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Abstract 
Our aim was to study the selected cases of the patients with ischemic heart disease 
and to analyze the structure of blood serum of patients in comparison with control 
serum of healthy subjects by methods: synchronous fluorescence fingerprint and 
atomic force microscopy that are still not used in clinical practice. Our results of flu-
orescence analysis showed that blood serum of all patients with ischemic heart dis-
ease decreased intensity of fluorescence in comparison with control blood serum. 
Endogenous fluorescence of synchronous fluorescence fingerprint of blood serum of 
patients with unstable angina pectoris state after non ST elevation myocardial infarc-
tion; angina pectoris and arterial hypertension 3 was similar, but atomic force mi-
croscopy revealed differences in the structure of blood serum of patients with the an-
gina pectoris. Blood serum of patients with angina pectoris exhibited disappearance 
of fluorescence peak with maximum fluorescence and showed lower fluorescence in-
tensity than control blood serum and blood serum of patients with arterial hyperten-
sion 2. Profiles of synchronous fluorescence fingerprint of blood serum of patients 
with arterial hypertension stage 2 showed formation of the new fluorescent peak with 
maximum fluorescence, similar shape of synchronous fluorescence fingerprint and 
higher fluorescence intensity than blood serum of healthy subjects. Blood serum sen-
sitively revealed changes in the body by using untraditional novel techniques which 
enable the analysis of the mixture of blood serum and might be a new possibility in 
study of heart ischemia diseases. 
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1. Introduction 

Myocardial ischemia can lead to damage of the heart muscle, reducing its ability to 
pump efficiently and lead to the serious abnormal heart rhythms. Conditions that can 
cause myocardial ischemia include coronary artery disease (atherosclerosis), which can 
lead to a heart attack. According to global, regional and national incidence (2015), 
about 8.6 million myocardial infarctions (MI) occurred in 2013. More than 4 million 
had a non ST elevation myocardial infarction (NSTEMI) and more than 3 million 
people had an ST elevation MI [1]. STEMIs occur about twice as often in men as wom-
en [2]. The mitochondria of cardiomyocytes produce energy in the form of ATP by 
oxidative phosphorylation of glucose and fatty acids [3]. The patients with myocardial 
ischemia exhibited higher serum levels of glucose and lactate and concomitant lower 
serum levels of fatty acids [4]. Another phenomenon of acute myocardial ischemia is 
higher blood serum level of glycine, tyrosine and phenylalanine in swine and humans 
[4]. Phenylalanine is a substrate for tyrosine which is key precursor for biosynthesis of 
catecholamines which regulate immune and inflammatory responses [5]. Increased 
blood serum phenylalanine is also a manifestation of the inflammatory states [6]. The 
primary response to counter-act this effect and maintain physiological homeostasis is 
increasing serum level of N-acetyl glycoproteins due to their anti-inflammatory and an-
tioxidant activity [7] [8]. On the other hand, glycine has been reported to be elevated in 
heart failure patients [9] and glycine treatment in ischemia-reperfusion injury rats re-
duced the infarct size by 21% compared to vehicle-treated AMI rats [10]. The increased 
serum level of glycine relates to an inhibition of proteolysis of skeletal muscle protein 
and a reparation of myocardium. Ischemia is a restriction in blood supply to tissues, 
leading to functional changes generally caused by problems with blood vessels, causing 
a lack of oxygen and glucose needed for cellular metabolism to keep tissue alive. The 
hypoxia produces the limited aerobic glycolysis leading to a switch in energy supply 
from aerobic metabolism to anaerobic metabolism. The alternative energy substrates, 
such as amino acids increases and contribute to acidosis by anaerobic oxidation and 
decrease blood serum concentration of amino acids [11]. The low blood serum concen-
tration of amino acids results in protein-energy wasting, inflammation and oxidative 
stress [7] [12]. Oxidative stress is the state of increased production of reactive oxygen 
species (ROS) which lead to oxidative modification of proteins and lipoproteins [13]. It 
is a potential hallmark of ischemia diseases. These modified species function atypically 
and often lead to immune reactions and inflammations [14]. Inflammatory leukocytes 
infiltration early after ischemia is an important trigger for ischemia-induced angioge-
nesis. Inflammatory cells can release various angiogenic cytokines including vascular 
endothelial growth factor (VEGF) and other various angiogenic growth factors, cyto-
kines, bone marrow-derived progenitor cells, extracellular matrix, and vasoactive sub-
stance. It is important to understand and to differentiate the normal physiological vari-
ations of ischemia and angiogenesis and to differentiate from the pathological changes. 
This experimental work studied ischemic heart diseases in blood serum of patients with 
various representative cases of cardiovascular disease. This work can contribute to 
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study an early detection of ischemic heart disease by using untraditional methods of 
fluorescence spectroscopy and atomic force microscopy, which are not used in clinical 
practice. 

