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ABSTRACT

In vitro inhibition of human plasma and erythrocyte cholinesterase activities by the
strong cholinesterase inhibitor chlorpyriphos (organophosphate) and the weak
cholinesterase  inhibitors (donepezil, metoclopramide, and diphenhydramine) in
different concentrations was evaluated. The protective ability of each one of the weak
cholinesterase inhibitors alone and with a combination of two of them against the
inhibitory action of chlorpyriphos was also detected. The results showed different
patterns of inhibition depending on the inhibitor and its concentration when used
alone or within a combination. When testing the protective ability, the results differed
for each one of the inhibitors and for the combinations, depending on its own ability
to bind the cholinesterase. Donepezil showed no ability to protect the enzyme against
chlorpyriphos, but caused further increase in the inhibition when used alone or in
combination. Diphenhydramine could have affinity to bind the enzyme more than
metoclopramide and donepezil when used in combination against chlorpyriphos
toxicity, and metoclopramide had higher affinity to inhibit erythrocyte cholinesterase
in combination more than diphenhydramine and donepezil . The use of weak
cholinesterase inhibitors alone or in combination may reduce the toxicity of
organophosphates depending on the inhibitor used , but still not to a significant extent.

Keywords:  Weak  cholinesterases  inhibitors,  chlorpyriphos,  donepezil,
metoclopramide, diphenhydramine, protection against organophosphates
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O rganophosphates (OP) are widely health, veterinary practice and
used as insecticides in public agriculture "' The single most
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important mechanism of the toxic
action of these insecticides in man and
animals is inhibition of acetyl
cholinesterase at the nerve terminals,
and this causes acetylcholine
accumulation that subsequently causes
a series of muscarinic, nicotinic and
central nervous system effects’™.
Human blood cholinesterase (ChE) are
classified as acetyl cholinesterase
(AChE, mainly found in erythrocytes)
and butryl cholinesterase (BChE,
mainly found in plasma) . These
enzymes differ in their sensitivity to
inhibitors' and therefore, the inhibitors
show different toxicities.

The  cardinal  treatment  for
organophosphate poisoning includes
atropine to counteract the muscarinic
signs and symptoms, and oximes to
reactivate the inhibited
cholinesterases " . However, the
clinical results of administering
antidotal therapy for organophosphate
poisoning are far from perfect”’i, and
there are many experimental ftrials
using other therapeutic and protective
agents. Examples of such trials include
antihistamine diphenhydraminev’A,
alpha- Y-adrenoceptor agonistsq and
metoclopramide,\/” ', and
phenothiazines h

Metoclopramide is used
clinically as antiemetic agent”. Other
than the antidopaminergic and possible
serotonergic effects, metoclopramide
has been found to  possess
anticholinesterase properties """ The
drug weakly inhibits cholinesterase
activity both in vitro'" and in vivo' .
This protective effect of
metoclopramide on the cholinesterase
is thought to be of practical usefulness
for the treatment of organophosphate
poisoningw. However, metoclopramide
which is a dopamine receptor
antagonist was reported to prevent OP
poisoning in man (using in vitro

system)" and in chicks both in vitro
and in vivo ‘. The protective action of
metoclopramide is thought to be
competition for the active site of the
enzyme with the more potent OP".
Metoclopramide inhibited in vitro as
well as in vivo the ChE activity in
animals [Y¢,)1].  Metoclopramide
reduced the toxicity by dichlorvos and
daizinon by acting as a protective agent
for the ChE'*'".

Diphenhydramine which is an
ethanolamine derivative, nonselective
histamine ~ H)-receptor  antagonist,
mainly used for allergy symptoms
caused by histamine release
(anaphylaxis, rhinitis and dermatoses),
also can be used for nausea and vertigo
and motion sickness "', The
efficacy of diphenhydramine in the
prevention and treatment of methomyl-
induced toxicosis was evaluated in
female rats, the results suggest that
diphenhydramine  could be of
therapeutic value in reducing the toxic
effects of methomyl”™™"".
Diphenhydramine inhibits in vitro
pseudo cholinesterase (ChE) from
several sources (human, rat, or horse
plasma). This inhibition is competitive
with acetylcholine (ACh) and is
reversible, diphenhydramine dose not
compete with either OP in inhibiting
ChE H’Y\’YY.

