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ABSTRACT 
 
Piaractus mesopotamicus is a freshwater native fish from rivers of the Paraná-Paraguay Basin and of the Pantanal 
region and has been used for repopulation programs in Brazil. Juvenile fishes were exposed to the sub-lethal dose 
of 1.08mg/L of the OP Azodrin®400 containing 0.43µL/L of the active principle monocrotophos for 96 h. A frequent 
pathology in the gills at all times of exposure was epithelial detachment, from minimal until 24 h of exposure, to 
intense after 48 h of contamination. Deformed pillar cells in the respiratory lamellae leading to irregular blood 
spaces and blood congestion, as well as hyperplasia and lamellar fusion were observed. These histopathologies 
suggested that 48 h after T0 was an important time when a reduction in the capability for gaseous exchange with 
consequent weakening of the fishes’ condition could occur. This could impair growth and development of juveniles 
introduced in water bodies for repopulation programs.  
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INTRODUCTION 
 
Among the known pesticides, organophosphates 
(OPs) are extensively used in agriculture all over 
the world (Pehkonen and Zhang, 2002; Rodrigues 
and Fanta, 1998; Saleha Banu et al., 2001; Samuel 
and Sastry, 1989; Sogorb and Vilanova, 2002; 
Thangnipon et al., 1995).  
The OP used in this study was Azodrin®400 that 
contained the active principle monocrotophos. 
Azodrin®400 belongs to the toxicological class II, 
being considered highly toxic to birds, bees, and 
aquatic organisms (Cavero 1982; Gelmini et al., 

1986; Cheremisinoff and King, 1994; Larini, 
1999; Ramos 1999; SEAB, 2002). It is used in 
cotton, beans, soy, corn, maize, peanuts, coffee 
and potato plantations (Ramos, 1999; SEAB, 
2002). This OP is widely used in the state of 
Paraná (Brazil) as is reported by the Secretariat of 
Agriculture and Supply of the State Paraná. These 
plantations are usually near to freshwater bodies 
such as rivers and lakes that contain rich aquatic 
biodiversity. Contamination of the water bodies 
occurs mainly by aerial pulverization, accidental 
spills, and rain water drainage. Therefore, non-
target aquatic animals may be exposed to the 
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insecticide in levels that can vary from sub-lethal 
to acute and lethal (Thangnipon et al., 1995).  
According to Fanta et al. (2003) many pesticides 
that remain at sub-lethal levels in the aquatic 
environment for shorter or longer periods are not 
detected because they do not cause the immediate 
death of fish. However, at sub lethal levels, OP 
pesticides can change significantly some 
physiological and biochemical processes, and even 
the morphology of several tissues when they enter 
the fish organism (Silva et al, 1993; Sancho et al., 
1992). 
Fish gills are sensitive to many classes of chemical 
pollutants dissolved in water because they are in 
direct contact with the aquatic environment, and 
any damage in their structure can interfere with 
respiration and the ionic homeostasis (Machado 
and Fanta, 2003; Van den Heuvel et al., 2000). 
Histological alterations constitute excellent 
biomarkers of exposure to toxicants because they 
represent the result of biochemical and 
physiological changes (Hinton et al., 1989). The 
most common injuries in gills are epithelial 
detachment (Machado and Fanta, 2003; Mallatt, 
1985; Richmonds and Dutta, 1989; Schwaiger et 
al., 2004), hyperplasia (Annune and Ajike, 1999; 
Dutta et al., 1993; Fanta et al., 2003; Oliveira 
Ribeiro et al., 1996), fusion of secondary lamellae 
(Capinpin, 1994; Karan et al., 1998; Thophon et 
al., 2003) and aneurysm (Stentiford et al., 2003; 
Thophon et al., 2003; Van den Heuvel et al., 
2000). 
Piaractus mesopotamicus is a freshwater native 
fish from tropical and subtropical rivers of the 
Paraná-Paraguay Basin and from flooded areas of 
the Pantanal region (State of Mato Grosso, Brazil) 
(Severi et al., 1997; Lima et al, 1998). Adults that 
may weigh up to 20 kg become target of sport 
fishery or are kept in fish farms for fish-and-pay 
activities (Projeto Pacu, 2003). There is also a 
program for the introduction of juvenile fish reared 
in fish farms into rivers, in order to raise the levels 
of fish populations and to guarantee that there is 
enough fish for commerce and for game.  
Therefore, the present work had the aim of using 
P. mesopotamicus juveniles’ gills as biomarkers, 
to study the morphological alterations which could 
occur in the branchial tissue after acute exposure 
to sub-lethal concentrations of monocrotophos. 
The results obtained from the bioassays might help 
to understand the effects of this OP on the health 
of individuals, and to foresee what would be the 
consequences of the presence of low 

