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Abstract  Components of the blood plasma and serum represent a mixture of various endogenous substances with 
fluorescence properties. The aim of this work was a detection of pathological changes in blood of patients with 
thoracic aortic aneurysm by fluorescence spectroscopy and atomic force microscopy. The resulting autofluorescence 
of fluorophores in blood of patients with thoracic aortic aneurysm decreased in comparison with healthy subjects. 
The structure of the thoracic aorta was changed during the thoracic aortic aneurysm, what was manifested as the 
structural modifications in blood of patients observed by using atomic force microscopy. The fluorescence analysis 
and atomic force microscopy present new experimental ways in the study of the thoracic aortic aneurysm. 
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1. Introduction 
Aneurysm of aorta is the most dangerous human 

cardiovascular disease which is characterized by 1.5 times 
enlargement of the aorta than normal size. The aneurysm 
is formed at the place where the vessel wall is weakened 
or has an abnormal structure. The thoracic aortic 
aneurysm, affecting a thoracic aorta, represents 25% of all 
cases of the aneurysm [4]. 

The aortic wall consists of three layers – tunica intima, 
tunica media and tunica adventitia. Each of these layers 
has a characteristic structure. There are elastic and 
collagen fibers [3], fibroblasts, vascular smooth muscle 
cells, specific glycoproteins, glykosaminoglycans and 
proteoglycans [15]. The basic structural and functional 
unit in the aortic wall is the lamellar unit. Each lamellar 
unit is composed of the vascular smooth muscle cells 
sandwiched between two layers of elastin fibers, which 
contain microfibrils and proteoglycans that form the 
extracellular matrix [5]. Lamellar units are intercalated by 
collagen fibers. Changes in the aortic wall during the 
aortic aneurysm include damage and fragmentation of 
elastin and collagen fibers, inflammatory process, failure 
of a secretory function of vascular smooth muscle cells 
and reduce their content in the aortic wall [2,15]. 

Aortic aneurysm is characterized by chronic 
inflammation and degradation of the extracellular matrix 
[19]. Molecular markers of the inflammatory process in 

the aortic aneurysm tissue are lipoxygenase, CRP-protein, 
interleukins, which impact on various components of the 
aortic wall [1]. Inflammation changes the metabolic 
processes occurring in the aortic tissue, tissue remodeling 
and the level of components in a patient blood. 
Macrophages located in the tunica adventitia product 
leukotriene D4 during the inflammatory process. The 
inflammatory mediator, leukotriene D4, stimulates the 
production of the macrophage inflammatory protein 1α 
(MIP1α) by macrophages, leading to recruitment of T-
cells in the tunica adventitia. Leukotriene D4 (LTD4) also 
stimulates production of the macrophage inflammatory 
protein 2 (MIP2) by endothelial cells in the vasa vasorum, 
which leads to leukocyte recruitment in the tunica 
adventitia. These processes lead to release proteases such 
as matrix metalloproteinase-2 (MMP2), which cause 
matrix degradation [9]. 

Proteolysis of the extracellular matrix is associated with 
matrix metalloproteinases, mainly matrix metalloproteinase-2 
and matrix metalloproteinase-9. Matrix metalloproteinases 
constitute a group of the proteolytic enzymes containing a 
metallic ion (Zn2+) in their active site. The proteolytic 
effects of MMPs play an important role in vascular 
remodeling, cellular migration and the processing of ECM 
proteins and adhesion molecules [6,24]. Matrix 
metalloproteinases can be produced by many cell types, 
including inflammatory cells (neutrophils and macrophages), 
vascular smooth muscle cells, also during matrix 
degradation and in response to inflammation and 
oxidation stresses [11,20]. Increased MMP activity has 
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been reported in various inflammatory and degenerative 
disorders [2,21]. Loss of control of MMP activity can 
result in pathological vascular remodeling and vascular 
disease.  

Matrix metalloproteinase-2 and matrix 
metalloproteinase-9 play a key role in thoracic aortic 
aneurysm. MMP-2 (gelatinase A) is expressed by smooth 
muscle cells and fibroblasts and also displays interstitial 
collagenase capabilities, cleaving Type I collagen [25]. 
MMP-9 (gelatinase B) may be produced by inflammatory 
cells such as neutrophils and macrophages [17]. Both 
enzymes are found especially in the tunica media, where 
contribute to the degradation of elastin and collagen fibers. 
Increased expression of MMP-2 and MMP-9 is typically 
during thoracic aortic aneurysm [13]. 

