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Abstract
The farming of the freshwater fish is emerging in Brazil and many species from the wild are promising. The teleost matrinxã (Brycon cephalus) holds several characteristics, which make it promising species for commerce.

The use of pesticides in aquatic environment is frequent in Brazil, and methyl parathion is very common in aquaculture. We have determined the activity of white muscle and brain acetyl cholinesterase of matrinxa exposed to low concentrations of environmental methyl parathion for 24 hours. There was 64,3% and 69,3% of acetyl cholinesterase inhibition in muscle and brain respectively. These activities were not recovered after 96 hours from exposure. We concluded that acetyl cholinesterase from those tissues was inhibited by small amounts of methyl parathion, and the main effect was observed in the brain.

Introduction

Pesticides are among the most hazardous chemicals to men and ambient. In fact, the lack of information about risks of intoxication causes the improper and excessive use of them in different combinations, mainly in the Southeast of Brazil where the highest selling rates are observed (MEYER et al., 1999).

Insecticides input take place to protect agricultural crop against damaging caused by insects. However, these chemicals may achieve other ecological compartments as lakes and rivers through rains and wind, affecting many other organisms away from the first target. Only 0.1 % reaches the specific target (Aguiar, 2002; Rand & Petrocelli, 1984).

The injuries of insecticides to aquatic environment are clear, and fish are able to bioaccumulate due to the direct exposure to chemicals and ingestion of contaminated preys and food (Rand & Petrocelli, 1984). Methyl parathion is an organophosphorous largely used in Brazil to avoid agriculture losses due to fruit flies, bugs, and other insect attacks. In addition, methyl parathion has been often used in our fish farms to prevent fingerlings losses due to predation by Odonata nymphs and Chironomidae (Figueiredo & Senhorini, 1990).

Matrinxa is a freshwater teleost fish widely reared in Brazil (Castagnolli, 1992), directly exposed to pesticides in both natural and farming conditions. Acetyl cholinesterase (AChE) is a biomarker extremely used in aquatic ecotoxicology studies (Kirby et al., 2000), and AChE is fairly sensitive to low environmental organophosphorous concentrations. Methyl parathion inhibits AChE activity in fish, resulting in a neuron system blockage. In this case, the muscular system may keep moving without control until paralysis, convulsion and death (Aguiar, 2002).

The goal of this work was to determine the methyl parathion effect on AChE activity in muscle and brain of matrinxa as a way to evaluate the methyl parathion risks to consumers and environment.

Material and methods
Fish were purchased from a commercial fish farm and stocked in a 2 m3 at 25(C during 1 month. Water quality parameters were daily monitored for growth of matrinxa. Fish were fed a commercial feed of 35 % of crude protein once a day.

Before the trails, 48 fish (W = 49,5 ± 1,7 g) were equally distributed in 6 tanks (90 liters each) with constant water flow, aeration and heating at 25 (C. In the course of 24 h of experimental exposure, 4 of these tanks received methyl parathion in the commercial form of Folidol-600( at the final concentration of 2 ppm, and the other 2 tanks did not receive any chemical (control groups).

After 24 h of exposure, brains and white muscles samples were collected. Samples were stocked in freezer (-20 (C) for posterior AChE assays. Matrinxa was exposed to methyl parathion concentration of 2 ppm for 24 h, because previous studies of Aguiar (2002) established these parameters as suitable for AChE inhibition.

The water flow was reestablished in the other 3 tanks for recovery. Fish brains and white muscles samples were collected 24, 48 and 96 h after being reestablished the water flow (recovery). Control groups were sampled after the experimental exposure (0 h of recovery) and the experimental recovery (96 h).

Folidol was analyzed in the water samples at ( = 275 nm in Beckman DU(520 spectrophotometer (AGUIAR, 2002). 

Total protein was determined according to LOWRY et al., (1951) to express the specific AChE activity. AChE activity was determined according to ELLMAN (1961). This method is conducted through the acetylcholine hydrolysis to acetic acid and tiocholine by action of the AChE. All AChE values were express as mmol/min/mg protein.

ANOVA and TUKEY-KRAMER (P<0,05) were used as statistic tests.

Results

AChE of controls groups was constant (7.6 x 10-4 ± 7.35 x 10-5 mmol/min/mg of protein), which enabled us to observe a clear 64.3 % inhibition of muscle AChE due to methyl parathion exposure.

