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ABSTRACT

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 such
as fast growth rate, high commercial value and adaptability
to artificial raring conditions, which make it a 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
enzymatic activity of acetyl cholinesterase in white muscle
and brain of matrinxã exposed to 2ppm of environmental
methyl parathion for 24 hours. There was 64% and 69% of
acetyl cholinesterase inhibition in muscle and brain
respectively. These activities were not recovered after 8 days
from exposure to this pesticide. It can be concluded that acetyl
cholinesterase from those tissues was inhibited by small
amounts of methyl parathion, and the main effect was observed
in the brain.
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RESUMO

A criação de peixes de água doce é emergente no
Brasil e muitas espécies tropicais são promissoras. O teleósteo
matrinxã (Brycon cephalus) apresenta várias características
tais como rápido crescimento, boa aceitação comercial e
adaptabilidade a condições artificiais de cultivo, as quais
fazem dele uma espécie promissora para o comércio. O uso
de pesticidas em ambientes aquáticos é freqüente no Brasil e
o metil paration é muito usado em aqüicultura. A atividade
da acetilcolinesterase foi determinada em cérebro e músculo
branco de matrinxã exposto a 2ppm de metil paration por 24

horas. Houve inibição de 64% e 69% da acetilcolinesterase
muscular e cerebral respectivamente. Essas atividades não
foram recuperadas após 8 dias da exposição a este pesticida.
Concluiu-se que a acetilcolinesterase para estes tecidos foi
inibida por pequenas quantidades de metil paration e o
principal efeito foi observado no cérebro.

Palavras-chave: acetilcolinesterase, metil paration, matrinxã
e toxicidade.

INTRODUCTION

Pesticides are among the most hazardous
chemicals to men and ambient. In fact, the lack of
information about risks of poisoning causes the
improper and excessive use of them in different
combinations, mainly in Southeast Brazil where the
highest selling rates are recorded (MEYER et al., 1999).
Insecticides input take place to protect agricultural
crop against damaging caused by insects. However,
these chemicals may reach 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
(RAND & PETROCELLI, 1984; AGUIAR, 2002).

The injuries of insecticides to aquatic
environments are incontestable, and fish are able of
bio-accumulation due to direct exposure to chemicals
or ingestion of contaminated preys and food (RAND
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& 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).

Matrinxã 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 is a fairly sensitive
enzyme to low environmental organophosphorous
concentrations. According to AGUIAR (2004), methyl
parathion inhibits AChE activity in fish, resulting in a
neuronal system blockage. In this case, the muscular
system may keep moving without control until
paralysis, convulsion and death.

The goal of this work was to determine the
methyl parathion effect on AChE activity in muscle
and brain of matrinxã and the possibility of recovery
from this exposure as a way to evaluate the methyl
parathion risks to the species.

MATERIAL  AND  METHODS

Fish were purchased from the commercial
fish farm Águas Claras-Mococa, SP, and held in a 2000L
tank at 25°C for one month. Fish were fed twice a day
with commercial pellets (35% crude protein) in a re-
circulating water system. Water quality parameters
were daily monitored in order to maintain the best
growth conditions for matrinxã. At the time of the trials,
56 fish (weight = 49.5 ± 1.7g and length = 14.5 ± 0.5cm)
were equally distributed in seven tanks (90 liters each)
with constant water flow, plenty aeration and heating
at 25°C. After 24h, five tanks received methyl parathion
(OP) in the commercial form of Folidol-600® at a final
concentration of 2ppm, corresponding to 1/3 of 96h-
LC50 for B. cephalus as reported by AGUIAR (2004),
and the two others did not receive any chemical
(control groups). After 24h of exposure, two tanks were
randomly sampled (Initial Control and one OP); the
fish were quickly anesthetized with eugenol and killed
by pinching the spinal cord. The brain and samples of
white muscle were excised and stored at –20°C for
posterior AChE assays. The water flow was
reestablished in the other five tanks for recovery. Fish
brain and white muscle samples were collected 24, 48,
96 hours and eight days after the beginning of the
recovery. The last control group (Final Control) was

sampled at the same time of the eight days of recovery
(8 days).

