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Summary 

Background 
Semicarbazide-sensitive amine oxidase (SSAO) is an enzyme found in membranes of mainly 
adipocytes, smooth muscle cells and endothelial cells but also soluble in plasma. SSAO 
converts primary amines to the corresponding aldehyde and at the same time produces 
hydrogen peroxide and ammonium. Increased enzyme activity has been associated with 
several disorders but most remarkable with diabetes mellitus.  
Aim 
The first aim of the present study was to optimise the protocols for the detection of SSAO 
activity in plasma samples.  
The second aim of this study was to investigate on potential correlations between SSAO 
enzyme activity and different variables related to cardiovascular disorders. 
Material 
The sample comprised 256 patients diagnosed with acute myocardial infarction. Plasma 
samples were collected at a cardiac care unit in Sweden. 
Method 
SSAO activity has been quantified in plasma by using a radioenzymatic assay.  The 
radioactive product has been quantified and the enzyme activity has been expressed as 
nmol/ml/h.  
Results 
SSAO measurement could be done without sonication of the plasma samples and with use of 
hydrochloric acid instead of the SSAO inhibitor hydralazine for the blank activity sample. 
SSAO activity was significantly higher among women than men. The results showed a 
significant positive correlation between plasma SSAO activity and hemoglobin A1c (HbA1c

Conclusions 

) in 
both sexes. Results among females also showed a significant positive correlation between 
SSAO activity and fasting glucose, and a significant negative correlation with triglycerides. 
Among men the result showed a significant positive correlation between SSAO activity and 
claudicatio intermittens, stroke, diabetes mellitus and age. 

The protocol for SSAO measurement has been optimised. The major finding of the present 
study is that increased plasma SSAO activity correlates with HbA1c

 

 both in females and 
males. This finding supports the hypothesis that increased plasma SSAO activity correlates 
with diabetes mellitus, and might also contributes to the vascular pathological complications 
of the disease. 

 
Keywords: SSAO; semicarbazide-sensitive amine oxidase, enzyme, radioenzymatic assay, 
acute myocardial infarction 
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Introduction 
 
SSAO enzyme 
Semicarbazide-sensitive amine oxidase (SSAO) belongs to a family of copper-dependent 
enzymes that use topaquanine (TPQ) as cofactor and, as the name suggests, it is highly 
sensitive to semicarbazide’s inhibition. Amine oxidase copper containing 3 (AOC3), the gene 
encoding for the SSAO enzyme, is located on chromosome 17 (at region 17q21, see figure 1) 
and generates a transcript consisting of 4 exons and 3 introns (Figure 2). The protein folds 
into 3 domains and forms homodimers by disulphide bridges with a molecular weight 
between 170-180 kDa depending on the level of glycosylation (Jakobsson et al. 2005b).  
 
Figure1 
Chromosome location of AOC3 gene on chromosome 17 (http://www.ensembl.org) 

 
 

Figure2 
Transcript of the AOC3 gene consisting of 4 exons and 3 introns (http://www.ensembl.org)  

 

SSAO is found in both eukaryotes and prokaryotes. In mammals, the enzyme is mainly found 
as membrane bound in adipocytes, smooth muscle cells and endothelial cells. When 
anchored to the cell surface the SSAO enzyme can be shed to the bloodstream in a truncated 
form and act as a soluble enzyme (Jakobsson et al. 2005a). 
 
Functions of SSAO 
The enzyme converts endogenous and exogenous primary monoamines into their 
corresponding aldehydes generating at the same time hydrogen peroxide and ammonia. The 
enzyme reaction is shown below: 
RCH2NH2 + O2 + H2O → RCHO + H2O2 + NH3 

 

monoamine  aldehyde   

Methylamine is one of the substrates of SSAO and is derived from metabolism of 
endogenous substances such as adrenaline but can also be ingested through food and by 
nicotine use. SSAO converts methylamine to formaldehyde which is an extremely reactive 
and carcinogenic chemical. The hydrogen peroxide produced at the same time is involved in 
oxidative stress (Yu 1998).  
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Aminoacetone is another endogenous substrate of SSAO. It is the product of the enzymatic 
conversion of threonine, and is converted to methylglyoxal by SSAO (Yu et al. 2003). 
Aldehydes have been shown to be involved in the formation of advanced glycation end 
products (AGEs), and crosslinking of proteins which thereby alter their function, leading to 
endothelial damage (Boomsma et al. 2005, Yu et al. 2003).  

