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Editorial SEEMEDJ 2022;6(2): 1-85 

 

Dear colleagues,  

 

Hereby, new 12th issue of SEEMEDJ is presented to you. This issue brings 7 articles with 

various topics. The molecular dynamics of the antigen-antibody reaction and the role of 

water molecules is presented in the article by Nemeth P. Iskandarov et al investigated 

bioactive components that affect blood coagulation system by fractionation of Vipera berus 

berus snake venom which may be utilized in biotechnology and medicine. Microcirculatory 

blood flow after acute exertional exercise was examined by Potočnik N. TFF3 is involved in 

the pathogenesis of sepsis, but the exact mechanism is not yet clear. This issue has been 

reviewed by Bazina and Baus Lončar. Comorbidities of psychiatric and somatic disease 

pose a major challenge to modern medicine and the multidisciplinary approach and 

cooperation in treatment are necessary to improve the patients’ quality of life and life 

expectancy, as presented in a work by Marušić R et al. Vidović et al detected vitamin D 

deficiency in a population of medical students, which is significant problem noted elsewhere 

also. And finally, Krajina Kmoniček et al reviewed the effects of iron chelators in COVID-19 

disease. 

We are happy to inform our potential authors that SEEMEDJ has been included to another 

citation bases: Crossref, Dimensions and Publons, thus widening our accessibility to readers. 

The art work at the cover page is authored by Nevenka Arbanas, Croatian graphic artist 

born in Batina, Baranja. This way, we continue to present our national but widely recognized  

artists with the origin from Easter Slavonia and Baranja. 

I hope that readers will find relevant published articles for their work. On the behalf of the 

editorial board and my own, I warmly greet our readers and invite them to join us in the 

endeavor of publishing their own scientific work in SEEMEDJ. 

 

Ines Drenjančević, MD, PhD 

Editor-in-Chief 

Southeastern European Medical Journal (SEEMEDJ) 
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Do Water Molecules Displaced by Hydrophobic Interactions Stabilize 
Antigen-Antibody Binding?1Physico-chemical background of antigen-antibody 
reactions analyzed by fluorescent and Fourier-transform infrared spectroscopy on FITC – 
anti-FITC (IgG1) model 
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Abstract 
Background: Antigen-antibody reactions are a special field of molecular interactions. The physico-
chemical nature of antigen-antibody binding and ligand-induced changes in the fine molecular 
structures of antigens during immunocomplex formation are less studied. However, these changes 
in the molecular appearance are extremely important for further molecular recognition. The major 
aim of this study is to clarify the physico-chemical modification of the antigen/hapten during 
immunobinding using model experiments. 
Methods: An appropriate model system was designed for our investigations: fluorescein-iso-
thiocyanate (FITC, isomer I) was used as the antigen (hapten), and its interactions with a specific 
antibody (monoclonal anti-FITC IgG1) were analyzed using spectrophotometry, different 
spectrofluorimetric methods and fluorescence polarization, and Fourier-transform infrared 
spectroscopic methods. 
Results: Fluorescent polarization and infrared spectroscopic measurements detected a local 
decrease in the hydration degree in the submolecular area of the specific ligand between the small 
antigen (hapten) molecule and the hypervariable region of the specific IgG1, causing “rigidization” of 
molecular movements. Changes in hydration modified the molecular microenvironment, allowing 
them to influence further functions of both immunoglobulins and the antigen. 
Conclusion: Hydrophobic interactions with exclusion of water molecules around the binding sites 
seem to be thermodynamically strong enough for stable molecular binding without a covalent 
chemical interaction between the antigen and the antibody. The results of this study, together with 
data obtained in previous research, help understand the molecular dynamics of the antigen-antibody 
reaction better. 
 

(Németh P. Do Water Molecules Displaced by Hydrophobic Interactions Stabilize Antigen-Antibody 
Binding?. SEEMEDJ 2022; 6(2); 1-19) 
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Introduction 

Antigen-antibody interactions are special forms 
of molecular associations in vivo and in vitro. The 
influence of antigen molecules on specific 
immunoglobulins during the formation of 
immune complexes has been studied: 
modification of the physico-chemical character 
of immunoglobulins after the binding of an 
antigen can influence the biological functions of 
an antibody (e.g. complement fixation, Fc 
receptor functions, etc.) (1, 2, 3, 4). However, our 
knowledge about diverse modifications of the 
fine molecular structure of antigens, especially 
changes in the structure of low molecular 
weight antigens (or so-called haptens) by 
specific immunoglobulins, is limited (5, 6, 7). 
However, these physico-chemical changes in 
the fine structure of antigens cross-linked by 
immunoglobulins seem to be important in the 
further regulation of several other molecular 
interactions. Activation or inhibition of different 
receptors, enzymes, and transporter molecules 
interchange during immunocomplex formation. 
Both new physiological and pathological 
immune reactions occur by the modification of 
the primary physico-chemical appearance of 
the antigenic structure after binding with an 
immunoglobulin (8). The submolecular 
mechanism of immunobinding and 
consequential modifications of fine molecular 
structures are poorly understood (9, 10, 11). 
Simple electrostatic coherence between the 
antigen and immunoglobulins is not 
thermodynamically strong enough to form a 
stable molecular complex and cause 
remarkable modifications of physico-chemical 
appearances of participating molecules (12, 13). 

An analysis of hapten-immunoglobulin 
interactions is more favourable for studying the 
physico-chemical nature of structural 
modifications of the antigen caused by 
immunobinding. We have developed an 
experimental model system that allows us to 
use spectrophotometry, spectrofluorimetry, 
different fluorescence polarization techniques, 
and Fourier-transform infrared spectroscopy 
(FT-IR) as delicate methods for a complex 
analysis of the physico-chemical nature of 

hapten-immunoglobulin interactions. A 
conventional fluorescent dye (FITC) was used as 
the antigen and a specific monoclonal antibody 
(anti-FITC IgG1) against this hapten molecule 
had been developed at our department earlier 
(14). Immunological recognition and the 
consequential physico-chemical changes in the 
antigen/hapten structure were studied by 
carrying out a comparative analysis of native and 
chemically cross-linked FITC molecules. The 
further aim of this study was to find theoretical 
explanations for the feature of strong molecular 
interactions between the antigen and antibody, 
which are thermodynamically equivalent to a 
covalent chemical bond, without a real chemical 
ligand formation (15). 

Materials and Methods  

Antigen: 

Fluorescein-iso-thiocyanate (FITC, isomer I) was 
used as a hapten (Mw: 389.4, product of the 
Sigma Chemical Company, USA), and its 
interactions with a specific antibody were 
studied using spectrophotometry, different 
spectrofluorimetric methods, fluorescence 
polarization, and Fourier-transform infrared 
spectroscopic methods. 

For the preparation of the standard antigen 
stock solution, 1 mg FITC was dissolved in 100 µl 
dimethyl-sulfoxide (DMSO, Sigma Chemical 
Company, USA), then diluted to 1 mg/ml 
concentration with PBS 0.15 M, pH 7.2 
(phosphate buffered saline containing 5.4 mM 
Na2HPO4, 1.5 mM KH2PO4, 140 mM NaCl and 2.7 
mM KCl). This stock solution was kept at 4 °C. 

 For the comparative analysis of free 
(native) FITC and the carrier cross-linked form, 
different protein molecules were labelled with 
FITC as bovine serum albumin (BSA, Sigma 
Chemical Company, USA), polyclonal anti-rat-
IgG antibody (produced in sheep by our 
laboratory), and monoclonal mouse antibodies 
with IgG1 isotype (anti-FITC, anti-βhCG, anti-
insulin produced by our department earlier). The 
FITC-labelling of proteins was carried out by 
following the method described (17). After 
protein labelling, the free, non-conjugated FITC 
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was removed from the reaction mixture by gel-
filtration on a Sephadex G 25 FPLC column 
(Pharmacia, Sweden) equilibrated with PBS. 
Afterwards, the so-called conjugation rate – that 
is, the number of FITC molecules coupled onto 
one protein molecule – was determined semi-
quantitatively by measuring the optical density 
of solutions of labelled proteins at 495 and 280 
nm and by applying an empirical formula for the 
calculation: 

X
A

A A
=

−

287

035

495

280 495

.

.

*

*  

where x is the conjugation rate and A280 and 
A495 are the optical density of the solution 
measured at 280 and 495 nm, respectively (18). 

The conjugation rate was 10.7 for FITC-BSA, 8.6 
for FITC-anti-rat-(sheep) IgG, 12.4 for anti-FITC 
IgG1, 10.3 anti-βhCG, and 11.3 for anti-insulin 
IgG1 antibodies in our experiments. 

Antibody: 

The monoclonal anti-FITC antibody (mouse, 
IgG1) was developed at our department earlier 
(14). The mass of the antibody was produced by 
hybridoma fermentation using Harvestmouse 
(Serotec, UK) hollow-fibre fermenter and 
affinity-purified on a FITC-BSA-coupled 
Sepharose 4B column. The column was 
prepared as usual (16). In brief, 1.8 g of CNBr-
activated Sepharose 4B (Pharmacia, Sweden) 
gel was suspended, swollen and washed five 
consecutive times in 50 ml 1 mM HCl. 100 mg 
BSA (Sigma Chemical Company, USA) was 
dissolved in 10 ml coupling buffer, that is 0.1 M 
NaHCO3, pH 8.3, containing 0.5 M NaCl, and 
mixed with the gel. The mixture was being 
rotated end-over-end for two hours at room 
temperature. Following a thorough wash in the 
coupling buffer, the gel was left to react with 300 
µg/ml FITC, generally following the FITC-
labelling method described above (17). 
Afterwards, the reaction was stopped and all 
remaining active groups were blocked by 
washing in 50 ml 0.1 M pH 8 Tris-HCl buffer for 
two hours at room temperature. The gel was 

then washed in five cycles of alternating pH. 
Each cycle consisted of a wash with 0.1 M pH 8 
acetate buffer containing 0.5 M NaCl. Following 
this washing procedure, the gel – adding up to 7 
ml – was poured into a column and equilibrated 
with PBS containing 0.05% NaN3. 