2. Material and Methods  
2.1. Experimental  

Blood of patients with ischemic heart (cases) was collected by cardiologist MUDr. Lýdia 
Pundová, CSc. in vacutainer tube in Cardiology department, Louis Pasteur University 
Hospital in Košice. After the collection, blood serum in the tube was standing at room 
temperature (20˚C - 25˚C). The collected blood of healthy and experimental subjects 
was centrifuged for five minutes at 4500 rpm. All collected samples of blood serum of 
patients (representative selected cases) and healthy subjects were frozen and stored at t 
= −20˚C. Representative patients with heart ischemia disease were selected (case 1) with 
unstable angina pectoris with state after non ST elevation myocardial infarction 
(NSTEMI). Case 2 patients (n = 10) exhibited ischemia heart disease with syndrome 
angina pectoris; case 3 patients (n = 10) suffered with arterial hypertension stage 3; case 
4 patients (n = 10) showed high risk of arterial hypertension stage 2 and case 5 patients 
(n = 10) exhibited ischemia heart disease with arterial hypertension degree 2/stage 2, 
aortal regurgitation. All clinical investigations were conducted according to the decla-
ration of helsinki principles. Ethical consent for this study has been given by the insti-
tutional committee on human research and is compliant with ethical standards on hu-
man experimentation and with the helsinki declaration. 

2.2. Materials 

Phosphate buffer with pH = 7.4, c = 0.3 mol/l was prepared from potassium dihydrogen 
phosphate (KH2PO4) and dipotassium hydrogen phosphate (K2HPO4) which were pur-
chased from Fluka AG, Switzerland and deionized water.  

2.3. Methods 
2.3.1. Synchronous Fluorescence Fingerprint of Blood Serum 
The samples of blood serum of the patients (n = 50) and healthy subjects (n = 10) were 
diluted (1:10000) in the phosphate buffer (pH = 7.4) immediately before the measure-
ment. The intensity of autofluorescence of the individual control and the experimental 
samples was measured in a quartz cuvette (1 cm width; 2.5 ml volume) by synchronous 
fluorescence fingerprint (SFF) analysis on Perkin-Elmer Luminiscence Spectrophoto-
meter LS 55, t = 25˚C. Excitation spectra were measured in the wavelength range λex = 
200 - 390 nm, Δ10. The rate of scans was 800 nm/s, the setting of instrument’s excita-
tion slit was 5 nm and emission slit was 5 nm. The measurement of each sample was 
repeated 10 times. The measured results of fluorescence spectra were processed using 
the graphic WinLab software (version 4, 2001). The resulting three-dimensional spec-
trum of the SFF was created 10 simple synchronous scan spectra of blood serum meas-
ured at various Δλ located in the area with the increment 10 [15]. The measured spectra 
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were used for the study of dynamics of ischemia heart disease in blood serum by com-
paring them with the control spectrum of the healthy subjects. Measurement of total 
fluorescence by synchronous fluorescence fingerprint is increasingly used in the analy-
sis of a mixture of unknown samples because it provides more information about the 
mixture in contrast to simple synchronous fluorescence excitation spectra [16]. 