A second function of the SSAO enzyme has been reported (Smith et al. 1998). The enzyme 
also functions as an adhesion molecule, the vascular adhesion protein 1 (VAP-1), and is 
involved in leukocyte rolling, adhesion and the transmigration of endothelial membrane 
which are the principal steps in extravasation of leukocytes at sites of inflammation 
(Koskinen et al. 2004).  

As a third function, SSAO stimulates glucose transport by recruiting glucose transport 
protein 4 (GLUT-4) from intracellular vesicles to the surface of the adipocytes (Abella et al. 
2003). 
 
Previous findings on SSAO and physiological and pathophysiological functions 
The origin of plasma SSAO is believed to be shed from the membrane of endothelial cells 
and adipocytes to the blood (Abella et al. 2004, Stolen et al. 2004).  
 SSAO physiological functions are still poorly understood (Mercader et al. 2011) but elevated 
plasma SSAO activity have been found increased in various pathological disorders, most 
notably in diabetes mellitus (Salmi M et al. 2002), but also in congestive heart failure 
(Boomsma et al. 1997), in chronic kidney disease (Lin et al. 2008), cirrhotic liver 
inflammation (Boomsma et al. 2003), and Alzheimer’s disease (Jiang, Richardson and Yu 
2008, Unzeta et al. 2007). 
Animal studies have shown that when human SSAO is over-expressed in mice smooth 
muscle cells, an abnormal elastin structure in aorta develops, leading to rigidity in large 
artery and elevated pulse pressure

 

. Together these findings might reveal the physiological 
role for SSAO in elastin maturation (Göktürk et al. 2003, Göktürk et al. 2007). 

Cardiovascular diseases  
The cardiovascular system, consisting of the heart and circulatory system, delivers nutrients 
and oxygen to the tissues and removes the carbon oxide and waste products (1)

Cardiovascular disease is the name for the group of disorders affecting the heart and blood 
vessels and includes several disorders such as stroke, peripheral arterial disease, congenital 
heart disease and myocardial infarction. According to the World Health Organisation (WHO) 
cardiovascular diseases are the major underlying cause of death worldwide causing 17.1 
million lives every year, almost equally in men and women 

. 

(2)

The risk of occurrence increases with age, in men after 45 years of age and in women after 
55 years of age 

.  

(3). Cardiovascular diseases are the major cause of death in Sweden as well, 
being the cause of 37% of deaths among women and 40 % among men (4).  
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The term myocardial infarction means death of cardiac myocytes due to prolonged ischemia 
and it can occur both in an acute and chronic manner. Myocardial infarction is most 
commonly due to occlusion of a coronary artery as a result from a rupture of a vulnerable 
atherosclerotic plaque (5)

In European Union (EU) 1 of 7 women and 1 of 6 men die from the disease every year

. An atherosclerotic plaque is built up with cholesterol, calcium, fat 
and other substances in the artery wall, making the lumen narrow.  

(6)

The INTERHAART study, which included data from more than 15,000 patients with 
infarctions and controls from 52 countries, showed that over 90% of all cases could be 
explained by nine factors: smoking, alcohol, high blood pressure, diabetes, blood lipids, 
physical inactivity, stress, abdominal obesity and too little vegetables in diet (Yusuf et al. 
2004). 

.  

 
SSAO and cardiovascular diseases 
Previous studies have suggested that plasma SSAO activity could be used as an independent 
prognostic marker of the mortality in chronic heart failure (Boomsma et al. 2000) and as a 
potential marker for early ischaemic vasculopathy  (Airas et al. 2008). Inhibition of the 
enzyme activity has also been shown to reduce the inflammatory response and have been 
suggested as a medical target (Kinemuchi et al. 2004, Ucar et al. 2005, Marinho et al. 2010, 
Boomsma et al. 1997).  
 
