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ABSTRACT

The semicarbazide-sensitive amine oxidase (SSAO) is an enzyme widely distributed
in many organs of mammals. The functional role of SSAO is not yet quite clear, but
it is suggested that it plays roles in protection against exogenous amines, glucose
transport, apoptosis, atherogenesis, cell adhesion, local generation of hydrogen pero-
xide as signal molecule, cross-linking of proteins and leucocyte trafficking. Plasma
SSAO is reported to be elevated in diabetes mellitus, congestive heart failure,
Alzheimer’s disease and some inflammatory diseases. SSAO-mediated deamination
of substrates produces formaldehyde and methylglyoxal, which have been proposed
to be cytotoxic to the various tissues and might be involved in the pathogenesis of
some disesases such as atherosclerosis, aging, cancer and skin disorders. Although
SSAO has been known for years, its physiological and pathological implications are
just beginning to be recognized. This review summarizes the molecular, functional
and pathological properties of SSAO.

Key Words: Semicarbazide-sensitive amine oxidase (SSAQO), oxidative
deamination, xenobiotics, substrate, inhibitor.

OZET

Semikarbazid-duyarli amin oksidaz (SSAO), memeli organlarinda yaygin olarak
bulunan bir enzimdir. SSAO’1n fizyolojik gorevi heniiz kesin olarak bilinmemekte,
ancak enzimin dig kaynakli aminlere kars1 korunmada, glukoz taginiminda, apopto-
siste, aterojenezde, hiicre tutunmasinda, bir sinyal molekiilii olarak hidrojen perok-
sidin lokal olusumunda, proteinlerin ¢apraz baglanmasinda ve 16kosit trafiginde
rol oynadig: one siiriilmektedir. Plazma SSAO diizeyinin diyabette, dogustan kalp
yetmezliginde, Alzheimer hastaliginda ve bazi inflamatuar hastaliklarda yiikseldigi
bildirilmigtir. Baz1 substratlarin SSAO-katalizli deaminasyonu sonucu olusan for-
maldehit ve metilglioksal’in sitotoksik etki gosterdigi ve ateroskleroz, yaslanma,
kanser ve deri bozukluklarmin patojenezine katkida bulundugu ileri siiriilmiistiir.
SSAO uzun yillardan beri bilinmekle birlikte, enzimin fizyolojik ve patolojik etkin-
likleri heniiz taninmaya baslanmigtir. Bu derleme, SSAO’1n molekiiler, islevsel ve
patolojik 6zelliklerini 6zetlemektedir.

Anahtar Kelimeler: Semikarbazid-duyarli amin oksidaz, oksidatif deaminasyon,
ksenobiyotikler, substrat, inhibitor.
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1. INTRODUCTION

The oxidative deamination of endogenous and exoge-
nous amines in mammals is catalyzed by a number of
oxidases (1,2). Semicarbazide-sensitive amine oxidases
(EC 1.4.3.6: amine:oxygen oxidoreductase (deamina-
ting), SSAOs) are a group of enzymes containing cop-
per and quinone and sensitive to semicarbazide (3.4).
SSAO activity is found in a great variety of species
from prokaryotes to eukaryotes, including human. The
enzyme is shown to be present in cell membranes as
tissue-bound form or located in the vascular system and
in adipocytes as soluble form (5). Their physiological
functions are yet not clear, but it has been postulated
that SSAO may be involved in detoxifying xenobiotics,
regulating glucose uptake, and effecting cell adhesion,
leukocyte trafficking and angiogenesis (6-11). Increased
plasma SSAO activities were reported in patients with
diabetes, alcoholics, Alzheimer’s disease, heart and
vascular diseases (12-16). Although SSAO has been
mostly regarded as being involved in the detoxification
of amines, the products of the reaction are more toxic
than the amine substrates themselves (17,18). Hydrogen
peroxide (H,0,), formaldehyde and methylglyoxal,
simultaneously formed during deamination of the subs-
trates, such as methylamine and aminoaceton by SSAO,
were reported to lead to increased oxidative stress, pro-
tein cross-linkage and cytotoxicity (16-20). Thus, SSAO
may be responsible for vascular damage, atherosclerosis,
diabetic complications, Alzheimer’s disease and aging
via these mechanisms.

The aim of the present review is to briefly overview the
biochemical properties and physiological functions of
SSAOQO and to discuss its possible role in certain diseases.

