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The effect of acetylcholine on inhibition of cholinesterases by
acylating inhibitors is considered. The theoretical rates of inhi-
bition in the absence and presence of acetylcholine are calculated.
The K, and K constants used in calculation were both evaluated

experimentally and taken from published data. It follows from
the calculation that the reported concentration of acetylcholine in
mammalian brain should provide protection to acetylcholinester-
ase against inhibition by organophosphates and carbamates.

It is known that substrates decrease the rate of acylation of cholin-
esterases by carbamates and organophosphates (cf. 1). This fact might
be of importance in that the toxic effects caused by anticholinesterases
in vivo could be decreased, if substrate concentrations are high enough
to considerably slow down the enzyme inhibition.

Using published data for the concentrations of acetylcholine in mam-
mals the effect of substrate on the rate of inhibition of cholinesterases
was calculated. The calculations were based on kinetic equations derived
from in vitro studies; it was anticipated that the concentrations of sub-
strate and inhibitor were in excess over those of the enzyme.

In its simplest form the reaction between enzyme [E] and an acylating
inhibitor [AB] can be presented by eqn. (1):

k,
E + AB — EA 1)
and between enzyme and substrate [S] by eqn. (2):

E+S_"ES—sE+P 2
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(EA) stands for the acylated enzyme, which is either the phosphorylated
or carbamylated cholinesterase; k, is the second order rate constant of
inhibition. (ES) is the Michaelis complex between substrate and enzyme
and (P) are the products of substrate hydrolysis.

At a given inhibitor concentration the rate of reaction (1) is deter-
mined by the first order rate constat (K) which is:

k = k, [AB] 3)
where [AB] is the molar concentration of the inhibitor. When reaction
(1) proceeds in the presence of substrate the first order rate constant

of inhibition (k') will be (cf. 1):

_ _ki[AB]
1+ [SVK,

’

@

K, is the Michaelis constant for reaction (2).

For acetylcholinesterase acetylcholine is not only a substrate but also
an inhibitor. The mechanism of the reaction in excess of substrate can be
very complex (1). However, in its simplest form the reaction will be:

ES + ST= ESS (5)

In such casc the first order rate constant of inhibition in the presence
of substrate becomes (cf. 1, 2):

o k, [AB] -

K is the dissociation constant for the ESS complex in egn. (5).

The equations (1), (2) and (5) present the reaction between enzyme,
substrate and inhibitor in its simplest form i. e. substrate and inhibitor
bind to the same site of the enzyme and the concentration of the
Michaelis type complex between enzyme and inhibitor is negligible. Eqns.
(4) and (6) were derived on the above assumptions (cf. 1, 2).

Knowing K, and K, it is possible to calculate the relationship between
the rate of inhibition in the presence and absence of substrate.

The published K, values for acetylcholinesterase and acetylcholine
cover a wide range from 0.05 to 0.64 mM (cf. 3). The experimental con-
ditions also vary, particularly the substrate concentrations wherefrom
the K, values were calculated. Taking the view that K, should be
obtained from experiments where 0.1 K, < [S] < 10 K, only data (3—¥6)
that fulfilled this requirement were taken into the calculations. The K,
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values for acetylcholinesterase from human and bovine erythrocytes se-
lected in that way are in the range from 0.06 to 0.21 mM. Our own Kn
values for acetylcholinesterase from human erythrocyte is (0.06 + 0.01)
mM (determined by the pH-stat method [4] at 37°C with 0.032 to 1.0 mM
acetylcholine). The mean value of the K, from literature data (3—6)
and our own is 0.14 mM.

The published K, constants for acetylcholine and human and bovine
erythrocyte acetylcholinesterase range from 11 to 35 mM (cf. 3). Includ-
ing our own Kgg value of 16 mM (determined on human erythrocytes
at 37°C) the mean value for the K., constant is 18 mM.

The published K, values for human and horse serum cholinesterase
are from 1.2 to 3.2 mM (cf. 3). The K,, value for human plasma deter-
mined by the above mentioned method (4) is (2.3 + 0.5) mM (the range
of substrate concentration was 0.032 to 100 mM). The mean value of the
K, for serum cholinesterase and acetylcholine from literature data and
our own is therefore 1.8 mM.