Aims of the present study 
The first aim of the present study was to optimise the protocol for the measurement of SSAO 
activity in plasma samples. Secondly, this study aimed to investigate whether patients with 
the diagnosis of acute myocardial infarction differ in SSAO enzyme activity in relation to 
several variables of interest.  
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Materials and methods 

The study has received ethical approval. 
 
Patients 
Plasma from 256 patients, admitted to cardiac care unit in Sweden, under the diagnosis of 
acute myocardial infarction (AMI), was collected in tubes with lithium heparin as 
anticoagulant. All data including medical history have been recorded with an ID code. A 
reference plasma sample was obtained from an anonymous blood donor. 

 
Demographic and biochemical variables 
Data were collected on: sex, age, history of infarction, angina pectoris, heart failure, heart 
valve failure, stroke, claudicatio intermittens and diabetes mellitus and also if the patient in 
the past has undergone percutane coronar intervention (pci) or a coronary bypass (cabg) 
surgery.  
Alcohol consumption and smoking habits were also assessed as well as different treatments 
for diabetes. Blood pressure was measured within 4-5 days from AMI.  
Laboratory tests including measurement of cholesterol, triglycerides, high density lipids 
(hdl), low density lipids (ldl), glycosylated hemoglobin (HbA1c

 

), glucose, c-reactive protein 
(crp) and kreatinin were analysed in blood samples taken within three days from AMI. The 
precursor of B-type natriuretic protein (probnp), a biological marker for heart failure, has 
been measured at admittance (probnp1) and a few days later (probnp2). Fasting glucose at 
admittance to the study, after 60, and 120 minutes, was also assessed.  

Plasma SSAO enzyme activity assay 
The semicarbazide-sensitive amine oxidase (SSAO) enzyme activity assay was based on a 
protocol which is a modified version of a method described by McCaman et al. (McCaman et 
al. 1965). This radioenzymatic assay measures the catalytic activity of the SSAO enzyme 
based on the use of a radioactive substrate, 14

All samples were prepared in doublets. Plasma, substrate 
and inhibitor samples were thawed on ice and kept on ice 
during the assay. Briefly, 50 µl of each plasma sample were 
preincubated with 25 µl of L-deprenyl (0.1 mmol/l) at room 
temperature for 20 minutes to inhibit MAO-B activity. 

C-benzylamine, which is used by the enzyme 
to form 14C-Benzaldehyde. L-deprenyl was used to inhibit MAO-B activity in all plasma 
samples to make sure that the enzymatic product obtained was from the SSAO enzyme 
activity. Hydrochloric acid was used to inhibit all enzymatic activity for blank activity sample. 
Reference samples were used in the beginning and the end of each series to exclude any 
systematic deviation and also to standardize the different runs. Standard samples, containing 
substrate and scintillation fluid, were used as a denominator to calculate the fraction of 
substrate in each sample.  
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The reaction was started when 50 µl of 14

 

C-benzylamine substrate 
(0.2 mmol/l) (57mCi/mmol from GE Healthcare Bio-Sciences AB, 
Uppsala, Sweden) were added. After incubation at 37˚C for 20 
minutes, 30 µl of hydrochloric acid (3 mol/l) were added to each 
sample to terminate the SSAO enzyme activity. 

 
 

Benzaldehyde, the enzymatic product 14

One plasma sample was used as blank activity sample by adding to it 30 µl of 3 mol/l 
hydrochloric acid. Standard samples were prepared by mixing 50 µl of the 
same substrate, 

C-labelled, was extracted into 1 ml of solvent 
toluene:ethylacetate (1:1).  Samples were shaken for 45 seconds and then centrifuged for 5 
minutes at 2500 rpm. 500 µl from the upper phase (the water insoluble phase containing the 
enzymatic product) was then transferred to a scintillation-vial containing 8 ml of Aquasafe 
scintillation fluid (Zinsser Analytic).  

