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Limited reports as compared to other insecticides appear in the literature for acetylcholinester-
ase (AChE) inhibition by diazinon. In the current study, new kinetic parameters of AChE inhi-
bition by diazinon have been investigated. The assay was done with bovine retinal AChE using
two different substrate (ASCh) concentrations in the absence and presence of diazinon (0.08—
1.28 mM). The optical density was monitored up to 25 min (reaction time) for the assay. New
kinetic parameters (k.., Ko, Koms, Ksmss Kigms and Kusm) were calculated from these experi-
mental data.

Keywords: Acetylcholinesterase; Diazinon; Inhibition; Kinetics

Abbreviations: AChE, acetylcholinesterase; ASCh, acetylthiocholine; K[, affinity constant;
Kk ns» Tate of reaction in the absence of inhibitor; Kyns, inhibition constant;

S PR
koms, Tate of reaction in the presence of inhibitor; K ., enzyme—substrate

dissociation constant; K,.m,, enzyme-substrate—inhibitor dissociation constant

INTRODUCTION

Acetylcholinesterase (EC 3.1.1.7; AChE) is a hydrolytic enzyme which
controls the transmission of nerve impulses by hydrolyzing acetylcholine

* This work was presented at the Xth International Symposium on Cholinergic Mechanisms,
held at Arcachon, France, from September 1-35, 1998, as a poster and part of it has been
published as an abstract in the book of the Symposium named “From Torpedo electric organ to
human brain: fundamental and applied aspects”/J. Physiology (Paris), 1998, 92, 444.

f Corresponding author. Fax: 966-1-467-5791. E-mail: mamjad@ksu.edu.sa.

201

RIGHTS

i,



Journal of Enzyme Inhibition and Medicinal Chemistry Downloaded from informahealthcare.com by HINARI on 12/18/11

For personal use only.

202 M.A. KAMAL AND A A. AL-JAFARI

(a neurotransmitter) in the nervous system. AChE in central and peripheral
cholinergic synapses is the primary target of organophosphorus insecticides
and therefore. it is the target enzyme for testing toxicity induced by organo-
phosphate and carbamate insecticides.' It is well known that diazinon
[0.0-diethyl  O-(2-isopropyl-4-methyl-6-pyrimidinyl) phosphorothioate]
belongs to the group of organophosphate (OP) insecticides.” * Pesticides,
especially insecticides, are a major topic for research because of their toxic
effects on non-target organisms such as fish. birds and mammals.® Determi-
nation of AChE activity is a useful tool in establishing the degree of toxicity
caused by these agents.

The toxico-kinetics, tissue distribution, and anticholinesterase activity of
diazinon have been investigated recently in the rat. Although both red blood
cell (RBC) AChE and plasma cholinesterase (ChE) activities can be inhib-
ited rapidly. the RBC AChE was more sensitive to diazinon than the plasma
cholinesterase.® The influence of cimetidine on diazinon toxicity and toxico-
kinetics has been also investigated in rats. The acute toxicity of diazinon,
as well as the inhibition of brain AChE and carboxylesterase have been
studied by pre-treating rats with cimetidine prior to diazinon application
(50mgkg ', i.p.). A comparison of toxico-kinetic parameters between con-
trol and cimetidine-treated animals showed that a major cause of the poten-
tiation of diazinon may be related to the increased uptake of diazinon in the
systemic circulation as well as by the brain.’