 The anti-FITC antibody was purified on 
the aforementioned column, thus ensuring that 
all antibody molecules would recognize the 
hapten selectively. 800 ml hybridoma 
supernatant was flown slowly through the 
column for 24 hours at 4 °C. The antibody was 
then eluted from the column with 0.1 M pH 2.5 
glycine buffer. 1-ml fractions were collected and 
100 µl 1 M pH 9 Tris-HCl was added instantly to 
each of them. Afterwards, the concentration was 
determined by measuring the optical density at 
280 nm. 

 The purified monoclonal anti-FITC 
antibody was fragmented to Fab using papain as 
usual (19). The purified anti-FITC antibody was 
digested with papain in the presence of a 
reducing agent, cysteine. To determine optimal 
conditions, pilot fragmentation was carried out, 
and both the concentration of papain and the 
time of digestion were varied. After the pilot 
fragmentation, the fragments were dialyzed and 
analyzed by PhastSystem SDS-PAGE fast gel 
electrophoresis (Pharmacia-LKB, Sweden). 
Optimal conditions were determined according 
to the gel results. These conditions were used in 
the large-scale fragmentation of anti-FITC to 
anti-FITC Fab. 5 ml anti-FITC IgG1 monoclonal 
antibody (with a concentration of 2 mg/ml) was 
added to a freshly-mixed digestion buffer (PBS 
0.15 M, pH 7.2, 0.02 M EDTA, 0.02 M cysteine), 
containing 0.1 mg/ml papain. The enzyme-
antibody ratio was 1:20. The reaction mixture was 
well-mixed and incubated in a water bath at 37 
°C. After six hours, the mixture was removed 
from the water bath, and 1 ml of 0.3 M 
iodoacetamide in PBS was added to stop the 
reaction. The reaction mixture was dialyzed 
against 2 litres PBS, pH 8.0, for 24 hours at 4 °C. 
The products were analyzed with Pharmacia’s 
PhastSystem SDS-PAGE fast electrophoresis. 

A 10 x 200 mm protein A-Sepharose CL-4B 
(Pharmacia, Sweden) column was made, and the 
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dialyzed reaction mixture was loaded onto it. 
Unbound fractions containing the Fab fragment 
and enzyme were collected and the column was 
washed with PBS to remove the Fab fragments 
completely. The mixture was concentrated to 5 
ml. A 26 x 900 mm Sephacryl S-200 Superfine 
column (Pharmacia, Sweden) was made and the 
concentrated reaction mixture was loaded onto 
it. Fractions of 50 kD were collected and the 
purity of the final product was checked using 
10% nonreducing SDS-polyacrylamide gel 
(Pharmacia’s PhastSystem). The concentration 
of the Fab fragments was assessed at A280 and 
stored in borate buffer (0.015 M sodium borate, 
0.15 M NaCl, pH 8.5) at 4 °C. 

We used monoclonal anti-βhCG antibody 
(mouse, IgG1) as an isotype (negative) control, 
which had also been developed at our 
department earlier. The production, purification, 
labelling, and preparation of the Fab fragments 
were carried out as described in case of the anti-
FITC IgG1 monoclonal antibody. 

Spectrophoto- and fluorimetry, FT-IR 
spectroscopy: 

In order to avoid the so-called “inner filter effect” 
(this phenomenon can be seen when a solution 
of a given compound is concentrated enough to 
absorb an already significant ratio of the exciting 
light beam, thus reducing light intensity at the 
centre of the cuvette where the emitted light is 
detected, consequently interfering with the 
results), prior to fluorimetric measurements, all 
samples were diluted in PBS 0.15 M pH 7.2 to a 
concentration at which the optical density of the 
solution measured at its absorption and 
emission peaks was below 0.05. This 
concentration was 50 ng/ml for free FITC, 5 
µg/ml for FITC-BSA, 10 µg/ml for FITC-labelled 
anti-rat-IgG, and 10 µg/ml for monoclonal 
antibodies with IgG1 isotype. 

Non-diluted protein concentrations were 
determined by measuring the optical density at 
280 nm for all immunoglobulins and by using the 
dye-binding assay for BSA as described (20, 21). 

 Spectrophotometric measurements 
were performed on a UV/VIS photometer (DU-

68, Beckman Instruments Inc., USA) using 2 x 10 
mm quartz cuvettes, all at room temperature. 

 Some fluorescence-quenching 
measurements were done on a steady-state 
fluorimeter (Locarte, England), in cylindrical 
cuvettes of 3 mm in diameter, at room 
temperature. A 330 W Zn arc lamp was used as 
the excitation light source. 490 nm excitation 
wavelength was selected using the LF3 
monochromatic filter. Emission was monitored 
through LF4 and LF7 cutoff filters and the 510-
570 nm range was therefore selected. 

 The majority of steady-state and all 
spectrofluorimetric measurements were 
performed on a Hitachi-Perkin Elmer (MPF 4) 
spectrofluorimeter equipped with polarization 
filters and a thermostated cell holder in 10 x 10 
mm quartz cuvettes operated in ratio mode, all 
at room temperature. The light source was a 300 
W Xe arc lamp. Both excitation and emission 
wavelengths were set by monochromators and 
the precise values were dependent on the 
actual fluorescent solution. Slits were 4 and 8 
nm, respectively. 

 Fluorescence polarization 
measurements were achieved on the Hitachi-
Perkin Elmer (MPF 4) spectrofluorimeter. With 
each sample, four measurements of 
fluorescence intensity were taken using one pair 
of polarization filters. The first sample was taken 
using vertically polarized exciting light and 
detecting vertically polarized emitted light (Ivv), 
the second included vertical excitation and 
horizontal emission (Ivh), the third involved 
horizontal excitation and vertical emission (Ihv), 
and the fourth sample included horizontal 
excitation and horizontal emission (Ihh). 
Following these measurements, the 
fluorescence anisotropy of FITC or FITC-
labelled proteins could be calculated using an 
appropriate equation (see below). 

 Fluorescence life span measurements 
were taken on an ISS multifrequency phase 
fluorimeter (ISS Fluorescence Instrumentation, 
Champaign, Illinois, USA) using the frequency 
cross-correlation method. A 300 W Xe arc lamp 
was used as the excitation light source. 
Excitation light intensity was modulated using a 
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double-crystal Pockel cell and a two-way 
polariser. A cross-correlation frequency of 80 Hz 
was used. The excitation wavelength was set to 
493 nm and the emission was also monitored 
through a monochromator set to 512 or 522 nm. 
A freshly prepared glycogen (Sigma Chemical 
Co., USA) solution was used as a reference to 
correct the instrumental phase delay of the 
detection equipment. Ten sets of phase and 
modulation data were collected for each 
sample. Phase and modulation data were 
analyzed using the ISS 187 Decay Analysis 
Software. 

Fluorescence anisotropy was calculated using 
the following equation: 

r
vv vv G vh vh

vv vv G vh vh

s s

s s

=
− − −

− + −

( ) ( )

( ) ( )2  

where r is fluorescence anisotropy; vv and vh are 
the fluorescence intensity measured with 
polarization filters set vertically in the excitation 
and vertically or horizontally in the emission light 
beam, respectively; vvs and vhs are the 
fluorescence intensity of control (FITC) samples 
measured with polarization filters set vertically in 
the excitation and vertically or horizontally in the 
emission light beam, respectively; and G is a 
correction factor, which is calculated using the 
following equation: 

G
hv hv

hh hh

s

s

=
−

−  

where hh and hv are the fluorescence intensity 
measured with polarization filters set 
horizontally in the excitation and horizontally or 
vertically in the emission light beam, 
respectively; hhs and hvs are the fluorescence 
intensity of control (FITC) samples measured 
with polarization filters set horizontally in the 
excitation and horizontally or vertically in the 
emission light beam, respectively. (22, 23) 

The Perrin equation was applied to analyze 
fluorescence anisotropy of a given fluorophore 
depending on its molecular microenvironment: 

1 1
1

0r r

F

D

= +( )


  

where r and r0 are anisotropy and so-called limit 
anisotropy – the anisotropy extrapolated to 0 K 
temperature; tF and tD are fluorescence lifetime 
and rotation correlation time (22, 23). 

Fourier-transform infrared spectroscopy (FT-IR) 
measurements were taken on a Spectra 400 FT-
IR spectrometer (Nicolet, USA). 1-mg samples 
were lyophilized for 24 hours in a Savant Speed 
Vac lyophilizer (Speed Vac Plus SC210A, Savant, 
USA). The lyophilized samples were desiccated 
further for 68 hours in a vacuum desiccator filled 
with silica crystals. 0.1-0.5 mg of the dehydrated 
samples were pastillized in KBr. The Fourier-
transform infrared transmittance spectrum was 
measured at a range of 400-4000 cm-1 and 
studied with a 4 cm-1 resolution. During the 
investigations of samples, the IR spectra of water 
vapor, carbon dioxide, and water of potassium 
bromide were subtracted from the total numeric 
data before the assignation. The IR bands were 
identified according to data in the relevant 
literature (24, 25, 26, 27).  