concentrations of this product to the fish 
population.  
 
 
MATERIALS AND METHODS 
 
The experimental fish 
Juvenile freshwater fish P. mesopotamicus 
(Holmberg, 1887) (Pacu, Pacu-caranha or 
Caranha) (4.3 ± 0.6 cm total length and 1.4 ± 0.6 g 
weight) were obtained from a fish farm that 
provided a homogeneous sample of fish that had 
never been in contact with any kind of pollutant.  
Fishes were acclimated for one week in several 
37L aquaria filled with filtered, dechlorinated, 
constantly aerated tap water, and controlled 
environmental conditions (temperature 26.5ºC ± 
1.0, pH 7.4 ± 0.25, photoperiod 14 h light/10 h 
dark). All the individuals were fed once a day with 
commercial food.  
 
The product 
Azodrin®400 (BASF) is a commercial product that 
contains 40% of the active principle 
monocrotophos (phosphate of cis-(2-
methylcarbomol-1-methylvinyl)-dimethyl) and 
60% of inert components. The technical product 
has two isomers: the isomere α that is biologically 
active and characterized as insecticide (SEAB, 
2002) and the isomere trans that is inert (Mariconi, 
1980). This highly toxic product has a strong 
smell, and displays a brownish colour, being 
soluble in water, acetone (Larini, 1999) and 
alcohol (Mariconi, 1980).  

 
Determination of the LC50 
After the acclimation period, 120 juveniles of P. 
mesopotamicus were exposed for 96 h to the 
following concentrations of monocrotophos: 2.4, 
1.2, 0.6 and 0.3µL/L (corresponding to 6.00 mg/L, 
3.00 mg/L, 1.50 mg/L and 0.75 mg/L of 
Azodrin®400). All tests were carried out under a 
fume. The control group was kept uncontaminated.  
Each aquarium that was contaminated with one of 
the concentrations of monocrotophos contained 20 
fishes, and there were also two control aquaria 
containing 20 fishes each. The static test followed 
a standardized protocol (ABNT, 1993; CETESB, 
1990; Gherardi-Goldstein et al., 1990; IAP, 1997). 
The amount of monocrotophos was calculated 
according to the weight of fish contained in each 
aquarium. Fishes were fed once a day with 
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commercial food and the abiotic conditions were 
the same as for acclimation. 
All the fishes were alive after 96 h of exposure to 
concentrations lower than 0.6µ/L of 
monocrotophos and no control fish died in the test. 
For the bioassays, a randomly chosen sub lethal 
dose of 0.43µL/L of monocrotophos 
(corresponding to 1.08 mg/L of the commercial 
product Azodrin®400) was used. 
 
Bioassays  
Aquaria were contaminated with the sub-lethal 
dose of 0.43µL/L of monocrotophos. Toxicity tests 
with 140 fishes were carried out under the same 
abiotic conditions as for acclimation.  
P. mesopotamicus were contaminated at the initial 
time T0, and maintained in the same water for 96 
h. The control group was kept uncontaminated for 
the same period.  
Ten experimental fishes and 10 control fishes were 
sacrificed at each of the following times of 
exposure to the OP: 1, 4, 12, 24, 48, 72 and 96 h 
after T0.  
 
