
Abstract

Aims/hypothesis. Semicarbazide-sensitive amine oxi-
dase has been recognised to be a potential risk factor
in vascular disorders associated with diabetic compli-
cations and to be related to mortality in patients suf-
fering from heart disease. This enzyme, associated
with the vascular system, catalyses the deamination of
methylamine and aminoacetone, and also acts as an
adhesion molecule related to leucocyte trafficking and
inflammation. The deaminated products include the
toxic aldehydes, formaldehyde and methylglyoxal, re-
spectively, hydrogen peroxide and ammonia.
Materials and methods. In this study, the KKAy
mouse, a strain possessing features closely resembling
those of Type II (non-insulin-dependent) diabetes
mellitus has been used to substantiate the hypothesis.
Vascular lesions were induced via chronic feeding of a
high cholesterol diet.
Results. Both MDL-72974A, a selective mechanism-
based semicarbazide-sensitive amine oxidase inhibitor

and aminoguanidine effectively inhibited aorta semi-
carbazide-sensitive amine oxidase activity, and caused
a substantial increase in urinary methylamine, and a
decrease in formaldehyde and methylgloxal levels. In-
hibition of semicarbazide-sensitive amine oxidase also
reduced oxidative stress, as shown by a reduction of
malondialdehyde excretion. Both MDL-72974A and
aminoguanidine reduced albuminuria, proteinuria and
the number of atherosclerotic lesions in animals fed
with a cholesterol diet over a period of treatment for
16 weeks.
Conclusion/interpretation. Increased semicarbazide-
sensitive amine oxidase–mediated deamination could
be involved in the cascade of atherogenesis related 
to diabetic complications. [Diabetologia (2002) 45:
1255–1262]
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Serum semicarbazide-sensitive amine oxidase (SSAO)
activity has been repeatedly found to be increased in
diabetic patients [1, 2, 3] and in diabetic animals [4,
5]. Of interest, serum SSAO is positively correlated
with retinopathy in diabetic patients [6]. Increased se-
rum SSAO has also been detected in patients with
heart failure [7] and cerebral infarct [8] and in athero-
sclerotic as well as in obese subjects [9]. The mortali-
ty of heart patients with high serum SSAO activity
was found to be higher than in heart patients with low
serum SSAO levels [10, 11].

SSAO is primarily located on the plasma mem-
brane in endothelial and vascular smooth muscle cells,
and adipose and cartilage tissues [12]. It also circu-



lates in the blood. SSAO catalyses the deamination of
methylamine and aminoacetone to produce toxic
formaldehyde and methylglyoxal, respectively [13,
14, 15]. These highly reactive aldehydes can initiate
unwanted protein cross-linkage, exacerbate advanced
glycation end products, and cause endothelial injury
[16]. While deamination of methylamine causes toxic-
ity towards cultured human endothelial cells, SSAO
inhibitors have been shown to prevent this toxicity
[17]. Chronic methylamine treatment increased oxida-
tive stress, and possibly vascular damage, as indicated
by the increase of urinary excretion of malondialde-
hyde in rats [18]. It has also been shown that 14C-
methylamine is converted to 14C-formaldehyde, which
then form radioactively labelled long-lasting protein
adducts in vivo [19]. Aminoguanidine, which is
known to block advanced glycation and reduce neph-
ropathy in animals, is a much more potent inhibitor of
SSAO [20]. Inhibition of SSAO by aminoguanidine
could also be involved in preventing nephropathy. A
selective SSAO inhibitor has been shown to reduce
the apparent nephropathy in STZ-induced diabetic rats
and in methylamine-treated mice [19, 20]. Methyl-
amine is a major metabolite of creatine [21]. It can
also be derived from adrenaline, lecithin, or food and
cigarette smoke. Increased deamination of methyl-
amine has been proposed to be related to nephropathy
[22].

The KKAy mouse strain possesses features closely
resembling those of Type II (non-insulin-dependent)
diabetes mellitus and serves as a useful model for the
study of obesity and diabetes [23, 24]. It is derived
from a Japanese KK mouse strain incorporating a yel-
low agoutis gene (Ay) [25]. KKAy mice are character-
ised by severe and prolonged hyperinsulinaemia, hy-
perglycaemia and diabetic complications [26]. They
spontaneously develop Type II diabetes during the
first 8 weeks of life. These animals were used in this
study to test the hypothesis that SSAO-mediated de-
amination is involved in vascular damage and athero-
genesis. The effects of chronic administration of the
SSAO inhibitors (aminoguanidine and MDL-72974A)
on albuminuria and atherosclerotic lesions in these
mice fed a cholesterol-rich diet were assessed.