Analyses of methyl parathion in the water
samples were determined spectrophotometrically in a
Beckman DU®520 spectrophotometer. The procedure
consisted in a scanning of methyl parathion
absorbance within the range of UV/V wavelength. The
highest absorbance was found close to λ = 275nm.
The optical absorbance of several concentrations of
methyl parathion was determined to establish a
standard curve. Total methyl parathion concentrations
were determined in water samples against the standard
curve at λ = 275nm. 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.

Data analysis: The data are presented as
means ± SD. Comparisons between the trial groups
and the controls were done through the statistic tests
ANOVA and TUKEY-KRAMER at P<0.05.

RESULTS

The water quality parameters were kept
nearly constant: temperature (25.7 ± 0.9oC), oxygen
(5.66 ± 0.07mg l-1), water conductivity (74.3 ± 4.8μS.cm)
and pH (7.0). The enzyme activities of AChE in the
white muscle of the control groups were constant in
the course of the trials (7.6 x 10-4 ± 7.35 x 10-5mmol
min.mg-1 of protein). However, the white muscle AChE
of fish exposed to methyl parathion was stoutly
inhibited near 64%. Significant decrease (P<0.05) of
the specific activity of AChE in the central nervous
system was also observed in matrinxã exposed to the
organophosphorous for 24h.  Furthermore, AChE
activity was kept low in both tissues even after eight
days of exposure to methyl parathion (Figure 1). The
fish were kept alive in spite of poisoning, and 31% of
the initial AChE activity was observed in the white
muscle after eight days of recovery. The brain AChE
activities were also constant in the control groups (4.8
x 10-3 ± 1.1 x 10-3 mmol min.mg-1 of protein). The
exposure of matrinxã to methyl parathion resulted in
decrease of almost 69% of the brain AChE activity.
This remained low even after eight days of recovery
but a slight tendency of increase was observed
differently from what was observed in the white
muscle. In white muscle the activity of AChE was the
same after eight days of recovery.
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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, 1995). In spite of Brazil presenting a
unique ecological system, methyl parathion is
extremely used in its fields. The large use of pesticides
in Brazil ranks it as one of the five most world
consumers (EXTOXNET, 1999). Methyl parathion is
an organophosphorous insecticide classified as a
restricted use pesticide (RUP), by the US environmental
protection agency (EPA, 1997). Only authorized staff
can manipulate methyl parathion that seems to be not
accumulated or persisted in environment, since plants
and animals are able to metabolize it quickly
(EXTOXNET, 1999; HOWARD, 1989).

Decrease of AChE activity by methyl
parathion intoxication has been reported in different
animals and fish as matrinxã (BENKE & MURPHY, 1974;
RAO & RAO, 1984; CHAMBERS, 1995; AGUIAR,

2002.). However, most AChE studies are done in fish
brains, because the most evident effects are observed
in nervous tissues. Matrinxã was exposed to methyl
parathion concentration of 2ppm for 24h, because
previous studies of AGUIAR (2002) established these
parameters as suitable for AChE inhibition. The brain
of matrinxã showed the highest AChE inhibition, as
expected. The AChE inhibition was compared in
different tissues of Nile tilapia exposed to 1/3 of methyl
parathion LC 50 for 48h, and the brain was the more
affected (RAO and RAO, 1984). The inhibition of the
brain AChE was followed by muscle, gills and liver.
The AChE inhibition is fairly related to the degree of
tissue enervation. Hence, it can be said that the highest
is the AChE concentration the highest is the inhibition
susceptibility.