2.3.2. Atomic Force Microscopy 
Exogenous structure of blood serum layers deposited on the glass slides were studied by 
atomic force microscopy (AFM). Blood serum of the patients and healthy subjects was 
prepared by pipetting a droplet of 5 µl on the specially cleaned slides (ultrasound, spe-
cial nanopaper). Subsequently, blood serum was stretched over the surface of the mi-
croscopic slide by the method of the blood smear and dried at the room temperature 
without fixation. The samples were analyzed using atomic force microscope Dimension 
Icon (model FastScan, Bruker). Each surface of the analyzed samples was processed in-
to graphic form by ScanAsyst™ software. 

2.3.3. Statistical Analysis 
The fluorescence intensities (for ten repetitions) of the patient’s blood serum were sta-
tistically compared to the control group of blood serum of the healthy subjects using 
both one-way analysis of variance (ANOVA) and Tukey-Kramer test at significance 
level, p < 0.001 (***).  

3. Results and Discussion 
3.1. Synchronous Fluorescence Fingerprint of Blood Serum 

Graphical comparison of the 3-D maps (Figure 1) and the contour maps (Figure 2, 
Figure 3) of synchronous fluorescence fingerprint (SFF) of blood serum of healthy 
subjects is a profile with a characteristic shape differing from patients with heart ische-
mia. Blood serum of the control healthy subjects shows the fluorescence peak (λ = 280 
nm) with the fluorescence intensity F = 354. Our results showed decreased intensity of 
fluorescence of blood serum of all patients with heart ischemia in comparison with 
control blood serum. The blood serum of patients with arterial hypertension stage 3 ex-
hibits the similar intensity of fluorescence, structure and shape of SFF than patients af-
ter infarct non ST elevation myocardial infarction (NSTEMI) and patients with angina 
pectoris. Blood serum of the patients with unstable angina shows the fluorescence peak 
(λ = 280 nm) with lower fluorescence intensity in blood serum (F = 128) in comparison 
with blood serum of control healthy subjects (F = 354). 

Blood serum of the patients with ischemic heart disease shows the fluorescence peak 
(λ = 280 nm) with lower fluorescence intensity in blood serum (F = 157) in comparison 
with blood serum of control healthy subjects (F = 354). Blood serum of the patients 
with arterial hypertension stage 3 shows the fluorescence peak (λ = 280 nm) with lower 
fluorescence intensity in blood serum (F = 141) in comparison with blood serum of 
control healthy subjects (F = 354). Blood serum of the patients with high risk of arterial  
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Figure 1. The 3-D maps of fluorescence synchronous fingerpint (SFF) of blood serum of the 
healthy subject (control) and the selected patients with ischemic heart disease. The fluorescence 
intensity of fluorescence peak placed at λ = 280 nm/∆λ = 60 nm in blood serum was studied in 
blood serum. The appearance of the new fluorescent peak in blood serum placed at λ = 275 
nm/∆λ = 30 nm with the fluorescence intensity F = 482 (left) F = 700 (right) is observed in blood 
serum of patients with arterial hypertension stage.  