The toxicity effects of dimethoate, azinphos-methyl, diazinon, pirimiphos
methy!, OP insecticides, and benomyl (a benzimidazole fungicide) singly
and in a mixture have been studied in a human neuro-blastoma cell line,
SH-SYS5Y. The cells were incubated for 30 min and 4 h with pesticides con-
centrations ranging from 0.4 to 100 ug;mL. The suppression of AChE activ-
ity was maximum when a mixture of pesticides was used and was equal to
the most active compound in the mixture. However, the mixture was more
toxic to protein synthesis than the single components. Therefore, it is diffi-
cult to predict the toxicity of pesticide mixtures on the basis of these results
from the data obtained using single components.®

The in vitro study of the hepatic metabolism of diazinon and the
sensitivity of the brain AChE to diazinon inhibitory action have demon-
strated a different toxicity spectrum in rainbow trout, guppy, zebra fish and
carp. The zebra fish has the least sensitive AChE with a limited activation
rate, thus making it a resistant entity. The data obtained indicated that
diazinon toxicity differences among the fish family can largely be due
to dissimilarities in liver metabolism and the sensitivity of the target
enzyme.’
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A variability in AChE activity and changes in the optomotor response
have been utilized to study the effects of different concentrations of diazinon
in bluegill Sunfish, Lepomis macrochirus. There was a significant decline in
the AChE activity above 45 pug/L concentration. In case of optomotor behav-
ior, the “following” responses in the fish at concentration of 30 ug/L were
declined. This observation indicates that the behavioral bioassay has been
more sensitive than other types of techniques.'’

In a recent study, toxic effects of azamethiphos in two OP-resistant and
one susceptible strain of houseflies, Musca domestica L, were investigated.
The Yachiyo strain, which showed 1500-fold resistance to diazinon and had
multiple mechanisms for OP-resistance, showed only 6-fold resistance to
azamethiphos by topical application and 4-fold resistance by oral adminis-
tration.!! On the other hand no cross-resistance to diazinon was detected
during a study of the high level of pyrethroid resistance in horn flies,
Haematobia irritans (L.), selected with cyhalothrin.'?

Nine fairways of a golf course located in Bellingham, Washington were
treated with diazinon AG500 at an application rate of 2.2kg active ingre-
dient (AI) per hectare. The chemical application with a “bloomless” sprayer
resulted in a variable distribution of diazinon residues on the turf (asso-
ciated with a deep thatch layer) that ranged from 1.0 to 6.2kg Al/hectare.
The diazinon-treated turf was irrigated with 1.3cm of water immediately
following application. The post-irrigation diazinon residue levels ranged
from 100 to 333 ppm. Eighty-five American wigeon (Anas americana) died
after grazing on a treated fairway on the day of application following irriga-
tion. Wigeon that died on a specified area showed 44—-87% decline in AChE
activity as compared to controls. Upper GI tract contents of 15 of the 85
dead wigeon contained 0.96-18.1 ppm diazinon.!?

The activity of AChE and the density of muscarinic cholinergic binding
receptors (MCBR) were measured in whole brains from normal Japanese
quail and from quail after lethal intoxication with diazinon. During post-
mortem decomposition, the ratio of AChE : mCBR activities remained con-
stant at approximately 1.3 : 1 in normal brains while it was less than or equal
to 0.5:1 with diazinon intoxication. Similar parallel measurement of AChE
and mCBR could assist in the post-mortem diagnosis of death due to acute
poisoning with anticholinesterase pesticides when control specimens are not
available.'*

Worek and co-workers studied various microscopic reaction parameters
that contributed to the dynamic equilibrium of human erythrocyte AChE
and the mouse diaphragm AChE inhibition, ageing and reactivation in vitro.
Their data had been helpful to define more precisely the indications and
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limitations of oxime therapy in OP poisoning. They reported that diethyl-
phosphoryl-AChE resulted from intoxications with parathion, chlorpyrifos,
chlorfenvinphos. diazinon and other OPs, which had been characterized by
slow spontaneous reactivation and low propensity for ageing.'®