 For the analysis of solvent polarity, 
acetone was used in different dilutions as a non-
polar solvent. FITC was dissolved in DMSO, as 
usual, but afterwards it was diluted in mixtures 
of acetone and water in various ratios. These 
samples were measured in cuvettes covered 
with a lid to prevent the acetone from 
evaporating. The fluorescence intensity and 
light absorbency was detected in a thermostatic 
fluorimeter at 20 °C. 

Florescent spectroscopic measurements were 
repeated from two up to ten times 
independently and the scattering between the 
results was under 3% in all cases. 

 

Results 

The basic finding was that FITC fluorescence 
intensity definitely suffers from a fluorescence-
quenching effect following pre-incubation with 
our anti-FITC IgG1 monoclonal antibody (12). 
Similar observations were made in case of using 
polyclonal and monoclonal (high affinity IgM) 
antibodies against FITC (9, 28, 29). Our model 
permits kinetic studies with different fluorescent 
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and infrared spectroscopic measurements by 
the advantageous structure of the mouse IgG1 
molecule and its Fab fragment. During the 
optimization of fluorescence quenching 
measurements, FITC with anti-FITC antibody 
were incubated together for 1 - 10 minutes at 
room temperature in order to let the equilibrium 
be established, and then the fluorescence 
intensity of the reaction mixture was quantified. 
A trial to measure the time needed for anti-FITC 
to fully achieve its fluorescence-quenching 
effect was performed. We added a suitable 
amount of anti-FITC to a cuvette with the FITC 
solution already inside the fluorimeter and tried 
to monitor the decline of fluorescence intensity 
– with the results verifying our assumptions, 

since there was an instant quenching of 
fluorescence. According to our pilot study, the 
optimum incubation time for maximum 
fluorescence quenching caused by the anti-
FITC monoclonal antibody was 10 minutes. No 
similar fluorescence-quenching effects were 
found when FITC was preincubated by non-
specific monoclonal antibodies with the same 
isotypes.  

We found total (100%) inhibition of FITC 
fluorescence intensity induced by both anti-
FITC monoclonal antibody and its Fab fragment 
(Figure 1). 

 

 

Figure 1. FITC fluorescence quenching by anti-FITC monoclonal antibody and its Fab fragment. 
Fluorescence intensity presented in relative units of the fluorimeter. Excitation and emission 
wavelengths were set to 493 and 512 nm. Measurements were taken at pH 7.2 at 21 °C. The figure 
demonstrates data of one typical measurement. Scattering between five independent assays was under 
3%. 
In the figure, we demonstrated two separate 
curves of fluorescence intensity – one for 10 μ
g/ml anti-FITC antibody and the other for 10 μ
g/ml anti-FITC Fab – against the concentration 
of FITC. It is striking that at 15 ng/ml FITC 
concentration, the fluorescence was quenched 
by 50% already in the case of anti-FITC Fab. The 
fluorescence was quenched by 50% in case of 

anti-FITC at around 5 ng/ml FITC concentration. 
At the equal paratope and hapten ratio (when 
the absolute number of hapten molecules 
theoretically equals the binding sites of the 
antibody molecules) , total (100%) quenching of 
fluorescence occurred. At a higher hapten 
concentration – over 200 ng/ml – a slight inner-
filter effect can be seen at the beginning of the 
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curve. At about the threshold concentration of 
fluorophore (that is, when the optical density of 
the solution measured at its excitation peak 
equals 0.05), the partial quenching effect of a 
few anti-FITC molecules causes the same 
phenomenon as dilution. In spite of the lesser 
quantity of fluorescent compound actually 
emitting, the fluorescence intensity virtually 
enhances. Afterwards, with the addition of more 
antibody, the fluorescence intensity declines 
quickly to total quenching of fluorescence. This 
occurs at different hapten and paratope 
molecular ratios, depending on their total 
concentration, which is deductible from the law 
of mass action. 

In the following phase of our study, we tried to 
analyze how this non-covalent molecular 
interaction – an immune bond – can modify the 
physico-chemical properties of an antigen 
molecule to such a fundamental degree. 

In general, when the fluorescence intensity of a 
given fluorescent molecule decreases because 
of interaction with another molecule, the first 
interpretation that emerges is spectral shift. We 
investigated this possibility too, but found no 
remarkable spectral change if FITC molecules 
were bound chemically onto the surface of 
different protein carriers (Figure 2). 

 

Figure 2. Emission spectrum of FITC covalently bound onto different protein molecules. Excitation 
wavelengths were set to 493 nm for free FITC, 503 nm for FITC-BSA, 496 nm for FITC-IgG1. 
Measurements were taken at pH 7.2 at 21 °C. Scattering between three independent measurements was 
under 5%. 
 

Since covalent binding onto the surface of such 
big molecules as immunoglobulins or albumin 
(BSA) did not result in any spectral-shift bigger 
than 10 nm, it is hard to uphold the assumption 
that a simple, non-covalent molecular 
association between the small fluorophore and 
a relatively big partner molecule (a specific 
antibody in our model) causes fluorescence 
quenching. This result suggests that the 

mechanism of fluorescence quenching caused 
by anti-FITC monoclonal antibody is different 
from the covalent chemical binding, because it 
must be the unique nature of a specific immune 
bond that causes quenching. 

 To find a better explanation for this 
phenomenon, we compared the molecular 
movement and rotational freedom of free FITC 
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with FITC molecules covalently bonded to 
proteins, or with immunologically bonded FITC 
by anti-FITC or its Fab fragment using 
fluorescence polarization measurements. 
Results of these measurements showed further 
fundamental differences in the physico-
chemical nature of covalent (chemical) and non-

covalent (immunological) bonds. Using this 
technique, we were able to quantitatively detect 
the slightest changes in the rotation and/or 
flexibility of fluorophore molecules if they were 
limited in any way by any other molecule. The 
results of our fluorescent polarization 
measurements are presented in Figure 3.

 

Figure 3. Fluorescence anisotropy of free FITC and FITC bound to proteins chemically or bound by anti-
FITC and anti-FITC Fab. Excitation wavelengths were set to 493 nm for FITC, 503 nm for FITC-BSA, 496 
nm for FITC-IgG1 and FITC-Fab, while the emission wavelengths were 512 nm for FITC, 522 nm for FITC-
BSA, and 515 nm for FITC-IgG1 and FITC-Fab. Measurements were taken at pH 7.2 at 21 °C. The figure 
demonstrates summarized data of five independent measurements. Scattering was under 3%. 
According to the Perrin equation, fluorescence 
anisotropy of a given fluorophore depends on its 
molecular microenvironment. This equation says 
that the bigger the anisotropy, the shorter 
fluorescence lifetime and the longer rotation 
correlation. In other words, an increase in 
anisotropy means that a fluorophore can 
transmit the energy it absorbs to another 
molecule in a very short time. This occurs 
because there is a very close association 
between the two molecules, which in some 
cases leads to instant channelling of absorbed 
energy from the fluorophore to the other 
molecule; moreover, this interaction can almost 
totally block the rotation of the little fluorescent 
molecule. 

Based on this equation, we can draw basic 
conclusions concerning the molecular 
interactions demonstrated in Figure 3. The free 
movement and rotation of FITC molecules gets 
partially restricted after conjugation with higher 
molecular weight carrier proteins, such as BSA, 
or an indifferent, mouse IgG, characterized by 
increased anisotropy. However, the molecular 
movement of FITC is definitely inhibited after the 
incubation with specific anti-FITC monoclonal 
antibody. Immunological binding has a much 
more dramatic effect on FITC rotation and 
energy transfer than covalent chemical binding 
to indifferent proteins, including 
immunoglobulins with the same isotype (IgG1) 
the molecules have. The anisotropy was 100% 
higher in case of immunocomplexes formed by 
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FITC and anti-FITC (or anti-FITC Fab) than in case 
of covalent binding to the same isotype (IgG1) 
the molecule has. Anisotropy difference of only 
5% was measured between the whole anti-FITC 
IgG1 and their Fab fragment during the formation 
of immunocomplexes with free FITC. 

 Another proof of a specific molecular 
movement-inhibiting, “rigidizing” effect of 
immune binding compared to that of covalent, 
chemical binding came from fluorescence 
lifetime measurements. These data are 
demonstrated in Figure 4.

 

Figure 4. Fluorescence lifetime of free FITC and FITC bound to BSA, bound by anti-FITC IgG1 and anti-
FITC Fab. Excitation wavelengths were set to 493 nm for FITC, 503 nm for FITC-BSA, 496 nm for FITC-
IgG1 and FITC-Fab. Measurements were taken at pH 7.2 at 21 C. The figure demonstrates summarized 
data of five independent measurement. Scattering was under 3%. 
 

Fluorescence lifetime gives us valuable 
information on the milieu surrounding the 
fluorophore molecule. The shorter the life spans, 
the quicker the energy transfer between the 
fluorescent molecule and its environment – that 
is, the interaction between the two molecules is 
stronger. It is very well demonstrated that 
lifetime is greatly affected by the milieu: FITC in 
PBS has a lifetime of about 4 ns, while BSA-
coupled or IgG1-coupled FITC has a bit shorter 
lifetime, but on the same scale. We practically 
cannot measure the lifetime of FITC in FITC–
anti-FITC (or FITC–anti-FITC Fab) complexes, 
which is not surprising, since there is practically 
no fluorescence signal because of quenching. 
The lifetime of FITC measured was about 4 ns 
when there was free unbound FITC in the 

reaction mixture. However, when anti-FITC 
immunoglobulins or their Fab fragments 
consumed all free FITC molecules, together 
they formed a so-called “dark complex”. This 
meant there was no measurable fluorescence 
signal, so we could determine that lifetime 
equalled zero. 