Transforming growth factor β1 (TGF-β1) is a key 
molecule in pathogenesis of thoracic aortic aneurysm. It 
has a central role in maintaining the extracellular matrix 
homeostasis [8], increased activity of TGF-β1 leads to 
matrix degradation through increased production of 
plasminogen activators and release of matrix 
metalloproteinases-2 and 9 [11]. 

The aim of this work was a detection of pathological 
changes in blood in patients with thoracic aortic aneurysm 
by fluorescence spectroscopy and atomic force microscopy.  

2. Materials and Methods 

2.1. Preparation of Samples 
Control group consisted of 20 healthy individuals. 

Experimental group comprised of 20 patients with the 
thoracic aortic aneurysm which was diagnosed clinically. 
Healthy individuals and patients were informed by their 
doctor about the aim of our experimental study. They were 
asked for consent to use their blood samples for our 
analysis. The samples of blood plasma and serum of 
patients and healthy individuals were centrifuged for 3 
minutes at 3500 rpm (BOECO centrifuge U-32R, 
Hamburg, Germany), and were kept in freezer at 
temperature t = - 71°C (New Brunswick Scientific, 
Premium U410 Ultra-Low Temperature Freezer, Enfield, 
Connecticut, USA). 

2.2. Fluorescence Spectroscopy  
The phosphate buffer buffer (0.2 M; pH = 7.4) was 

prepared from KH2PO4, Na2HPO4 obtained from Sigma-
Aldrich Chemie (Steinheim, Germany) and deionized 
water. The control and experimental blood plasma and 
serum samples diluted in the phosphate buffer (0.2 M; pH 
= 7.4) in ratio (1:5000) were analysed using synchronous 
fluorescence fingerprints on Luminescence spectrophotometer 
Perkin Elmer LS 55 (Waltham, Massachusetts, USA) at 
room temperature 25°C. The fluorescence measurements 
were performed at excitation wavelength from 200 to 400 
nm. Individual measurements were processed into contour 
and three-dimensional synchronous fluorescence 
fingerprints SFF using the software WinLab (Perkin 
Elmer, Waltham, Massachusetts, USA).  

Synchronous excitation spectra of blood plasma and 
serum samples were the result of horizontal cut of SFF at 
∆λ = 50 nm. The values of fluorescence intensity of 
control and experimental samples were statistically 

compared using Student - Newman - Keuls Multiple 
Comparisons Test. 

2.3. Atomic Force Microscopy  
Samples of blood plasma (5μl) and serum (5μl) layers 

deposited on the glass slides of patients and control group 
were analysed using an atomic force microscope 
Dimension Icon® (ICON, Bruker, Berkley, California, 
USA) in tapping mode with silicon tips (Mikro Masch, 
Berkley, California, USA, NSC35 series) with radius of 
curvature ~ 10 nm. The surface of each sample was 
processed by the software Scan AsystTM and dried at room 
temperature. 

3. Results and Discussion 
Fluorescence spectroscopy is a method for for detection 

and determination the amount of fluorophores in the 
sample. Fluorophores in blood are organic substances 
which are capable to emit light after the adoption of 
energy [14]. On the resulting blood autofluorescence may 
contribute mainly characteristic proteins and coenzymes 
but also other substances which are different in patients 
compared to healthy persons. Several previously 
published papers described the use of fluorescence 
analytic method in the study of blood and tissue of 
patients with various diagnoses. The fluorescence analysis 
studied blood and urine of patients with cervical cancer 
[18], blood of patients with various stage of breast cancer 
[10] and blood of patients with limb ischemia [23]. 
Endogenous fluorophores of the aortic wall include 
proteins such as collagen and elastin which occur naturally 
in its structure.  

One of the most important blood components is 
hemoglobin, which can exist in two forms as 
oxyhemoglobin and deoxyhemoglobin. The one peak has 
in λex = 555 nm deoxyhemoglobin, and oxyhemoglobin is 
characterized by two peaks at λex = 540,577 nm [27]. 
Another fluorophore - bilirubin, a product of hem 
catabolism, absorbs radiation and has a characteristic 
fluorescent excitation maximum at λex = 450 nm.  

Serum albumin, one of the most abundant proteins in 
the blood plasma and serum, plays an important role in the 
transport of a variety of endogenous and exogenous 
substances such as fatty acids, amino acids, hormones, 
vitamins [22], but it is also involved in maintaining the 
oncotic pressure. The albumin belongs to the endogenous 
fluorophores with fluorescent excitation maximum at λex = 
280 nm and emission maximum at λem = 327 nm [26].  

The important proteins of the blood include also 
globulins and a fibrinogen with the fluorescent excitation 
maximum λex = 280 nm and emission maximum λem = 350 nm 
[7], which is not in the blood serum. During the blood 
coagulation the fibrinogen converts to fibrin, which is 
formed into fibrin fibers [12]. 