Specific AChE activity significantly (P<0.05) decreased in matrinxa white muscle and brain, after the 24 h of experimental exposure to methyl parathion. Nevertheless, AChE values kept low even after recovery of 96 h (Figure 1). Fish were alive, but only 31 % of AChE initial activity was observed. Brain AChE activities were also constant in the control groups (4,8 x 10-3 ± 1,1 x 10-3 mmol/min/mg of protein). Methyl parathion exposure resulted in 69.7 % AChE activity decrease (Figure 1), which kept low even after 96 h of recovery. 
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Fig. 1. Brain and muscle AChE activity specific of matrinxa exposed to methyl parathion and recovery. * means brain and muscle averages are statistically different from the controls.

Discussion

Pesticides as organophosphorous and carbamates are the main insecticides in the agrochemical market, which yearly circulates more than 2.5 billion dollars. One hundred different organophosphorous are reported in the United States, where 200 million acres are sprayed every year (Hoffman et al., 1995). In spite of Brazil present unique ecological systems, methyl parathion is extremely used in their fields.

The large use of pesticides in Brazil rank it as the five most world consumers (EXTOXNET, 1999). 

Methyl parathion is an organophosphorous insecticide classified by the US environmental protection agency (EPA) as restricted use pesticide (RUP). Only authorized staff can manipulate methyl parathion that seems to be not bioconcentrated and persist in environments (EXTOXNET, 1999; HOWARD, 1989), for plants and animals can quickly metabolize it.

Decrease of AChE activity by methyl parathion intoxication has been reported in different animals and fish as matrinxa (AGUIAR, 2002; RAO & RAO, 1984; CHAMBERS et al, 1996; BENKE & MURPHY, 1974). However, most of the AChE studies are done in fish brains, because the most evident effects are observed in nervous tissues (). Therefore, the brain of matrinxa showed the highest AChE inhibition, as expected by RAO and RAO (1984) who compared the AChE inhibition in different tissues of Nile tilapia exposed to 1/3 of methyl parathion LC 50 for 48 h. Afterwards, they observed that brain had the highest inhibition levels followed by muscle, gills and liver. The AChE inhibition is fairly related to the tissue enervation level. Hence, we can say that the highest AChE concentration the highest inhibition susceptibility.

Matrinxa is a very consumed fish in Brazil and other countries of Latin America (CASTAGNOLLI, 1992). BOONE and Chambers (1996) reported this fish as are more resistant to methyl parathion than mice and other mammalian, which have lower AChE stocks. In addition of the higher tolerance of fish to methyl parathion, matrinxa is kept alive after exposure to methyl parathion in our water ponds directly contaminated with 0.25 to 3 ppm (FIGUEIREDO & SENHORINI, 1990). In such circumstances, methyl parathion may be definitely hazardous to people if contaminated fish are consumed or if people are directly exposed to methyl parathion and contaminated water.

Fish or other animal intoxication by the methyl parathion is characterized by biotransformation into a molecule that is fairly similar to acetylcholine. This molecule binds to AChE, blocking the breakdown of acetylcholine by AChE. Acetyl choline is the primary neurotransmitter in the sensory and neuromuscular systems of fish, and acetylcholine levels are regulated by the AChE, which degrades the acetylcholine into the active products: choline and acid acetic. These are reabsorbed and used as raw materials for the continued acetylcholine production that results in a build up of acetylcholine. This also causes a continuous and excessive stimulation of the nerve/muscle fibers (Kirby, 2000). 

Other authors have observed that fish exposed to methyl parathion did not recover AChE activity after long periods of time (Wallace & Herzberg, 1998; Carr et al., 1995; Benke & Murphy, 1974). Fish have also AChE recovery period much longer than mammalian (WALLACE & HERZBERG, 1998). Matrinxa did not recover Ache values even 96 h after the reestablishment of the control conditions. WALLACE e HERZBERG (1998) showed the missing brain AChE reactivation capacity in rainbow trout after exposure to methyl parathion, and channel catfish Ictalurus punctatus had no AChE recovery even 10 days after the return of the control conditions (CARR et al., 1995). Pumpkinseed sunfish exposed to parathion and methyl parathion had no AChE recovery even 4 weeks after the reestablishment of the control conditions (BENKE & MURPHY, 1974). Our results corroborate the proposal on the phosphorilation of AChE as a mechanism of increasing the enzyme resistance to hydrolysis (aging). Spontaneous Ache reactivation and aging are the main reason of the no AChE reestablishment.

In conclusion, our results show the hazardous effect methyl parathion in the Neotropical fish matrinxa and points to the needs of other approaches, as histological and cytological studies, of methyl parathion in this fish. Hence, it will be possible to conclude easier upon additional risks to environment and people exposed to methyl parathion, in fisheries or other water dependent farming activities.
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