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Abstract—Atropine sulphate was found to inhibit rat brain and heart monoamine oxidase in vitro.
It was found to act as competitive inhibitor, the enzyme-inhibitor dissociation constant (K;) was found
to be 7.36 x 1073 M and 5.5 x 1073 M for brain and heart monoamine oxidase, respectively. In addi-
tion, the kinetics of inhibition of rat brain and heart monoamine oxidase by atropine sulphate was

also investigated.

Atropine is the drug of choice in the treatment of
organophosphate poisoning. It can antagonise the in-
crease of cerebellar choline induced by oxotremorine
or physostigmine [17] in the mouse. In rat brain it
prevents the decrease in the level of iron and total
flavines induced by physostigmine or amiton [2].

In continuation to our studies on rat brain choline-
esterase and rat brain monoamine oxidase inhibi-
tors [3-5], the inhibitory effect of atropine on rat
brain and heart monoamine oxidase is evaluated.

MATERIALS AND METHODS

Materials. Serotonin creatinine sulphate (contains
43.5%, serotonin) was obtained from May and Baker,
Dagenham, England; Antemovis ampoules (each con-
tains 5mg of serotonin creatinine double sulphate)
were obtained from Vister, Casatenovo, Italy. Atro-
pine sulphate was obtained from E. Merck, Darm-
stadt.

Rat brain or heart monoamine oxidase were pre-
pared according to the method described by Roth
and Gillis [6]. Albino rat brains (30 g) or heart (50 g)
were removed and placed immediately into ice-cold
250 mM sucrose, blotted dry, weighed and then each
homogenized in 2 vol. of potassium phosphate buffer
(w/v; pH 74, 0.1 M) containing sucrose (250 mM) in
a Waring blender (5 sec, two times) and then in a
motor driven Teflon-glass homogenizer. The resulting
homogenates were centrifuged twice at 600¢g for 10
min to remove cellular debris. The supernatant solu-
tions from the second centrifugation were centrifuged
at 10,000 g for 20 min and the resulting mitochondrial
precipitates were resuspended by homogenization in
the phosphate buffer previously described. These sus-
pensions were again centrifuged at 10,000 g for 20 min
and the final mitochondrial precipitates were resus-
pended by homogenization in potassium phosphate
buffer (pH 7.4, 0.1 M) to give protein concentration
of approximately 20 mg/ml. The protein content was
determined by the method of Lowry [7]. These sus-
pensions were frozen in aliquots and thawed immedi-
ately before use.

Determination of enzyme activity. Brain or heart
monoamine oxidase activities were determined by the
method described by Udenfriend et al. [8]. The pro-
tein concentrations of the enzyme suspensions were
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adjusted to approximately 1.5 mg/ml. In this method,
the assay mixture contained serotonin as substrate,
0.124 ymole/ml; Na,HPO,: NaH,PO,, pH 74, 375
umole/ml; and 03ml of brain or 02ml of heart
monoamine oxidase preparation. Incubations were
performed in a shaking water bath at 37° for 5 min.
The rate of deamination of serotonin by brain mono-
amine oxidase was determined in absence of inhibitor
and in presence of 7mM of atropine sulphate at dif-
ferent intervals: 0, 3, 5, 8 and 10 min. Heart mono-
amine oxidase was also investigated during these time
intervals.

Substrate-enzyme inhibitor response. The effect of
different concentrations of atropine sulphate on brain
or heart monoamine oxidase was carried out by
preincubating the enzymes with different concen-
trations of the inhibitor for 5 min after which the
substrate was added and the residual activity of the
enzyme assayed after further incubation for 5 min.
With brain monoamine oxidase, atropine sulphate
concentrations were: 0.35, 1.1, 1.8, 3.5, 7.1, 17.8 and
35.5mM, while in case of heart monoamine oxidase,
the inhibitor concentrations were: 0.7, 1.8, 3.5, 7.1,
17.8 and 35.5 mM.

