake located in an urban area of the city of Rio 
Claro (SP-Brazil) called Lago Azul (2˚24'39"S, 47˚33'39"E). The lake was formed by an impoundment of a 
stream called “Servidão”, located in the same area and currently receives a high dose of contaminants from ur-
ban sewage and industrial residues. One of the most common water contaminants are biodegradable detergents 
and the majority of detergents in the market are dodecyl benzene sodium sulfonate-based [14]. Although biode-
gradable detergents are considered mild, they are under criticism. In this study, we analyzed morphological 
changes in red and white fibers of the pectoral and tail muscle of Astyanax altiparanae exposed to biodegradable 
detergents and polluted water from an urban lake. 

2. Material and Methods 
Sixty individuals of Astyanax altiparanae were kept in three 500 liters aerated polyethylene water tanks, twenty 
individuals in each tank. One group (treatment 1) was exposed to water from the urban lake (Lago Azul), anoth-
er (treatment 2) was exposed to a 1ppm dilution of ten brands of biodegradable detergent And the control group 
was exposed to clean, chlorinated water from an artesian well at UNESP-Campus of Rio Claro. Specimens were 
sampled after 7 and 30 days of exposure. They were anesthetized with 0.1 g benzocaine diluted in 1 ml of etha-
nol per 100 ml of deionized water. Fragments were extracted from pectoral and caudal muscles, fixed with 
Bouin’s solution, dehydrated in alcohol, embedded in historesin and sectioned with Leica’s RM2245 microtome. 
[15] 

2.1. Muscle Fiber Diameter 
Diameter variations in muscle fibers were analyzed in Hematoxylin-Eosin stained slides, prepared according to 
Paulete and Beçak [16]. Five images of five cross sections of each individual were captured with Leica DM2000 
microscope in 100× magnification and a total of 800 muscle fibers were measured with ImageJ© (Figure 1(D)). 
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Figure 1. Quantitative analysis of the images through software ImageJ. (A) fish muscle stained with picrosirius, showing 
collagen fibers in 100× magnification; (B) fish muscle stained with picrosirius, showing collagen-occupie areas marked and 
quantified on ImageJ©; (C) fish muscle stained with picrosirius in polarized light with type I (red) and type III (green) col-
lagen areas defined and quantified with ImageJ©; (D) fish muscle stained with H.E., showing fiber diameter measured in 
ImageJ©.                                                                                              

2.2. Quantitative Analysis of Collagen Fibers 
Two photos per section were analyzed in slides stained by Picrosirius’s method according to Pearse [17] in 
bright field polarized light with a Leica DM2000 microscope. The area occupied by total collagen and the area 
occupied by type I and III collagen differentiated by polarization was measured in ImageJ© and statistically 
compared (Figures 1(A)-(C)). 

2.3. Chemical Analysis Of Water 
Water samples from all groups were analyzed by the laboratories of the Geology Department of UNESP—Cam- 
pus of Rio Claro (Laboratório de Análise de Águas do Departamento de Geologia Aplicada do Instituto de Geo-
ciências e Ciências Exatas), following the rules of the Standard Methods for the Examination of Water and 
Wastewater for the parameters described below: 

Metal determination was performed by ICP-AES for Mg, Ca, Sr, Ba, Cr (t), Mn, Fe, Co, Ni, Cu, Zn, Cd, Si, P 
(t) and Pb. Anions: F-, Cl-, NO2, NO3, PO4, SO4, 2ClO− , acetate and oxalate plus cations Li, Na, NH4 and K 
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were determined by ionic chromatography. Analyzes of pH, conductivity, total alkalinity and carbonate were 
performed by potentiometric titration. 

Assessment of actual surfactant concentration was performed in all experimental groups for LAS (linear alkyl 
benzene sulfonate, a common surfactant of household detergents [14]) by chromatographic analysis in HPLC 
Agilent Technologies 1200 series, with fluorescence detector at consulting company (Global Análise & Consul-
toria-São Carlos-SP-Brazil). 

2.4. Statistical Analysis 
Measurements of muscle fiber diameter and quantified collagen area were tested for normality with Shapiro 
Wilk and the means were compared by Kruskal-Wallis/Dunn’s test in Biostat 5.0©. 