Donepezil is an actylchelinesteras
inhibitor, mainly used in Alzheimer's
disease, it  reversibly  inhibits
actylchelinesterasw”A’Sq. We tried to
use it in our study as a protective agent
against organophosphate poisoning.

The aim of this study was to
evaluate the protective effect of weak
ChE  inhibitors  (metoclopramide,
diphenhydramine  and  donepezil)
against the strong inhibitors OP
(chlorpyriphos), each one used alone
and then as in combination
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Materials and methods
Subjects The subjects included in this
study (male and females, age Y++/- )+
years) apparently healthy with no
history of exposure to anti-ChE
insecticides or drugs. Blood samples
were collected in a © ml EDTA-treated
test tubes then centrifuged (Centurion,
UK) at Y+++ rpm for Y° min. The
erythrocytes and plasma  were
separately pooled and kept on ice for
ChE assay.
Electrometric assay of ChE activity
In our work we used the modified
electrometric method, validated in
human™""*. The reaction mixture in a
Y+ ml beaker contained ¥ ml distilled
water, *.Y ml plasma or erythrocytes
and ¥ ml pH A.) barbital-phosphate
buffer . The pH of the mixture (pH")
was measured with glass electrode
using pH meter (Hanna Instruments,
Romania), then +.) ml of aqueous
solution of acetylthicholine (Y.°%) was
added to the reaction mixture which
was incubated at YV'C in water bath
(Shaker bath °BSY+, UK) for Y+ min.
At the end of the incubation period, the
pH of the reaction mixture (pHY) was
measured. The enzyme activity was
calculated as follows:
ChE activity (ApH/ Y+ min.) = (pH -
pHY)-ApH of blank

The blank contained no blood
aliquot. The barbital-phosphate buffer
solution consist of ).Y¢ g sodium
barbital (BDH), +.\1Y g potassium
dihydrogen phosphate (Merck,
Germany), and Y°.:Y g sodium
chloride (BDH) dissolved in one liter
distilled water ' *". The pH of the
buffer was adjusted to A with YN
HCL
In vitro ChE inhibition by the
inhibitors Plasma and erythrocyte
samples were collected from healthy
volunteers. Different drug
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concentrations were prepared then they
were individually added in a volume of
+.) ml to the reaction mixture to obtain
final concentrations as follows:

chlorpyriphos: ¢ uM

metoclopramide: ©+, Ye and 'V.°

uM

diphenhydramine: Y++, ¢+ and Y°

uM

donepezil: )+ + and Yo uM
the concentrations of chlorpyriphos
and the drugs used in the present study
were obtained from preliminary
experiments to validate the
experimental  concentrations.  The
inhibitors were prepared in distilled
water and individually added in a +.)
ml to the reaction mixture of the
plasma and erythrocytes. The reaction
mixture containing inhibitors was
incubated at YV °C for )+ min.
Thereafter, the residual ChE activity in
mixture was measured . The % of
enzyme inhibition was calculated as
follows:% ChE inhibition= [ChE
activity  (without  inhibitors)-ChE
activity (with inhibitors)/ChE activity
(without inhibitors)] X ) « «
In vitro ChE inhibition by the weak
inhibitors and the strong inhibitor
(chlorpyriphos)
Aliquots of the same plasma and
erythrocyte samples used in the
previous experiment were used here
and the same concentrations of
inhibitors were also used,
chlorpyriphos  was  diluted with
distilled water and added in a volume
of +.) ml to the reaction mixture to
obtain a final concentration of ¢ uM,
each drug concentration mentioned
above was added to the reaction
mixture (+.) ml) )+ min before the
chlorpyriphos addition'', which was
then incubated at YV°C for )+ min
before measuring ChE activities
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and percent of enzyme inhibition as
described above.