Materials and methods

Materials. [7-14C]-Benzylamine hydrochloride (59 mCi/mmol)
was purchased from Amersham Life Science (Amersham In-
ternational, Buckinghamshire, UK). MDL-72974A was kindly
provided by Marion-Merrell-Dow (Cincinnati, Ohio, USA).
All other chemicals are of analytical grade.

Animal experiments. Female KKAy mice were obtained from
Clea (Tokyo, Japan). The animal studies were in strict accor-
dance with the guidelines established by the Canadian Council
on Animal Care and were approved by the University of 
Saskatchewan Animal Care Committee. The mice were housed

in hanging wire cages with free access to food and water on a
12-h light to dark cycle at a temperature of 19 to 20°C.

The KKAy mice at the age of 9 weeks with confirmed dia-
betes were randomly divided into five groups (n=16 in each
group). These are (i) control, normal diet; (ii) MDL-72974A
treatment (2 mg per kg per day via drinking water); (iii) ami-
noguanidine treatment (50 mg per kg per day); (iv) control,
atherogenic diet; (v) atherogenic diet plus MDL-72974A.

The high cholesterol diet was obtained from ICN Pharma-
ceuticals (Aurora, Ohio, USA). The diet contained 1.25% cho-
lesterol, 7.5% cocoa butter, 5% sodium cholate, and other sug-
ar and minerals.

Urine collection. The mice were placed in metabolic cages
(Nalgene, Rochester, N.Y., USA) for urine collection over a
period of 20 h. The urine collecting vessels were positioned
over Styrofoam containers filled with dry ice, which permitted
the freezing of urine immediately after urination. The animals
were allowed free access to tap water. During urine collection,
food was withheld.

SSAO activity assay. SSAO activity was assessed by a radio-
enzymatic procedure using 14C-labelled benzylamine as sub-
strate following our previously described procedure [17]. Aor-
tae were dissected and kept frozen at –70°C. The tissues were
then homogenized with a Polytron homogenizer (Kinematica,
Lucerne, Switzerland) followed by brief sonication before as-
sessment of SSAO activity.

Analysis of methylamine. Urinary methylamine was measured
using an HPLC-fluorometric procedure [20]. The urine sam-
ples, following purification using a small CG-50 amberlite col-
umn, were pre-column derivatized with o-phthaldialdehyde
(OPA) and then applied to a Beckman Ultrasphere IP column
(octadecyl-bonded spherical-5 micron silica particles) using a
Shimadzu HPLC system (Sil-9A auto injector) equipped with a
pre-column derivatization program. The column was eluted
with 65% methanol at a flow rate of 1.0 ml/min. For quan-
titative assessment, a programmable fluorescence detector
(Hewlett Packard, HP1046A) with excitation at 360 nm and
emission at 445 nm was used. Isopropylamine was used as an
internal standard.

Analysis of urinary aldehydes. A HPLC-spectro-photometric
method was used for the assessment of aldehydes [27]. Alde-
hydes were derivatized with 2.4-dinitrophenyl-hydrazine
(DNPH). Propionaldehyde was used as an internal standard.
The HPLC separation was carried out using a reversed-phase
Ultrasphere I.P. analytical column (250×4.6 mm I.D., Beck-
man, Toronto, Canada). Elution was isocratic with 20 mmol/l
phosphate buffer, pH 4.6, containing 32% acetonitrile and 8%
2-methylpropanol at a flow rate of 1.0 ml/min. The DNPH de-
rivatives were analysed via a spectro-detector at 330 nm.

Assessment of urinary creatine and creatinine. Creatinine was
assessed using Jaffe’s reaction, which results in the production
of a red tautomer of creatinine picrate after adding an alkaline
picrate solution [28], which was measured at 520 nm. Creatine
was estimated as the difference between the preformed creati-
nine and the total creatinine that results after the conversion:
creatine vs creatinine by heating at an acid pH.