Histology 
For light microscopy (LM), the second right gill 
arch of P. mesopotamicus was sampled and fixed 
in Alfac (16 h), dehydrated in graded 
concentrations of ethanol, embedded in Paraplast 
Plus, and 5µm sections were stained with 
hematoxylin and eosin (H.E.) (Clark, 1981). The 
images were captured with an Olympus 
photomicroscope connected to a computer that had 
the Image-Pro Express program. Histological 
features were identified, measured when 
appropriate and counted in relation to the number 
of lamellae. Only those secondary lamellae that 
were complete, from base to tip, were considered 

for analysis. For each experimental fish and 
control fish, 10 images containing 10 complete 
lamellae were analyzed.   
For transmission electron microscopy (TEM), 
samples of the second left gill were fixed in 
Karnovsky (Culling et al., 1985), post-fixed in 
osmium tetraoxyde 2% in cacodylate buffer 0.2 M, 
pH 7.2 for 1 h. The material was contrasted in 
blocks with aqueous uranyl acetate 2%, 
dehydrated in graded series of ethanol and 
embedded in Epon 812 resin (Luft, 1961). The 
ultra-thin sections were contrasted with uranyl 
acetate 2% (Watson, 1958) and with a solution of 
lead nitrate (Reynolds, 1963). Micrographs were 
captured with an electron microscope JEOL 1200 
EX II (Electron Microscopy Centre of the Federal 
University of Paraná). 
 
Statistical Analyses 
The numerical results obtained after evaluation of 
histopathologies, in all experimental periods, were 
compared with those of the control. Each 
experimental period was compared to all the 
others. The numerical results were expressed in 
mean ± standard error. The statistical treatment of 
the results was carried out through ANOVA, 
followed by the Tukey test with 95% of 
significance for the comparison among the 
averages of the groups. For the non-parametric 
data, the Kruska-Wallis test with 95% of 
significance was applied. The level of significance 
adopted was p<0.05.  
 
 
RESULTS 
 
Table 1 shows the results of test for determination 
of Azodrin® 400 

 
 
Table 1 - Concentrations of Azodrin® 400 to determination  of the LC50.  

N◦ Peixes Mortos    
Dose Azodrin 0h 24h 48h 72h 96h 
0,00mg/L  0 0 0 0 0 
6,00mg/L 0 0 5 8 10 
3,00mg/L 0 0 0 0 1 
1,50mg/L 0 0 0 0 0 
0,75mg/L 0 0 0 0 0 

 
 
The gills of P. mesopotamicus had the structure 
reported for teleost fish. Each primary lamella had 
two rows of secondary lamellae. These were 

covered by squamous epithelial cells, sustained by 
pillar cells that presented cytoplasm flanges that 
enclosed the blood spaces (Fig. 1A, 2A). 
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The following histopathologies were analysed and 
compared to the control gills (Fig. 1A): epithelium 
detachment (separation between the epithelium of 
the secondary lamella and the basal membrane 
showing interstitial fluid infiltration or oedema), 
classified as minimal (less than 50% of 
detachment in one side of the secondary lamella), 
soft (less than 50% of detachment in both sides of 
the secondary lamella), moderate (more than 50% 
of detachment in one side of the secondary 

lamella), severe (up to 50% of detachment in one 
side of the secondary lamella and less than 50% in 
the other), and intense (more than 50% of 
detachment in both sides of the secondary lamella) 
(Fig. 1B,C); hyperplasia (proliferation of cells of 
the interlamellar epithelium and the respiratory 
epithelium); lamellar fusion (Fig. 1D); and 
aneurysm (dilation of the blood spaces showing 
congestion of blood cells, and damaged pillar 
cells). 

