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15.1 PHARMACOLOGICAL APPLICATIONS

15.1.1 IMPLICATIONS OF CONTROLLING BZAO
ACTIVITY IN DIABETES: THE PRESENT

The significance of increased plasma levels of BzAO occurr ing in diabetes patier
is far from clear. Increased plasma BzAQ levels are correlated with glycated hem
globin (Boomsma et al., 1995 and 2005a; Xu et al., 2005) Moreover circulati
BzAO has also been proposed as an independent prognostic marker for mor tality
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Copper Amine Oxidases

neurodegenerative disorders such gs AD. Potential mechanisms of these effects
include the role of insulin in cerebra] glucose metabolism, peptide regulation, modu-
lation of neurotransmitter levels ang other aspects of the inflammatory network. AD
patients are not routinely evaluated for Type 2 diabetes or hyperinsulinemia,

Current AD treatments produce modest benefit
metabolic and inﬁummalm'y pathways are being evaluated, mo.
that reduce Jow density lip o
loid deposition—an important Precursor of AD, Although some evidence supports
a potentially importang 1ol

le for peroxisome-proliferative activated receptor agonists
such as glitazones (Craft, 2007), no current

reports cover randomized clinical trials
in AD patients of drugs that larget insulin

r insulin resistance (Williamson et gl
2007). Such Patients may benefi from treatme

ent with statins or antidiabetic drugs
that target the insulin cascade involved in glucose homeostasis. No data currently
indicate that statins or other therapies in

cluding amine oxidase inhibitors show

lamatergic drugs used to

treat AD. This point must be cise role for SSAQ in AD

considered in assigning a pre
Pathogenesis and care,

15.1.4 ANTINFLAMMATORY ACTIVITY OF Motecuie
INHIBITING VAP-1/SSAO Activity
BzAO activity is essential in VAP-1 to mediate leukocyte adhesion to endothelial
cells (Yegutkin et a.. 2004). Inhibition of SSAQ activity reduces the production of
reactive and toxic compounds in the endothelium (Yy angd Zuo, 1996). In theory,
specific and selective inhibitors of VAP-1/SSAO have the potential to reduce tissue
damage by reducing accumulation of reactjve oxygen species including hydrogen
peroxide and toxic aldehydes. In addition, VAP-1/SSAO inhibitors may prevent js-
sue leukocyte infiltration, an initiating factor for immuno-mediated diseases includ-
ing Type 1 diabetes,
Whether SSAO plays a role in the preferential entry of leukocytes into an organ
Or tissue remains unknown, However. based on their possible double role, VAP-1/
SSAO inhibitors have been designed, synthesized (Wang et al., 2006), proposed as
ﬂmi»mﬂammamry drugs (Salter-Cid ey al., 2005), and included in the Ljp series,
LIP 1586 is a potent amine-based inhibitor for VAP-1/SSA0
availability and therapeutic window. Interesti
in animals, the enzyme actj
macokinetic activity of this
cell surface and/or slow reversibilj
etal., 2008).
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ment in acute and chronic
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6 has shown benefits as an
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of relapsing—remitting experimental autoimmune encephalomyelitis, a model that
shares many characteristics with human multiple sclerosis (O'Rourke et al., 2007).
Animal treatment with LJP 1017 led to a dramatic reduction in adhesion and trans-
migration across pial vessels of leukocytes, predominantly neutrophils, and also sig-
nificantly improved neurological outcomes in diabetic ovariectomized female rats
given chronic estrogen replacement therapy—a model associated with increased
postischemic inflammation (Xu et al., 2005). In a mouse model of ulcerative colitis,
adminisiration of LIP 1207 significantly reduced mortality, body weight loss, and
colonic cytokine levels and revealed highly significant suppressions of inflammation,
injury, and ulceration scores (Salter-Cid et al., 2005). Inhibition of VAP-1/SSAO may
also represent a novel strategy for reducing ocular inflammation of uveitis, macular
degeneration, and diabetes retinopathy (Noda et al., 2008).