The kinetics of inactivation of brain or heart mono-
amine oxidase by atropine sulphate. This was carried
out by preincubation of the enzyme with the inhibitor
for 5, 10, 15 and 20 min in case of brain monoamine
oxidase and for 5, 8, 13 and 16 min in case of heart
monoamine oxidase. After the specified time intervals
the substrate was added and the reaction mixture was
further incubated for 5 min then the enzyme activity
assayed as described above. Atropine sulphate was
kept at constant concentration for each experiment
(3.5 or 7.0 or 140 or 28.0 mM).

For the determination of the type of inhibition and
the enzyme-inhibitor dissociation constants (K,); the
enzymes were instantaneously inhibited by atropine
sulphate in the presence of the substrate; in this case
the substrate concentration was varied (0.62, 0.94,
1.24, 1.85 and 2.47 x 10~* M). The inhibitor was kept
at constant concentration for each experiment (7 or
14 or 28 mM), then the mixture was incubated for
S min at 37°.

Dialysis. The enzyme (0.3 ml! of brain or 0.2m] of
heart monoamine oxidase preparations) with the in-
hibitor (28 mM) were dialysed overnight against phos-
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phate buffer at 4° with occasional change of buffer.
Controls of enzyme without inhibitor dialysed and
undialysed were also taken.

RESULTS AND DISCUSSION

In all experiments carried out in this work the
amount of brain or heart monoamine oxidase prep-
arations used were adjusted to deaminate not more
than 20% of the substrate. Under these conditions,
the rate of the reaction was satisfactorily linear during
the first 8 min in absence or presence of atropine
sulphate (Fig. 1).

Behaviour of brain and heart monoamine oxidase
under the influence of different concentrations of atro-
pine sulphate. Figure 2 shows the effect of preincubat-
ing increasing concentrations of atropine sulphate
with brain or heart monoamine oxidase prior to
assaying their activities towards serotonin as sub-
strate. It can be seen that inhibition of serotonin de-
amination in case of heart monoamine oxidase shows
the biphasic response (pls, = 1.6) which is in agree-
ment with the results previously described by Mantle
et al.[9] in their studies on the inhibition of trypta-
mine deamination by rat liver monoamine oxidase
using 5-phenyl-3-(cyclopropyl)ethyl-amine 1, 2, 4-oxa-
diazole (PCO) as inhibitor. In case of the inhibition
of serotonin deamination by brain monoamine oxi-
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dase using atropine sulphate as inhibitor, the inhibi-
tion followed a classical sigmoidal dose-response
curve (plso = 1.65) which is similar to that described
by Mantle et al. [9] for the inhibition of serotonin
deamination by rat liver monoamine oxidase using
PCO as inhibitor.

Kinetics of inhibition of rat brain and heart mono-
amine oxidase by atropine sulphate. Varying the period
of preincubation of the enzymes with atropine sul-
phate showed that in all cases, the inhibition was time
dependent in the first part of the curves. Figures 3
and 4 show the time course of the inhibition of brain
and heart monoamine oxidase by increasing concen-
trations of atropine sulphate. By increasing the prein-
cubation time up to 10 min in case of brain mono-
amine oxidase or up to 8 min in the case of heart
monoamine oxidase, inhibition of the enzymes in-
creased progressively. On further increase in the
preincubation time no more inhibition could be
observed. In the case of both brain or heart mono-
amine oxidase the curves were nearly similar in out-
line and also in accordance with those given by
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Table 1. First order and bimolecular rate constants for the inactivation of rat brain
or heart monoamine oxidase by atropine sulphate

Atropine
sulphate Bimolecular rate Bimolecular rate
concn.  Rate constant constant Rate constant constant
(mM)  10% k; min™")  k, M 'min~!) 10®k;(min~ '} Kk, (M~! min~')
35 103 +1.5 29 + 042 276 + 00 79 +00
7.0 23.0 + 0.0 3.3 4+ 0.00 553+ 00 79 + 00
14.0 56.1 + 2.7 4.0 + 0.20 1232 + 32 88 +£02
28.0 1204 + 9.5 43 +035 2347 + 6.7 84 + 03

First order rate constants (k;) were calculated from the first part of the curves
(Figs. 3 and 4), where the slope is: —k;/2.303. The bimolecular rate constant (k,)
was calculated from the relationship: k; = k, [11[9].