14

The results from the analyses were presented in counts per minute (cpm) and used to 
calculate the final result expressed as nanomoles of benzaldehyde per milliliter per hour 
(nmol/ml/h). 

C-benzylamine, with 8 ml scintillation-fluid in 
scintillation-vials. The samples were shaken briefly before quantification 
in a liquid scintillation analyser for 10 minutes (Beckman LS 6000 
Scintillation Counter, USA). The process was repeated twice.  

 
Calculation of SSAO activity 
Figure 3 shows a transcript from the 
scintillation analyser when the protocol 
was optimised. For example the 
handwritten number 1 in the left 
column consists of doublets from one 
plasma sample with 503 and 554 cpm 
respectively.  
 
The mean in cpm of each doublet was 
calculated and the final results in 
nmol/ml/h were calculated as it 
follows:  
 

 

Figure 1 
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The result from scintillation analyser after blank activity sample reduction (cpm-blank) was 
multiplied with the compensation factor 2, because during the extraction step only 500 µl of 
the 1 ml added toluene : ethylacetate were transferred to the scintillation-vial.  
10 nmol is the amount of substance in 50 µl of 0.2 mmol/l substrate, 14

When the two values in cpm of the doublets referring to the same sample differed more 
than 10% regarding to the smallest value, a new enzyme activity assay of the plasma sample 
was performed. If the cpm still differed more than 10% from each other, regarding to the 
lower value, it was considered not valid and the sample was excluded from the statistical 
analyses.  

C-benzylamine. 0.33 
corresponds to the time in hours the reaction occurred and 0.05 ml is the volume of the 
plasma sample.  The final result was expressed in nmol/ml/h.  

After the SSAO activity was measured in the scintillation analyser and calculated in 
nmol/ml/h, standardization was done for the different runs as it follows. The mean of the 
first and last references in each series was calculated and then the mean of all references 
divided into the number of series performed. By dividing the quotient with the reference 
mean in each series the conversion ratio was multiplied with all the results and thereby 
standardized to each other. 
 
Statistical analyses 
Statistical analyses were performed with Statistical Package for the Social Sciences (SPSS) 
version 17.0 (IBM software).  
Standard descriptive parameters as mean, median, mode, minimum, maximum, frequency 
and standard deviation were calculated and used in the presentation of the results. 
A non-parametric one-sample Kolmogorov-Smirnov test was used to estimate normal 
distribution. When comparing groups T-test was used for normal distributed variables and 
when not a non-parametric Mann-Whitney U test was used. To quantify correlations 
between two variables non parametric Spearman´s rho correlation coefficient was used. 
Statistical significance was considered when probability value was lower than 0.05. 
 



9 
 

 

Results 

Optimisation of SSAO activity measurement 
According to the method described by McCaman et al., (McCaman et al. 1965), plasma 
samples should be sonicated. Human plasma samples were measured with and without 
sonication and the results showed that there was no need for sonication of the plasma 
samples since the enzyme activity was the same. 
The optimal concentration of the substrate (14

The protocol has also been optimised by using hydrochloric acid instead of the SSAO 
inhibitor hydralazine for blank activity sample since there was no difference.  

C-benzylamine), MAO-B inhibitor (L-deprenyl) 
and hydchloride acid (for blank activity sample and to terminate enzyme activity) for the 
SSAO activity assay were first established on control samples. 

When counted for the radioactive product in scintillation analyser both glass and plastic vials 
were tried out and showed no difference in cpm. Therefore plastic vials were chosen 
because of the lower cost. 
 
Descriptive statistics 
SSAO activity was measured in 256 samples, while 12 samples were considered not valid 
because after a second enzyme activity assay the values in cpm between the double samples 
differed more than 10%. The final sample included 244 patients, 87 females and 157 males. 
Among females, mean age was 74.2 ± 11 years, median 77, mode 79, minimum 50 and 
maximum 92 years. Among males, mean age was 68.3 ± 12 years, median 70, mode 83, 
minimum 40 and maximum 97 years. 
 
Table 1 shows descriptive statistics of plasma SSAO activity in the patient group in the total 
sample, and by sex. 
 