In vitro ChE inhibition by a
combination of  weak ChE
inhibitorsnd then by the same
combination with the strong
inhibitor (chlorpyriphos)

In another set of experiment other
plasma and erythrocyte samples used
and the drugs were used here as a
combination of inhibitors in different
concentrations as follows:

donepezil Yoo uM with
metoclopramide ¢+ pM

donepezil Y° uM with metoclopramide
Yo MM

donepezil Yoo pM with
diphenhydramine ++ uM
donepezil Yo uM with

diphenhydramine ¢+ uM
Then we continued with the
following inhibitors and concentrations
metoclopramide  © UM with
diphenhydramine ++ pM
metoclopramide Y  uM  with
diphenhydramine ¢+ uM
metoclopramide Y uM  with
diphenhydramine Y uM
metoclopramide Y. uM  with
diphenhydramine ¢+ uM
metoclopramide Y. uM  with
diphenhydramine Y uM
Each combination mentioned
above was added to the reaction
mixture (+.) ml) (both weak inhibitors
added at the same time), which was
then incubated at YV °C for Y+ min
before measuring ChE activities and
percent of enzyme inhibition as
described in the previous experiment.
Then the same plasma and
erythrocyte samples used in this
experiment and the same combination
of inhibitors mentioned above were
also used in the same way of addition
and incubation. Chlorpyriphos was
then added in a volume of +.) ml to the
reaction mixture to obtain a final
concentration of ¢ uM (chlorpyriphos
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was diluted and used as described in
the previous experiment), which was
then incubated at YV °C for '+ min
before measuring ChE activities and
percent of enzyme inhibition as
described in the previous experiment.
Statistical Analysis

The data were subjected to analysis of
variance followed by the least of
significant difference test' . Paired
Student’s  t-test was used for
comparing the means of ¥ groupsw.

The level of significance was at
p<..v0.

Results

The in vitro inhibition of plasma and
erythrocyte ChE activities by the
strong ChE inhibitor (chlorpyriphos) ¢
puM  and weak ChE inhibitors
(donepezil,  metoclopramide, and
diphenhydramine) in different
concentrations, and then each one of
the weak ChE inhibitors with the
strong one was detected and the results
are shown in Table ).

Tables Y and Y represent in vitro
inhibition of plasma and erythrocyte
cholinesterase activities by a
combination of weak ChE inhibitors
(donepezil Yool YouM  with
metoclopramide °©+, YouM and then
donepezil Yoo, YouM with
diphenhydramine Y++, ©+uM ) each
combination alone and then with the
strong ChE inhibitor (chlorpyriphos)
(Table Y), and the combination of
(metoclopramide °+, YouM and
‘Y.ouM with diphenhydramine V-:,
°«uM and YouM ) each combination
as alone and then with the strong ChE
inhibitor (chlorpyriphos) (Table ¥).

In order to compare the
combinations, Figure ) and Y
represent % inhibition of plasma and
erythrocyte cholinesterase of each
combination used in this experiment
as alone and then with the strong ChE
inhibitor (chlorpyriph)
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Table V: In vitro inhibition of human plasma and erythrocyte cholinesterase activities
by numbers of ChE inhibitors and their effect on ChEs inhibition by the
strong inhibitor (chlorpyriphos)

Plasma ChE Erythrocyte ChE
Inhibitors (uM) % %
Y+ mi o Y+ mi o
A plio main Inhibition Bypehvo mim Inhibition
.HM \‘\W:I:~_~“Yi . ~‘V2:|:~.Y~Va .
chlorpyriphos ¢ pM* ICREVAA AL LA AR
donepezil )+ + uM* VYot YyYab AT S S v ¥A
donepezil )+ + uM before * YL YYR IAY) e @b Yoo
chlorpyriphos ¢ uM
donepezil Yo pM* R FURAE S £ At vt Y YEP AvYY
Tvo T
donepez%l UM before T 44 vy IR Voo
chlorpyriphos ¢ uM
metoclopramidee ©+ uM* IEAEIIEE AEAR Yot woonb YV.V.
1 [~ I
metoclopramide ©+ pM e Yae oY) IR% LXYE.TED o 49
before chlorpyriphos ¢ uM
metoclopramide Yo uM* IR AFIRA RS AY Qs IARETIRR L AK
. ° I
metoclopramide T° pM TN ATYA VOl aYo? YoV
before chlorpyriphos ¢ uM
diphenhydramine ) + + uM* IREFTIRE AL DAL V.oYds 2 9AD V.Y
. . . i
dlphenhydramlne\ MM (s .:t-.~na A\ -_D\:l:~.u Wya YV/\‘
before chlorpyriphos ¢ uM
diphenhydramine ¢+ uM* A FRE AN VYT Y1y P £4.Y4
dlphenhydramn}e"' HM® Gt @ Yoo CY¥i. aygab AF
before chlorpyriphos ¢ uM

N=Y / concentration groups.