 
 

 
 
Figure 1 - Branchiae of Piaractus mesopotamicus (LM, staining H.E.). A – Control. Symbols: 

ep = epithelium; SL = secondary lamella; s = blood space; p = pillar cell; PL = 
primary lamella; bar = 10 µm. B, C and D – histopathologies. Symbols: arrow head = 
minimum detachment; white arrow = moderate detachment; * = severe detachment; 
arrow = lamellar fusion and hyperplasia; bar = 10 µm. 

 
 
After 24 h of exposure to the OP secondary 
lamellae started showing more frequent 
detachments of epithelia cells than in control gills, 
and also intracellular oedema (Fig. 2B). Oedema 
and detachments became severe after 48 h of 

exposure to the OP and epithelial cells were in a 
degenerative process. There was also a breakdown 
of pillar cells and disorganization of blood spaces 
(Fig. 2C, D).  
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Figure 2 - Details of pillar cells and epithelium of Piaractus mesopotamicus in secondary 

lamellae. (TEM). A - control; B, C and D - Experimental. B - 24 h, C - 48 h and D - 
96 h after T0. Symbols: star = pillar cells; arrow = basal membrane; arrow head = 
blood space; white dot = epithelial cell; circle = epithelial detachment with oedema. 

 
 
 
The different levels of epithelial detachment and 
oedemas displayed, as consequence an increase of 
the distance between the external cell membrane 
of epithelial cells and the blood space in the 
secondary lamellae, if compared to the control 

lamellae (Fig. 3A). This became more serious 
from 24 h after T0 onwards and was extreme 96 h 
after T0 (Fig. 2D; 3D). In spite of this there were 
many regions of the secondary lamellae where the 
epithelium was still squamous (Fig. 3B, C, D). 
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Figure 3 - Changes in the distance for dissolved oxygen diffusion (arrow with two heads) from 
water (circle) through epithelial cells to reach the blood space with erythrocytes 
(white arrow) surrounded by pillar cells (star) in Piaractus mesopotamicus. (TEM). A 
– control, B – 24, C – 48 and D – 96 h after contamination with the OP 
monocrotophos.  

 
 
 

These changes occurred along the entire secondary 
lamellae (Fig. 4), leading to changes of blood 
spaces and congestion of blood cells 96 h after T0 
(Fig. 4C, D). 
Besides epithelial detachments, and oedema, other 
pathologies were hyperplasia, lamellar fusion, 

(Fig. 1D) and aneurisms, that appeared from 4 h 
after T0 onwards, but in a very small proportion of 
secondary lamellae, and not in significantly 
different quantities among times of exposure (Fig. 
5A, B, C, D).  
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Figure 4 - Tip of secondary lamella in Piaractus mesopotamicus. (TEM). A – Control, B – 24, C and D - 

96 h after contamination with the OP monocrotophos. Symbols: star = pillar cell; white arrow 
= blood space containing erythrocytes; arrow head = epithelial detachment and oedema; thin 
arrow = epithelia cell. 

 
 
 

DISCUSSION 
 
The LC50 of monocrotophos for P. mesopotamicus 
after acute exposure to the commercial product 
Azodrin®400 was between 1.2 and 2.4 µL/L. 
Therefore, juveniles P. mesopotamicus were more 
susceptible to the presence of monocrotophos in 
the environment than some other species such as 
Oreochromis niloticus where the LC50 was 
4.9mg/L of monocrotophos (Thangnipon et al., 

1995), and Anabas testudineus where LC50 was 
even higher (19 mg/L) (Santhakumar et al., 1999). 
This shows the importance of studies with 
different species, including native species of 
regions potentially affected by OPs, because the 
level of sensitivity varies among them. It also 
shows that great care has to be taken to avoid 
contamination in regions where P. mesopotamicus 
occurs or may be introduced.  
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Figure 5 - Frequency of histopathologies in gills of Piaractus mesopotamicus exposed to sub 

lethal level of monocrotophos. A: hyperplasia; B: fusion of secondary lamellae; C: 
Aneurisms; D: Intensive epithelium detachment. (stars = significant difference 
(p<0.01) in relation to the 48 h group). 