3. Results 
3.1. Water Analysis 
Treatments 1 and 2 showed alkaline pH, rising from pH 5.39 in control to pH 6.04 in detergent dilution and to 
pH 7.17 in urban lake water, due to an increase in 3HCO−  concentration, which ranged from 1.2 mg∙L−1 in con-
trol to 4.9 mg∙L−1 in detergent dilution and 59.3 mg∙L−1 in lake water. The detergent group also showed signifi-
cant increase in Na (20.1 mg∙L−1), and Ni (0.066 mg∙L−1) compared to the other groups, and in 2NO−  (1.15 
mg∙L−1) compared to control only. Water samples showed increased F- (0.40 mg∙L−1), Cl (mg∙L−1) and Fe con-
centrations (0.16 mg∙L−1) compared to the other groups, and increase in 2NO−  concentration (0.86 mg∙L−1) 
compared to control. Regarding LAS concentration, detergent dilution had 0.375 mg∙L−1 of surfactant and lake 
water sample, 0.33 mg∙L−1 of surfactant. 

3.2. Muscle Fiber Diameter 
Diameter measures of white caudal muscle fibers of fish exposed to pollutants for 7 days showed no statistical 
differences when compared to control group (Figure 2 and Figure 3). However, white pectoral muscle fibers  
 

 
Figure 2. Photomicrograph of caudal and pectoral muscle with exposure of 7 days for treatments (1) and (2) stained with 
hematoxylin and Eosin. (A) White muscle caudal exposed to treatment with biodegradable detergents; (B) white muscle 
caudal control treatment; (C) red muscle caudal exposed to treatment with biodegradable detergents; (D) red muscle Caudal 
control treatment; (E) white pectoral muscle exposed to treatment with biodegradable detergents; (F) pectoral muscle white 
control treatment; (G) red pectoral muscle exposed to treatment with biodegradable detergents; (H) pectoral muscle red con-
trol treatment; (I) white caudal muscle exposed to treatment with water Lago Azul; (J) white muscle caudal control treatment; 
(K) red white muscle caudal exposed to treatment with water Lago Azul; (L) red muscle caudal control treatment; (M) white 
pectoral muscle exposed to treatment with water Lago Azul; (N) pectoral muscle white control treatment; (R) red pectoral 
muscle exposed to treatment with water Lago Azul; (S) pectoral muscle red control treatment.                           
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Figure 3. Photomicrograph of caudal and pectoral muscle with exposure of 30 days for treatments (1) and (2) stained with 
hematoxylin and Eosin. (A) White muscle caudal exposed to treatment with biodegradable detergents; (B) white muscle 
caudal control treatment; (C) red muscle caudal exposed to treatment with biodegradable detergents; (D) red muscle Caudal 
control treatment; (E) white pectoral muscle exposed to treatment with biodegradable detergents; (F) pectoral muscle white 
control treatment; (G) red pectoral muscle exposed to treatment with biodegradable detergents; (H) pectoral muscle red con-
trol treatment; (I) white caudal muscle exposed to treatment with water Lago Azul; (J) white muscle caudal control treatment; 
(K) red white muscle caudal exposed to treatment with water Lago Azul; (L) red muscle caudal control treatment; (M) white 
pectoral muscle exposed to treatment with water Lago Azul; (N) pectoral muscle white control treatment. (R) red pectoral 
muscle exposed to treatment with water Lago Azul; (S) pectoral muscle red control.                                     
 
showed a significant difference of p < 0.05 in detergent groups and p < 0.01 in lake water group (Figure 4 and 
Figure 5). There was an increase of fiber diameters in detergent groups compared to control. Red caudal mus-
culature showed no statistical difference among groups, but red pectoral muscle showed significant reduction (p 
< 0.05) in groups exposed to detergent). Statistical analysis of muscle fibers, in red and white caudal muscle and 
in red and white pectoral muscle of the fishes that were exposed to pollutants during the period of 30 days (Time 
2) showed no significant difference with p = 0.5225 in white caudal muscle, p = 0.7834 in white pectoral muscle, 
p = 0.2558 in red caudal muscle and p = 0.7897 in red pectoral muscle. 