# Cholinesterase inhibition was detected after )+ min incubation of the sample with ChE inhibitors.
1 weak ChE inhibitors was added to the reaction mixture Y+ min before the strong ChE inhibitors

(chlorpyriphos) addition.

a Significantly different from their respective control (+) group, P<+.:°
b Significantly different from the strong ChE inhibitors (chlorpyriphos) (¢ uM), P<-.:®
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Table Y: In vitro inhibition of human plasma and erythrocyte cholinesterase activities
by a combination of weak ChE inhibitors (donepezil with metoclopramide
and then donepezil with diphenhydramine) and their effect on ChEs
inhibition by the strong inhibitor (chlorpyriphos)

Plasma ChE Erythrocyte ChE
Inhibitors (uM)
A pH/Y+ min YA A pH/Y+ min i
P Inhibition P Inhibition

.HM Y YY£e o AY . « 9440 YVo .

1 . yé
donepezil )+ + uM + C AV g8 Ag vt R FER AA AR
metoclopramide ¢+ pM
donepezil Y+ + uM + *
metoclopramide ¢+ uM before ALY ay.an S AR S ay.4y
chlorpyriphos ¢ uM

: *
donepezil Yo uM + v X$ha vuab VY £y vl o YARD AV AA
metoclopramide Y° uM
donepezil Yo uM + *
metoclopramide Y© uM before UARE-TICRR A .0 it wavab av.ay
chlorpyriphos ¢ uM

1 “ 0 %
df)nepezﬂ\ .uM+ L YYie dYARD va 4y S N 4A.0)
diphenhydramine ++ uM
donepezil Y+ + uM + ¥
diphenhydramine )+ + uM A EIIER R A4 e Yoo
before chlorpyriphos ¢ uM

. *
donepezil Yo M + C£¥a. oyab 1Y g0 o Yae gad g,y
diphenhydramine ¢+ uM
donepezil Yo uM + *
diphenhydramineon MM ~.~ii...\ia ﬁ‘l.o\ nlnnj:n...ab LI
before chlorpyriphos ¢ uM

N=Y / concentration groups.

% Cholinesterase inhibition was detected after ) * min incubation of the sample with the mixture of

weak ChE inhibitors.

1 The mixture of weak ChE inhibitors was added to the reaction mixture )+ min before the strong ChE

inhibitors (chlorpyriphos) addition.

a Significantly different from their respective control (+) group, P<:.+®
b Significantly different from the strong ChE inhibitors (chlorpyriphos) (¢ uM), P<-..®
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Table ¥: In vitro inhibition of human plasma and erythrocyte cholinesterase activities
by a combination of weak ChE inhibitors (metoclopramide

with

diphenhydramine ) and their effect on ChEs inhibition by the strong
inhibitor (chlorpyriphos)
Plasma ChE Erythrocyte ChE
Inhibitors (uM)
A pH/Y+ min /o A pH/Y+ min /o
P Inhibition P Inhibition

«uM Y VY4 VYE . v 064 YYE .

. . N
metoclopramide ©+ pM + T IRRE SXF: LR VYA
diphenhydramine ++ uM
metoclopramide ©+ uM +*
diphenhydramine )+ + uM Ve V82 9.y N PR 1).¢4
before chlorpyriphos ¢ uM

. *
rgetoclopram@e Yo uM + DAY Yy A% 41 C¥Yh. ..yab Y AL
diphenhydramine ¢+ uM
metoclopramide Yo uM + *
diphenhydramine ¢+ uM KRN At VYA 2 YARD €4.vo
before chlorpyriphos ¢ uM

: *
metoclopramide T LM + AAFTIRAELL AY 1€ COvke YA YA 0V
diphenhydramine Y© uM
metoclopramide Yo pM + *
diphenhydramine Yo uM UERE IR A AY.9A +.00+. WY Yy
before chlorpyriphos ¢ uM