15.1.5  ASSESSMENT OF PHYSIOPHARMACOLOGICAL ROLE OF MEMBRANE-
Bounp SSAO ENDOGENOUS SUBSTRATES: INHIBITION OF
ENZYME As STRATEGY TO INCREASE SUBSTRATE LEVELS

Endogenous substrates for membrane-bound SSAQ include methylamine (MET),
aminoacetone (AA), and B-phenylethylamine (B-PEA). The latter is considered a
trace amine precursor of neurotransmitters involved in neuronal plasticity and drug
abuse (Gass and Olive, 2008), but the significance of MET and AA is poorly under-
stood. Substrate degradation by membrane-bound SSAO produces ammonia as a
secondary product. Although many reports cover the effects of aldehydes and hydro-
£en peroxide, the consequences of membrane-bound SSAO-dependent production of
‘ammonia are largely unknown.

Recent evidence suggests that MET may belong to a\series of small endogenous
‘molecules endowed with signaling features. MET supplementation in rodents modi-
ies feeding behavior, producing species-specific effects without eliciting amphet-
- amine-like effects. Interestingly, ammonia supplementation produced similar
‘effects, suggesting a common mechanism of action and inclusion of ammonia effects
in those of MET.

Although, MET and ammonia produce hypophagia in mice (Pirisino et al., 2004),
directly delivered to the central nervous system by intracerebroventricular
ection (i.c.v.) induced different effects in rats, depending on dose (Raimondi et al.,
007). Moreover, MET reduced feeding when administered intraperitoneally (i.p.),
; sting that it can freely cross the blood-brain barrier even in the absence of
nflammation.
" MET can therefore be included in the plethora of endogenous compounds con-
lling the hypothalamus—a site virtually devoid of SSAO activity. Peripheral
mbrane-bound SSAO actively controls MET levels that reach the hypothalamus.
conditions of SSAQ inhibition by aminoguanadine, a potentiation of MET hypo-
@ was produced in both healthy and diabetic mice (Pirisino et al., 2001; Cioni
. 2006). MET would have exerted its own effects independently of membrane-
nd SSAO. In fact, MET hypophagia is potentiated by inhibiting the oxidative
nation by SSAQ that represents main MET metabolic pathway. These results
st that MET may be of use in resolving diabetes hyperphagia.
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Alimentary disorders are usually included in the clinical aspects of patients §uf-
fering neurodegenerative pathologies including AD and senile dementia (Mamhldlr
et al., 2007, Tamura et al.. 2007). Thus, inhibition of membrane-bound SSAO, which
is increased in the brain vessels of such patients, would reduce oxidative and car-
bonyl stress in the central nervous system and help correct alimentary disiu!'_bances
regulating MET levels. Unfortunately, no information to date indiga}es the effects of
endogenous levels of MET in physiological and pathological conditions. :

MET effects in the hypothalamus are linked to the expression of a particular type
of voltage-dependent potassium channel of the Shaker-like family known as l?\illjﬁ.
This channel is not involved in the hypophagic effects of ammonia. The abilities
of ammonia and derivatives to interact with potassium channels are well known
(Choi et al., 1993). The identification of Kv1.6 as a possible target for MET effects
presents new perspectives. Interacting in these channels in the hypothal]amus‘ MET
modulates the releases of NO and dopamine, two key mediators of animal feeding.
These and other observations (Carpéné et al., 2007; Prévot et al., 2007) suggest that
membrane-bound SSAO inhibitors may be effective as anti-obesity drugs because of
their effects on the hypothalamus and also resulting from SSAO localization.

Preferential expression at adipocytes (Raimondi et al., 1991) guarantees a link
between enzyme expression and adipose differentiation (Raimondi et al.. 1990).
Oxidative deamination of SSAO substrates producing hydrogen peroxide in adi-
pocytes induces and sustains adipose differentiation in rodents {Carpféné et al,
2001) and humans (Bour et al., 2007a, b). Again, the double face of this enzyme
suggests a crucial role for its ability to regulate factors involved in energy intake
and storage.

15.1.6 DRruGS INTERACTING WITH PLAsMA BzZAO AcTmiviTy

BzAO, membrane-bound SSAQ, and the mitochondrial MAOs may also represent
nonmicrosomial phase I enzymes involved in drug metabolism. Although s:::veral
drugs have shown capacities to inhibit BzZAO plasma activity, whether this fe.a-
ture is clinically relevant is still unknown. BzAO inhibition may, however, expl.am
certain drug-related side effects. Two classes can be identified: (1) drugs bean'ng
aminoguanidine-like moieties, and (2) drugs bearing BzAO or SSAO substrate-like .
moieties.