Table1 
Plasma SSAO activity (nmol/ml/h) 

 Total 
N= 244 

Females 
N= 87 

Males 
N= 157 

Mean 12.30 14.45 12.19 
Standard Deviation  ±5.58 ±6.58 ±4.78 
Median 12.48 13.90 11.73 
Mode 9.15 9.15 0.05 
Minimum 0.80 0.80 0.05 
Maximum 43.40 43.40 30.04 
 
 

Characteristics of the patients are presented in the following tables both for the total sample 
and separated by sex. 
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Nicotine and alcohol use among the patients, in total and by sex, are shown in Table 2. 
 
Table 2 
Substance use among the patients 

 Total 
N= 244 

Female 
N= 87 

Male 
N= 157 

Nicotine (by smoking)    
Yes 0 (0%) 0 (0%) 0 (0%) 
No 92 (37.7%) 40 (46.0%) 52 (33.1%) 
Ceased 152 (62.3%) 47 (54.0%) 105 (66.9%) 
 
 

 
 

Total 
N= 242 

Females 
N= 87 

Males 
N= 155 

Alcohol    
Yes 130 (53.3%) 35 (40.2%) 95 (60.5%) 
No 112 (45.9%) 52 (59.8%) 60 (38.2%) 
 

 
Medical history of the patients is shown for the total sample and separated by sex in Table 3.  
 
Table 3 
Medical history of the patients   

 Total 
N= 244 

Females 
N= 87 

Males 
N= 157 

 Yes Yes Yes 
 Previous cardiovascular disorder    

Infarction 60 (24.6%) 16 (18.4%) 44 (28.0%) 
Angina pectoris 75 (30.7%) 26 (29.9%) 49 (31.2%) 
Heart failure 20 (8.2%) 6 (6.9%) 14 (8.9%) 
Valve failure 1 (0.4%) 1 (1.1%) 0 (0%) 
Stroke 16 (6.6%) 6 (6.9%) 10 (6.4%) 
Claudicatio intermittens 21 (8.6%) 4 (4.6%) 17 (10.8%) 

 Previous treatment   
Pci 34 (13.9%) 8 (9.2%) 26 (16.6%) 
Cabg 21 (8.6%) 4 (4.6%) 17 (10.8%) 

 Other problems   
High blood pressure 114 (46.7%) 41 (47.1%) 73 (46.5%) 
High blood lipids 45 (18.4%) 12 (13.8%) 33 (21.0%) 
Diabetes 24 (9.8%) 5 (5.7%) 19 (12.1%) 

Pci= percutane coronar intervention, cabg= coronary bypass. 
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Biochemical variables related to cardiovascular disorders have been described in Tables 4a, 
4b and 4c. 
 
Table 4a 
Biochemical variables among the total sample of patients 

 N mean median mode Standard 
deviation 

minimum maximum 

 Inclusion markers       
Probnp1 (ng/L) 244 4901.67 1746.00 35000 7491.19 58 35000 
Crp (mg/L) 234 18.81 4.00 2 42.38 1 290 
Kreatinin (umol/L) 242 96.22 88.00 74* 41.08 12 437 

 Blood lipids (mmol/L)       
Cholesterol 243 4.95 4.90 3.9 1.43 2.2 15.1 
Triglycids  243 1.53 1.30 1.1 1.08 0.4 9.9 
Hdl  243 1.14 1.09 0.80* 0.37 0.44 2.51 
Ldl  237 3.15 3.10 2.7 1.21 1.0 12.2 

 Glucose (mmol/L)       
Inclusion glucose  220 7.33 6.60 6.5 2.65 3.2 23.1 
Fasting glucose 241 6.10 5.70 5.3 1.47 4.0 13.5 
Glucose 60 min 169 11.23 11.10 9.6* 2.44 4.7 20.1 
Glucose 120 min 172 9.53 9.10 7.6* 2.96 3.6 23.2 
HbA1c 244 (%) 4.84 4.60 4.6 0.95 3.1 10.7 

Probnp1= precursor of B-type natriuretic protein, crp= c-reactive protein, hdl= high density lipids, ldl= low 
density lipids, HbA1c

*multiple modes exist; only smallest value is shown. 
= glycosylated hemoglobin.   