ELISA for the detection of mouse albumin. This method is in
principle based on a method described previously [29]. Anti-
bodies, i.e. rabbit anti-mouse albumin; Goat anti-mouse albu-
min conjugated with peroxidase, made by Biogenesis were
purchased from Cedarlane. Plastic 96-well EIAr plates were
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coated with polyclonal rabbit anti-mouse albumin antibodies
followed by coating with skimmed milk. Urine samples and
standard spiking mouse albumin were added and plates were
washed thoroughly. Polyclonal goat anti-mouse albumin anti-
body conjugated with peroxidase was then added and incubat-
ed for 1 h at room temperature. After three washes with PBS 
o-phenylenediamine dihydrochloride (OPD) substrate solution
[one tablet OPD (10 mg) and 6 µl 50% H202 in 25 ml of 
buffer] were added and incubated for 20 min at 37°C. To stop
reactions 25 µl 3 N HCl were added. Optical densities at
490 nm were measured using an automatic ELISA reader. Uri-
nary albumin was estimated from an albumin standard curve.
Urinary protein was calculated by the Bradford method.

Atherosclerotic lesions. The heart and attached section of aorta
were placed in 0.9% saline for 1 h, then fixed in 4% formalde-
hyde and embedded in OCT. For quantitative evaluation of
atherosclerotic lesions the hearts along with the aortae were
frozen on a cryostat and then sectioned at a thickness of
10 µm. The region of the aortae to be sectioned began at the
juncture of the aorta to the heart and continued towards the
aortic arch for a distance of approximately 350 µm. Every sec-
ond 10 µm section was collected, fixed on gelatin-coated mi-
croscope slides, and then stained with Oil Red O and haema-
toxylin. The numbers of lesions were counted by examining
the lipid deposits in the intima [30].

Statistics. The results were assessed using ANOVA followed
by Newman-Keuls multiple comparisons. In general, the null
hypothesis used for all analyses was that the factor has no in-
fluence on the measured variable and significance was accept-
ed at a confidence interval of more than 95%.

Results

Hyperglycaemia of the KKAy mice. Serum blood glu-
cose concentrations of all KKAy mice were assessed.
Venous blood was collected from the tails. Blood glu-
cose concentrations were over 14 mmol/l in 89 of 97
mice at 9-weeks old (before drug treatment). The re-
maining 8 mice previously shown to be normal also
became hyperglycaemic on week 15 (6 weeks after
the first glucose assessment). The blood glucose con-
centrations of the non-diabetic CD-1 Swiss White
mice ranged from 6 to 9 mmol/l. All of the KKAy
mice became hyperglycaemic.

SSAO activity in KKAy mice. The KKAy mice showed
about 2.5-fold higher kidney SSAO activity (86±
7 pmol·mg protein–1·min–1) in comparison to that 
of Swiss White CD-1 mice (35±4 pmol·mg pro-
tein–1·min–1) from a parallel assessment. The data re-
present the mean ± SEM (n=5).

Effect of MDL-72974A on KKAy SSAO activity. The
inhibitory effect of MDL-72974A on KKAy aorta
SSAO was assessed both in vitro and ex vivo. The
IC50 (2×10–8 mol/l) values are quite similar to that
compared with SSAO from other sources [31]. More
than 90% inhibition of kidney and aorta SSAO activi-
ties was achieved after 24 h of treatment via drinking

water containing MDL-72974A (10 µg/ml). Virtually
a complete inhibition of SSAO activity was detected
following a further 1 week of treatment via drinking
water (a daily dose of approximately 2 mg per Kg).
The aorta SSAO activities in the KKAy mice after 
16 weeks of treatment are shown (Fig. 1). Although
SSAO activity was initially completely inhibited by
MDL-72974A and aminoguanidine, a low amount of
SSAO activity (i.e. 6–15%) was detected after treat-
ment for 16 weeks. The effect of MDL-72974A treat-
ment on kidney SSAO is quite comparable to that of
the aorta.

Urinary methylamine. Urinary methylamine levels in
the animals receiving an atherogenic diet were gradu-
ally reduced, while the methylamine excretion in mice
treated with a normal diet was relatively constant over
the period of treatment (Fig. 2B). We expected that in-
hibition of SSAO activity by MDL-72974A and ami-
noguanidine would cause a substantial increase in
methylamine excretion compared with the correspond-
ing controls for the duration of the experimental peri-
od. However, the initial increase in methylamine 
levels gradually decreased after 6 weeks of treatment.