 
 

Morphological biomarkers are useful tools for the 
determination of the effect of pollutants on fish. 
Gills are considered the most vulnerable organ to 
the changes in the aquatic environment (Dutta et 
al., 1996), because they are in direct contact with 
the surrounding water that may contain OPs and, 
consequently, they are the first entrance door for 
these and other pollutants (Machado and Fanta, 
2003). Detailed description of each pathology, 
mainly through electron microscopy, and the 
quantification of the pathologies observed in the 
gills of P. mesopotamicus in the present study 
allowed an evaluation of the degree of damage and 
the potential consequences for the fish. According 
to Bernet et al. (1999), a quantification of injuries 
in a histopathological investigation can be done 
through practicable statistics, but the 
morphological description of the injuries is 
essential and should be added to the quantification 
methods.  
The epithelial detachment was the most frequent 
morphological alteration in the secondary lamellae 
in all tested times of exposure to monocrotophos. 

In Mallatt’s review (1985) the detachment of the 
epithelium was the most often described alteration. 
According to the author, this alteration occurs 
more in freshwater fishes than in marine fishes. 
This implies in an increase in the diffusion 
distance of oxygen, as seen in P. mesopotamicus 
that condition can affect the respiration of the fish, 
even resulting in their death (Dutta et al., 1993). 
Several studies have described acute exposure of 
fishes to other OPs such as malathion (Capinpin, 
1994; Richmonds and Dutta, 1989), diazinon 
(Dutta et al., 1993) and methyl parathion (Fanta et 
al., 2003; Machado and Fanta, 2003). 
Considering that the extent of the epithelial 
detachments may be related to the seriousness of 
the consequences for the fish, they were described 
and classified in this study from minimal to severe 
and intense. The proportion of lamellae with 
severe detachment increased with the time of 
exposure, becoming more frequent 48 h after T0 
onwards, but diminishing in frequency, 96 h after 
contamination. However, the extent of each 
detachment and of disorders of the epithelial cells 
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was most impressive at that time. This was also 
observed by Richmonds and Dutta (1989) in 
Lepomis macrochirus after 48 h of exposure to the 
OP Malathion, and by Fanta et al. (2003) in 
Corydoras paleatus. This possibly occurs because 
freshwater fishes are hyperosmotic in relation to 
the environment, what favours the influx of water 
through the lesioned epithelium, increasing the 
hydropsy, and consequently the epithelial 
detachment (Machado and Fanta, 2003). Such 
condition increases the distance that the toxic 
substances have to travel to reach the blood 
stream, and therefore epithelial detachment could 
be considered as a defence mechanism against the 
entrance of excessive water pollutants after 48 
hours of exposure (Dutta et al., 1993). 
Consequently, in P. mesopotamicus, there was a 
reduction in the number of branchial lamellae with 
intense detachment after 72 h of exposure to 
monocrotophos, probably because less pollutant 
entered the branchial epithelium, allowing a 
possible start of recovery of the epithelial tissue. 
The same was observed after 96 h of exposure to 
the OP methyl parathion in Corydoras paleatus 
(Fanta et al., 2003). 
Hyperplasia of the epithelial cells was more 
frequent after 24 h of exposure. It was also 
observed in gills of fish which were contaminated 
with metals such as copper (Arellano et al., 1999), 
cadmium (Thophon et al., 2003), mercury 
(Oliveira Ribeiro et al., 1996), and with OPs such 
as diazinon (Dutta et al., 1993), dimethoate 
(Annune and Ajike, 1999), and methyl parathion 
(Fanta et al., 2003; Machado and Fanta, 2003). 
According to Machado and Fanta (2003) the cell 
proliferation in the interlamelar region reduces the 
respiratory surface and makes gaseous exchanges 
more difficult. 
Fusion of secondary lamellae that was observed in 
the gills of the P. mesopotamicus resulted in an 
even higher reduction of the total respiratory area 
of the gills, and as a result, there was a reduction 
of the capacity of oxygen capture, causing hypoxia 
(Ojha et al., 1989; Karan et al., 1998). Fusion of 
secondary lamellae was equally observed in gills 
of Lepomis macrochirus after 72 h of exposure to 
the OP malathion (Richmonds and Dutta, 1989), as 
well as in fishes contaminated with metals such as 
mercury (Oliveira Ribeiro et al., 1996), copper 
(Arellano et al., 1999), or cadmium (Thophon et 
al., 2003). 
Aneurysms were observed in few secondary 