 
 

Table 4b 
Biochemical variables among females 
 N mean median mode Standard 

deviation 
minimum maximum 

 Inclusion markers       
Probnp1 (ng/L) 87 6195.37 3116.00 35000 7818.68 152 35000 
Crp (mg/L) 81 24.85 5.00 2 54.53 1 290 
Kreatinin (umol/L) 85 85.49 79.00 55 31.15 12 209 

 Blood lipids (mmol/L)       
Cholesterol 87 5.29 5.20 3.9* 1.67 2.7 15.1 
Triglycids 87 1.44 1.20 1.1 1.09 0.4 9.2 
Hdl 87 1.35 1.28 1.16* 0.40 0.52 2.51 
Ldl 85 3.34 3.20 2.0* 1.48 1.0 12.2 

 Glucose (mmol/L)       
Inclusion glucose 76 7.46 6.70 6.5 2.56 4.7 18.8 
Fasting glucose 85 6.07 5.80 5.3* 1.37 4.0 12.1 
Glucose 60 min 55 10.89 11.00 10.6* 2.40 4.7 16.8 
Glucose 120 min 56 9.70 9.35 8.6 2.46 5.4 17.2 
HbA1c 87 (%) 4.76 4.60 4.6 0.87 3.8 10.7 
Probnp1= precursor of B-type natriuretic protein, crp= c-reactive protein, hdl= high density lipids, ldl= low 
density lipids, HbA1c

 *multiple modes exist; only smallest value is shown. 
= glycosylated hemoglobin.   
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Table 4c 
Biochemical variables among males 

 N mean median mode Standard 
deviation 

minimum maximum 

 Inclusion markers       
Probnp1 (ng/L) 157 4184.78 1182.00 35000 7229.32 58 35000 
Crp (mg/L) 153 15.61 4.00 2 34.04 1 247 
Kreatinin (umol/L) 157 102.03 90.00 81 44.58 54 437 

 Blood lipids (umol/L)       
Cholesterol 156 4.76 4.70 3.9* 1.24 2.2 9.2 
Triglycids 156 1.58 1.40 1.1 1.07 0.4 9.9 
Hdl 156 1.03 0.99 0.87 0.29 0.44 2.08 
Ldl 152 3.05 3.00 2.7 1.02 1.0 5.4 

 Glucose (umol/L)       
Inclusion glucose 144 7.26 6.55 5.9 2.70 3.2 23.1 
Fasting glucose 156 6.12 5.70 5.9 1.53 4.4 13.5 
Glucose 60 min 114 11.40 11.15 9.6 2.46 6.6 20.1 
Glucose 120 min 116 9.45 8.80 7.6* 3.18 3.6 23.2 
HbA1c 157 (%) 4.89 4.60 4.4* 0.99 3.1 10.1 
Probnp1= precursor of B-type natriuretic protein, crp= c-reactive protein, hdl= high density lipids, ldl= low 
density lipids, HbA1c

*multiple modes exist; only smallest value is shown. 
= glycosylated hemoglobin.   

 

 

Table 5 shows different diabetes treatment within the groups. As the table shows only 24 
patients were treated for diabetes. 
 
Table 5 
Diabetes mellitus treatment 

 Total 
N= 24 

Females 
N= 5 

Males 
N= 19 

 Treatment for diabetes   
Diet 4 (1.6%) 1 (1.1%) 3 (1.9%) 
Diet + tablets 10 (4.1%) 1 (1.1%) 9 (5.7%) 
Diet + insulin 5 (2.0%) 2 (2.3%) 3 (1.9%) 
Diet + insulin + tablets  5 (2.0%) 1 (1.1%) 4 (2.5%) 
 
 