Albuminuria and proteinuria. The results of the ef-
fects of administration of an atherogenic diet, with or
without an SSAO inhibitor, on albuminuria over the
16-week treatment period are summarized (Fig. 3).
Albuminuria increased with age in these Type II dia-
betic mice. A remarkable effect was seen in that
MDL-72974A reduced the albumin in the animals fed
an atherogenic diet (Fig. 3A). The effects of both
MDL-72974A and aminoguanidine on albuminuria
and proteinuria in animals fed a normal feed were less
marked (Fig. 3B). Both MDL-72974A and amino-
guanidine showed similar effects on the prevention of
proteinuria.
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Fig. 1. Effect of MDL-72974A, aminoguanidine and athero-
genic diet on KKAy aorta SSAO activities. Data represent
means ± SEM of eight animals. Significantly different from
the control group (*p<0.01)



Creatine. Urinary creatine, a major precursor for
methylamine [32], was slightly increased with age in
animals fed either a normal or an atherogenic diet.
The increase in creatine levels with age seemed to be
correlated to the increase in body mass. Neither MDL-
72974A nor aminoguanidine affected creatine excre-
tion.

Urinary aldehydes. Urinary methylglyoxal (MGO),
formaldehyde (FA) and malondialdehyde (MDA)
were analysed 10 weeks after treatment regimen
(Fig. 4). Both MDL-72974A and aminoguanidine not
only reduced urinary formaldehyde and methylglyoxal
levels, but also malondialdehyde excretion. An athero-
genic diet caused an increase in urinary MDA, a
marker for oxidative stress. Although MDA is not a
product of SSAO-mediated deamination, its levels
were reduced after treatment with SSAO inhibitors.

Atherosclerotic lesions. Eight mice from experimen-
tal groups, i.e. (1) (2) and (3) were killed at week 6.
The rest of the experimental mice in all five groups
(8 to 9 mice) were killed after 16 weeks. Atheroscle-
rotic lesions were microscopically assessed. At week
6, no fatty streaks were found in any of the experi-
mental groups. After 16 weeks treatment, fatty
streaks of various sizes were observed on the aortae.
Lesions were shown primarily in two distinct loca-
tions, namely the aortic wall and valve cusp. The to-
tal number of lesions was counted (Fig. 5). Mice fed
with a high cholesterol diet showed a dramatic in-
crease in vascular lesions. Both MDL-72974A and
aminoguanidine caused a reduction in the occurrence
of fatty lesions.
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Fig. 2A, B. Effect of MDL-72974A, aminoguanidine and ath-
erogenic diet on urinary methylamine levels from KKAy mice.
Mice were fed with atherogenic diet (A) or normal diet (B).
The urinary excretion of methylamine was monitored bi-week-
ly. Data represent means ± SEM of eight mice. *p<0.01 in
comparison to the corresponding control groups

Fig. 3A, B. Effect of MDL-72974A, aminoguanidine and 
atherogenic diet on albuminuria in KKAy mice. Animals were
fed with atherogenic diet (A) or normal diet (B). The urinary
excretion of albumin was monitored bi-weekly. Data represent
means ± SEM of eight mice. *p<0.01 in comparison to the
control group with atherogenic diet



Discussion

It has been proposed that increased SSAO-mediated
deamination could play an important role in the initia-
tion or development of angiopathy [16]. Both deami-
nated products, formaldehyde and methylglyoxal, can
cross-link and thus alter functional and structural pro-
teins. This process can initiate acute damage and sub-
sequently trigger atherogenesis and vascular compli-
cations [17, 33]. This could explain the finding that
increased serum SSAO is associated with diabetic
complications [1, 2, 3, 6]. It also suggests that an in-
crease in SSAO-mediated deamination could be a risk
factor for diabetic complications. Indeed an increase

in SSAO activity occurs not only in diabetes, but also
in heart patients and obese individuals [9]. A 5-year
follow-up study has shown that the mortality of heart
patients showing higher serum SSAO is more than
twice that of heart patients with low SSAO activity
[10]. It has been suggested that serum SSAO activity
might be a useful independent prognostic marker for
these patients.