Three-dimensional synchronous fluorescent fingerprints 
of blood plasma of patients and healthy subjects are 
shown in Figure 1. This figure displays one fluorescence 
centrum located at ∆λ = 70 nm/278 nm, but with a 
different fluorescent intensity (F = 373) in patients 
(Figure 1B) and healthy (Figure 1A) subjects (F = 813). 
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Figure 1. Circular characteristic pattern of three dimensional 
synchronous fingerprint of blood plasma of (A) healthy subjects and (B) 
patients with thoracic aortic aneurysm is result of fluorescence with the 
maximum fluorescence at ∆λ = 70 nm/278 nm, showed a different 
fluorescent intensity (F = 373) in patients with thoracic aortic aneurysm 
(B) and healthy (A) subjects (F = 813). ∆λ = constant difference between 
emission and excitation synchronous spectra, λex = excitation wavelength, 
F = fluorescence 

Simple synchronous spectra (Figure 2) with maximum 
located at an excitation wavelength λex = 280 nm showed a 
significant decrease of the fluorescence intensity (F = 373) 
of blood plasma of patients (Figure 2B) compared to 
control (Figure 2A) group (F = 831). At an excitation 
wavelength λex = 360 nm we did not notice a significant 
difference between patients (F = 26) and control group 
(F = 32). The fluorescent maximum, which is located at 
λmax = 350 – 360 nm, graphically presents a mixture 
various fluorophores for example NADH + H+, proteins, 
porphyrins [14]. 

 
Figure 2. Horizontal section of synchronous fluorescence fingerprints 
(∆λ = 50 nm) of blood plasma showed the significant decrease of 
fluorescent intensity in the group of patients with thoracic aortic 
aneurysm (B) at λex = 280 nm in comparison with healthy subjects (A). 
The fluorescent intensity λex = 280 is typical for the proteins and aromatic 
amino acids. ∆λ = constant difference between emission and excitation 
synchronous spectra, λex = excitation wavelength 

Enzyme cofactors are also characterized by 
fluorescence properties. Reduced nicotinamide adenine 
dinucleotide (NADH+H+) is a highly fluorescent 
compound which has an absorption maxim at λex = 340 - 
350 nm and an emission maxim at λem = 460 nm. Oxidized 
flavine adenine dinucleotide (FAD+) absorbs a light at λex 
= 450 nm and emits at λem = 525 nm [14]. If the cell has 
sufficient oxygen, the production of NADH+H+ decreases, 
thereby the fluorescence intensity decreases. If the cell has 
the absence of oxygen, the production of NADH+H+ 
increases, which also leads to an increase in fluorescence. 
The presence of amino acids, reduced NADH+H+, 
oxidized FAD+, porphyrins, collagen, elastin and other 
proteins of cells and tissues increase in the fluorescence. 
The fluorescence of proteins shows generally a structural 
arrangement of the cell and tissue. The presence of other 
fluorophores, such as pyridine and pyrrole derivatives, is a 
result of metabolic activities in the cell [14]. 

Fluorescence signals (at λex = 280 nm, 350 nm) of 
blood plasma of patients with thoracic aortic aneurysm 
were compared statistically with healthy subjects (Figure 3). 
Results displayed a significant (p<0.001) reduction of 
autofluorescence in patients (Figure 3A) with thoracic 

aortic aneurysm at λex = 280 nm, while a slight decrease of 
fluorescence signal (Figure 3B) was observed in patients 
at λex = 350 nm. The fluorescence signal at λex = 280 nm is 
typical for the aromatic amino acids (Phe, Tyr, Trp) and 
proteins (albumin, fibrinogen).  

 
Figure 3. Fluorescence signals (at λex = 280 nm, 350 nm) of blood 
plasma of patients with thoracic aortic aneurysm were compared 
statistically with healthy subjects. Results displayed a significant 
(p<0.001) reduction of autofluorescence in patients with thoracic aortic 
aneurysm at λex = 280 nm (A), while a slight decrease of fluorescence 
signal was observed in patients at λex = 350 nm (B). λex = excitation 
wavelength 

The three-dimensional synchronous fluorescence 
fingerprint of patient blood serum (Figure 4B) exhibited 
lower fluorescence signal (F = 332) in comparison with (F 
= 501) of healthy subjects blood serum (Figure 4A) but 
showed a similar fluorescent center (∆λ = 70 nm/277 nm).  

