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ABSTRACT

Piaractus mesopotamicissa freshwater native fish from rivers of the Parana-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 Azodfit00 containing 0.43pL/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 aftep 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 1986; Cheremisinoff and King, 1994; Larini,
1999; Ramos 1999; SEAB, 2002). It is used in
Among the known pesticides, organophosphatesotton, beans, soy, corn, maize, peanuts, coffee
(OPs) are extensively used in agriculture all oveand potato plantations (Ramos, 1999; SEAB,
the world (Pehkonen and Zhang, 2002; Rodrigue2002). This OP is widely used in the state of
and Fanta, 1998; Saleha Banu et al., 2001; Samugarana (Brazil) as is reported by the Secretariat of
and Sastry, 1989; Sogorb and Vilanova, 2002Agriculture and Supply of the State Parana. These
Thangnipon et al., 1995). plantations are usually near to freshwater bodies
The OP used in this study was Azo8400 that such as rivers and lakes that contain rich aquatic
contained the active principle monocrotophosbiodiversity. Contamination of the water bodies
Azodrin®400 belongs to the toxicological class Il,0occurs mainly by aerial pulverization, accidental
being considered highly toxic to birds, bees, angpills, and rain water drainage. Therefore, non-
aquatic organisms (Cavero 1982; Gelmini et altarget aquatic animals may be exposed to the
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insecticide in levels that can vary from sub-lethatoncentrations of this product to the fish
to acute and lethal (Thangnipon et al., 1995). population.

According to Fanta et al. (2003) many pesticides

that remain at sub-lethal levels in the aquatic

environment for shorter or longer periods are NnoMATERIALS AND METHODS

detected because they do not cause the immediate

death of fish. However, at sub lethal levels, OPrhe experimental fish

pesticides can change significantly somejuvenile freshwater fishP. mesopotamicus
physiological and biochemical processes, and evg®lolmberg, 1887) (Pacu, Pacu-caranha or
the morphology of several tissues when they enteTaranha) (4.3 + 0.6 cm total length and 1.4 + 0.6 g
the fish organism (Silvat al, 1993; Sancho et al., weight) were obtained from a fish farm that
1992). provided a homogeneous sample of fish that had
Fish gills are sensitive to many classes of chemicalever been in contact with any kind of pollutant.
pollutants dissolved in water because they are iRishes were acclimated for one week in several
direct contact with the aquatic environment, and7L aquaria filled with filtered, dechlorinated,
any damage in their structure can interfere witltonstantly aerated tap water, and controlled
respiration and the ionic homeostasis (Machadenvironmental conditions (temperature 26.5°C +
and Fanta, 2003; Van den Heuvel et al., 2000). 1.0, pH 7.4 + 0.25, photoperiod 14 h light/10 h
Histological alterations constitute excellentdark). All the individuals were fed once a day with
biomarkers of exposure to toxicants because theyommercial food.

represent the result of biochemical and

physiological changes (Hinton et al., 1989). Therhe product

most common injuries in gills are epithelial Azodrin®400 (BASF) is a commercial product that
detachment (Machado and Fanta, 2003; Mallatsontains 40% of the active principle
1985; Richmonds and Dutta, 1989; Schwaiger ahonocrotophos (phosphate of cis-(2-
al., 2004), hyperplasia (Annune and Ajike, 1999methylcarbomol-1-methylvinyl)-dimethyl) and
Dutta et al.,, 1993; Fanta et al., 2003; Oliveiras0% of inert components. The technical product
Ribeiro et al., 1996), fusion of secondary lamelladas two isomers: the isomexehat is biologically
(Capinpin, 1994; Karan et al., 1998; Thophon etctive and characterized as insecticide (SEAB,
al., 2003) and aneurysm (Stentiford et al., 20032002) and the isometeansthat is inert (Mariconi,
Thophon et al,, 2003; Van den Heuvel et al.1980). This highly toxic product has a strong
2000). smell, and displays a brownish colour, being
Piaractus mesopotamicus a freshwater native soluble in water, acetone (Larini, 1999) and
fish from tropical and subtropical rivers of thealcohol (Mariconi, 1980).