 The “rigidization” of FITC molecules by 
immunobinding to anti-FITC IgG1, characterized 
by increased anisotropy and a shorter 
fluorescence lifetime, is a really striking 
phenomenon. However, this “high affinity 
interaction and energy transfer” theory simply 
cannot explain another astonishing finding that 
light absorption of FITC is similarly affected – 
inhibited – by anti-FITC as its fluorescence 
intensity. This is presented in Figure 5. 
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Figure 5. Light absorption of immunocomplexes formed by anti-FITC IgG1 and anti-FITC Fab plotted 
against the concentration of FITC. Excitation wavelengths were set to 493 nm. Measurements were taken 
at pH 7.2 at 21 C. Scattering between two independent measurements was under 2%. 
 

 

Based on these data, it can be said that both 
fluorescence intensity and light absorption are 
greatly decreased by anti-FITC IgG1 or its Fab 
fragment. While the energy transfer from the 
excited fluorophore molecule can really be 
responsible for the decreased fluorescence 
intensity, it cannot explain light absorption at all. 
No remarkable differences were found between 
the whole immunoglobulin IgG1 (molecular 

weight is approximately 150 kD) and its Fab 
fragment (approximate molecular weight is 45 
kD). We did not find any spectral shift caused by 
anti-FITC monoclonal IgG1 antibody or Fab 
fragments. 

 The difference between polar and non-
polar microenvironment was analyzed. Figure 6 
demonstrates the effect of acetone as a non-
polar solvent on FITC fluorescence.
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Figure 6. Fluorescence intensity of FITC dissolved in mixtures of acetone and water plotted against the 
concentration of acetone. Excitation and emission wavelengths were set to 493 and 512 nm, respectively. 
Fluorescence intensity presented in relative units of the fluorimeter. Measurements were taken at pH 7.2 
at 21 C. The figure shows a typical curve. Scattering between three parallel measurements was under 
2%. 
The data clearly show that acetone has a similar 
decreasing effect on FITC fluorescence as 

immunobinding by anti-FITC IgG1 monoclonal 
antibody. 

 

Figure 7. Light absorption of FITC in mixtures of acetone and PBS measured at 493 nm plotted against 
the concentration of acetone. Measurements were taken at pH 7.2 at 21 C. The figure shows a typical 
curve. Scattering between three parallel measurements was under 2%. 
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Table I. Spectrum assignation 
FITC 

Position Intensity Assignment 
682,303 56,020  C=C 
728,317 72,842  =CH 
761,780 67,621  =CH 
855,877 43,726  =CH 
1462,625 33,307 CCAr 

1487,071 54,354 CCAr 
1534,027 35,647 CCAr 
1596,729 13,929 CCAr 
1642,077 65,418 CO 
2033,843 36,576 asN=C=S 
3052,083 80,938 =CH 
3071,663 80,675 =CH 

Anti-FITC (IgG1) FITC immunocomplex 
Position Intensity Assignment 
1332,642 78,635 Amid III 
1410,816 65,668 s CO2

-, zwitter-ion 
1441,279 81,034  C=CAr* 
1508,936 73,703 Amid II, s NH3

+ 
1632,279 41,895 Amid I, as NH3

+,  NH2 flodsheet 
2037,691 86,476 NH3

+ 
2964,388 79,044 Aliphatic CH 
3069,372 71,81  OH, humidity 
3426,762 62,718  OH, humidity 

Anti-FITC (IgG1) 
Position Intensity Assignment 
1333,148 76,502 Amid III 
1411,488 62,640 s CO2

-, zwitter-ion 
1508,429 69,217 Amid II, s NH3

+ 
1632,578 44,031 Amid I, as NH3

+,  NH2 flodsheet 
2037,599 84,468  NH3

+ 
2964,737 71,120 Aliphatic CH 
3090,425 62,214  OH, humidity 
3236,178 68,515  OH, humidity 

Anti FITC (IgG1) FITC covalent binding (FITC labbeled IgG1) 
Position Intensity Assignment 
1289,048 92,069 Amid III  
1411,747 86,795 s CO2

-, zwitter-ion 
1459,746 86,069  C=CAr* 
1510,120 83,004 Amid II, s NH3

+ 
1534,883 83,579  C=CAr* 
1648,909 82,896 Amid I, as NH3

+, NH2, disorganized protein 
sequences 

1656,884 82,505 Amid I, as NH3
+,  NH2 helix,  CO* 

2036,716 89,831  NH3
+ 

2933,257 96,469 Aliphatic CH 
3355,729 93,908  OH, OH, humidity 

*FITC 
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Fluorescence quenching increases 
proportionally to the concentration of acetone 
and total (100 %) quenching of fluorescence 
occurs at 96 % acetone concentration (v/v), 
when FITC molecules practically have no 
hydrate wrap. Moreover, the same phenomenon 
can be observed with respect to light absorption 
(Figure 7). 

Infrared spectroscopy can analyze more 
precisely the molecular connections between 
the antigen and antibody structures, including 

the influence of the microenvironment. 
According to our Fourier-transform infrared (FT-
IR) spectroscopic measurements in case of 
covalent binding peak 2033 cm-1 of FITC’s N-C-
S group (which is the covalent binding region) 
showed remarkable changes; it disappeared. 
Only the peak 2036 cm-1 of anti-FITC’s NH3+ 
groups was present. Figure 8 demonstrates the 
FT-IR spectrum of free FITC. 
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Figure 8. Fourier-transform infrared spectra of free FITC molecules. The 0.2 mg sample was pastillized 
in KBr at a range of 400-4000 cm-1 and studied with a 4 cm-1 resolution. The details of peak assignations 
are presented in Table I. 
 

Figure 9 shows the spectrum of free anti-FITC 
IgG1, and Figure 10 shows the spectrum of FITC 
covalently bound to monoclonal anti-FITC IgG1.
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Figure 9. Fourier-transform infrared spectra of anti-FITC IgG1 monoclonal antibody molecules. The 0.5 
mg sample was pastillized in KBr at a range of 400-4000 cm-1 and studied with a 4 cm-1 resolution. The 
details of peak assignations are presented in Table I. 
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Figure 10. Fourier-transform infrared spectra of IgG1 monoclonal antibody covalently labelled by FITC. 
The 0.5 mg sample was pastillized in KBr at a range of 400-4000 cm-1 and studied with a 4 cm-1 
resolution. The details of peak assignations are presented in Table I. Major characteristics of native FITC 
and IgG1 molecules can be found in the spectrum of the complex. 
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Specific binding sites of the anti-FITC IgG1 were 
blocked before and during the covalent FITC-
labelling. The spectrum contains characteristic 
peaks of both FITC and anti-FITC IgG1. The 
peaks of poly-aromatic cyclical structures 
(responsible for fluorescence of FITC molecules) 
added to the peaks of the anti-FITC IgG1 
molecule: peaks 1459 cm-1 and 1534 cm-1 were 
clearly shown and peak 1642 cm-1 shifted and 
added to anti-FITC’s 1656 cm-1 peak. In case of 
covalent binding, we did not find hydrophobic 
interactions between the antigen and antibody 
molecules: the anti-FITC IgG1’s 3236 cm-1 OH 
peak shifted to 3355 cm-1. In case of 
immunobinding between the FITC and anti-FITC 
IgG1, the antigen’s N-C-S group was assigned to 

peak 2033 cm-1, that is, the covalent binding 
region of FITC. The peak 2033 cm-1 showed no 
remarkable changes during antigen-antibody 
reactions, but only shifted and added to the peak 
2037 cm-1 of NH3+ groups on antibodies. The 
polyaromatic cyclical structure, which is 
responsible for fluorescence, showed significant 
physico-chemical changes: peaks from 1462 
cm-1 to 1642 cm-1 disappeared and/or shifted 
to 1441 cm-1. However, hydrophobic interactions 
were detected between the antigen and 
antibody molecules: the antibody’s 3090 cm-1 
and 3236 cm-1 peaks of OH groups shifted to 
3069 cm-1 and 3426 cm-1, and their 
transmittance decreased (Figure 11).
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Figure 11. Fourier-transform infrared spectra of immunocomplexes formed by FITC and anti-FITC IgG1. 
The 0.2 mg sample was pastillized in KBr at a range of 400-4000 cm-1 and studied with a 4 cm-1 
resolution. The details of peak assignations are presented in Table I. No polyaromatic peaks of FITC were 
found (1400-1600 cm-1) and peaks of OH groups of free anti-FITC IgG1 (3000-3400 cm-1) changed 
remarkably in the immunocomplex. 
 

Discussion 

Our conclusion is that immunobinding itself can 
modify the electron cloud of antigens so 
dramatically that they could not exhibit the same 
electrostatic structures anymore. We concluded 

that this extreme structural modification results 
from making it impossible for the FITC molecule 
to get in contact with water. It has been known 
for a long time that solvents have a basic 
influence on the fluorescence of fluorescent 
compounds (30, 31). Considering this, we 
suspected that this phenomenon is caused by 
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the lack of water in the microenvironment of 
FITC bound by anti-FITC IgG1. We tried to model 
water exclusion by using non-polar solvents for 
making our samples. The spectral shifts and 
fluorescence quenching in different acetone 
(organic solvent) and water mixtures reflect a 
general effect on the hydrogen-bonding 
environment of the FITC through water-acetone 
hydrogen bridges and specific effects due to 
direct FITC -acetone hydrogen bonding. By 
increasing acetone concentrations, the FITC-
water connections change to FITC-acetone 
interactions, resulting in basic modifications of 
hydrogen bonds due to fluorescence 
quenching. Both the absorption spectra and 
fluorescence properties (quenching) appear to 
be dominated by increasing hydrophobicity, 
indicating that the spectral shifts of the FITC can 
be used as an indicator of its hydrogen-bonding 
environment. Application of fluorescein as a 
probe of hydrogen bonding in the 
microenvironment immediately surrounding the 
fluorophore illustrated the effect with reference 
to the fluorescein-anti-fluorescein antibody 
complex (30). This finding fits well in our results 
(as demonstrated in Figure 2, Figure 6, and 
Figure 7), where it appears that binding sites of 
our anti-FITC monoclonal antibody and the 
recognized antigen (FITC) are increasingly 
dehydrated and become hydrophobic during 
the immunocomplex formation. 

