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Competitive inhibition of swine Kkidney copper
amine oxidase by diuretic, antihypertensive, and anti-
coagulant drugs, amiloride, clonidine, and gabexate
mesylate, respectively, is reported. The affinity of
these compounds for swine kidney copper amine oxi-
dase is similar to that observed for inhibitor binding
to nitric oxide synthase and trypsin-like serine pro-
teinases. This finding suggests that amiloride, cloni-
dine, and gabexate mesylate should be administrated
under careful control, since enzyme cross-inhibition
may occur also in vivo. © 1997 Academic Press
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Copper amine oxidases (E.C. 1.4.3.6) have been iden-
tified in bacteria, in yeasts and filamentous fungi,
plants and animals. These enzymes are homodimers of
70-95 kDa subunits, each containing a single copper
ion and a covalently bound cofactor formed by the post-
translational modification of the catalytic tyrosyl resi-
due to 2,4,5-trihydroxyphenylalanine quinone (TPQ).
These enzymes catalyze the oxidative deamination of
biogenic amines, including mono-, di- and poly-amines,
neurotransmitters, histamine and xenobiotic amines
with substrate preference depending upon the enzyme
source. The enzyme reaction follows the general
scheme:

E.x + R-CH,-NH,—~ E,.q + R-CHO Q)
E;q + O, + H,O —» E, + NH; + H,0,, (2)
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where E,, represents the ezyme-quinone, R-CH,-NH,
is the substrate, E,.q is the enzyme-aminoquinol, and
R-CHO is the product aldehyde. Substrate amines in-
teract directly with TPQ in the reductive half reaction
forming a Shiff base complex (reaction 1). Proton ab-
straction of the substrate catalyzed by an invariant Asp
residue leads to the release of product aldehyde and
leaves the enzyme in the reduced aminoquinol form
(reaction 1). The oxidative half process (reaction 2)
leads to reoxidation of the aminoquinol cofactor with
the release of ammonia and hydrogen peroxide [1,2].
In mammals, copper amine oxidase activity is high-
est in the kidney, small intestine and maternal pla-
centa and may exert a protective role towards elevated
levels of amines and histamine [3]. Copper amine oxi-
dases catalyze the oxidation of agmatine, which has
been recently recognized to be an important bioactive
molecule, being identified as the endogenous ligand for
imidazoline receptors [4]. Agmatine is a good substrate
for swine kidney copper amine oxidase, its k../K, ratio
being similar to that for putrescine [4]. Swine kidney
exibits the highest agmatine content among mamma-
lian organs, raising the possibility that agmatine may
be the true substrate for copper amine oxidase [5].
Moreover, agmatine, has been reported to be an endog-
enous inhibitor of nitric oxide synthase [6] and an inac-
tivator of trypsin-like serine proteinases [7]. Therefore,
drugs structurally related to agmatine may inhibit not
only copper amine oxidases, but also nitric oxide syn-
thase and trypsin-like serine proteinases, and thus rep-
resent a risk factor in several pathologies. In the pres-
ent study, the inhibitory effect of diuretic, antihyper-
tensive and anticoagulant drugs, notably amiloride,
clonidine and gabexate mesylate, respectively, on the
swine kidney copper amine oxidase activity is reported.

MATERIALS AND METHODS

Swine kidney copper amine oxidase was kindly provided by Prof.
B. Mondovi (Department of Biochemical Sciences “A. Rossi Fanelli”,
University of Rome “La Sapienza”, Rome, Italy).
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FIG. 1. Chemical structures of amiloride (A), clonidine (B), and
gabexate mesylate (C). From [19].

Horseradish peroxidase, amiloride (see Fig. 1), aminoantipyrine,
agmatine, clonidine (see Fig. 1), 3,5-dichloro-2-hydroxybenzenesul-
fonic and putrescine were obtained from Sigma Chemical Co. (St.
Louis, MO, USA). Gabexate mesylate (see Fig. 1) was a kind gift of
Lepetit S.p.A. (Milano, Italy). All chemicals were of analytical grade
and were used without further purification.