 
Figure 4. Circular characteristic pattern of three dimensional 
synchronous fingerprint of blood serum of (A) healthy subjects and (B) 
patients with thoracic aortic aneurysm is result of fluorescence with the 
maximum fluorescence at ∆λ = 70 nm/277 nm. The three-dimensional 
synchronous fluorescence fingerprint of blood serum of patients (B) 
exhibited lower fluorescence signal (F = 332) in comparison with (F = 
501) blood serum of healthy subjects (A). ∆λ = constant difference 
between emission and excitation synchronous spectra, λex = excitation 
wavelength, F = fluorescence 

The decrease of fluorescence signal (F = 308) of the 
blood serum of the patients (Figure 5B) with thoracic 
aortic aneurysm in comparison with healthy subjects (F = 
480, Figure 5A) was detected at the simple synchronous 
spectra (at λex = 280 nm) where emit the maximum 
fluorescence signal the mixture of proteins and aromatic 
amino acids. The comparison of fluorescence signal (at λex 
= 350 nm) of blood serum of patients with thoracic aortic 
aneurysm (F = 34) with healthy subjects (F = 36) showed 
similar the fluorescence signal (Figure 5B). 

 
Figure 5. Horizontal section of synchronous fluorescence fingerprints 
(∆λ = 50 nm) of blood serum showed the significant decrease of 
fluorescent intensity in the group of patients with thoracic aortic 
aneurysm (B) at λex = 280 nm in comparison with healthy subjects (A). 
The fluorescent intensity λex = 280 is typical for the proteins and aromatic 
amino acids. ∆λ = constant difference between emission and excitation 
synchronous spectra, λex = excitation wavelength 
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Composition of blood serum is a dynamic system. 
Proteins of blood serum play different biochemical roles 
in several metabolic processes in a body. Statistical 
comparison of fluorescence signal (at λex = 280 nm) of 
blood serum of patients with thoracic aortic aneurysm and 
healthy subjects showed a significant (p<0.01) reduction 
of the autofluorescence (Figure 6A) in comparison to 
control group. The fluorescence signal (at λex = 350 nm) 
of blood serum of patients with thoracic aortic aneurysm 
was compared statistically with healthy subjects and the 
results displayed a slight decrease of fluorescence signal 
(Figure 6B). 

 
Figure 6. Fluorescence signals (at λex = 280 nm, 350 nm) of blood serum 
of patients with thoracic aortic aneurysm were compared statistically 
with healthy subjects. The significant (p<0.01) reduction of the 
autofluorescence was noticed in blood serum of patients with thoracic 
aortic aneurysm at λex = 280 nm in comparison with control group 
healthy subjects (A), but at λex = 350 nm results displayed a slight 
decrease of fluorescence signal (B). λex = excitation wavelength 

Atomic force microscopy can display surface of fluid 
and solid materials [16] and it showed small 30 nm in 
blood plasma of healthy subjects (Figure 7A) in 
comparison with the well-defined circular 400 nm large 
globules in experimental samples (Figure 7B). This 
method detected higher roughness (rq = 9.24 - 12 nm) of 
experimental samples of blood plasma (Figure 7B) in 
comparison with healthy subjects (rq = 1.35 nm).  

 
Figure 7. Atomic force microscopy shows the surface of blood plasma of 
(A) healthy subjects and (B) patients with thoracic aortic aneurysm. “0 
nm” and “20 - 50nm” indicates (z axis), minimal and maximal height of 
each globule 

 
Figure 8. Atomic force microscopy shows the surface of blood serum of 
healthy subjects (A) and patients with thoracic aortic aneurysm (B). “0 
nm” and “20 nm” indicates (z axis), minimal and maximal height of each 
globule 

The higher roughness (2.55 – 2.74 nm) of experimental 
samples in comparison with healthy subjects (2.06 nm) 
was observed also in blood serum (Figure 8A). Atomic 
force microscopy revealed in blood serum of patients with 
thoracic aortic aneurysm several irregular various globules 
(50 – 100 nm) holes and globules which merge into 700 
nm larger structures (Figure 8B). The roughness of these 
samples was similar to the roughness of the control 
sample of the blood serum where occurred of the size (50 
– 100 nm). 

4. Conclusion 
The degradation and remodelling of the extracellular 

matrix of aortic tissue lead to inflammation and 
fragmentation of structural components in the aortic wall. 
The characterization of metabolic and pathological 
changes in cells and tissues of patients with thoracic aortic 
aneurysm were investigated by synchronous fluorescence 
fingerprint, a sensitive method which was able to detect 
the decrease of fluorophores in blood of patients. The 
modified structure of blood was revealed also by atomic 
force microscopy in the blood of patients with thoracic 
aortic aneurysm. These experimental methods could 
contribute to the improvement of diagnosis of the 
cardiovascular disease affecting the thoracic aorta in the 
future. 
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