Mantle et al. [9] in their study on liver monoamine
oxidase inhibition by PCO.

In case of heart monoamine oxidase, in presence
of a concentration of 3.5mM of atropine sulphate,
serotonin deamination showed 30 per cent inhibition
at zero time preincubation. By increasing the concen-
tration of atropine sulphate to 7, 14 and 28 mM and
also at zero time preincubation, the percent inhibition
was increased and gave 40, 60 and 70, respectively.
A similar behaviour of brain monoamine oxidase was
also obtained. At zero time preincubation, increasing
concentrations of atropine sulphate, 3.5, 7.0, 14.0 and
28.0 mM, serotonin deamination was inhibited by 16,
33, 50 and 71 per cent, respectively (Fig. 4). At low
inhibitor concentrations, 3.5 and 7.0mM, heart
monoamine oxidase showed higher degree of inhibi-
tion than brain monoamine oxidase, at higher con-
centrations both enzymes were similarly inhibited.

The kinetic behaviour of atropine sulphate towards
brain or heart monoamine oxidase could be explained

on the basis of “fast” and “slow” reaction centres on
the enzyme surface[9]. The inhibition values
obtained at zero time preincubation represent the fast
inhibition while the inhibition values obtained during
the first part of the curves (Figs. 3 and 4) represent
the slow inhibition. The rate constant and bimolecu-
lar rate constant (Table 1) for the inactivation of rat
brain and heart monoamine oxidase by atropine sul-
phate were calculated from the first parts of the
curves, Figs. 3 and 4. It seems that the slight vari-
ations (Table 1) in the apparent bimolecular rate con-
stants (k,) caused by using different concentrations
of atropine on brain or heart monoamine oxidase is
insignificant within each system. However, there is
significant difference between those values of apparent
bimolecular rate constants (k,) obtained for brain or
heart monoamine oxidase, under the influence of the
same concentration of atropine sulphate.

With respect to the type of inhibition, Figs. 5 and
6 showed that the double reciprocal curves of 1/v plot-
ted against 1/[s]. keeping the inhibitor (atropine sul-
phate) at constant concentration for each experiment
(7, 14 and 28 mM) and changing the substrate concen-
trations (serotonin) in case of both brain or heart
monoamine oxidase, were in accordance with those
mentioned by Dixon [10] for the competitive type of
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Table 2. The enzyme inhibitor dissociation constant (K;) for brain and heart mono-
amine oxidase in the presence of atropine sulphate. K,, is Michaelis constant

Constant

Brain

Heart

*K; {calculated)
K; (slope replot)

7.36 x 1073 + 09 M
770 x 10 M
Kn 265 x 1074 M

54 x 1077 + 08 M
52 x 1073 M
6.25 x 107*M

* The mean value of K, at different inhibitor concentrations: 7, 14 and 28 x 107 3M

of atropine sulphate,

inhibition. The slope replots (inset Figs. 5 and 6) show-
ing that atropine sulphate was a linear competitive
inhibitor (after the Cleland nomenclature, Mantle et
al.[9]) of brain and heart monoamine oxidase with
a K; of 7.7 and 5.2 mM, respectively. The calculated
values of X (Table 2} (the enzyme-inhibitor dissocia-
tion constant) and those found from the slope replots
are in satisfactory agreement with each other.
Michaelis constant (K,) for both brain and heart
monoamine oxidase are also given in Table 2.

The inhibitory effect of atropine sulphate on brain
or heart monoamine oxidase could be abolished by
dialysis. The dialysed enzymes recovered their ori-
ginal strength and hydrolyzed nearly the same
amount of substrate as that of uninhibited controls.
These results suggest that the action of atropine sul-
phate as inhibitor on brain or heart monoamine oxi-
dase is reversible.
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