Oxidation of agmatine and putrescine by swine kidney copper
amine oxidase was investigated spectrophotometrically by following
the formation of a pink adduct (e 535 = 2.6X10* M~*-cm™), as a result
of the oxidation of aminoantipyrine and 3,5-dichloro-2-hydroxyben-
zenesulfonic acid catalyzed by horseradish peroxidase [4], in the ab-
sence and presence of amiloride, clonidine and gabexate mesylate,
at pH 7.0 (1.0x10* M phosphate buffer) and 25.0° C.

RESULTS AND DISCUSSION

Amiloride, clonidine and gabexate mesylate inhibit
competitively agmatine and putrescine oxidation cata-
lyzed by swine kidney copper amine oxidase (see Fig.
2). As expected, values of K; were independent of the
substrate, agmatine or putrescine. The affinity of amil-
oride for swine kidney copper amine oxidase is similar
to that observed for inhibitor binding to human kidney
copper amine oxidase [8]. Amiloride inhibits also nitric
oxide synthase [9] and human urinary plasminogen
activator [10], and gabexate mesylate inactivates tryp-
sin-like serine proteinases [11]. In parallel, agmatine
inhibits competitively nitric oxide synthase and tryp-
sin-like serine proteinases [6,7], 4’,6-diamidine 2-phe-
nylindole inactivates competitively swine kidney cop-
per amine oxidase and trypsin-like serine proteinases
[12,13], and p-aminobenzamidine inhibits nitric oxide
synthase and trypsin like serine proteinases [14].

Inspection of the three-dimensional structures of ho-
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mologous copper amine oxidase from E. coli [15,16] and
from Pisum sativum L. [17], and the competitive inhibi-
tion mode of amiloride, clonidine and gabexate mesy-
late of swine kidney copper amine oxidase (see Fig. 2)
suggest a non-covalent electrostatic interaction(s) be-
tween the positively charged inhibitor and the enzyme
negatively charged TPQ-Asp catalytic diad. However,
allosteric effect(s) cannot be excluded. In this respect,
it may be observed that amiloride, gabexate mesylate
and related compounds bind to the primary specifity
subsite of trypsin-like serine proteinases, the positively
charged guanidino group of the inhibitor being salt-
linked to the invariant negatively charged enzyme
Asp189 residue [10,11].

As a whole, amiloride, clonidine and gabexate mesy-
late inhibit agmatine and putrescine oxidation cata-
lyzed by copper amine oxidases, nitric oxide synthesis
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FIG. 2. Dixon plot for the inhibition of putrescine oxidation cata-
lyzed by swine Kidney copper amine oxidase by amiloride (A), cloni-
dine (B), and gabexate mesylate (C); v;, gmol-min~*-mg protein™.
Values of K; for amiloride, clonidine and gabexate mesylate binding
to swine kidney copper amine oxidase are 1.0x107° M, 9.0x10™* M

and 2.7x107° M, respectively, at pH 7.0 and 25.0°C.
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induced by mouse brain nitric oxide synthase, and tryp-
sin-like serine proteinase action [8-11]. Moreover, these
compounds might also affect arginase, L-arginine-gly-
cine transaminase, kyotorphine synthase and L-argi-
nine decarboxylase, all using L-arginine as the sub-
strate [18]. Therefore, amiloride, clonidine, gabexate
mesylate and their analogues may affect (un)related
function(s), modulated by enzymes acting on cationic
substrates. Cross-inhibition of copper amine oxidases,
nitric oxide synthase and trypsin-like serine protein-
ases may occur also in vivo. In particular, the decreased
levels of nitric oxide, as a consequence of nitric oxide
synthase inhibition, might induce some clinically-ad-
verse amiloride reactions, such as an unexpected re-
duced antihypertensive effect.
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