Hydrophobic interactions between the antigen 
and antibody molecules seem to be essential in 
the physico-chemical event of antigen-antibody 
reaction, which is supported both by our 
fluorescent spectroscopic and fluorescent 
polarization measurements and other data from 
the relevant literature (15, 23, 30, 31). Our model 
experiment, involving non-polar solvent and 
water mixtures, supported our hypothesis about 
the importance of hydrophobic interactions in 
the stabilization of the antigen-antibody ligands. 
However, further experimental evidence is 
needed.  

 The results of the infrared spectroscopic 
analysis can prove the hydrophobic nature of 
immunobinding between anti-FITC and FITC. 
This hydrophobic interaction also perturbed the 
electron cloud of the polyaromatic cyclical 

structure. These results can also prove the 
quenching effect caused by anti-FITC 
monoclonal antibody. 

 Our fluorescent and infrared 
spectroscopic data suggest that the 
hydrophobic connections not only participate in 
the stabilization of antigen-antibody complexes, 
but also modify the physico-chemical nature of 
participating molecules. 

The main ligand-induced conformational 
changes on the immunoglobulin molecules 
causing a basic modification of their functions 
are well-known. However, the same physico-
chemical influences on the fine structure of 
antigens have been less analyzed so far due to 
technical difficulties (9, 10, 11). 

In the original FITC – anti-FITC model, the 
fluorescence-quenching effect was observed 
during antigen-antibody reactions (9, 32). The 
fluorescent activity of FITC molecules as 
antigens in this model system seems to be 
beneficial for studying fine structural changes in 
the antigen after binding with a specific 
immunoglobulin (9, 33). 

Using fluorochrome-labelled anti-idiotypic 
antibodies and fluorescent spectroscopic 
measurements, experimental data published 
suggest the importance of water molecules in 
the ligand formation (2). Our data, together with 
previous findings, help understand the 
molecular dynamics of immunobinding (2, 3, 7). 
The immunocomplex formed by hydrophobic 
regions of a specific epitope on the antigen and 
the recognition part on the antibody molecule 
stabilized with the surrounding hydrate shell 
seems to be thermodynamically strong enough 
for stable molecular binding without a covalent 
chemical interaction (34, 35). 

In our model, direct observations were possible 
for the physico-chemical changes on the bound 
antigen because the quenching effect of FITC 
fluorescence during the immunocomplex 
formation was analyzed by different and 
relevant spectroscopic techniques. Our pre-sent 
fluorescent polarization and infrared 
spectroscopic measurements reflect a local 
decrease in the hydration degree in the 
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submolecular area of a specific ligand between 
the small antigen (hapten) molecule and the 
hypervariable region of IgG. This “exclusion” of 
water molecules from the binding surfaces 
occurs due to a dramatic modification of the 
molecular microenvironment. Changes in 
hydration can influence the functions of the 
immunoglobulins and the physico-chemical 
appearance of the antigen at the same time (36). 
Participation of antigens in immunocomplex 
formation can cause altered immunoreactivity in 
further physiological and pathological immune 
reactions. 
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Abstract 
 

Introduction. The performed research focused on a search for new biologically active compounds 
acting on blood coagulation system proteins and cells. To achieve this goal, we fractionated Vipera 
berus berus snake venom and studied the action of the separated fractions on human blood plasma, 
fibrinogen, platelets or red cells.  
 
Methods. Crude venom was fractionated using ion-exchange chromatography. Protein composition 
of fractions was studied using SDS-PAGE. The ability of fractions to prolong or initiate blood plasma 
clotting was studied using the prothrombin time test with thromboplastin. Fibrinogen-specific 
proteases were detected using enzyme-electrophoresis. Action on red cells was estimated using the 
hemolysis test. Aggregometry was used for the detection of action on platelets. All experiments in 
this study were performed in vitro. 
 
Results. We obtained fractions containing phospholipase and a protease that is able to hydrolyze 
fibrinogen, leading to the loss of its ability to polymerize and to maintain platelet aggregation.  
Conclusion. Further purification and study of these components can be a promising research 
direction for biotechnological as well as for biomedical use. 
 

(Iskandarov E*, Gryshchuk V, Platonov O, Kucheriavyi Y, Slominskyi O, Stohnii Y, Vartanov V, 
Chernyshenko V. Fractionation of Vipera berus berus Snake Venom and Detection of Bioactive 
Compounds Targeted to Blood Coagulation System. SEEMEDJ 2022; 6(2); 20-31) 
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Introduction 

Snake venoms are complex mixtures of 
bioactive components, particularly proteins, 
nucleic acids, and organic compounds. The 
venom’s main purpose is to immobilize or kill 
prey, usually small mammals, reptiles, birds or 
amphibians. The venom’s components get into 
the prey’s blood during the bite, and are instantly 
distributed through its body via blood flow. 

Evolutionary, venomous reptiles have 
developed different routes to hit the prey, one or 
a few of which appeared to be more successful 
and thus started to prevail. Most snake venoms 
have neurotoxic action [1]; however, some 
snakes kill their prey by inducing generalized 
inflammatory tissue response, or by using blood 
coagulation activators, which cause massive 
coagulation or conversely cause hemolysis, 
inability of the blood to clot, destroy blood 
vessels and lead to internal hemorrhages [2]. 

In any case, if one way of immobilizing a 
preferable type of prey prevails, other venom 
components do not vanish from the venom 
instantly. Instead, their effects are masked by the 
more active components. This is why venoms of 
some snakes simultaneously contain, for 
instance, enzymes hydrolyzing fibrinogen, which 
decrease blood coagulation ability, and 
fibrinogen activators, which stimulate thrombus 
production, in different proportions. 

Since venom comes into contact primarily with 
the prey’s blood, the action of many of its 
components is aimed at the circulatory system. 
In particular, the proteases destroying 
fibrinogen, platelet aggregation inhibitors, 
activators of blood coagulation factors, 
phospholipases, etc. were found in snake 
venoms [2]. Obtaining and describing these 
components led to the discovery of unique 
enzymes, used nowadays in medicine and 
laboratory diagnostics. That is why the study of 
snake venom composition is a current issue of 
modern biotechnology [3]. 

Functionally active components of snake 
venoms may also be used in fundamental 

research on the features of certain elements of 
the hemostasis system. In particular, 
fibrinogenases (enzymes capable of selectively 
hydrolyzing fibrinogen) appear to be useful tools 
for studying the role of certain molecule sites [4]. 

In our research, we focused on the venom of a 
snake from Ukrainian fauna, which made our 
object available for analysis, as well as for 
potential further biotechnological production. 
The purpose of the study was to search for 
Vipera berus berus venom proteins, which can 
be used as effectors of the blood coagulation 
system. 

 

Materials and methods 

Materials  

a) Vipera berus berus venom 

Crystalline venom of Vipera berus berus was 
provided by the Laboratory of Experimental 
Herpetology of the Trypillia Biochemical Factory 
(Trypillia, Ukraine). 

b) Human blood plasma 

Blood was taken from the vein using a sharp dry 
needle with a large diameter without a syringe 
(to prevent hemolysis), discarding the first 5–6 
blood drops. During blood taking, neither a 
tourniquet nor a massage was applied in order 
to prevent blood coagulation activation and 
fibrinolysis. Blood collection was performed 
under fasting conditions. 

A 3.8% sodium citrate solution was introduced 
into the polyethylene tube using a dispenser and 
further admixed with blood in a 1:9 ratio. Next, 
the tube was tightly closed and gently mixed 
using slow hand movements, without shaking. 

Platelet-rich plasma (PRP) was obtained by 
centrifugation at 200 g for 30 min [5]. During 
centrifugation, the tubes were open so as not to 
prevent oxygen access to the platelets. 
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Platelet-poor plasma was obtained by 
centrifugation at 450 g for 20 min at a 
temperature lower than 20 °С. 

This study was approved by the ethical 
committee of the Palladin Institute of 
Biochemistry of NAS of Ukraine, on 9 December 
2021, N12. Volunteers signed informed consent 
forms prior to blood sampling, in accordance 
with the Declaration of Helsinki. 

c) Human fibrinogen 

Fibrinogen was obtained from human blood 
plasma by salt extraction using 16% Na2SO4. The 
content of protein coagulated by thrombin was 
96–98%. To remove vitamin K dependent 
proteins – prothrombin, factors IX and X of the 
blood coagulation system, and protein C – 
plasma was cooled to +4 °С and, under constant 
mixing, admixed with BaSO4 (30 g/L of blood), 
then centrifuged at 1300 g for 10 min. The BaSO4 
addition procedure was repeated twice. 