3.3. Quantification of Collagen Fibers 
Statistical analysis showed no significant difference in collagen area in white and red caudal muscle fibers and 
white and red pectoral muscle fibers exposed to pollutants for 7 days, with p = 0.0947 in white caudal muscle, p 
= 0.587 in white pectoral muscle, p = 0.06 in red caudal muscle, p = 0.0319 in red pectoral muscle (Figure 4 
and Figure 5). Similarly, statistical analysis showed no difference for 30 days of exposure in any of the groups: 
white caudal muscle p = 0.2636, white pectoral muscle p = 0.5841, red caudal muscle p = 0.0616 and red pec-
toral muscle p = 0.1504. 

3.4. Type I and Type III Collagen Total Area 
Statistical analysis showed significant decrease (p < 0.01) in type I collagen area for 7 day exposure of white 
caudal muscles in both contaminated groups. Red pectoral muscle also showed significant decrease in type I 
collagen area in groups exposed to detergent (p < 0.05) and to lake water (p < 0.01). Red caudal musculature 
showed no significant differences in any statistical comparison (p = 0.0572) and red pectoral muscle fibers, 
showed a significant reduction of type I collagen in groups exposed to lake water (p < 0.01). Caudal muscle fi-
bers showed no statistical differences in type III collagen area in any of the groups (p = 0.736). White pectoral  
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Figure 4. Analyze quantitative muscle and collagen fibers, and area occupied by fibers of collagen type I and III with expo-
sure to 7 days treatment (1) and (2).                                                                              
 
muscle fibers showed a significant decrease in type III collagen area (p < 0.01) on both detergent and lake water 
groups when compared to control group. Regarding red caudal muscle, no significant differences were found 
between groups (p = 0.0709) and there was no type III collagen in red pectoral muscle fibers (Figure 4 and 
Figure 5). 

Exposure to pollutants for 30 days caused a decrease of type I collagen area in white caudal muscle fibers in 
both contaminated groups, while white pectoral muscle fibers showed statistical difference in collagen area in 
any of the groups. Red caudal muscle only showed statistical difference when compared to groups exposed to 
detergent. Red pectoral muscle fibers showed significant reduction of type I collagen area in groups exposed to 
lake water, but not in groups exposed to detergent. Exposure to lake water and detergent for 30 days caused no 
significant variation in type III collagen area in any of the muscles analyzed (Figure 4 and Figure 5). 

4. Discussion 
According to Barillet et al. [17], morphometric analysis of muscle tissue can be a reliable indicator of uranium 
toxicity and probably of other types of toxicity such that of detergents and other pollutants found in contami-
nated urban lakes, as the one we studied. In fact, our experiments showed small differences in muscle fibers af-
ter seven days of treatment and support the use of muscle morphology as a tool for toxicity assessment. Muscle 
injuries are potentially inducible markers of environmental contamination and degenerative traits such as muscle 
atrophy, broken myofibrils, swollen sarcolemma lnucleous and sarcoplasmic reticulum have been described as 
symptoms of exposure to contaminants such as pesticides and metals [17]. Thus, significant variations found in 
muscle fiber measurements from seven days of exposure could indicate a possible dilation due to pollutants in 
the water as can be confirmed by the data of white pectoral muscles. Studies have shown the presence of types I 
and type V collagen in several species of fish, but in Salmoirideus only type I collagen was detected in muscu-
lature [18]. Collagen is a major constituent of intramuscular connective tissue in fish and it has an important role 
in the texture of meat from these animals [5]. Intramuscular connective tissue degradation causes softening of  
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Figure 5. Analyze quantitative muscle and collagen fibers, and area occupied by fibers of collagen type I and III with expo-
sure to 30 days treatment (1) and (2).                                                                            
 
fish muscle. Thus, changes in collagen in muscle fibers can have serious implications for the animal and the 
quality of the meat [19]. Our results did not indicate significant changes in total collagen-occupied area in pol-
lutant-exposed individuals. In bones, type I collagen is abundant, although types III and V are also present in 
smaller amounts [20]. Similarly, regarding muscles, our experiments showed that between type I and type III 
collagens, type I collagen was significantly more abundant in both red and white muscle. 

5. Conclusion 
Muscular-tissue morphology of Astyanax altiparanae changed due to exposure to urban pollutants and biode-
gradable detergents. Changes in fiber diameter were observed in white and red muscles and in caudal and pec-
toral muscles. There were also significant differences in collagen-occupied area for types I and III collagen, 
which makes muscle fiber morphology a useful tool for environmental assessment. 
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