Matrinxã is a very consumed fish in Brazil
and other Latin America countries (CASTAGNOLLI,
1992). BOONE & CHAMBERS (1996) reported this fish
as more resistant to methyl parathion than mice and
other mammalians, which have lower AChE stocks. In
addition to the higher tolerance of fish to methyl
parathion, matrinxã is kept alive after exposure to it in
water ponds treated with 0.25 to 3ppm (FIGUEIREDO

Figure 1 - Brain and muscle acetyl cholinesterase activity specific of matrinxã exposed to methyl parathion and recovery. * Means
brain and muscle averages are statistically different from the controls (IC-initial control and FC-final control).
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& SENHORINI, 1990). By the way, this is the range of
such OP usually employed by fish farmers in the field.

Methyl parathion is bio-transformed into a
molecule very similar to acetylcholine, directly
responsible for the animal poisoning. This molecule
binds to AChE, avoiding the breakdown of
acetylcholine by AChE. Acetylcholine is the primary
neurotransmitter in the sensorial and neuromuscular
systems of fish; its level is regulated by AChE, which
hydrolyses acetylcholine into acetic acid and the
active product choline. These are reabsorbed and used
as raw materials for the continuous acetylcholine
production. The uninterrupted synthesis or the
inability of hydrolyzing acetylcholine is responsible
for a continuous or excessive stimulation of the nerve/
muscle fibers (KIRBY et al., 2000).

Fish exposed to methyl parathion do not
recover AChE activity even after long periods of time
(BENKE & MURPHY, 1974; CARR, 1995; WALLACE
& HERZBERG, 1998). Fish have also the AChE
recovery period much longer than mammalians
(WALLACE & HERZBERG, 1998). Matrinxã did not
recover completely AChE values even after eight days
under the control conditions. WALLACE &
HERZBERG (1998) demonstrated the inability of
reactivate the brain AChE in rainbow trout after
exposure to methyl parathion. The channel catfish
Ictalurus punctatus did not recover brain AChE ten
days after the return to control conditions (CARR et
al., 1995). The pumpkinseed sunfish (Lepomis
gibbosus) exposed to parathion and methyl parathion
had no brain and muscle AChE recovery even four
weeks after reestablishment of 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 (enzyme aging).

CONCLUSION

The Neotropical fish matrinxã exposed to
methyl parathion presents strong inhibition of AChE in
the white muscle and brain; its ability to recover from it
is low and one week is not enough to clean this effect in
both tissues. The effect on white muscle is more residual
than that observed in brain. Other approaches on the
action of methyl parathion in this species such as
histological and cytological studies are still lacking to
make possible more accurate conclusions about
additional risks to environment, fisheries or people
exposed to such chemical. It is also clear that methyl
parathion may be hazardous to people if contaminated
fish are consumed or if people are directly exposed to

methyl parathion or contaminated water. More
knowledge on the environmental fate of this xenobiotic
will allow fish farmers to decide whether they can or not
use methyl parathion to control pest or if they have to
find new alternatives that are less dangerous.

ACKNOWLEDGMENTS

The authors are thankful to the colleagues of the Adaptive
Biochemistry Lab for the logistical support. This research
was partially supported by FAPESP and CNPq.

REFERENCES

AGUIAR, L.H.  Efeitos do inseticida organofosforado
methil parathion (Folidol 600®) sobre o teleósteo de
água doce,  matrinxã, Brycon cephalus (Gunther,
1869): aspectos do metabolismo intermediário.  2002.
102f.  (Doutorado em Ecologia e Recursos Naturais) – Curso
de Pós-graduação em Ecologia e Recursos Naturais,
Universidade Federal de São Carlos.

AGUIAR, L.H. et al.  Metabolical effects of Folidol 600® on
the neotropical freshwater fish matrinxã, Brycon cephalus.
Environmental Research, v.95, p.224-230, 2004.

BENKE, G.M; MURPHY, S.D.  Acetyl cholinesterase action
of methil parathion, parathion and azinphos methyl in mice
and fish: onset and recovery of inhibition.  Environmental
Contaminant Toxicology, v.12, p.117-122, 1974.