KKAy mice, a well-established model for Type II
diabetes, which have hyperinsulinaemia but not overt
hyperglycaemia [25, 26], were used in this study.
Atherosclerotic lesions were induced following chron-
ic feeding of a high cholesterol diet. To substantiate
the hypothesis, selective SSAO inhibitors were used
to determine whether or not they could prevent the
formation of atherosclerotic lesions. MDL-72974A
was initially developed as a specific monoamine oxi-
dase B (MAO-B) inhibitor, and has been studied in
clinical trials for the treatment of Parkinson’s disease.
It has been found to be equally potent at inhibiting
SSAO activity [30]. This compound is a β-fluoro
monoamine mechanism-based irreversible inhibitor
with very low IC50 and KI values [34]. No apparent
toxicity was reported or observed after chronic admin-
istration. Aminoguanidine, a nucleophilic hydrazine
derivative, is well known for its action in blocking ad-
vanced glycation [35] and it has been shown to pre-
vent diabetic complications such as retinopathy [36],
nephropathy [37] and neuropathy [38]. Although it
blocks glycation, it also inhibits quinone enzymes
such as SSAO [20]. In fact, it is highly potent at inhib-
iting SSAO activity and this enzyme is responsible for
generating toxic aldehydes [20]. Aminoguanidine has
been shown to show anti-atherogenic effects in cho-
lesterol-fed rabbits [39]. This compound was therefore
also used in this study as a positive control, which
could prevent atherogenesis in diabetic mice.

KKAy mice possess similarly high aorta SSAO ac-
tivity as do C57BL/6 mice, which is relatively vulner-
able to atherosclerosis after chronic treatment with a
high cholesterol diet. Our observation is consistent
with the theory that high SSAO is associated with vul-
nerability to atherosclerosis in different strains of
mice [33]. It is also interesting to note that human
SSAO in different tissues is approximately tenfold
higher than that in rodents [40], whereas rabbits pos-
sess tenfold higher SSAO in comparison to humans.
Rabbits are well known to be one of the most vulnera-
ble species in developing atherosclerosis.

Both MDL-72974A and aminoguanidine have been
shown to be quite potent in inhibiting KKAy SSAO
activity. The excretion of methylamine was substan-
tially increased following inhibition of SSAO by these
compounds. The largest increase in urinary methyl-
amine was detected around 2 to 6 weeks after the
treatment started and the methylamine gradually de-
creased. This suggests that a feedback mechanism
could be involved, such as induction of liver microso-
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Fig. 4 Effect of MDL-72974A, aminoguanidine and athero-
genic diet on urinary excretion of aldehydes in KKAy mice.
Aldehydes were assessed 10 weeks after treatment. Data re-
present means ± SEM of eight mice. *p<0.01 in comparison to
the control group. MDA, malondialdehyde; MGO, methylgly-
oxal; FA, formaldehyde

Fig. 5 Effect of MDL-72974A, aminoguanidine and athero-
genic diet on the formation of atherosclerotic lesions in KKAy
mice. Aortae were collected from KKAy mice after 16 weeks
of treatment. Data represent means ± SEM of eight mice.
*p<0.01 in comparison to the control group and **in compari-
son to CHOL (mice fed with atherogenic diet without drug
treatment)



mal enzyme activities or perhaps SSAO synthesis is
up-regulated, and subsequently increased metabolism
of the SSAO inhibitors took place. The re-synthesis
rate of SSAO is reasonably rapid with aorta SSAO ac-
tivity recovering to 50% to initial levels in 2 to 3 days
after complete inhibition by a single SSAO inhibitor
treatment. Although aorta SSAO activity was initially
completely inhibited, approximately 10% of enzyme
activity could be detected after 16 weeks of treatment
with the same daily dosage. This relatively small
amount of SSAO is nevertheless sufficient to cause
significant metabolism of methylamine.

Creatine has been shown to be a major precursor
for methylamine [32]. It is therefore possible that the
reduction of methylamine with time could be due to a
decrease in the synthesis of creatine. Urinary creatine
levels, however, did not decreased with age. The ex-
cretion of creatine was not affected by high cholester-
ol intake or by SSAO inhibitors. These observations
suggest that the change in methylamine excretion is
not due to the availability of creatine.