lamellae of P. mesopotamicus gills. According to 
van der Heuvel et al. (2000), aneurysms in the 
branchial tissue probably result from the death of 
the pillar cells and, consequently, the loss of the 
structural integrity of secondary lamellae and the 
accumulation of blood cells. The pillar cells 
observed in P. mesopotamicus were 
morphologically modified slightly after 48 hours 
and intensively 96 h after exposure to the OP, and 
consequently the blood spaces became 
disorganized.  
Hyperplasia, lamellar fusion and aneurysm were 
always higher in the experimental than in the 
control group, but the differences were not 
statistically significant, suggesting that the sub- 
lethal dose was in fact very low and did not cause 
extensive injuries to the branchial tissue of P. 
mesopotamicus. 
Juvenile P. mesopotamicus exposed to sub lethal 
concentrations of the OP monocrotophos are, in 
comparison to other species, very sensitive to this 
product, being the sub lethal level was very low. 
The sub lethal concentration 0.43µL/L is quite 
below 0.60µL/L where no fish dyed after 96 h of 
contamination. It was randomly chosen for the 
present tests because the aim to detect if in such a 
low level of contamination there would still be 
seen morphological changes in the gills of the 
fishes, which could imply in consequences for 
their life fitness. As the present study has shown, 
this was the case. 
The injuries observed in P. mesopotamicus gills 
were not exclusive for monocrotophos or OPs in 
general, but were noteworthy because they could 
result in at least temporary respiratory difficulties, 
which might affect the metabolism of several 
organs. Based on the present results, it could be 
suggested that 48 h after a sub-lethal 
contamination with monocrotophos, those was a 
critical moment for P. mesopotamicus juveniles, 
because several histopathology symptoms 
appeared or became more intense. 
Considering that the fishes tested were juveniles 
and had not yet had the opportunity to reproduce, 
the high sensitivity to the product suggested that 
good care has to be taken in order to not eliminate 
the populations when this OP was used near to 
water bodies in which the species occured. Care 
should also to be taken when introducing these 
fishes in water bodies that eventually could 
become contaminated with OPs. 
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RESUMO 
 
Piaractus mesopotamicus é um peixe de água doce 
encontrado na Bacia Paraná-Paraguai e na região 
do Pantanal, tendo sido usado em programas de 
repovoamento no Brasil. Peixes juvenis foram 
expostos por 96 horas à dose sub-letal de 
1.08mg/L do organofosforado (OP) Azodrin®400 
que contém 0,43µL/L do principio ativo 
monocrotofós. A patologia freqüente nas 
brânquias foi o descolamento epitelial que variou 
de mínimo nas primeiras 24 horas a severo ou 
intenso após 48 horas de contaminação. 
Deformações e degeneração de células pilares nas 
lamelas respiratórias levando à formação de 
espaços sanguíneos irregulares e congestão 
sanguínea, hiperplasia e fusão lamelar também 
foram observadas. Sugere-se que 48 horas após o 
T0 é um tempo crítico após exposição a níveis 
subletais de OP, pois a capacidade de trocas 
gasosas poderá ter diminuído, levando ao 
enfraquecimento dos peixes. Os sintomas poderão 
prejudicar o desenvolvimento dos juvenis 
introduzidos em corpos de água em programas de 
repovoamento.   
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