Parana-Paraguay Basin and from flooded areas of

the Pantanal region (State of Mato Grosso, Brazilpetermination of the LCx,

(Severi et al., 1997; Limat al, 1998). Adults that After the acclimation period, 120 juveniles Bf
may weigh up to 20 kg become target of sportnesopotamicusvere exposed for 96 h to the
fishery or are kept in fish farms for fish-and-payfollowing concentrations of monocrotophos: 2.4,
activities (Projeto Pacu, 2003). There is also 4.2, 0.6 and 0.3uL/L (corresponding to 6.00 mg/L,
program for the introduction of juvenile fish reared3.00 mg/L, 1.50 mg/L and 0.75 mg/L of
in fish farms into rivers, in order to raise the levelsAzodrin®400). All tests were carried out under a
of fish populations and to guarantee that there iime. The control group was kept uncontaminated.
enough fish for commerce and for game. Each aquarium that was contaminated with one of
Therefore, the present work had the aim of usinghe concentrations of monocrotophos contained 20
P. mesopotamicupiveniles’ gills as biomarkers, fishes, and there were also two control aquaria
to study the morphological alterations which coulccontaining 20 fishes each. The static test followed
occur in the branchial tissue after acute exposurg standardized protocol (ABNT, 1993; CETESB,
to sub-lethal concentrations of monocrotophos1990; Gherardi-Goldstein et al., 1990; IAP, 1997).
The results obtained from the bioassays might hefphe amount of monocrotophos was calculated
to understand the effects of this OP on the healthccording to the weight of fish contained in each
of individuals, and to foresee what would be theaquarium. Fishes were fed once a day with
consequences of the presence of low
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commercial food and the abiotic conditions werdor analysis. For each experimental fish and
the same as for acclimation. control fish, 10 images containing 10 complete
All the fishes were alive after 96 h of exposure tdamellae were analyzed.

concentrations lower  than 0.6p/L  of For transmission electron microscopy (TEM),
monocrotophos and no control fish died in the tessamples of the second left gill were fixed in
For the bioassays, a randomly chosen sub lethKlarnovsky (Culling et al.,, 1985), post-fixed in
dose of 0.43uL/L of  monocrotophos osmium tetraoxyde 2% in cacodylate buffer 0.2 M,
(corresponding to 1.08 mg/L of the commerciapH 7.2 for 1 h. The material was contrasted in

product Azodrift400) was used. blocks with aqueous wuranyl acetate 2%,
dehydrated in graded series of ethanol and
Bioassays embedded in Epon 812 resin (Luft, 1961). The

Aquaria were contaminated with the sub-lethalltra-thin sections were contrasted with uranyl

dose of 0.43uL/L of monocrotophos. Toxicity testsacetate 2% (Watson, 1958) and with a solution of
with 140 fishes were carried out under the samkad nitrate (Reynolds, 1963). Micrographs were
abiotic conditions as for acclimation. captured with an electron microscope JEOL 1200
P. mesopotamicusere contaminated at the initial EX Il (Electron Microscopy Centre of the Federal

time Ty, and maintained in the same water for 98Jniversity of Parand).

h. The control group was kept uncontaminated for

the same period. Statistical Analyses

Ten experimental fishes and 10 control fishes wer€he numerical results obtained after evaluation of
sacrificed at each of the following times ofhistopathologies, in all experimental periods, were
exposure to the OP: 1, 4, 12, 24, 48, 72 and 96dompared with those of the control. Each

after T,. experimental period was compared to all the
others. The numerical results were expressed in
Histology mean * standard error. The statistical treatment of

For light microscopy (LM), the second right gill the results was carried out through ANOVA,
arch of P. mesopotamicugas sampled and fixed followed by the Tukey test with 95% of
in Alfac (16 h), dehydrated in graded significance for the comparison among the
concentrations of ethanol, embedded in Paraplaaverages of the groups. For the non-parametric
Plu$, and 5um sections were stained withdata, the Kruska-Wallis test with 95% of
hematoxylin and eosin (H.E.) (Clark, 1981). Thesignificance was applied. The level of significance
images were captured with an Olympusadopted was p<0.05.

photomicroscope connected to a computer that had

the Image-Pro Express program. Histological

features were identified, measured wherRESULTS

appropriate and counted in relation to the number

of lamellae. Only those secondary lamellae thaTable 1 shows the results of test for determination
were complete, from base to tip, were consideredf Azodrin® 400