A one-sample Kolmogorov-Smirnov test showed a normal distribution of SSAO activity 
variable in males (p= 0.656), but not in females (p= 0.038). 
Non parametric Mann-Whitney U-test showed significant difference in SSAO activity 
between the sexes (U= 5445.5, p= 0.009) with higher activity in women (M= 14.45 
nmol/ml/h) than in men (M= 12.19 nmol/ml/h).  
A significant difference was also found in SSAO activity and alcohol use among women (U= 
640.5, p= 0.020), with higher SSAO activity among drinkers (40.2%). In men the Mann-
Whitney test showed a positive association between the SSAO activity and claudicatio 
intermittens (U= 746.0, p=0.012), stroke (U= 316.0, p=0. 003) and diabetes mellitus (U= 
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644.0, p< 0.001), respectively. Men with a previous history of claudicatio intermittens 
(10.8%), stroke (6.4%) or diabetes mellitus (12.1%) had higher SSAO levels. 
Bivariate correlation test with Spearman´s rho coefficient in females showed significant 
positive correlation between SSAO activity and the variables HbA1c

In males the bivariate correlation test showed significant positive correlation between SSAO 
activity and age (r= 0.193, p= 0.015). A significant correlation was also found between HbA

 (r= 0.218, p= 0.042) and 
fasting glucose after 60 minutes (r= 0.279, p= 0.039). A negative correlation between SSAO 
activity and triglycides in females (r= -0.218, p= 0.043) was also found. 

1c

 

 
and SSAO activity (r= 0.262, p= 0.001). 
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Discussion 

SSAO measurement in plasma 
SSAO enzyme converts primary amines to its corresponding aldehyde and generates 
ammonium and hydrogen peroxide at the same time. By using 14C -benzylamine as a 
substrate the radioactive product 14

There are several different methods available to measure SSAO activity. Enzymatic analysis 
of homogenates from tissues can be measured using the same procedure used in this study 
(Göktürk et al. 2003, Göktürk et al. 2007). In plasma, the product methylamine can be 
measured using liquid chromatography method (Li et al. 2004), while in both blood and 
tissue, SSAO substrates methylamine and aminoacetone can also be measured with liquid 
chromatography at the same time (Xiao et al. 2009). Enzyme-linked immunosorbent assay 
(ELISA) have been used to measure SSAO levels in serum and tissue sample, and in the same 
study total SSAO activity was measured either radiochemically by using 

C-benzaldehyde was measured by a liquid scintillation 
analyser. The results were expressed as nmol/ml/h. 

14C -benzylamine 
hydrochloride or by fluorometric determination of the H2O2

 
 formed (Stolen et al. 2004). 

When SSAO activity in plasma is measured, it has to be considered that presence of SSAO 
inhibitors in the sample, e.g. antihypertensive, antituberculosis, anti-Parkinson, antidiabetic, 
anticancer, antiarrythmic and antidepressive drugs (Boomsma et al. 2003), might confer risk 
of false negative results. Since all the plasma samples were from patients diagnosed with 
acute myocardial infarction and many of the participants had history of cardiovascular 
problems, several of them may use medication that might inhibit SSAO activity but this has 
not been considered in this thesis. 
Additionally, different body positions and time of day when blood is sampled has shown to 
not influence the SSAO enzyme activity (Boomsma et al. 2003).  
 

SSAO and acute myocardial infarction 
In this study SSAO enzyme activity was measured in patients diagnosed with acute 
myocardial infarction and related to different variables associated with cardiovascular 
disorders. 
 
A statistical significance in SSAO activity between the sexes was found, with higher activity in 
women (M= 14.45 nmol/ml/h) than in men (M= 12.19 nmol/ml/h). Previous study have 
shown that SSAO activity differs between males and females in mice (Stolen et al. 2004) 
while other have shown that there is no difference in SSAO activity between the genders in 
human serum (Kurkijärvi et al. 1998). However, the latter study included 74 healthy 
individuals and the level of enzyme activity was measured in serum using ELISA. Since 
different method was used in this study and plasma was used instead of serum, a 
comparison between the two studies is difficult.  
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Plasma SSAO activity in healthy individuals is constant from birth until 16 years of age, then 
the activity declines and rises gradually again at advanced age. The cause is unknown but 
might be due to growth process (Boomsma et al. 2003). The positive correlation between 
SSAO activity and age in this study was significantly found in males but not in females. 
Women are affected of cardiovascular disease about ten years later than men (3). A potential 
explanation is that higher estrogen levels in women seem to be protective against 
cardiovascular diseases. When estrogen levels drop after menopause the high density lipid 
levels drops as well, and this is a known risk factor for developing cardiovascular diseases(7). 