: *
metoclopramide ) Y. uM + FYSINRNL oY £A IZHRE L £.44
diphenhydramine ¢+ uM
metoclopramide ) Y.© uM + ¥
diphenhydramine O MM ~_~V;{:~‘~ 'Va ‘\V"\Y‘ -‘T“/\j:~'Y\’°b 21‘2“
before chlorpyriphos ¢ uM

: #*
metoclopramide 17> uM + CYAze Vg2P VIAT ooy WVl Vi
diphenhydramine Y uM
metoclopramide VY. uM + ¥
diphenhydramine Yo uM IR 1.4 RS Y400
before chlorpyriphos ¢ uM

N=Y / concentration groups.

# Cholinesterase inhibition was detected after ) * min incubation of the sample with the mixture of

weak ChE inhibitors.

1 The mixture of weak ChE inhibitors was added to the reaction mixture )+ min before the strong ChE

inhibitors (chlorpyriphos) addition.

a Significantly different from their respective control (+) group, P<:.+®
b Significantly different from the strong ChE inhibitors (chlorpyriphos) (¢ uM), P<-..@
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Figure ) : % Inhibition of human plasma and erythrocyte cholinesterase by a
combination of weak ChE inhibitors donepezil (Do) with metoclopramide (Me) and
then donepezil (Do) with diphenhydramine (Di ) and then each combination with the

strong ChE inhibitor chlorpyriphos (Ch).
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Figure Y : % Inhibition of human plasma and erythrocyte cholinesterase by a
combination of weak ChE inhibitors metoclopramide (Me), diphenhydramine (Di )
and then each combination with the strong ChE inhibitor chlorpyriphos (Ch).
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Discussion
In vitro ChE inhibition system is used
to evaluate ChE inhibiting potential of
chemicals with binding affinities to
ChE """, It was found that there was a
good correlation between ChE
inhibitions in vitro and in vivo' ', and
usually in vitro ChE inhibition assists
in the clinical interpretation of
pesticide intoxication

As expected, chlorpyriphos |,
which is an OP, caused ChE inhibition
in the plasma and erythrocyte (in
vitro). This is in correlation with

. . . . . YV ve
previous in vitro studies in human
In the present study, chlorpyriphos
inhibited plasma ChE activity more
than erythrocyte ChE. This effect has
been reported by others””. It was
attributed to the inherent activity of the
particular OP; it is well known that OP
may vary in their inhibition potentials
of tissue ChE ™"

Weak or reversible ChE inhibitors
can reduce or prevent toxicity of OP' ",
and also prevent further increase in
ChE inhibition caused by OP' "
However, weak ChE inhibitors given
after OP, might increase the toxicity of
the latter compoundm, this is why we
use the weak inhibitor before the
strong one rather than after it. These
weak inhibitors increased ChE
inhibition in subjects already exposed
to anti ChE, the weak inhibitor may
inhibit a small fraction of residual ChE
activity or they do not bind the same
sites that bind with OP resulting in
maximum toxicity v

All the drugs used in this study are
of known ability to inhibit the ChE in
varying degrees, metoclopramide and
diphenhydramine (as a  weak
inhibitors) both have been tested as
protective agent against OP poisoning
both in vitro and in vivo T
Donepezil, a known anticholenesterase
drug " no previous study poses its
ability to protect the ChE against OP
poisoning. In this study we use each of
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them as ChE inhibitor and as a
protector against OP, and then we
combined both of them to find whether
the combination will protect or further
increase the OP ChE inhibition.

We found that all the weak ChE
inhibitors showed different levels of
inhibition of plasma ChE but all of
them increased OP ChE inhibition
when given before it (Table V). The
erythrocyte ChE showed a similar
result (Table ) except that
metoclopramide ©+uM which reduced
the ability of its toxicity from (YV.Y%)
to (°£.9%) when given before the OP
(chlorpyriphos), but still higher than
OP ChE inhibition (Table V). Also
metoclopramide Y°euM showed further
decrease in OP ChE inhibition to lower
than the normal inhibitory level
(Y).¢%) reduced to (Y+.YY%) (not
statistically significant), but it is still
higher than its normal inhibitory level
(V.YY%) (i.e. Increase its toxicity and
decrease OP ChE inhibition) (Table V).
Diphenhydramine Y+ +uM showed low
level of erythrocyte ChE inhibition
alone but still increased OP ChE
inhibition  (Table V),  whereas
diphenhydramine ©+uM show high
level of increasing ChE inhibition as
alone and with OP but still lower than
the other weak ChE inhibitors (Table
M.