Aminoguanadine belongs to the first class. Clearly, BzAO and membrane-bound
SSAQ inhibitions are integral parts of aminoguanidine therapeutic activity. In addi-
tion to aminoguanadine, other drugs such as benserazide. a decarboxylase inhibi_tor
used in anti-Parkinson therapy, inhibits plasma BzAO activity. Patients suffering
from Parkinson’s disease and treated with benserazide exhibited lower plasma BzAQ
activity than controls. It is possible that side effects following long-term therapy may
include modification of circulating levels of the amine substrate for BzAO (Coelho
et al., 1985). Whether benserazide therapy reduces oxidative stress of patients or
ameliorates their alimentary disorders in consequence of plasma BzAO inhibition
is not known.

Phenelzine, a nonselective and irreversible mitochondrial inhibitor of MAO-A
and -B, has been used for many years as an antidepressant to treat panic disorders
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and social anxiety. Its efficacy is the result of MAQ inhibition leading to increased
sympathetic amine levels at the synaptic cleft and y-aminobutyric (GABA) acid

~ transaminase inhibition that markedly increases GABA brain levels. Phenelzine also

exerts inhibitory activity on BzAQO and tissue-bound SSAQ. This feature has arole in
its neuronal protective effects.

- Hydralazine is a guanidine-like drug used in antihypertensive therapy, although
its use has been discouraged based on the availability of more selective drugs.
Hydralazine is also a potent relaxant of smooth muscle cells; the mechanism of
action remained unknown. Hydralazine is a potent and irreversible inhibitor of
BzAO and tissue-bound SSAQ activities. Recent studies in aortic rings of rats indi-
cate that BzAO and SSAO substrates such as benzylamine, phenylethylamine, and
methylamine, by producing H,0,, magnify the vasodilation activity of hydralazine,
It is speculated that this mechanism may be novel for hydralazine-dependent vasodi-
lation (Vidrio and Medina, 2007).

Isoniazid is a hydrazine derivative used in antitubercular therapy. Because of its
structure, isoniazid is an inhibitor of copper-containing amine oxidases (CAOs),
including diamine oxidases (DAOs) and membrane-bound semicarbazide-sensitive
amine oxidases (SSAQs). No current evidence indicates that inhibition of these
enzyme activities is involved in isoniazid’s antimicrobial activity. Instead, histamine
intoxication after ingestion of histamine-rich foods has been described in isoniazid-
treated patients (Uragoda and Lodha, 1979; Uragoda and Kottegoda, 1977). These
adverse drug effects result from histamine accumulation, a condition that reduces
histamine catabolism.

15.1.7 D1AMINE OXIDASE

15.1.7.1 Role of Diamine Oxidase in Anaphylaxis

Histamine plays a fundamental role in anaphylaxis and is involved in allergic and
pseudoallergic reactions. At variance with other metabolic pathways, histaminase
activity is not directly upregulated by endogenously released histamine. Plasma his-
taminase activity increases in anaphylactic shock, but not during histamine injec-
tion. In some cases, plasma levels of histaminase may be intrinsically low and its
activity further decreased by exogenous histamine, thereby predisposing to anaphy-
lactic reactions.

Enhanced histamine levels in humans may be related to various endogenous
and/or exogenous factors. Food-induced histaminosis has been described as the
result of high histamine content or histamine releasers in food (Sattler et al.,
1989). The first symptom of excess histamine intake and/or release is an increase
in gastric secretion followed by tachycardia, headache, and hypotension (Slorach,
1991). The largest amounts of histamine and tyramine (that have similar vasoac-
tive properties) are found in fermented foods such as cheeses, red wines, tinned
fish including tuna, fish sauces, sauerkraut, cured pork, and sausages. The hista-
mine content of French cheeses can reach values >800 pg/g and can cause toxic
symptoms (Taylor, 1986). High levels of histamine have also been detected in
Oriental food, accounting for the so-called Chinese restaurant syndrome (Chin
et al., 1989).