 
hypertension stage 2 shows the fluorescence peak (λ = 280 nm) with lower fluorescence 
intensity in blood serum (F = 231) in comparison with blood serum of control healthy 
subjects (F = 354). There is an appearance of the new fluorescent peak in blood serum 
placed at λ = 275 nm/∆λ = 30 nm with the fluorescence intensity F = 482 (case 4) which 
is not present in blood serum of control healthy subjects. Blood serum of the patients 
with arterial hypertension stage 2/degree 2, aortal regurgitation (case 5) shows the flu-
orescence peak (λ = 280 nm) with lower fluorescence intensity in blood serum (F = 
315) in comparison with blood serum of control healthy subjects (F = 354). In this case, 
there is also the appearance of the new fluorescent peak in blood serum placed at λ = 
275 nm/∆λ = 30 nm with the fluorescence intensity F = 700. 
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Figure 2. The contour maps of SFF of individual blood serum of the healthy subject (control) 
and the patients with ischemic heart disease. The fluorescence intensity of fluorescence peak 
placed at λ = 280 nm/∆λ = 60 nm in blood serum was studied in blood serum. The appearance of 
the new fluorescent peak in blood serum placed at λ = 275 nm/∆λ = 30 nm with the fluorescence 
intensity F = 482 (left) F = 700 (right) is observed in blood serum of patients with arterial 
hypertension stage 2.  

 
Statistical analysis of average fluorescence intensity in blood serum of patients with 

several cases of heart ischemia (Figure 4) revealed significant decrease of fluorescence 
intensity in patients in comparison with healthy subjects. 

Synchronous fluorescence fingerprint studied different biological fluids and tissues 
for example during tracking oxidation of lipoproteins in the blood serum in relation to 
atherosclerosis and cancer [17]. Blood serum sensitively reveals changes in the body, 
thus becomes the object of an appropriate examination by using untraditional novel 
techniques of synchronous fluorescence fingerprint. Synchronous fluorescence spectrum 
defines the mixture of blood serum and is considered to be a characteristic “fingerprint” 
as it is specific for a given blood serum suspension of the control healthy subjects. This  
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Figure 3. The contour maps of SFF of individual blood serum of the healthy subject (control) 
and the patients with ischemic heart disease. The fluorescence intensity of fluorescence peak 
placed at λ = 280 nm/∆λ = 60 nm in blood serum was studied in blood serum. The appearance of 
the new fluorescent peak in blood serum placed at λ = 275 nm/∆λ = 30 nm with the fluorescence 
intensity F = 482 (left) F = 700 (right) is observed in blood serum of patients with arterial 
hypertension stage 2.  

 
method also enables the analysis of the multifluorescent mixture of blood serum and its 
dynamic changes during acute myocardial infarction. A detailed analysis of the fluo-
rescence curve is not essential for the diagnosis. The qualitative and quantitative change 
of the individual components in blood serum mixture has a large informative value. 
This change occurs in characteristically designated fluorescence intense areas at specific 
wavelengths of fluorescence spectrum [16]-[19]. A simple comparison of results can 
confirm or disprove the identity of the two mixtures of blood serum during different 
diseases. Changes of fluorophores under endogenous or exogenous stress factors in pa-
tients with heart ischemia disrupt balance of mutual interactions of fluorophores in 
blood serum. Result of ischemia heart disease is modified graphical display exhibiting 
in SFF as disappearance or formation of the new peak in fluorescence area) with 
changed total intensity of fluorescence. The formation of the new peak at SFF with  
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Figure 4. Statistical analysis of average fluorescence intensity in blood serum of patients with 
heart ischemia.  

 
maximum fluorescence intensity at λ = 275 nm/∆λ = 30 nm was observed in blood se-
rum of patients with arterial hypertension stage 2 [16] [18] [19]. Fluorescence profiles 
of SFF of blood serum of the healthy subject and the patients with heart ischemia in re-
lation to the particular physiological or pathological changes show quantitative and qu-
alitative information about changes of the blood serum structure and characteristics for 
diagnostic assessment that could be used to inexpensive, sensitive, accurate and rapid 
screening of heart ischemic diseases [17] [20]. Fluorescence spectroscopy have not been 
used yet for research of blood serum dynamics during various heart ischemia but could 
be a new possibility in early diagnosis of heart [16] and other diseases [17] [21]. 