Table 1 - Concentrations of Azodrin® 400 to determination of theg,L.C

No Peixes Mortos
Dose Azodrin Oh 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. mesopotamicukad the structure covered by squamous epithelial cells, sustained by
reported for teleost fish. Each primary lamella hagbillar cells that presented cytoplasm flanges that
two rows of secondary lamellae. These werenclosed the blood spaces (Fig. 1A, 2A).
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The following histopathologies were analysed andamella), severe (up to 50% of detachment in one
compared to the control gills (Fig. 1A): epitheliumside of the secondary lamella and less than 50% in
detachment (separation between the epithelium ofie other), and intense (more than 50% of
the secondary lamella and the basal membrametachment in both sides of the secondary lamella)
showing interstitial fluid infiltration or oedema), (Fig. 1B,C); hyperplasia (proliferation of cells of
classified as minimal (less than 50% ofthe interlamellar epithelium and the respiratory
detachment in one side of the secondary lamellagpithelium); lamellar fusion (Fig. 1D); and
soft (less than 50% of detachment in both sides @neurysm (dilation of the blood spaces showing
the secondary lamella), moderate (more than 50%ongestion of blood cells, and damaged pillar
of detachment in one side of the secondargells).
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Figure 1 - Branchiae ofPiaractus mesopotamicyM, staining H.E.). A — Control. Symbols:
ep = epithelium; SL = secondary lamella; s = blood space; p = pillar cell; PL =
primary lamella; bar = 10 um. B, C and D — histopathologies. Symbols: arrow head =
minimum detachment; white arrow = moderate detachment; * = severe detachment;
arrow = lamellar fusion and hyperplasia; bar = 10 um.

After 24 h of exposure to the OP secondargxposure to the OP and epithelial cells were in a
lamellae  started showing more frequentdegenerative process. There was also a breakdown
detachments of epithelia cells than in control gillspf pillar cells and disorganization of blood spaces

and also intracellular oedema (Fig. 2B). OedeméFig. 2C, D).

and detachments became severe after 48 h of
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Figure 2 - Details of pillar cells and epithelium d®iaractus mesopotamicus secondary
lamellae. (TEM). A - control; B, C and D - Experimental. B - 24 h, C-48 hand D -
96 h after J. 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 andamellae (Fig. 3A). This became more serious
oedemas displayed, as consequence an increasdrofm 24 h after § onwards and was extreme 96 h
the distance between the external cell membraradter Ty (Fig. 2D; 3D). In spite of this there were
of epithelial cells and the blood space in themany regions of the secondary lamellae where the
secondary lamellae, if compared to the controépithelium 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)Rraractus mesopotamicuéTEM). A

— control, B — 24, C — 48 and D — 96 h after contamination with the OP
monocrotophos.

These changes occurred along the entire seconddhig. 1D) and aneurisms, that appeared from 4 h
lamellae (Fig. 4), leading to changes of bloodafter T, onwards, but in a very small proportion of
spaces and congestion of blood cells 96 h after Becondary lamellae, and not in significantly

(Fig. 4C, D). different quantities among times of exposure (Fig.
Besides epithelial detachments, and oedema, otheA, B, C, D).

pathologies were hyperplasia, lamellar fusion,
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Figure 4 - Tip of secondary lamella iRiaractus mesopotamicuéTEM). 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 1995), andAnabas testudineusthere LG, was
even higher (19 mg/L) (Santhakumar et al., 1999).
The LG of monocrotophos foP. mesopotamicus This shows the importance of studies with
after acute exposure to the commercial produgtifferent species, including native species of
Azodrin®400 was between 1.2 and 2.4 pL/L.regions potentially affected by OPs, because the
Therefore, juvenile®. mesopotamicusere more level of sensitivity varies among them. It also
susceptible to the presence of monocrotophos ghows that great care has to be taken to avoid
the environment than some other species such @gntamination in regions wheRe mesopotamicus
Oreochromis niloticus where the LG was occurs or may be introduced.
4.9mg/L of monocrotophos (Thangnipon et al.,
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Figure 5 - Frequency of histopathologies in gills Bifaractus mesopotamiciexposed 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 theln Mallatt’s review (1985) the detachment of the
determination of the effect of pollutants on fish.epithelium was the most often described alteration.
Gills are considered the most vulnerable organ tdccording to the author, this alteration occurs
the changes in the aquatic environment (Dutta ehore in freshwater fishes than in marine fishes.
al., 1996), because they are in direct contact witlihis implies in an increase in the diffusion
the surrounding water that may contain OPs andlistance of oxygen, as seenRn mesopotamicus
consequently, they are the first entrance door fahat condition can affect the respiration of the fish,
these and other pollutants (Machado and Fantayen resulting in their death (Dutta et al., 1993).
2003). Detailed description of each pathologySeveral studies have described acute exposure of
mainly through electron microscopy, and thefishes to other OPs such as malathion (Capinpin,
guantification of the pathologies observed in thed994; Richmonds and Dutta, 1989), diazinon
gills of P. mesopotamicusn the present study (Dutta et al., 1993) and methyl parathion (Fanta et
allowed an evaluation of the degree of damage aral., 2003; Machado and Fanta, 2003).