Diazinon is widely used for the control of agricultural and household
pests, the toxic effects of which are mainly due to inhibition of cholines-
terases. In Saudi Arabia also, diazinon is commonly sprayed in homes, offi-
ces and stores, etc. for the control of insects and, therefore, it was thought of
interest to investigate the effect of diazinon on the kinetic parameters of
the AChE. The cow’s eye has been employed as a model for testing the
mutagenicity of excimer laser radiation and many other studies in opthal-
mology.'® Whole eye has been also recommended for post-mortem cholines-
terase analysis in 4. anguilla due to its ease of collection, high cholinesterase
activity and sensitivity to inhibition by pesticides.!” Retinal degeneration
has been reported along with chronic ocular degeneration and lesions in
humans exposed to organophosphate insecticides.'® Moreover, some of the
organophosphate elicited ocular toxicity and serious changes in ciliary body
as well as in the retina.'” The presence of AChE activity in the retina was
reported 54 years ago>" and it has been extensively documented that the ver-
tebrate retina, which is embryologically derived from the CNS, is rich in
ACh (neurotransmitter) and cholinesterases.?! >* The functional role of
ACh in visual transmission in many mammalian retinas has been well docu-
mented,**? and there is a wealth of data demonstrating the effect of cho-
linergic drugs and anticholinesterases on retinal function.”’” The effects
reported by various groups of investigators appear to vary widely. Inhibi-
tion of AChE has been reported either to enhance or reduce the process of
dark adaptation.® The decreases which have been noted in visual activity
following exposure to anticholinesterases and a muscarinic cholinergic ago-
nist may cause an increase in the flicker fusion frequency.”® These effects
have largely been attributed to the changes in accommodative ability.>°
Therefore, it was of interest to study the effects of diazinon on bovine retinal
AChE activity.

MATERIALS AND METHODS

Materials

Acetylthiocholine iodide (ASCh, substrate) and 5,5'-dithiobis-(2-nitro)ben-
zoic acid (DTNB) were purchased from Sigma Chemical Co. (USA). Triton
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X-100 was purchased from Merk and bovine serum albumin was obtained
from Fluka Chemika-Biochemika (Switzerland).

Enzyme Preparation and Assays

Retinas of young cows were obtained from a local abattoir. The whole
retina from each eye was rapidly removed, rinsed in pre-chilled 0.9% saline
solution, blotted and weighed. In each batch of enzyme preparation, twenty
whole retinas were homogenized in pre-chilled 50 mM sodium phosphate
buffer (pH 7.4). The extraction of retinal membrane-bound AChE has been
described in a previous report.’' AChE activity was determined by the spec-
trophotometric method of Ellman ez al.*

Estimation of Protein

The protein content of the enzyme preparation was determined according to
the method of Lowry et al. using bovine serum albumin as a standard.>® The
interference by Triton X-100 has been corrected as described previously.>*

Graphics

The graphs were plotted by using GraFit program.®® The value of the corre-
lation coefficient was obtained by the linear regression analysis using the
same program.

RESULTS AND DISCUSSION

Bovine retinal AChE activity was determined using two different substrate
(ASCh) concentrations (0.025 and 0.25mM) in the presence and absence of
diazinon (0.08—1.28 mM/L) (Figure 1). The optical density was monitored
up to 25 min (reaction time) in each assay. These results provide basic infor-
mation for the calculations of all the kinetic parameters reported in the pre-
sent study. A secondary plot of Figure 1 is presented in Figure 2, where the
slope values of each plot in Figure 1 were plotted against the concentrations
of diazinon for both assays as indicated above (Figure 2 inset). As shown in
the inset plot, the plot for higher concentrations of ASCh was not linear,
therefore, it was re-plotted against log concentration of diazinon and
straight lines were obtained with correlation coefficients of 0.9346 and 0.9982
for the plot of ASCh concentration of 0.025 and 0.25 mM, respectively.
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Further analysis was carried out on the basis of the slope (k) and ordi-
nate on the Y-axis (K,) values obtained in the linear regression analysis of
the two plots in Figure 2. Firstly, the reciprocal of kg and K, values was
plotted versus the reciprocal of the ASCh concentrations (Figure 3(A)),
which provided the 1/k/,, value as intercept on the Y-axis, and the —1/KJ
value an abscissa (X-axis intercept) of the 1/k, plot. The ratio of 1/k/ ,, and
1/K} was equal to K/  (affinity constant). The value of K was found to
be 1.0 (mM - min) while the second plot of this figure (K,) also provided the
1/K .« s an ordinate on the Y-axis, and the —1/K_, an abscissa (X-axis
intercept) of the 1/K, plot. The ratio of 1/K/ . and 1/K/ was equal to k
(rate of reaction in the absence of inhibitor). The value of &/ . was calcu-
lated to be 0.821 min~".