3.2. Atomic Force Microscopy of the Blood Serum 

The dynamic changes of surface structure of blood serum in healthy subjects and in the 
patients using atomic force microscopy (AFM) showed regular globules with width 173 
nm, height 2.8 nm and root mean square (rms) roughness 1.32 nm (Figure 5). 

The surface morphology of blood serum of the patients with unstable angina shows 
size of the individual globular particles which differs in the higher width (252 nm), 
height (4.0 nm) and rms roughness (2.6 nm) in comparison with control blood serum 
(Figure 5). The patients with angina pectoris shows the individual globular particles 
with size: width (493 nm), height (19.3 nm) and rms roughness (6.17 nm). The patients 
with arterial hypertension stage 3 shows size of the individual globular particles: width 
(305 nm), height (6.9 nm) and rms roughness (2.58 nm). The patients with high risk of 
arterial hypertension stage 2 shows size of the individual globular particles: width (263 
nm), height (4.1 nm) and rms roughness (1.63 nm). The patients with arterial hyper-
tension stage 2/degree 2, aortal regurgitation shows size of the individual globular par-
ticles: width (303 nm), height (6.4 nm) and rms roughness (2.93 nm). The blood serum 
of patients with high risk of arterial hypertension stage 2 exhibits the similar atomic  
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Figure 5. The atomic force microscopy (AFM) of dynamic changes of blood serum of the 
selected patients with ischemic heart disease in comparison with control blood serum.  

 
microscopic structure than the blood serum of patients with unstable angina NSTEMI. 
The most changed atomic microscopic structure of blood serum showed the patients 
with angina pectoris (Figure 5). Average size of globules was calculated from 10 differ-
ent AFM surface profiles. The representative surface profiles of measured samples are 
shown in Figure 6. 

The AFM images of glass slides have rms roughness 0.5 nm, the slides are signifi-
cantly smoother than rest of the samples, so overall surface morphology of blood serum 
samples is not notably influenced. The surface morphology of blood serum of the pa-
tients with ischemia heart disease showed different irregular globular proteins. Distri-
bution of globules (Figure 7) shows average heights and widths of globular structures 
present in AFM images. All samples of blood serums from patients with ischemia heart 
disease showed significantly different AFM image than control sample. Results demon- 
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Figure 6. Selected AFM surface profiles of (a) glass slide, (b) control, (c) infarct NSTEMI, (d) 
angina pectoris, (e) high risk of arterial hypertension stage 2, (f) arterial hypertension stage 
2/degree 2, (g) arterial hypertension stage 3.  

 

 
Figure 7. Distribution of globules with average widths and heights of globular structures present 
in AFM images (blue columns indicate widths, green columns indicate height).  
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strate the diagnostic potential of atomic force microscopy in a wide range of applica-
tions in the early diagnosis of heart diseases [16] [19]. 

4. Conclusion 

This study was investigated blood serum of the patients with ischemic heart disease in 
comparison with control blood serum of the healthy subject using synchronous fluo-
rescence fingerprint and atomic force microscopy. The total fluorescence intensity of 
blood serum of the individual cases changed. The blood serum of patients with arterial 
hypertension stage 3 exhibits the similar intensity of fluorescence of SFF than patients 
with NSTEMI and patients with angina pectoris. Patients with arterial hypertension 
stage 2 showed the formation of the new peak at SFF with maximum fluorescence in-
tensity. Atomic force microscopy of blood serum showed the arranged structure of the 
globules in the healthy subjects. However, the structure of the globules in the patients 
with heart ischemia reflected disordered and enlarged globules with the increased 
roughness of the surface. The patients with the disease combined with angina pectoris 
showed the greatest change of the blood surface. These methods enable the analysis of 
blood serum and might be a new possibility in the study of heart ischemia diseases. 
This research demonstrates the possibility of analysis of ischemia heart disease by fluo-
rescence technique and atomic force microscopy using minimum amount of blood se-
rum. These unconventional methods could contribute to the early differential diagnosis 
of a variety of cardiovascular diseases. 
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