 

Women that participated in this study differed in age with the youngest women at age of 50 
years and the oldest at age of 92 years, however most likely were in post-menopause. 

A major finding of the present study is that increased plasma SSAO activity correlated with 
HbA1c in both genders. Glycosylated hemoglobin (HbA1c

 

) is used to analyse the average 
blood glucose level. Since the life span of erythrocytes that contains hemoglobin is 120 days 
the glucose level in the blood can be traced for the past three months. The test measures 
how many percent of the erythrocytes that have glucose attached to them. The national 
guidelines suggest a level below 7.0 % (8). This finding supports the hypothesis that 
increased plasma SSAO activity correlates with diabetes mellitus, since hypoinsulinemia 
regulate the level of soluble SSAO, and is likely to contribute to the vascular pathological 
complications of the disease (Salmi et al. 2002). 

Further findings show a significant positive correlation between SSAO activity and alcohol 
use and fasting sugar after 60 minutes and a negative correlation with triglycerides in 
females. In males, significant positive correlations between the SSAO activity and claudicatio 
intermittens, stroke, and diabetes were found. 
Claudicatio intermittens and stroke are both severe conditions and might be the 
complication of atherosclerosis, a condition with established risk factors such as elevated 
low density lipids, decreased high density lipids, high blood pressure, increased glucose 
concentrations and smoking (Deckers et al. 2010).  
 
Methylamine is a substrate of SSAO and can be derived from metabolism of nicotine. Even 
cigarette smoke consist of methylamine. Smoking might induce adrenalin release and 
thereby increasing methylamine levels (Yu 1998). In this study there were no smokers in the 
patient group, however several individuals have been previously exposed to cigarette smoke. 
A correlation between smoking and SSAO activity was not found when considering non 
smokers versus smokers who ceased. Alcohol consumption was also common but should be 
divided into more categories, according to quantity and frequency of drinking.  
 
The present findings have to be considered in view of its limitations.  
Since all patients have been diagnosed of acute myocardial infarction, a complication of 
atherosclerosis, a comparison within the group makes it more difficult to find any 
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correlation. If a control group would had been available even stronger correlations between 
SSAO activity and related variables would have been more likely to be found. Thus, for 
further investigations on SSAO activity and whether it correlates to different variables 
related to cardiovascular disorders, a control group needs to be included. 
Regarding statistical analyses, multivariate models adjusted for age, which is a potential 
confounding factor, should be carried on to assess the explained variance of each factor 
when considered in relation to other variable of interest. Moreover, correction for multiple 
testing should be done. 
 
All together the present preliminary results indicate the potential importance of the SSAO 
enzyme in studies on acute myocardial infarction and comorbid disorders. 
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Flow sheet for the radioenzymatic assay: 

Add plasma samples to test tubes in doublets 

↓ 

Add L-deprenyl to inhibit MAO-B activity 

↓ 

Add hydrochloride acid (HCl) to blank activity sample 

↓ 

Incubate at room temperature (RT) for 20 minutes 

↓ 

Add substrate, 14C-benzylamine: reaction starts 

↓ 

Incubate at 37°C for 20 minutes 

↓ 

Terminate reaction by adding HCl 

↓ 

Extract by adding toluene : ethylacetat 

↓ 

Shake samples for 45 seconds 

↓ 

Centrifuge with 2500 rpm for 5 minutes 

↓ 

Take off upper phase to vials 

↓ 

Add scintillation fluid 

↓ 

Prepare standard vials with 14C-benzylamine and scintillation fluid 

↓ 

Count for 14C-benzaldehyde in scintillation analyser 
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