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Inhibitory Chronic Effect of Copper Sulphate on
Acetylcholinesterase Activity and Enzyme Kinetics with Its
Subsequent Reactivation in the Stomach of Rattus norvegicus
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Abstract : Study was conducted to find out the chronic toxicity of sublethal
concentration of copper sulphate on the activity of AChE and its kinetics in the
stomach of Rattus norvegicus. The inhibition of AChE activity was time dependent
and the pattern of inhibition of AChE activity due to copper sulphate was mixed
i.e., competitive- noncompetitive. The AChE activity was slowly reactivated to
almost normal after 15 days of treatment.
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Introduction :

Copper is widely used as food and fertilizer additive, in insecticide
mixture, as mordant in textile dyeing, in tanning leather, in preserving wood,
in laundry, pigment in paints, varnishes, tonner in photography, etc. (The
Merch Index, 1983). Thus, its widespread usage increased the scope of
exposure of man to this heavy metal. The harmful effect of heavy metals on
the physiology, biochemistry and enzyme system of animals has been studied
by many workers (Weiss and Simon, 1975; Cooper and Manalis, 1982; Sinha,
et al; 1992; Tembhre and Kumar,1995, Margarat and Jagdeesan, 1999).

Keeping this into the consideration the present study was planned to
evaluate the chronic toxic effect of copper on the specific activity of AChE
and its kinetics in the stomach of Rattus norvegicus The withdrawal effect of
copper has also been worked out to observe the recovery of AChE activity.

Materials and Methods :

Healthy specimens of Rattus norvegicus weighing 100+5.0 gms were
collected and acclimatized to the laboratory conditions for 10 days. The oral
LD, of copper sulphate for 96 hrs. was determined as 900 mg/kg body weight
by plotting the dose mortality curve as suggested by Trevan (1927). The rats
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were given oral sublethal dose of Copper Sulphate (1/71"of LD 5o 1-€). 128.57
mg/kg body weight) on every day for 15 and 30 days. After the treatment of
151 days the rats were allowed for recovery of AChE activity by cessation of
pesticide for next 15 days. Rats were sacrificed by cervical dislocation and
stomach was taken out and homogenised in 0.25 M sucrose solution followed
by centrifugation. Colorimetric method of Metcalf (1951) was used for the
determination of AChE activity using AChl as a substrate. Protein contents
were determined by the method of Lowry et al.(1951). Enzyme kinetics was
studied by calculating Km and Vmax by applying Line-Weaver Burk plot.
The student's "t" test (Ipsen and Feigel, 1970) was used to calculate the
statistical significance between control and experimental values.

Result and Discussion :

In the present study, the treatment of sublethal dose of copper sulphate
has raised the K _ t0 2.49 x 10~3 M after 15" days and 3.04 x 102 M after 30
days from the control value of 1.65 x 10~ M. Whereas, the V,__ was found
to be decreased from the control value of 1.03 A /mg protein /30 min to 0.86
and 0.7A/ mg protein/30 min after 15 days and 30 days, respectively (Table-
1). After applying Line - Weavers Burk plot the corresponding increased
value of K and decreased V... proves that the copper sulphate produces
mixed inhibition of AChE (Fig. 1). Copper sulphate inhibit the AChE activity
in a Mixed way i.e., competitive and non competitives, has been reported by
many workers (Nemscsok et al.,1984; Nemscsok et al.,1990; Tembhre and
Kumar, 1995)

ACHhE is the target of a number of toxicants (Siddiqui et al., 1991)
AChE inhibition probably causes death in higher vertebrates by blocking
neurotransmission in the respiratory centre of brain and in the neuromuscular
junctions (Nemscsok et al.,1990). The increase in ACh level has been
attributed to both presynaptic and synaptic cleft accumulation of the
neurotransmitter presumably due to AChE inhibition (Margarat and
Jagdeesan, 1999).

Results of the present study show a reducing trend of AChE activity
in a time dependent manner at sublethal concentration of copper sulphate
(Table - 1). There was 26.31% inhibition of AChE activity on 15" day, which
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Fig. 1: Line weaver - Burk plot of the inhibition of AChE of stomach of Rattus
norvegicus bycopper sul[hate for 15 and 30 days.
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Fig. 2 : Percentinhibition of AChE activity in the stomach of Rattus norvegicus treated
with 128.57 mg/kg body weight of copper sulphate for 15 and 30 days and
after 15 days recovery.
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Fig. 3: Percentincrease in ACh content in the stomach of Rattus norvegicus treated
with 128.57 mg/kg body weight of copper sulphate for 15 and 30 days and
after 15 days recovery.

increased to 42.13% on 30™ day of exposure to 128.57 mg/kg body weight
of copper sulphate (Fig. 2). Whereas, ACh content was increased to 28.75%
and 40.58% on 15" and 30™ day, respectively (Fig. 3). Copper was also
reported to act as a neuromuscular blocking agent (Tembhre and Kumar,
1995) lending support to our observations which can be correlated to the
results of the present studly.

Results of 15 days recovery study after the intoxication for 15 days,
reveal that AChE activity returned to almost normal i.e.1.377 uM of ACh
hydrolysed/mg protein/hour (Fig. 4) indicating that the effect of copper on
AChE of stomach was temporary and recovered quickly when the toxic stress
is removed.
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Fig. 4 : Specific activity of AChE of stomach of Rattus norvegicus treated with 128.57
mg/kg body weight of copper sulphate for 15 and 30 days and after recovery.
The Specific activity is expressed as | moles of ACh hydrolysed/ mg protein/
hour.
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