In the next step, blood plasma was heated to 
room temperature, and 1 M glycine buffer 
(glycine and 1 M NaOH, pH 9) was added at a 1:10 
ratio to the entire volume. After that, one fraction 
was precipitated using 16% Na2SO4 (slowly 
adding a small portion thereof with constant 
mixing). The resulted precipitate was spun-
down at 1300 g for 30 min at ambient 
temperature. Supernatant was carefully 
discarded, and then fibrinogen precipitation was 
performed using 16% Na2SO4. After that, 
fibrinogen was spun-down for 30 min at 1300 g 
at a temperature of 10–15 °С. The precipitate was 
then diluted in 0.2 M NaCl – 250 mL of solvent 
was used for solving the precipitate from 1 L 
blood plasma. 

The obtained fibrinogen was re-precipitated by 
an equal volume of 16% Na2SO4, and then the 
precipitate was diluted in 0.2 M NaCl (150–200 
mL for 1 L blood plasma). After that, the 
fibrinogen solution was added with 0.5 M 
phosphate buffer (KH2PO4 and NaOH, pH 6.5) at 
a 1:5 ratio to the entire fibrinogen solution 
volume, and then again re-precipitated by equal 
volume of 16% Na2SO4. The order of steps is 
analogous with the first precipitation, but re 

precipitated fibrinogen was diluted with 0.15 M 
NaCl (70–150 mL of solvent for 1 L blood 
plasma). 

Re-precipitated fibrinogen was placed on ice 
with a temperature of +4 °С for the night in order 
to separate the cryoforms of fibrinogen. The 
expected concentration of fibrinogen while 
cryoforms were separating was 10–12.5 mg/mL. 
Then, the fibrinogen solution was centrifuged for 
30 min at 1300 g, the supernatant liquid was 
carefully discarded, and another re precipitation 
by 16% Na2SO4 was performed. The precipitated 
fibrinogen was diluted in 0.15 M NaCl, after which 
the solution was frozen and stored at -20 °С [6]. 

d) Reagents 

The following materials and reagents were used 
in the present experiments: acrylamide, bis-
acrylamide, molecular mass markers for 
electrophoresis (Fermentas, EU), tris (Merck, 
USA), SDS (Bio-Rad Laboratories), Q Sepharose 
(Pharmacia, Sweden), PD-10 columns. The 
thromboplastin (Thromborel) was bought from 
Siemens, Germany. Molecular weight markers 
SM0671 (250; 130; 100; 70; 55; 35; 25 та 10 kDa) 
were purchased from Fermentas (EU). BluEye 
molecular weight markers (245; 180; 100; 75; 63; 
48; 35; 25; 20; 17 та 11 kDa) were purchased from 
Sigma-Aldrich (USA). 

 

Methods 

a) Ion-exchange chromatography 

Q Sepharose is the anion-exchange agent, 
which allows efficient fractioning of the protein 
mixture under alkaline pH [7]. To fraction the 
venom, Q Sepharose was balanced with 0.05 M 
tris-HCl buffer, pH 8.9. The column volume was 
12.5 mL, and flow speed was 1 mL/min. The 
adsorbed proteins were eluted with the same 
buffer in staged gradient: 0.1, 0.2, 0.5 and 2 M 
NaCl, pH 8.9. For fractioning, the Acta Prime 
(Acta, USA) chromatographic system was used.  

The obtained material was described using SDS-
PAGE. 
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b) Protein concentration identification 

Protein concentration in obtained fractions was 
approximately identified through 
spectrophotometry, by optic absorbency under 
280 nm subtracting the absorbency under 320 
nm using the Optizen POP (Optizen, Korea) 
spectrophotometer. The Bradford method was 
used for quantitative identification of protein 
concentrations [8]. 

c) Electrophoresis in polyacrylamide gel 

Electrophoresis in polyacrylamide gel (PAGE) 
with SDS was performed according to the 
Laemmli method, where the tris-glycine system 
is used in the device for vertical gel 
electrophoresis in the plates [9]. 

Samples for electrophoresis were prepared in 
accordance with the following algorithm: the 1 
mg/mL protein solution was added with a 
sample buffer that contained 5% sucrose or 
glycerin, 2% SDS and bromophenol 
(bromophenol is added until coloration 
appearance). 

To identify the sites containing proteins, gel-
plates were developed by staining it in a solution 
(0.125% Coomassie G-250 in 25% isopropanol and 
10% acetic acid) for 10 minutes. To discard the 
staining remains, we used a 3–9% acetic acid 
solution. The method resolution was 1 µg of 
protein. 

To establish the molecular mass of studied 
proteins, molecular markers were used 
(Fermentas, EU): SM0671 (250; 130; 100; 70; 55; 
35; 25 та 10 kDa). 

d) Enzyme-electrophoresis with fibrinogen as 
substrate 

Enzyme-electrophoresis was performed using 
the Laemmli method in 15% PAAG [9]. The 0.5 
mg/mL fibrinogen was put into the separating 
gel before polymerization. After electrophoresis, 
SDS was removed from the gel through trice 
washing with 2.5% Triton X-100 for 30 min. The 
gel was incubated in 0.1 M glycine buffer, pH = 
8.3, for 12 hours. After that, the gel was stained 
with Coomassie G-250, and the sites of 

proteolytic activity were identified by uncolored 
spots on the gel [9]. 

To establish the molecular mass of studied 
proteins, molecular markers were used (Sigma-
Aldrich, USA): BluEye (245; 180; 100; 75; 63; 48; 35; 
25; 20; 17 та 11 kDa). 

e) Prothrombin time (PT) 

This method consists of measuring the 
coagulation time of citrate plasma after 
thromboplastin and Ca2+ addition. Normal 
prothrombin time is 12–17 s. Elongation of 
prothrombin time may be linked to deterioration 
of vitamin K-dependent factor synthesis, which 
are involved in the external pathway of blood 
coagulation – VII, X, II – and also to indirect 
anticoagulant therapy. Shortening of 
prothrombin time is linked to anticoagulant 
content decrease in the blood, or to pathological 
activation of the procoagulant chain of the 
hemostasis system [10]. To perform the test, 80 
µL of blood plasma was added with 20 µL of 
examined fraction (or equal volume of 0.05 M 
tris-HCl buffer, pH 8.9, in control), and with 100 
µL of 0.025 M CaCl2 solution, and then 
polymerization was initiated by adding 100 µL of 
thromboplastin (Thromborel, Siemens, 
Germany). The time of clot formation was 
controlled. 

f) Establishing hemolytic activity 

Red blood cells were obtained from citrate 
blood via centrifugation for 20 min at 125 g and a 
temperature of 20 °С. The precipitated 
erythrocytes were washed by trice re-
suspending in 10 mM HEPES buffer, pH 7.4, 
containing 0.15 M NaCl, 5 mM KCl, 1 mM MgSO4, 
and 10 mM sucrose, with following precipitation 
at 125 g and a temperature of 20 °С. 

The suspension of washed human red blood 
cells obtained using this method [11] was diluted 
in a 1:8 ratio with 10 mM HEPES buffer, pH 7.4, 
containing 0.15 M NaCl, 5 mM KCl, 1 mM MgSO4, 
and 10 mM sucrose. The amount of 50 μL of the 
suspension was added with the studied sample 
(total volume – 1 mL), mixed, and incubated at 37 
°С for 30 min. 
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After incubation, the red blood cells were 
precipitated through centrifugation at 1000 g for 
10 min and examined the supernatant’s 
absorbency at 543 nm against the buffer. 
Hemolysis caused by 50 μL of 1% Triton-X100 
was treated as 100%. 

Absorbance was measured using the Optizen 
POP spectrophotometer (Korea). 

g) Platelet aggregation study 

Platelet aggregation was studied using the 
SOLAR АР2110 aggregometer (Belarus). The 0.2 
mL blood platelet-rich plasma (PRP) was put into 
the spectrophotometer cuvette and added with 
50 μL of studied fraction, or the equal volume 
of 0.05 M tris-HCl buffer, pH 8.9, in control. The 
mixture was incubated for 3 min, then 0.025 mL 
of 0.025 M CaCl2 was added and it was again 
incubated in the cuvette for 3 min. After that, 
0.025 mL of 25 μМ ADP was added to the 
cuvette [12]. The entire aggregation process was 
recorded, and the aggregation level was 
estimated. 

h) Statistical analysis 

Statistical analysis was performed using 
Microsoft Excel (Microsoft package). All analyses 

were conducted in the series of three replicates; 
standard deviation was considered in data 
analysis. Student’s T-test was used. Results are 
presented as mean ± standard deviation. Data 
were considered significant when p < 0.05. 

Results 

Fractionation of V. berus berus venom 

For fractionation, 50 mg of crude Vipera berus 
berus venom was diluted in 1 mL of 0.05 M tris-
HCl buffer, pH 7.4. Before injection, the venom 
solution was centrifuged at 200 g for 15 min. 
Using the Akta Prime chromatographic system, 
the venom was fractionated at a speed of 4 
mL/min using the column, filled with 
chromatographic sorbent Q Sepharose of 15 mL 
volume. 

After we collected the fraction, which did not 
bond with the sorbent under present conditions, 
the column was washed with 0.05 M tris-HCl 
buffer, pH 7.4. Elution was performed using 
stepping gradient of NaCl: 0.1, 0.2, 0.3, 0.5 M of 
NaCl in 0.05 M tris-HCl buffer, pH 8.9. Finally, the 
sorbent was washed with a buffer of 1 M NaCl. 
The chromatogram is presented in Figure 1. 

 

 
Figure 1. Separation of crude Vipera berus berus venom on Q Sepharose. Speed of elution was 4 
mL/min (elution by stepping gradient of NaCl (0.1, 0.2, 0.3, 0.5, 1 M) in 0.05 M tris-HCl buffer, pH = 7.4).
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The obtained fractions were de-salted and 
concentrated using centrifuge 
microconcentrators Amicon Ultra 3K. For 
detection of fractions’ protein composition, gel-
electrophoresis was used. 