2. MOLECULAR PROPERTIES OF SSAO

Amine oxidases are key enzymes which are widely
distributed in nature and play important roles in the
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metabolism of biogenic amines (21). Monoamine oxi-
dase (MAO), a FAD-dependent amine oxidase, which
plays an essential role in the oxidative deamination of
biogenic amines such as serotonin, dopamine, adrenali-
ne and also catalyzes the oxidation of xenobiotic amines
has been extensively characterized (22), whereas, little is
known about the structure and function of SSAO, cop-
per-containing amine oxidase (Table 1). These two enz-
ymes are distinct from each other with respect to their
substrate specificities and inhibitor sensitivities (17,23).

In mammals, SSAO is located in many organs and
tissues, most prominently in vascular smooth muscle,
adipocyte, cartilage, gut, lung, liver, retina, kidney, pla-
centa, pancreas and plasma. It is absent from the nerves
and glial cells of brain, but present in the microvessels of
brain and thus may contribute to the blood-brain barrier
(24). However, it has been suggested that it may be asso-
ciated with the nerves of dental pulp (25). The enzyme
exists in tissue-bound and soluble forms, but there are
wide species and tissue differences in SSAO activities
(24). Tissue-bound SSAO contains a short intracellular
domain, a single transmembrane domain and a long
extracellular domain which includes the catalytic site
(26). Plasma SSAO is accepted to be originated from
the cleavage of membrane-bound form. The sources of
plasma SSAO is still unclear, but it is suggested that it
may be derived from liver, retina, placenta and bone
tissues (24,27,28).

The mammalian SSAO (180,000 Da) is a dimeric,
glycosylated protein which containes 1 mol of copper
per subunit. Cu (II) in SSAO was reported to be essen-
tial for the double hydroxylation of a tyrosine residue
of SSAO with an autocatalytical reaction that yields the
6-hydroxydopa (TOPA) cofactor and also for providing
a positive charge in the active site (26,28). It was shown
that mammals contain two genes encoding SSAO, plus a
pseudo-gene. One gene encodes the tissue-bound SSAO,
the other encodes only one form exists in retina (29).

3. SUBSTRATE SPECIFICITY OF SSAO

The physiological substrates of SSAO include ami-
noacetone, methylamine, 2-phenylethylamine (PEA),

Table 1. Amine oxidases

Amine oxidase Some substrates

superfamily

Enzyme

FAD-dependent |Monoamine oxidase A |Dopamine, noradrenaline,
Monoamine oxidase B serotonin

Polyamine oxidase Dopamine,
phenylethylamine

Spermine, spermidine

Plasma SSAO
Tissue SSAO
Diamine oxidase
Lysyl oxidase

Cu-dependent Aminoaceton,methylamine,
tyramine, benzylamine

Aminoaceton, methylamine,
tyramine, benzylamine

Histamine, putrescine

Peptide-bound lysine
residues
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tyramine and dopamine whereas benzylamine is a good
non-physiological substrate for the mammalian SSAO
(19,29). Although plasma SSAO usually has been termed
as “benzylamine oxidase”, the physiological substrates
of SSAO are accepted as aminoaceton, methylamine,
2-phenylethylamine, tyramine and dopamine (28-31).
Most of the SSAO substrates are also oxidatively deami-
nated by MAO, but aminoacetone and methylamine are
not MAO substrates (32). Serotonin (5-HT) is reported
to be a good substrate for pig and human dental pulp
SSAOs (25). SSAO also catalyses the oxidative deami-
nation of a number of xenobiotics such as mescaline and
anti-malarial drug, primaquine (33). Since the active site
of SSAOQ is located in the extracellular domain (26,28),
it seems that the enzme is involved in the inactivation
of potentially toxic amines in both tissues and blood. In
contrast, monoamine oxidases are intracellular enzymes
located in the mitochondrial outer membrane (34) and
they are responsible for regulation and metabolism of
major monoamine neurotransmitters such as serotonin,
adrenaline, nor-adrenaline and dopamine (2) (Figure 1).

It is diffucult to establish the substrate overlap betwe-
en MAO and SSAO since tissue-bound SSAO activity
posses wide species differences in specificities and
amount of enzyme present (17,28,30) (Figure 2). The
levels of tissue-bound and plasma forms of SSAO vary
widely between species and there are also differences
in substrate specificities between SSAOs from different
mammalian sources (12,24). For instance, mescaline

SUBSTRATES
CH3NH2  Methylamine

COMMENTS

Endogenous and xenobiotic.
Not a substrate for MAO
Xenobiotic. Not a substrate for
MAO. Highly toxic product
Endogenous.