The  combinations  showed
slightly different results, donepezil
combination with other weak ChE
inhibitor show maximal increase in
the toxicity for both plasma and
erythrocyte ChE (increase both its
own alone and the OP % of
inhibition) (Table Y, Figure V).
Although the two combinations
(donepezil Yoo uM with
metoclopramide ©+ uM, donepezil Y°
uM with metoclopramide Yo upM)
showed increase in their own toxicity
alone when used with the OP but still
lower than (yet not statistically
significant) the % of plasma ChE
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inhibition of OP alone (Table Y,
Figure ). This result probably refers
to the effect of metoclopramide
because no such effect have been
seen with the same donepezil
concentration alone or with the same
concentration  when  used as
combination with the
diphenhydramine (Table Y, Figure V).
However, metoclopramide affect the
erythrocyte ChE more than the
plasma ChE (Table Y, Table ¥, Figure
Y)'"" so such effect could be
referred to the effect of the two weak
ChE inhibitors (donepezil and
metoclopramide) as a combination
when used together in this
concentrations.

The combinations containing
metoclopramide and diphenhydramine
showed different results, % of
inhibition of plasma ChE showed the
same result of the previous
combinations (i.e. Increase in % of its
inhibition alone and that of OP plasma
ChE) (Table Y, Figure Y). However, in
case of erythrocyte ChE showed
different way of inhibition, all of the
combinations showed reduction of %
of inhibition of one of its component
when used alone (i.e. the weak ChE
inhibitors protect erythrocyte ChE
from each other to produce what we
call it a mean of % of inhibition which
is between the % of erythrocyte
inhibition of the two weak inhibitors
when used alone in different degree of
inhibition regarding each combination)
(Table Y, Figure Y). Such protection
can be caused by the competition of
the two ChE inhibitors on the enzyme
molecule but in different degrees of
affinity for each concentration, this is
why we found different abilities of
lowering the % of inhibition for each
concentration used alone and when
used as a combination with other
concentrations of the other weak ChE
inhibitors (Table ¥, FigureY).
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When all the combinations were
used with the strong ChE inhibitor
(chlorpyriphos) they showed increase
in their own toxicity compared to its
use alone and higher than that the % of
inhibition of OP alone , but still not
very high like those in the
combinations containing the donepezil
(Table Y, Figure Y). This could be
caused by their abilities of inhibition of
the enzyme being lower than that of
donepezil (i.e. the selectivity of the
donepezil is higher). Although the two
combinations (that containing
diphenhydramine YeuM) show the
lowest % of erythrocyte ChE inhibition
when  given before the OP
(chlorpyriphos) (slightly above the %
of inhibition of OP alone), but still not
considered as protective since these
could not reduce the % of inhibition
below the that of OP alone.

Suggesting that the
diphenhydramine could have affinity to
bind the enzyme more than
metoclopramide and donepezil when
used within a combination with other
weak ChE against the OP toxicity
(chlorpyriphos), and the
metoclopramide have high affinity than
diphenhydramine to bind the
erythrocyte ChE enzyme in a
combination containing no OP. This is
seen in all combinations with different
concentrations of both metoclopramide
and diphenhydramine (Table Y, Figure

).

Conclusion

The use of weak ChE inhibitors may
reduce the toxicity of strong one OP ,
but still not to significant degree. The
use of a combination of such weak
ChE inhibitor as a protector to reduce
the toxicity of strong one (OP) show
slightly different way of inhibition and
reduction of OP toxicity than when
used as alone depending on their
different abilities to compete with each
other and different affinities to bind the
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enzyme, and this phenomenon differs
from one concentration to other for
each one of the weak ChE inhibitor.
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