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INHIBITION OF SHEEP BRAIN ACETYLCHOLINESTERASE BY MALATHION

V. MOBANACHARI, D, BHARGAVA, W, RAJENDRA, K. INDIRA* AnD K. S. SWAMI
Department of Zoology, S.V. University, Tirupati 517 502

ABSTRACT
The invitro effects of malathion, an organophosphorus insecticide on sheep brain acetylehclin-

esterase was studied in the present investigation.

Malathion exerted a mixed type of inl ibjticn

especially showing a tendency towards competitive type of inkibiticn by a greater per cent increase
tn Km values and a lesser per cent decrease in V_,. values, The activation energy values were
found to increase, indicating decreased catalytic efficiency cf the enzyme.

INTRODUCTION

ALATHION (O, O-dimethyl S-(I, 2-dicarboxy-
ethyl), an organophrosphorus insecticide is known

to interrupt neural transmission by inhibiting the act-
vity of acetyl:holinesterase!=3, A decrease in verte-
brate brain acetyicholinesierase was known t¢c manifcst
in several bghavioural and phyvsiclogical modifications
in the animal*®. A detailed discussicn on acetyl-
cholinesterase has been reviewed by several investi-
gators®?.  Since various possibilities exist for tte
inhibition of an enzyme catalyzed reaction with its
specific subsitrate, the present investigation jis carried
out to have a clear understanding of specificity of the
enzyme and the kinetic mechanism involving the inhibi-

* For correspondence,

tion of acetylcholinesterase system in the tissues cf

mammals, during malathion stress.

MATERIALS AND METHODS

Procurement of Material

Brains were obtained from healthy sheep after de-
capitation at the local slaughter Louse in a clean dry,
ice jacketed glass beaker. They were quickly transe
ferred to deep freeze and kept at — 5 to 2°C in the
laboratory until further use, The frozen brains were
thawed with repeated washings in mammalian Ringer
medium, Meninges over the cortical area were
removed with care, so that the exposed cortical surface
was free from blood vessels. Requisite amount of
cortical tissue was taken, pressed gently between the
folds of Whatman No. 1 filter paper and 10% homo-
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genate (W;V) was prepated in cold sucrose 0-25 M substrate, acetylcholine, This view is further streng-

for the enzyme assay.

The acetylcholinesterase (E.C.3.1.1.7) activity was
estimated by the modified method of Metcalfs, Experi-
mental tubes received 200 g of malathion (technical
grade of 95% malathion obtained from Cyanamide
India Ltd,, Bombay) after due standardization in addi-
tion to the contents of reaction mixture, whereas the
control tubes received distilled water in place of mala-
thion. The activity levels of AchE in the brain komo-
genates with and without malathion (experimental and
control respectively) were determined at 37° C at vary-
ing substrate concentraticns (0-5 to SmM). The
maximal velocities (V,,,) and Michaelis-Menten ¢on-
stants (Km) were calculated by the method of least

squares, The activation energy values were deter-
mined following the method of Dixon and Webb?,

RESULTS AND DISCUSSION

An enzvme concentration of 10 mg and 30 minutes
of incubation time was selected for the present study
after due standardization which ensured initial velo-
city of the enzyme catalysis. Absence of buffer, sub-
strate and enzyme extract vielded negligible activity
indicating specificity of reacting system for the enzyme,
Substrate concentration versus enzyme activity {velo-
city) plots revealed that the enzyme activity was linear
with substrate consentration uptg 4 m Moles following
a Ist order reaction and then onwards, the reaction
phase entered zero order suggesting the termination
of the substrate dependency or saturation of enzyme
with the substrate, Lineweaver Burk plotfor the AchE
activity showed variation in tke kinetic parameters
like maximal velocity (V,,,) and ihe Michaelis-Menten
constant (Km), V_,, value for the experimental
enzyme showed a 10-9%, decrease (Table I) in the
presence of malathion which suggests a decrease in
the active site density perhaps by masking some of
the active sites. An increase of 113-6% was observed
in the Km value of experimental enzyme suggesting
decreased affinity of the enzym= for the substrate and
also the decreased rate of breakdown of E-S complex,
Since these are the two major factors whichh mainly
contribule to the catalytic efficiency of the enzyme,
this type of modulation in the kinetic paramcters of
enzyme activity indicates a mixed type of inhibition
in which both V_ , and Km are aflected; and more
distincily in the present investigation, the per cent
increase in Km is more than the per ¢ent decrease in
Vo.g showing a tendency towards a compelitive type
of inbjbition as reported by several earlicr investi-
gators also in different species™ %, As the compe-
titive inhibilors possess structural similanty willy the
substrates’, the competitive inhubition of AchE ¢li-
cited by mafathion in the present investigation might
be due to ity virtual structural resemblance with the

thened by the earlier reports that the presence of Ach
reduces the inhibitory effect of organophosphoris
compounds on AchE' suggesting that the competi-
tion for tre same binding site ccours between the
organophosplhate and acetylcholine compounds',

TABLE I

In vitro ¢flect of malathion on substrate dependent
kinetics of AchE of sheep brain

(Vaax Values are represented in u moles of Ach
bydrclyzed/mg protein/hr)

R —

Kiretic parameters

S, Sample s

No, A Km {(mM)

1. Control 30-3 0-909

2. Experimenta! 270 1-942
Per cent change (—-10-9) (+113-6)

—y i —

The activation energy required by an enzyme is the
index of its catalytic efficiency, as the *enzymes
enhance the reaction rates by lowering the activation
energy >”, Thus, lower the activation energy, higher
is the efficiency of an enzyme and vice versa, The
increased values of the activation energy, in the presence
of malathion in the present findings (Table II), stow
that the activation energy barricr is increascd by mala-
thion suggesting the decreased catalytic efficiency of
AchE,

TasLg 11

In vitro efect of malathion on activation energy of AchE
of sheep brain

(Values are expressed as caloriesynole).

—h er Ry g e el

L

Achivation energy values

L -

Si. Temperature e o
No. range (° C) Centrol  Esperimental
1. 2025 {5,758 22,440
vo clrange b2
A 23-30 11,3113 6,013
¥ ehange [ 43731
3. 30-37 4,791 F0,E33
11154

o hange

w
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FiG. 1. Double reciprocal plots of substrate (Acetyl-

choline) versus velocity of AchE of control and experi-
mental (malathion) brain homogenates at pH 7-2
along with the substrate versus activity curves.

From the above kinetic studies it may be presumed
that the organophosphorus compounds exert a mixed
type of inhibitory modulation on Acetylcholinesterase
tending towards competitive type of inhibition and
decrease the overall catalytic efficiency of the enzyme.
Thus this type of intitition elicited by malathion
suggests that the inhibition by this pesticide is decreased
during the availability of higher concentration of the
substrate,
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