Not a substrate for MAO

CH,=CHCH,NH, Allylamine

CH,—ﬁC——HZNHZ Aminoacetone
e]

CH;(CH,);CH,NH, #-Pentylamine Xenobiotic. Also MAO-B substrate

Xenobiotic
OCHZNHZ Benzylamine Also MAO-B substrate

Trace amine
<\j>—cmcr1,NH2 Also MAO-B subsirate

2-Phenethylamine

Endogenous & xenobiotic

"OO'C"ZC"zNHz Also MAO A & B substrate
Tyramine
Endogenous
Also MAO A & B subsirate

HO,
Ho—©-cuzcuz~nz
D« p i
HO

Substrate in dental pulp.

] T H,CH,;NH; MAO-A substrate
5-Hydroxytryptamine
CH,CH,NH, Xenobiotic.
Also MAO substrate
Mescaline
CH;0 OCH,
OCH,
(le3 Xenobiotic.
Also MAO substrate
NHCH(CH ,);NH,
N Primaquine
=N
CH,0 7
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is oxidised more efficiently than benzylamine by pig
plasma SSAO while human SSAO does not show any
activity towards this substrate (35). Stereospecificity
also is important for the substrate affinity of the SSAO
forms: oxidation of benzylamine by plasma SSAO from
0X, horse, porcine, rabbit and sheep involves abstraction
of the pro-S hydrogen whereas SSAO from human aorta
and plasma shows no stereospecificity in this respect
(36,37). It has been suggested that the structure of the
copper-containing active site of different SSAOs detect
the substrate specificity (38). Variations in glycosylation
of SSAO, which differ between tissues and species, also
effect the substrate specificity of SSAO (39).

4. SSAO-CATALYZED OXIDATIVE
DEAMINATION

As shown in below, SSAO catalyze the oxidative
deamination of substrates containing an amine moiety
linked to an unsubstituted methylene group, which may
be aliphatic or aromatic in nature. These substrates
include dopamine, b-phenylethylamine, benzylamine,
kynuramine, tryptamine, methylamine, allylamine and
aminoacetone (3,17). An aldehyde metabolite, hydrogen
peroxide and ammonia are produced by the deamination
of RCH,NH, substrate.

SSAO
RCH,NH, + O, +H,0 — RCHO + H,0, +NH,

This reaction is a “ping-pong” reaction and can be divi-
ded into two separate half reactions as one reductive and
one oxidative. In the first half reaction, the amine group

MAQO A Substrates
Hz
H
H H T MNHz
serotonin norepinephrine

MAO B Substrates

o O
pheneathylamine benzylamine

MAO A and B Substrates

HU\/MHZ D/@/\/NHE
|
HO H #

dopamins

tyramine

Fig. 2. Some known MAO substrates (17, 28, 30)
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interacts with topa quinone co-factor (TPQ) in the active
site and a Schiff base is produced. In the second half-
reaction, the reduced TPQ is reoxidized by Cu?* and 0,
under the H,0, and NH, production (5):

E-CHO + RCH,NH, —— E-CH,NH, + RCHO
E-CHZNH2 + O2 + HZO —> E-CHO + H202 +NH,

The membrane-bound SSAO is often characterized
by its high affinity towards non-physiological amine,
benzylamine, which is also a good substrate for MAO-B
(40), indicating that SSAO and MAO overlap to some
extent. However, SSAO is distinguished from MAOs by
its insensitivity towards selective MAO inhibitors such
as clorgyline, I-deprenyl and pargyline (41). It has been
recently shown that there is a sequence designated as
—Asn-X-Asp-Tyr-Tyr- around TPQ, where X corres-
ponds to SSAO, plays a vital role in SSAO-catalyzed
deamination of substrates (39). TPQ co-factor was beli-
eved to be pyrroloquinoline quinone.

Methylamine and aminoaceton are readly deaminated by
SSAO to yield methylglyoxal, formaldehyde, H,0O, and
ammonia, both in vitro and in vivo (18,19,31,42).