the potential consequences for the fish. Accordin@onsidering that the extent of the epithelial
to Bernet et al. (1999), a quantification of injuriesdetachments may be related to the seriousness of
in a histopathological investigation can be donéhe consequences for the fish, they were described
through  practicable  statistics, but theand classified in this study from minimal to severe
morphological description of the injuries isand intense. The proportion of lamellae with
essential and should be added to the quantificatisevere detachment increased with the time of
methods. exposure, becoming more frequent 48 h after T
The epithelial detachment was the most frequerdnwards, but diminishing in frequency, 96 h after
morphological alteration in the secondary lamellagontamination. However, the extent of each
in all tested times of exposure to monocrotophosletachment and of disorders of the epithelial cells
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was most impressive at that time. This was alslamellae ofP. mesopotamicugills. According to
observed by Richmonds and Dutta (1989) irvan der Heuvel et al. (2000), aneurysms in the
Lepomis macrochiruafter 48 h of exposure to the branchial tissue probably result from the death of
OP Malathion, and by Fanta et al. (2003) inthe pillar cells and, consequently, the loss of the
Corydoras paleatusThis possibly occurs becausestructural integrity of secondary lamellae and the
freshwater fishes are hyperosmotic in relation t@ccumulation of blood cells. The pillar cells
the environment, what favours the influx of waterobserved in P. mesopotamicus were
through the lesioned epithelium, increasing thenorphologically modified slightly after 48 hours
hydropsy, and consequently the epitheliabnd intensively 96 h after exposure to the OP, and
detachment (Machado and Fanta, 2003). Sudtonsequently the blood spaces became
condition increases the distance that the toxidisorganized.

substances have to travel to reach the bloodyperplasia, lamellar fusion and aneurysm were
stream, and therefore epithelial detachment couldlways higher in the experimental than in the
be considered as a defence mechanism against t@ntrol group, but the differences were not
entrance of excessive water pollutants after 48tatistically significant, suggesting that the sub-
hours of exposure (Dutta et al., 1993)lethal dose was in fact very low and did not cause
Consequently, irP. mesopotamicyghere was a extensive injuries to the branchial tissue Ff
reduction in the number of branchial lamellae withmesopotamicus

intense detachment after 72 h of exposure tduvenileP. mesopotamicusxposed to sub lethal
monocrotophos, probably because less pollutambncentrations of the OP monocrotophos are, in
entered the branchial epithelium, allowing acomparison to other species, very sensitive to this
possible start of recovery of the epithelial tissueproduct, being the sub lethal level was very low.
The same was observed after 96 h of exposure The sub lethal concentration 0.43uL/L is quite
the OP methyl parathion i@orydoras paleatus below 0.60pL/L where no fish dyed after 96 h of
(Fanta et al., 2003). contamination. It was randomly chosen for the
Hyperplasia of the epithelial cells was morepresent tests because the aim to detect if in such a
frequent after 24 h of exposure. It was alsdow level of contamination there would still be
observed in gills of fish which were contaminatedseen morphological changes in the gills of the
with metals such as copper (Arellano et al., 1999fjshes, which could imply in consequences for
cadmium (Thophon et al.,, 2003), mercurytheir life fitness. As the present study has shown,
(Oliveira Ribeiro et al., 1996), and with OPs suclthis was the case.

as diazinon (Dutta et al., 1993), dimethoatelhe injuries observed . mesopotamicugills
(Annune and Ajike, 1999), and methyl parathiorwere not exclusive for monocrotophos or OPs in
(Fanta et al., 2003; Machado and Fanta, 2003yeneral, but were noteworthy because they could
According to Machado and Fanta (2003) the celtesult in at least temporary respiratory difficulties,
proliferation in the interlamelar region reduces thavhich might affect the metabolism of several
respiratory surface and makes gaseous exchangegans. Based on the present results, it could be
more difficult. suggested that 48 h after a sub-lethal
Fusion of secondary lamellae that was observed tontamination with monocrotophos, those was a
the gills of theP. mesopotamicugesulted in an critical moment forP. mesopotamicuguveniles,
even higher reduction of the total respiratory arehecause several histopathology = symptoms
of the gills, and as a result, there was a reducticeppeared or became more intense.

of the capacity of oxygen capture, causing hypoxi€onsidering that the fishes tested were juveniles
(Ojha et al., 1989; Karan et al., 1998). Fusion oand had not yet had the opportunity to reproduce,
secondary lamellae was equally observed in gillthe high sensitivity to the product suggested that
of Lepomis macrochirusfter 72 h of exposure to good care has to be taken in order to not eliminate
the OP malathion (Richmonds and Dutta, 1989), akhe populations when this OP was used near to
well as in fishes contaminated with metals such asater bodies in which the species occured. Care
mercury (Oliveira Ribeiro et al., 1996), coppershould also to be taken when introducing these
(Arellano et al., 1999), or cadmium (Thophon efishes in water bodies that eventually could
al., 2003). become contaminated with OPs.

Aneurysms were observed in few secondary
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