Taking the mean K,, and K, values, the influence of acetylcholine on
the first order rate constant of inhibition (k') was calculated (Table 1).
For acetylcholinesterase eqn. (6) was used and for cholinesterase eqn.
(4). In both cases the expression k, [AB] was arbitrarily set as 100 so
that the results in Table 1 apply to any inhibitor and any inhibitor con-
centration for which inhibition follows eqn. (1).

It follows from Table 1 that when the substrate concentration is 10
1M or less the rate of inhibition is almost the same as in the absence
of substrate (Table 1). Substrate concentrations above 10 nM will de-
crease the rate of inhibition and this effect is more pronounced the
higher the substrate concentration. A given substrate concentration will

Table 1
The effect of acetylcholine on the inhibition of acetylcholinesterase and
chiolinesterase by anticholinesterases. k' is the first order rate constant of
inhibition in the presence of substrate calculated by eqn. (6) for acetylcholin-
esterase and by eqn. (4) for cholinesterase. The expression k, <AB)

is arbitrarily set as 100

Acetylcholine Acetlzlcz%liilrﬁiiirase Cholinesterase
concentration IE;:ISmM' K,=18 mM
0 100 100
1 uM 99.3 99.9
10 uM 933 99.5
0.1 mM 58.2 94.7
1 mM 11.7 64.3

10 mM 0.9 15.3
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protect more efficiently erythrocyte than serum cholinesterase. This is
due to two reasons: (a) the K, for acetylcholinesterase is smaller than
for serum cholinesterase and (b) the formation of ESS complex provides
an additional protection against the inhibitor. It follows further from
Table 1 that protection of serum cholinesterase becomes appreciable
when acetylcholine concentration is higher than 0.1 mM, while at that
concentration the protection of acetylcholinesterase is very pronounced,
i. e. the rate of inhibition is roughly half of that in the absence of sub-
strate.

It is difficult to predict the in vivo effects of acetylcholine, because
the concentrations in situ of both enzyme and substrate are not known.
Nevertheless, summarizing the published data on acetylcholine contents
in vivo and assuming an even distribution of substrate in tissue, some
assessments can be made. In Table 2 are presented the concentrations

Table 2

The concentrations of acetylcholine in different preparations calculated from

published data on acetylcholine content assuming an even distribution. In

brackets are given the inhibitors in the presence of which the acetylcholine
content was determined

Preparation Acet&ﬂl)oline References
Man

Plasma 0.07—0.22 7
Brain 0.6 —4.1 8
Rat

Brain 14 9
Brain 20—40 10
Brain 26 11
Brain (phosdrine) 30 9
Brain (eserine) 34 12
Brain (DFP) 34 13
Blood (paraoxon) 0.2 4
Mouse

Brain 13 14
Hypothalamus 23 14
Dog

Blood (paraoxon) 0.2 4
Cat

Blood (paraoxon) 0.2 4
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of acetylcholine calculated according to the above mentioned assumption.
The concentration of acetylcholine in blood is about 0.2 #M and this
concentration, evidently, can provide no protection against an inhibitor
(cf. Table 1). The concentrations of acetylcholine in mammalian brain
appear to be 10 ;M or higher. Such concentrations should provide some
protection against an inhibitor, particularly if acetylcholine is not equally
distributed in which case it could be very efficient in competing with
an inhibitor for the active site of acetylcholinesterase. In case of anti-
cholinesterase poisoning the accumulated acetylcholine will decrease the
rate of inhibition thus providing more time for the inhibitor to become
removed from its place of action and for the enzyme to become sponta-
neously reactivated.
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Saietak

UTJECAJ ACETILKOLINA NA INHIBICIJU KOLINESTERAZA
ACILIRAJUCIM INHIBITORIMA

Razmotren je utjecaj acetilkolina na inhibiciju kolinesteraza acilirajuéim
inhibitorima. Izracunata je teoretska brzina inhibicije u prisutnosti i odsut-
nosti acetilkolina. Za ratun teoretske brzine inhibicije uzete su K, i K, kon-
stante dobivene u vlastitim pokusima i iz literature. S obzirom na poznate

koncentracije acetilkolina u mozgu sisavaca, zakljuéeno je da bi taj supstrat

trebao u nekoj mjeri zastititi acetilkolinesterazu od inhibicije organofosfatima
i karbamatima.
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