 

SDS-PAGE 

It was demonstrated that all obtained fractions 
had different protein compositions and 
contained proteins of molecular mass from 120 
to 10 kDa (Figure 2). This was important for 
describing each fraction, and for revealing their 
potential unique physiological effects.

A. B.  

Figure 2. A. – electrophoregram of crude Vipera berus berus venom. B. – electrophoregram of Vipera 
berus berus venom fractions obtained on Q Sepharose. M – molecular mass markers (250-10 kDa). 
NB – fraction which did not bind to the sorbent under present conditions. 0.1, 0.2, 0.3, 0.5 – fractions 
eluted by 0.1, 0.2, 0.3, 0.5 M NaCl, respectively. 
 

Fractions’ impact on fibrinogen and fibrin 
polymerization 

To estimate the ability of obtained fractions to 
inhibit fibrin polymerization, we detected the 
coagulation time prolongation for blood plasma 
in the prothrombin time test in the presence of 
studied fractions. For this purpose, 80 µL of 
blood plasma was incubated with 20 µL of the 
fraction at the final concentration of 0.05 o.u./mL 
(or equal quantity of buffer) for 5 min. The 
coagulation was initiated by adding 100 µL of 
0.025 M CaCl2, and 100 µL of thromboplastin 
solution. It showed prolongation of the 
coagulation time for blood plasma of up to 60 s 
(compared to 40 s in control) in the presence of 
the fraction eluted by 0.2 M NaCl. Such 
prolongation may be linked to the presence of 

the enzyme which can hydrolyze fibrinogen, and 
which was found in this fraction and in the crude 
venom. Other fractions did not have such ability 
(Figure 3). 

Identification of proteolytic action toward 
fibrinogen in the chosen fraction was performed 
using enzyme-electrophoresis with fibrinogen 
as the substrate. The enzyme-electrophoresis 
method combines electrophoretic separation 
and enzymography. 

In particular, it was proved that the fraction 
eluted by 0.2 M NaCl contained the enzyme 
capable of hydrolyzing fibrinogen. Its 
approximate molecular mass was 50 kDa (Figure 
4). We concluded that the presence of this 
enzyme explains the ability of this fraction to 
slow down fibrin polymerization.
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Figure 3. Time of thromboplastin-induced blood plasma coagulation after 5 minutes of incubation 
with Vipera berus berus venom fractions, obtained on Q Sepharose. NB – fraction which did not bind 
to the sorbent under present conditions. 0.1, 0.2, 0.3, 0.5 – fractions eluted by 0.1, 0.2, 0.3, 0.5 M NaCl, 
respectively. * – the result is significant in comparison to control at p < 0.05. The diagram is based on 
the results of three independent experiments. 

 

Figure 4. The enzymogram of Vipera berus 
berus venom fraction obtained on Q 
Sepharose and eluted with 0.2 M NaCl. M – 
molecular mass markers (245-11 kDa); 0.2 – 
fraction. 

 

 

Hemolytic activity 

To reveal phospholipases in the obtained 
fractions, their ability to provoke red blood cell 
hemolysis was studied. For this purpose, a 
homogeneous suspension of human red blood 
cells was prepared. As the positive control, the 
hemolytic agent Triton X-100 was used. The 
samples were incubated at 37 °С for 60 min, then 
the red blood cells were precipitated by 
centrifugation, and relative hemolytic activity 
was estimated by absorbance under 543 nm. 

Red blood cell hemolysis was observed in the 
presence of the Vipera berus berus venom 
fraction eluted by 0.5 M NaCl. It is curious that 
the gel-electrophoretic data showed the 
presence of a single protein component of 70 
kDa mass in this fraction.
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Figure 5. Time of erythrocyte hemolysis under previous incubation with Vipera berus berus venom 
fractions. Extinction of supernatant after hemolysis was estimated under the 543 nm light wave. As 
the control, extinction of supernatant of erythrocyte solution with PBS buffer was taken. 0.5% Twin-
100 – erythrocyte solution with 0.5% Twin-100 detergent (positive control). NB – fraction which did 
not bind to the sorbent under present conditions. 0.1, 0.2, 0.3, 0.5 – fractions eluted by 0.1, 0.2, 0.3, 0.5 
M NaCl, respectively.  
* – the result is significant at p < 0.05. The diagram is based on the results of three independent 
experiments. 

Impact on platelets 

To estimate the impact of obtained fractions on 
hemostasis, we used the original approach with 
modified aggregometry, which allowed us to 
consider the ability of fractions to activate the 
platelets, initiate blood coagulation, or inhibit 
platelet aggregation. 

For this purpose, 50 mL of the fraction (in the 
final quantity of 0.05 o.u./mL) was added to 200 
µL of platelet-rich blood plasma and incubated 
in the aggregometer cuvette for 3 min, recording 
the platelet aggregation process. After that, 25 
µL of 0.025 M CaCl2 was added, and recording 
was continued for another 3 min. Then, 25 µL of 
25 µM ADP was added, and platelet aggregation 
was recorded. Decrease of the platelet 
aggregation level at this stage of measurement 
may indicate inhibition of aggregation or the 
damaging of platelets after contact with the 
studied fractions.  

The analysis of aggregation curves presented in 
Figure 6 allowed us to conclude that the 
fraction, which did not bond to the sorbent, and 
the fraction eluted by 0.1 M NaCl were able to 
activate the platelets moderately. 

At the same time, the platelet aggregation 
inhibitor was found in the fraction eluted with 0.2 
M NaCl. The ADP addition did not cause platelet 
aggregation. It is important to underline that the 
same fraction had the fibrinogen-specific 
protease, according to our data. Fibrinogen 
hydrolysis may be one of the causes of inhibition 
of platelet aggregation, since this process is 
mediated by fibrinogen.  

The fraction eluted with 0.5 M NaCl did not have 
an intense impact on the platelets. Apparently, 6 
minutes of incubation of fractions with platelets 
was not enough for a manifestation of 
phospholipase activity, which was predicted by 
the results of red blood cell hemolysis (60 min 
incubation). 
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Figure 6. The plot of platelet aggregation in platelet-rich blood plasma after incubation with Vipera 
berus berus venom fractions. Control – under the equal buffer volume. NB – fraction which did not 
bind to the sorbent under present conditions. 0.1, 0.2, 0.3, 0.5 – fractions eluted by 0.1, 0.2, 0.3, 0.5 M 
NaCl, respectively. Typical curves for three independent experiments are shown. 
Black lines – points of addition of 25 mkl of 0.025 M CaCl2; Grey lines – points of addition of 25 µl of 
25 µM ADP. 
 

Discussion 

The fractioning of Vipera berus berus venom 
allowed us to obtain separate fractions, which 

differ in their protein compositions and in their 
action on the hemostasis system. In particular, 
we obtained the fractions containing 
phospholipase. We also found a protease 
capable of hydrolyzing fibrinogen, leading to the 
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loss of its ability to maintain platelet aggregation. 
The presence of components capable of 
moderately activating the platelets is expected 
for some venom fractions. Further purification 
and study of these components may represent 
a promising research direction. 

Phospholipases, the enzymes that selectively 
destroy phospholipids, have been obtained from 
a few snake venoms. In particular, the 
phospholipases of 12.5, 13.9 and 14.2 kDa were 
obtained from the Crotalus molossus nigrescens 
venom. Authors suggest that they should be 
used in oncological medicine due to their 
potential as anticancer agents and their lower 
neurotoxic effects compared to conventional 
drugs [13]. Phospholipases were also found in 
the Naja sumatrana and Bothrops alternatus 
venoms, and methods for their purification were 
suggested [14,15]. We expect that the application 
of newly purified phospholipase may be useful 
for researching the structural-functional 
features of lipid membranes. 

Recent studies have discussed the practical 
application of phospholipases. In particular, by 
inducing Treg cells, these enzymes can be 
effective as potential therapeutic agents in 
atherosclerosis [16]. Antibacterial activity is 
another promising feature of phospholipases 
[17,18]. Targeting the cell membrane, 
phospholipases can disrupt the cellular integrity 
of bacteria. In addition to their potential 
biomedical use, phospholipases can be applied 
in studying liposomes and lipid rafts [19]. 

Further study of the fibrinogen-specific protease 
from the Vipera berus berus venom will let us 
establish its specificity concerning certain chains 
of the fibrinogen molecule. Enzymes capable of 
selectively hydrolyzing fibrinogen are used in 
studying its structure and function [20] and 
obtaining partly hydrolyzed fibrinogen forms [21]. 
The possibility of fibrinogenase use for 
thrombolysis is also being discussed [22]. For this 
purpose, several recombinant analogs for 
certain fibrinogenases were obtained [23,24]. 

The mechanism of anticoagulant action of 
fibrinogen-specific proteases is obvious – 
cleaving of fibrinogen chains by these enzymes 

decreases its ability to polymerize [25]. In 
contrast to other anticoagulants that inhibit 
coagulation factors (mainly thrombin or factor 
Xa), fibrinogen-specific proteases act in the final 
step of the clotting process, preventing the 
formation of a clot [26]. Likewise, these enzymes 
can often effectively cleave polymerized fibrin, 
thus promoting the dissolution of intravascular 
thrombus [27]. cardiovascular and renal disease 
in non-diabetic individuals with arterial 
hypertension remains a question to be 
answered. 

Conclusion 

Proteins from vipers’ venoms do not only cause 
death; they can also be used for treatment of 
thrombosis, arthritis, cancer and many other 
diseases [ ]. As snake venom contains a wide 
spectrum of biological compounds, research 
conducted for the purpose of identifying their 
structure, biological activity, and pharmaco-
clinical application is now of great significance 
[28]. 