Albuminuria or microalbuminuria are well known
useful markers for diabetic nephropathy and cardio-
vascular risk factors [41]. Our observation that albu-
min and protein excretion increased with age suggests
that progressive vascular complications probably 
occurred in these diabetic mice. A cholesterol diet
seemed to cause an unexpected reduction in albumin
and protein excretions. The reason for this is not clear,
although cholesterol could have altered protein bind-
ing or clearance. The SSAO inhibitor, MDL-72974A,
reduced albuminuria and proteinuria in both cholester-
ol-treated and untreated mice. Aminoguanidine was
found to ameliorate albuminuria in diabetic hyperten-
sive rats (SHR) [42] in accordance with this previous
observation. MDL-72974A is a highly selective mech-
anism-based amine oxidase inhibitor and it does not
affect protein (i.e. RNase) glycation in vitro. The pres-
ent results support the idea that a reduction in SSAO
activity, and a subsequent decrease in toxic aldehydes
and oxidative stress, might be responsible for the ame-
liorated atherogenesis process.

The potential involvement of toxic aldehydes (de-
rived from SSAO-mediated deamination) in initiating
vascular damage has been further supported by the di-
rect measurement of aldehydes. Both formaldehyde
and methylglyoxal levels were reduced after treatment
with MDL-72774A or aminoguanidine. An increase in
methylglyoxal has been proposed to be involved in
some diabetic complications [43]. SSAO inhibitors
also reduced malondialdehyde (MDA) levels, al-
though MDA is not a deaminated product derived
from SSAO-catalysed reaction. MDA is an end prod-
uct of lipid oxidation and a marker of oxidative stress.
Our results are consistent with several reports which
also indicate that malondialdehyde is increased in dia-
betic patients and animals [44, 45]. Blocking SSAO
activity reduced toxic aldehydes and hydrogen perox-

ide production that could have been responsible for in-
ducing vascular damage, and therefore the reduction
in malondialdehyde might be an indirect result of inhi-
bition of SSAO activity.

Fatty streaks were detected in some obese KKAy
mice, even without treatment with a high cholesterol
diet. We have observed that the cholesterol levels in
blood were increased more than tenfold following the
feeding of the high cholesterol diet. This enhanced
atherosclerotic lesions substantially. Inhibition of
SSAO activity caused a reduction in such lesions.
The anti-atherogenic effect of aminoguanidine is con-
sistent with an earlier observation using a rabbit/cho-
lesterol diet model [39]. It is not clear whether such
an effect is due to blockade of glycation, since ami-
noguanidine is highly potent at inhibiting SSAO ac-
tivity [20]. The mechanism of action of aminoguani-
dine in preventing glycation is further complicated by
its capacity to interact with and detoxify methylgly-
oxal [46]. SSAO is located on the membrane surface
of endothelial and vascular smooth muscle cells. Tox-
ic aldehydes produced via SSAO-catalysed deamina-
tion cannot be readily detoxified, since aldehyde de-
hydrogenase is absent from serum, although the en-
zyme has been found in red blood cells [47]. Both
formaldehyde and methylglyoxal are extremely reac-
tive, and would probably interact quickly with pro-
teins immediately adjacent to membrane SSAO sites
where the aldehydes are produced. Therefore, pro-
teins located on the vessel walls are most susceptible
to damage, which can be the initial sites leading to
atherosclerosis.

In conclusion, our study supports the hypothesis
that semicarbazide-sensitive amine oxidase (SSAO),
an enzyme selectively located in vascular tissues cata-
lyses the deamination of methylamine and aminoace-
tone in vivo. Formaldehyde and methylglyoxal are
produced respectively, as well as H2O2 and ammonia,
which are all potentially cytotoxic. An increase in
SSAO-mediated deamination could be related to 
atherosclerosis and diabetic complications. Figure 6
summarizes the hypothesis.

Both formaldehyde and methylglyoxal are capable
of cross-linking proteins and enhancing advanced gly-
cation. This can alter functional and structural pro-
teins, initiate vascular damage, and cause chronic pro-
tein aggregation and deposition in blood vessels, sub-
sequently leading to atherosclerosis. Hydrogen perox-
ide increases oxidative stress and is involved in ath-
erogenesis. The deaminated products could enhance
oxidation of low-density lipoprotein (LDL), which is
actively involved in atherogenesis. Damage in the vas-
cular system could cause further exposure of SSAO or
leakage of intracellular SSAO. This would create a vi-
cious cytotoxic cycle for angiopathy. Reduction of
SSAO-mediated deamination might break this cycle
and reduce the vascular damage associated with dia-
betic complications.
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