SSAO
CH,NH, + O, + H,0 —> HCHO + H,0, + NH,

Methylamine Formaldehyde

CH,COCH,NH,+0,+H,0 —> CH,COCHO+H,0, +NH,

Aminoacetone Methylglyoxal

CH,=CHCH,NH, + 0, + H,0 —>
CH,=CHCHO + H,0, +NH,

Allylamine Acrolein

Methylamine was found in blood, urine and tissues of
humans (20,43) and can be derived from deamination of
adrenaline, creatine and creatinine (44).

Aminoaceton is endogenously derived from glycine or
threonine (2,20). The aldehyde products of the SSAO
reaction have attention in terms of their potential toxi-
city. These aldehydes may be oxidised to the corres-
ponding carboxylic acid by aldehyde dehydrogenase
or aldehyde oxidase or reduced to the corresponding
alcohols by aldehyde reductases or alcohol dehydroge-
nase. However, formaldehyde produced by the oxidative
deamination of methylamine is potentially toxic (43,
44). Since the formaldehyde produced would have to be
transported into cells, such as erythrocytes for metabo-
lism, this causes formaldehyde-induced toxicity in blood
vessels (44).

Turk J Biochem, 2004; 29(3); 247-254.

Metabolism of xenobiotic allylamine by SSAO pro-
duces acrolein, which leads to vascular toxicity. It has
been demonstrated that SSAO inhibition can prevent
the SSAO-mediated vascular damage (45). It appears
that this toxicity may result from the synergistic action
of acrolein and H,0,, since the presence of catalase
reduced the extent of the damage caused by allylamine
oxidation (46).

Methylglyoxal cytotoxicity is resulted from its ability
to cross-link of proteins and increased cross-linkage has
been recognized to be involved in the aging process,
which seems to be related to chronic vascular diseases
(47).

H,0, is a major reactive oxygen species, which is also
generated in SSAO-catalyzed deaminations. H,O, can
be converted to toxic hydroxyl radical via the Fenton
reaction and has been implicated in several diseases
(48). Free radicals can be generated from formaldehyde
in the presence of H,O, under alkaline conditions, but
it has been shown that in the presence of free amino
group with formaldehyde and H,0,, however, excited
formaldehyde and singlet oxygen are generated even
under physiological conditions (49). It seems possible
that SSAO-mediated oxidative stress may cause the oxi-
dation of LDL and glycoxidation of proteins.

5. SSAO AND PATHOLOGICAL
CONDITIONS

SSAO activity is found to be altered in a number of
disease states, as summarized in Table 2. Plasma SSAO
activity is increased in cardiac disease and in congesti-
ve heart failure (4,5,8,12,16,20,45). Atherogenesis is a
complex process in which leisons formed at the blood
vessels progress via fatty streaks, followed by formation
of fibrous plaques and trombus, resulted in deposition of
fibrin and plateletes. Atherogenesis involves endothelial
disfunction, smooth muscle proliferation and subsequ-

Table 2. Altered SSAO activity in some diseases

Disecase Increased | Decreased

+

Cardiac disease (plasma)

Congestive heart disease (plasma)

Diabetes typel (human plasma)

Diabetes type II (human plasma)

Diabetes (rat kidney)

Diabetic retinopathy (plasma)

Diabetic atherosclerosis (plasma)

Diabetic nephropathy (plasma)
Hypertension (plasma)

Alzheimer’s disease (cerebral blood vessels)
Burns(plasma) - +
Cancer (solid tumour) (tumour tissue)
Cancer (breast) (plasma) - +
Inflammatory liver disease (plasma) +
Kidney transplant rejection (plasma) +
Pre-eclampsia (plasma)
Stroke (plasma)

T S S i T

+
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ently, disruption. Hypotheses regarding the mechanism
of atherogenesis include oxidative stress, hypercho-
lesterolemia, LDL, LDL receptors, Apo-E, advanced
glycation, cytokines, hormones, abnormal lipid meta-
bolism, etc. It has been suggested that SSAO-mediated
deamination is involved in atherogenesis and vascular
disorders and selective SSAO inhibitors can prevent
such toxicity (44,46). Formaldehyde and H,0, derived
from SSAO-catalyzed methylamine deamination, or
increased availability of substrates have been proposed
to cause chronic stress; damage endothelial cells; indu-
ce protein cross-linkage of structural proteins, such as
collagen; increase rigidity of blood vessels and lead to
vascular dysfunction (17,46). Allylamine is reported to
cause extensive and progressive vascular and myocardi-
al lesions similar to that seen in atherosclerosis and this
vascular toxicity of allylamine can be prevented by the
SSAO inhibitor semicarbazide (13 ,46).

