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The organophosphorus insecticides ere known to 
d~srupt the impulse transmissions of the central and 
peripheral nervous systems in the vertebrates by 
inhibiting the acetylcholinesterase (ME~CAI~ 1957, 
FUKUTO 1971, RAINSFORD 1978). Considering this 
action of organophosphorus pesticides, several 
attempts were made to correl~te the toxicity of the 
pesticides with the acetylcholinesterase inhibition 
and thereby estimate the enticholinesterase activity 
of the insecticic!e (WII~ON, 1969, METCA!~, 1971). 
Hence, in the present study an attempt is made to 
assess the toxic impact of the sublethal malathion 
exposure (2 mg/l)to the fish (Tilapia moss~mbica) by 
correlating the degree inhibition of acetylcholines- 
terase to the toxicity potential. Besides, the toxic 
potency of sublethal concentration of malathion, 
in terms of acetylcholinesterase inhibition, is com- 
pared with the inhibitory potency of eserine (the 
specific inhibitor of ACHE), to evaluate malathion 
impact in terms of eserine equivalence. 

MATERIALS AND METHODS 

The IC value of malathion was determined and O 
2 ppm concentration was chosen to represent sublethal 
concentration (KABEER, 1979). All exvosures were 
restricted to aS hours. The acetylcholinesterase 
(ACHE) (~C 3.1.1.7) was assayed as per METCALF (1957), 
with slight modifications, by determining the amount 
of unhydrolysed acetylcholine. 3% homogemetes of 
brain, muscle (red), gill and liver tissues were 
prepared in cold 0.25 M sucrose solution and used for 
enzyme assays. The reaction mixture of 3 ml con- 
tained : 12 ~ moles of acetylcholine chlori~e, i00 )~ 
moles of sodium phosphate buffer (pH 7.4) and 1.0 ml 
of the homogemate. 

The protein content in the tissue homogenates 
was estimated as per ICWRY et al. (1951). 
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Kinetic studies 

The mean values of the enzyme activity levels of 
triplicates were emplcyed for all the experiments. The 
reciprocal plots (i/v versus l/s, where 'v' is the 
reaction velocity and 's' is the substrate concentra- 
tion) are plotted as per the method of LINEWEAVER and 
BURK (1934). The slope, intercept, vmax and Michaelis- 
Menten constants (Km) were calculated by the method of 
least squares and were found to coincide with the 
observed values. 

RESULTS AND DISCUSSION 

Exposure of fishes to sublethal (2 mg/l) concentra- 
tions of malathion produced a significant decrease in 
the AChE activity (Table i). COPPEGE et al. (1975) 
observed similar inhibition of AChE in the fish brain 
exposed to sublethal concentrations of malathion for 
72 hours. Since the inhibition of AChE by organophos- 
phorus pesticides is well known (O' BR!EN 1967 and 
CORBETT, 1974), the reduction in AChE activity in the 
four tissues of malathion exposed (ME) fishes observed 
in the present study, should represent the action of 
malathion on the enzyme. Brain AChE showed highest 
inhibition (47.8%) followed by muscle (45.9%), gill 
(39.1%) and liver (35.4%) tissues. (Table i). This 
trend may be true since, tissues with high innervatlon 
e~hibit greater sensitivity, the differential inhibi- 
tion of AChE by malathion should represent differences 
in sensitivity of four tissues. Thus brain e~hibited 
high sensitivity followed by muscle, gill and liver 
tissues. 

When different concentrations of eserine were 
tested on AChE of normal tissues (Table i), 0.03 mM in 
brain, 0.0266 mM in muscle, O.02 mM in gill and 
0.016 mM in liver is found to induce the same percentage 
of inhibition of AChE as in the respective tissues of 
ME fishes. (Fig. I, A to D). Thus the brain tissue 
having relatively higher degree of innervation (more 
ACHE) needs higher concentration of eserine than musc]e 
gill and liver tissues. While the same brain tissue 
being relatively more sensitive than muscle, gill and 
liver, showed greater inhibition in (in vlvo) ME fishes 
(Fig. l, Table I). Thus both in vivo ~a~ion) and 
in vitro (eserine) effects were antagonistic in the 
sense that, it is the sensitivity of AChE in in vlvo, 
while quantity of AChE in in vitro that contr-~u~ 
differences in inhibition of AC-~. 
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Figure i. Acetylcholinesterase activity 
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malathion exposer ~E~hes. 
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The four concentrations of eserine determined as 
equipotent in inhibiting AChE of normal tissues as in 
the respective ME fish tissues were further tested for 
similarity in enzyme-substrate affinity (Km) with the 
AChE in ME fish tissues (Fig. 2 A to D). The Vmax and 
intercept values of the AChE of brain, muscle, gill and 
liver tissues of normal, normal with eserine assayed 
and ME fishes were almost similar, while the Km values 
showed variations (Table 2). Thus both malathion (in 
vivo) and eserine (in vitro) exerted a competitive ~e' 
of-f--~nhibition on ACHE. Inspite of the structural 
resemblance (CORBETT 1974, HARPER 1977) competitive 
inhibitors are known to compete with the substrates for 
the same active site resulting in the competitive type 
of inhibition as in the present study. Thus the compe- 
titive inhibition obtained by eserine an@ malathion 
might be due to their resemblence with acetylcholine. 
Though both malathion and eserlne exerted a competitive 
type of inhibition, the Km values differed suggesting 
that, the extent of inhibition is same but the inhibi- 
tory potency is different. 

Nevertheless, in brain ann muscle tissues, high Km 
values were found to be associated with malathion, 
while in the gill and liver tissues hlgh Km values were 
associated with tissues assayed with eserine, indica- 
ting that the eserine concentration determined through 
inhibition studies is lower in brain and muscle tissues, 
but higher in gill and liver tissues. Thus, a particu- 
lar concentration of eserine, although it produced 
similar percentage of AChE inhibition in normal tissues 
to that of the respective ME tissues, it does not seem 
to have similarity in their effects on enzyme-substrata 
affinity of AChE in the respective tissues. 
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