In case of part B of Figure 3, k; and K, were plotted against ASCh con-
centration. The first plot of k; produced kgp.x, an intercept, and — K, inter-
section value on the abscissa. The ratio of k.« and K, was equal to Ky
(inhibition constant). The value of K, was calculated to be 0.40
(mM - min)~'. The second plot of this figure (i.e. K,) also gave the values for
Komax. an ordinate, and — K, an abscissa. The ratio of K;max and K, was
equal to ks (rate of reaction in the presence of inhibitor), which was esti-
mated to be 0.378 min~".

The ratio of k (slope) and K|, (ordinate) was obtained after linear regres-
sion analysis of the two plots in Figure 2 and was designated as K, (associa-
tion constant) which was plotted against the reciprocals of the two ASCh
concentrations (Figure 4(A)). From this simple plot, again two parameters
were obtained. One represents K, q.x as the intercept on the Y-axis, while
the second is K given by the intercept on X-axis. The ratio of both yielded
K. (enzyme-substrate dissociation constant) and its value was calculated
to be 0.175 (mM/L)*. On the other hand, the curve obtained by plotting the
reciprocal of K, versus two concentrations of ASCh (Figure 4(B)) also
resulted in two points, one was represented by 1/K, .., which was the inter-
cept on the ordinate, while the second was —1/K, given by the intercept on
the X-axis. The ratio of both values provided K., (enzyme—substrate—
inhibitor dissociation constant), which was estimated to be 0.597 (L/mM)?.

The nature of the inhibition of AChE by diazinon is non-competitive
because I/k; and 1/K, intersect at one point at high concentration of
ASCh (Figure 3). The chemical structure of diazinon (Figure 5) illustrates
the interaction of the diazinon with AChE and the proposed model
(Figure 5) for interaction of diazinon with AChE in the presence of acetyl-
choline (as a substrate) is suggested in the light of previous reports in the
literature.!337
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FIGURE 5 Proposed binding-site model for AChE with acetylcholine (substrate) and diazi-
non (inhibitor) used in the current study.

The values of the kinetic parameters, estimated in the current study,
showed that diazinon is relatively a weak inhibitor of bovine retinal AChE
as compared to other insecticides studied in our laboratory such as sevin
and lannate, which have Kj value of 6.194 and 0.143 uM for camel retinal
ACHE, respectively.’®*® Furthermore, a report that diazinon itself is a weak
cholinesterase inhibitor yet its biologically active oxygen analog, diazoxon
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(catalyzed by mixed-function monooxygenases, such as cytochrome P-450,
in vivo) is a potent inhibitor of brain AChE. Machin et al. have also sug-
gested that the critical toxicity of diazinon is due to its extrahepatic acti-
vation into biologically active gradients.” Therefore, the effect of this
insecticide cannot be ignored because it can affect exposed animals as well
as human beings (wholly and in particular their eyes) due to spraying on
crops and dwellings.

The current study is a unique in providing a rapid method for investiga-
tion of the novel kinetic parameters of a compound for inhibition of AChE
by using only two substrate concentrations instead of multiple concentra-
tions, so saving on chemicals, enzyme (which can be very expensive) and
time. It is a promising general approach for the estimation of various kinetic
parameters for the inhibition of different enzymes by a variety of chemicals,
insecticides, herbicides and drugs. In the light of our previous studies on ret-
inal AChE, we believe that the use of bovine retinal AChE is an easy and
inexpensive model for the kinetic study of AChE inhibition by various drugs
and chemicals, and it can be a useful approach to determine the effects of
tested anti-AChEs on CNS enzymes, ex vivo.*0%
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