SSAO expression was shown to be increased in cerebral
blood vessels of subjects with Alzheimer’s disease (13-
30,50). Aldehydes produced by SSAO-mediated deami-
nation of methylamine and aminoacetone were suggested
to cause intra- and intermolecular protein cross-linkages
and b-amyloid formation, deposition and subsequently
plaque formation in the compartments adjacent to the
cerebrovessels (51). Since SSAO-mediated generation
of formaldehyde can also lead to cytotoxicity, which
induces inflammation and release of more SSAO, it has
been postulated that increased SSAO-mediated reaction
may be chronically involved in the pathogenesis of vas-
cular dementia (51).

Already in the 1960s it was demonstrated that plasma
SSAO activity was elevated in patients with diabetes
mellitus (4,5,8,10,14) and recently it was shown that
this increase in activity is correlated to the degreee of
vascular damage, nephropathy, and retinopathy (18,52,
53). Increased SSAO activity has been observed in sheep
and rat plasma and rat kidney in experimental diabetic
models (54). These observations have been further con-
firmed in both Type I and II diabetics (7,8,10,14,52).
Formaldehyde and H202, derived from SSAO-mediated
methylamine deamination, were found to be responsible
for the diabetic complications (5,8,14,18,53). SSAO is
known to be selectively located in tissues which are vul-
nerable to diabetic complications and it can be released
into the blood stream from damaged SSAO-rich tissues.
Interestingly, the sequence of another protein called
VAP-1 has been found to be identical to SSAO which
has been shown to be capable of deaminating amines.
VAP-1 induces cell adhesion and regulates lymphocyte
trafficking and it was reported that it is involved in gra-
nulocyte extravasation and inflammation (9,55). Thus,
it seems possible that this protein is the same protein as
SSAO and increased expression of it as a response to inf-
lammation leads to enhanced levels of toxic aldehydes
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in blood, increased oxidative stress and cause vascular
injury and inflammation (55).

SSAO has been found to be involved in the regulation of
GLUT-4 in isolated rat adipose cells (7). Benzylamine,
an SSAO substrate, caused a marked stimulation of
glucose uptake in adipocytes and this induction was
blocked by catalase and SSAO inhibitors suggesting
that H,O, production resulted from SSAO-mediated
deamination plays a crucial regulatory role in this pro-
cess (7). SSAO has been claimed to be an important role
in glucose uptake in adipocytes since SSAO-mediated
deamination mimics insulin-like actions such as signal
transduction, lipid metabolism and differentiation of
adipocytes (56).

6. ALTERNATIVE FUNCTIONS OF
SSAO

Although products of SSAO-catalyzed deaminations are
potentially toxic, they may have important roles in some
certain physiological conditions. Hydrogen peroxide
is known to mimic the effects of insulin and induces a
recruitment of intracellular GLUT-4 receptors to cell
surface, stimulates glucose uptake. SSAO substrates
have been shown to stimulate glucose transport and
SSAO inhibitors abolish completely this effect (7). Since
activation of glucose transport was reversed by catalase,
it was suggested that H,O, plays an important role in this
process (57).

SSAO activity appears to play a significant role in the
development of some cell types. Methylamine and other
SSAO substrates were shown to induce maturation of
adipocytes in a dose-dependent manner and since this
effect was prevented by SSAO inhibition and by tre-
atment with antioxidants, it was suggested that H,0O,
formation plays a key role (56,58).

SSAQ activity also plays an important role in extra-
cellular matrix deposition and maintenance in vascular
smooth muscle and inhibition of SSAO is resulted in
aberrations in collagen and elastin deposition by heart
smooth muscle cells (59).

VAP-1, which possess SSAO activity, is reported to sup-
port the adhesion of lymphocytes to endothelial cells and
mediates lymphocyte re-circulation and to be involved
in inflammatory conditions (55). VAP-1 has been shown
to support sialic-acid dependent adhesion under shear
stress and to mediate tethering to the tumour endothe-
lium in human heptacellular carcinoma of T-cells (60).
In mature adipocytes, SSAO is located in caveolae with
CD36 and the scavenger lipoprotein receptor as major
proteins, and may be involved in lipid transport (61).