BOONE, J.S; CHAMBERS, J.E.  The time course of inhibition
of cholinesterase and aliesterase activities, and nonprotein
sulfhydil levels following exposure to organophosphorous
insecticides in mosquitofish (Gambusia affinis).
Fundamental and Applied Toxicology, v.29, p.202-207,
1996.

CARR, R.L.  Inhibition and aging of catfish brain
acethylcholinesterase following exposure to two
phosphorothionate insecticides and their active metabolites.
Journal of Toxicology Environmental Health, v.5, p.325-
336, 1995.

CASTAGNOLLI, N .  Criação de peixes de água doce.
Jaboticabal: UNESP, 1992.  189p.

CHAMBERS, J.E.  Biochemical mechanisms contributing to
species differences in insecticide toxicity.  Toxicology, v.105,
p.291-304, 1995.

ELLMAN. G.L.  A new and rapid colorimetric determination
of acetyl cholinesterase activity.  Biochemistry, v.7, p.88-
95, 1961.

EPA (U.S Environmental Protection Agency).  Special
report on environmental endocrine disruption: An
effects assessment and analysis.   Risk Assessment Forum.
Washington, DC: EPA, 1997. (EPA / 630/ R-96/012).

EXTOXNET,  1999.   Extension toxicology network.
Capturado em outubro de 2002.  Online.  Disponível na
Internet :  h t tp: / /ace .ors t .edu/ info/extoxnet /pips/
methylparation.



1416                                                              Almeida  et al.

Ciência Rural, v.35, n.6, nov-dez, 2005.

FIGUEIREDO, G.M; SENHORINI, J.A.  Influência de
biocidas no desenvolvimento da carpa comum
(Cyprinus carpio  Linnaeus,  1758) e sobre o
zooplâncton, durante o período de larvicultura .
Pirassununga, 1990.  2v.

HOFFMAN, D.J.  Handbook of ecotoxicology. Lewis
Publishers CRC, 1995.  755p.

HOWARD, P.H.  Handbook of environmental fate and
exposure data for organic chemicals. Pesticides.  Chelsea:
Lewis, 1989.  V.III.

KIRBY, M.F.  The use of cholinesterase activity in flounder
(Platichthys flesus) muscle tissue as a biomarker of neurotoxic
contamination in UK estuaries.  Marine Pollution Bulletin,
v.40, n.9, p.780-791, 2000.

H E L F R I C H ,  L . A .   P e s t i c i d a s  e  o s  m o d o s  p e l o s
quais  os  peixes  são expostos .   Capturado em 2002.
O n  L i n e .   D i s p o n í v e l  n a  I n t e r n e t  h t t p : / /
w w w. e x t . v t . e d u / p u b s / w a t e r q u a l i t y / 4 2 0 - 0 1 3 / 4 2 0 -
0 1 3 . h t m l .

LOWRY, D.H. et al.  Protein measurement with folin phenol
reagent.  Journal of Biology Chemistry, v193, p.265, 1951.

MILLER, T.M.  Informações toxicológicas e
caracterização de pesticidas.  On line. Disponível na
Internet http://www.ace.orst.edu/info/extonet/ghindex.html.

MEYER A. et al.  Estarão alguns grupos populacionais
brasileiros sujeitos à ação de disruptores endócrinos? Caderno
Saúde Pública v.15, n.4, p.845-850, 1999.

RAND, G.M.; PETROCELLI, S.M.  Fundamentals of
aquatic toxicology methods and applications. McGraw-
Hill, 1984.  666p.

RAO, K.S., RAO, K.V.  Impact of methyl parathion toxicity
and serine inhibition on acetyl cholinesterase activity in tissues
of the teleost (Tilapia mossambica) – a correlative study.
Toxicology Letters, v.22, p.351, 1984.

WALLACE, K., HERZBERG, U.  Reactivation and aging of
phosphorylated brain acetyl cholinesterase from fish and rodents.
Toxicology and Applied Pharmacology, v.92, p.307, 1998.