7. SSAO INHIBITORS

Today, there are no selective and potent inhibitors of
human SSAO. Semicarbazide and cyanide are both
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SSAO inhibitors that also inhibit some other enzymes.
Some inhibitors of MAQO, such as MDL 72145 ((E)-2-
(3’ 4’-dimethoxyphenyl)-3-fluoroallylamine), originally
developed as antidepressants, have been reported also
to inhibit SSAO irreversibly (62). However, it is also
a potent inhibitor of MAO-B and also affects MAO-
A activity. Substituted b-chloroallylamines are weak
inhibitors of MAO and MDL 72274 [(E)-b-phenyl-3-
chloroallylamine] shows high potency and selectivity
for SSAO in vitro, compared with its activity against
MAO (63) (Figure 3). An inhibitor with high selectivity
for pig plasma SSAO, named as B24, was synthesized
as SSAO substrate, but appeared to be a highly potent
SSAO inhibitor (35).

It has been shown that the primary aromatic monoami-
nes with a single methyl substituent on a-carbon atom
adjacent to amino group, are SSAO inhibitors with
inhibitory properties of MAO, such as mexiletine and
amphetamine (5). Amiflamine [FLA 336(+)], its enan-
tiomer [FLA 336(-)] and its metabolites [FLA 788 (+),
FLA 668 (+)] inhibit MAO-A and SSAO (64) (Figure
4). D,L-a-methylbenzylamine and its enantiomers D-
and L-form of a-methylbenzylamine, are found to be
SSAO and MAO-A inhibitors (65). 2-Bromoethylamine
was shown to be a potent and selective SSAO inhibitor
(66).

i
CONHNH: CONHNHC
|
[ () ™ "
- = 1
N N HaNNHCNH:
isoniazid iproniazid aminoguanidine
CHaCH:NHNH: CONHNHCH2CH2CONCH: NHNH:
N/ =N
phenelzene nialamine hydrallazine

NHNH:
| NH:z
OH CH:CCHs I
CHzNHNHCOCHCH:0H
TN O
COOH
carbidopa

- waw

phenylhydrazine

F—CH:
I
CH — ChohB: ‘IW
G0 @wm
OCHs

MDL 72145 MDL 72274

benzerazide

CHoMHe
OH CH:0H
CHa H:NHCONH:

pyridoxamine semicarbazide

Fig. 3. Some hydrazine and halloamine derivatives presented as SSAO
inhibitors.
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Hydrazine derivatives are also SSAO inhibitors
(Figure34). Highly selective SSAO inhibitor semicar-
bazide has already been introduced and detected as a
useful compound for distinguishing SSAO from MAO
in tissues (67). Some irreversible and non-selective
MAQO inhibitors, such as phenelzine, phenylhydrazine,
hydrallazine, aminoguanidine, iproniazide, isoniazide,
nialamide, benzerazide and carbidopa, are thought to
be possible SSAO inhibitors because of their abilities to
bind to FAD in MAO which is outside of the substrate
binding site (Figure 3). Hydrallazine is a peripheral vaso-
dilator used as anti-hypertensive and irreversible and
and partially time-dependent inhibitor of SSAO whereas
phenylhydrazine is the potent irreversible SSAO inhi-
bitor (68); aminoguanizine is used to prevent diabetic
nephropathy (69).

Procarbazide and its metabolite monomethylhydrazine
also appears to be highly selective for SSAO (70).

Cth
I CHs
|
e 0 — CHCHIE: Cth
|
cu. @—cm CHACHMH:
e r 9
dl - FLA 336 FLA 1042 amphetamine
Ch CHs
| |
CHe CHeCHNHz CH:CHNH:
|
OCHCHI: H\J_m /I s
wdte € .
S CHaH NH:
mexiletine dl - FLA 788 dl - FLA 668 (+)
" N o
|
0— 0 — CH:CHNI: — CHCHNH:
T T
CHs Br
FLA 1038 FLA 1041 FLA 1837
/
CHe0 W7\ o — oo
L | /
-0
O-e
MD 780236
A WL |
O~ N N oy — o
L I /
o 0—0

N\

MD 220662 ( R - isomer)

di-o -methylbenzylamine

Fig. 4. Some a-methylsunstituted amines designed as SSAO inhibi-
tors.
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8. CONCLUSION

SSAO was discovered over three decades ago during
investigation of MAO. Little is known about its mole-
cular structure and exact physiological functions in
mammals, but it can be assumed that it may have seve-
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