We have developed a novel method of 
fractionation of Vipera berus berus venom, 
which enabled us to obtain fractions with 
different action on the human blood coagulation 
system. Our data corresponded to the recently 
summarized results presented in [2]. Further 
purification of bioactive proteins that we found in 
Vipera berus berus venom will allow the 
performance of their full characterization. These 
molecular effectors can be used for studying 
regulatory mechanisms of blood coagulation 
system regulation. 
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Abstract 
Aim. There are numerous reports of attenuation of cutaneous blood flow (CBF) during the recovery 
period after a single bout of exercise, but no one has investigated the CBF response to consecutive 
short-lasting aerobic exercise (SLAE) sessions following exhaustive endurance exercise (EEE) on  
daily basis, although this is a commonly used training regime in recreational athletes and could cause 
a cumulative increase in CBF that may be important for wound healing. This study examined the 
effects of EEE on forearm skin blood flow (LDF), cutaneous vascular conductance (CVC), and mean 
arterial pressure (MAP) in response to SLAE sessions performed for 7 days after EEE, as well as the 
correlation between cutaneous blood flow and indices associated with heart rate (HR) to examine 
the role of thermoregulation in post-exercise HR regulation.  
Methods. In 19 recreational runners, LDF, MAP, HR, heart rate recovery (HRR), and HR variability 
indices (lnRMSSD, lnHF, and lnLF/ HF) were measured after SLAE in the form of submaximal graded 
cycling performed on consecutive days after EEE in the form of a half marathon and compared with 
baseline values before EEE. A significant time effect was observed for all measured parameters 
throughout the study period.  
Results. Postexercise LDF increased 24 hours after EEE compared with baseline (77.814 AU 
compared with 54.712 AU). Postexercise hypotension was significantly more pronounced 
immediately after EEE compared with baseline (88.95.3 mmHg compared with 99.33.2 mmHg). 
However, postexercise CVC showed a progressive increase compared with baseline both 
immediately and 24 hours after EEE (0.53 0.07 AU/mmHg, 0.66 0.09 AU/mmHg compared with 0.4 
0.09 AU/mmHg). A small negative correlation between LDF and HRR was observed throughout the 
experimental protocol.  
Conclusion. These results suggest that EEE strongly influences cutaneous and systemic 
hemodynamics and cardiac autonomic response during recovery after SLAE. Our most important 
finding was that EEE improved cutaneous perfusion 24 hours after completion of EEE, which may be 
important for wound healing. The results of our study are potentially applicable for patients with 
chronic wounds who should be encouraged to exercise moderately on daily basis and to include 
endurance exercises occasionally, as this strategy potentiates postexercise cutaneous perfusion. 
 

(Potočnik N. The Effect of Submaximal Exercise on Cutaneous Blood Flow, Thermoregulation and 
Recovery Hemodynamics Following Endurance Exercise. SEEMEDJ 2022; 6(2); 32-43) 
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Introduction 

Recreational athletes often include exercises of 
varying intensity and duration in their daily 
training schedule. During several consecutive 
training sessions and subsequent recovery, a 
complex interplay of many physiological 
processes, such as thermoregulation, 
autonomic nervous system adaptation, and nitric 
oxide production (NO), establishes a dynamic 
state that may be reflected in cutaneous blood 
flow (CBF) as the integration site of all the above 
processes. The term “training recovery” was 
introduced by Bishop et al. as recovery between 
successive exercise sessions (1). It can be 
assumed that the CBF response in training 
recovery is the cumulative result of recovery 
and exercise, especially when exhaustive 
endurance exercise (EEE), with its long-term 
effects on cardiovascular function (2), is included 
in the training process. There are numerous 
reports of CBF in the recovery phase after a 
single exercise session (3–7) but no one has 
investigated the CBF response to successive 
submaximal, short-lasting aerobic exercise 
(SLAE) sessions following exhaustive exercise 
on daily basis, although this is a commonly used 
training regime in recreational athletes. 
Knowledge of the CBF response to cumulative 
exercise could be useful in planning exercise 
strategies for patients with chronic wounds. 

During exercise, cutaneous blood flow increases 
in hairy skin (5), as it is mainly controlled by 
sympathetic vasodilator fibers. In addition, 
vasodilation is provoked in an attempt to achieve 
thermal equilibrium and thus stable core body 
temperature to allow heat dissipation (8). 
However, during the recovery phase after 
exercise, with a sudden decrease in metabolic 
demand, loss of muscle pump activity, and 
significant change in autonomic nervous system 
activity (ANS), cutaneous blood flow rapidly 
decreases to near baseline levels (5). 
Nevertheless, core (9,10) and muscle (9) 
temperatures remain elevated 60-90 min after 
exercise cessation. Cutaneous blood vessels in 
non-glabrous skin are innervated by two 
branches of sympathetic nerves: noradrenergic 
vasoconstrictor and cholinergic vasodilator 

fibers. Consequently, the rapid decrease in 
cutaneous blood flow after cessation of exercise 
could be caused by increased vasoconstriction, 
active vasodilation, or a combination of both. 
Because nitric oxide mediates 30-45% of active 
cutaneous vasodilation (11), it could potentially 
contribute to the modulation of cutaneous blood 
flow after exercise. 

After exercise, heart rate (HR) decreases to pre-
exercise levels. The initial, rapid phase of HR 
recovery caused by parasympathetic 
reactivation is followed by a secondary, slow 
decline mediated by continued 
parasympathetic reactivation and sympathetic 
withdrawal (2). Several studies have examined 
the mechanisms underlying these post-exercise 
autonomic responses and have suggested that 
exercise-induced thermoregulatory demands 
play an important role (12). There is evidence for 
the role of thermoregulation in post-exercise HR 
recovery (13). A possible link between 
thermoregulation and HR recovery after 
exercise could be related to thermoregulatory-
induced changes in systemic (mean arterial 
pressure (MAP)) and/or skin hemodynamics (4). 

Recently, it has been shown that HR recovery 
after a short SLAE in response to EEE differs 
significantly (2), synchronous with changes in 
ANS activity. Thus, it can be assumed that 
cutaneous blood flow is simultaneously 
affected.  

Therefore, the aim of this study was to 
investigate the effects of EEE on cutaneous 
blood flow in hairy skin after subsequent SLAEs 
and the relationship between the changes in HR 
and cutaneous hemodynamic responses to 
exercise. Therefore, heart rate, arterial blood 
pressure, and cutaneous blood flow in the volar 
forearm were measured simultaneously during 
recovery from SLAE, repeated sequentially 
before and immediately, 24 hours, 48 hours, and 
7 days after EEE. We hypothesized that EEE 
provokes an increase in cutaneous perfusion 
and that skin blood flow correlates with 
concomitant heart rate changes after exercise. 
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Methods 

Subjects 

Nineteen recreational runners (13 men) aged 
40.4 ± 15.2 years with a body mass index of 23.0 ± 
2.7 were recruited to participate voluntarily in 
this study, which was in accordance with the 
Declaration of Helsinki and approved by the 
National Ethics Committee of the Republic of 
Slovenia (on 10/ 19/2021/No. 0120-
126/2021/10). Written informed consent was 
obtained from all subjects participating in the 
study. Physical examination and medical history 
revealed no autonomic dysfunction, chronic 
diseases, medication use, or smoking. Their ECG 
and arterial blood pressure were normal. 
Individual maximum heart rate (HRmax) was 
determined according to the formula (14). 

Procedure 

The study was conducted in an air-conditioned 
laboratory room between 2 pm and 6 pm. 
Subjects refrained from physical exertion at 
least three days before the first exercise test and 
were asked not to perform any other physical 
activity during the experimental period. They 
were not allowed to consume alcohol, caffeine, 
or tobacco for at least 2 hours before the start of 
each exercise test and were asked to eat a light 
meal 1 hour before visiting the laboratory. Each 
participant visited the laboratory 4 times a week 
for 5 measurements. On the first visit, EEE was 
performed in the form of a 21-km run on the 
predefined outdoor track, on partly sunny days 
with temperatures between 17°C and 20°C and 
humidity between 55% and 65%.   

Experimental sessions. SLAE was repeated at 5 
different time points: before, one hour (day 0), 24 
hours (day 1), 48 hours (day 2), and 7 days (day 7) 
after EEE, as shown in Figure 1A. Values 
recorded in the "before" session are referred to 
as baseline values. SLAE consisted of a 5-minute 
rest in a seated position followed by a graded 
exercise test on the Ergoselect 100 (Ergoline, 
Germany) cycloergometer, starting at 40 W for 3 
minutes and continuing with a load increase of 
50 W every 3 minutes until the target heart rate 
(HRpeak), defined as 85% of the individual 
HRmax, was reached (Fig. 1B). Immediately 

thereafter, subjects terminated exercise and 
remained in a seated position for an additional 15 
min to passively recover from SLAE. 

 

 

Figure 1. Experimental protocol: schedule of 
successive exercise bouts (A); short-lasting 
graded cycling protocol (B) 
 

Measurements 

ECG and arterial blood pressure on the middle 
finger of the right hand were measured 
continuously (Finometer, Amsterdam, 
Netherlands). During the measurement, the right 
arm and hand were placed in an arm rest when 
sitting on the cycle ergometer that was adjusted 
to the height of the heart and equipped with 
hemodynamic sensors. Cutaneous blood flow 
was measured by laser Doppler (LDF) perfusion 
monitoring (PeriFlux System 5000, Perimed, 
Stockholm, Sweden) on the right volar forearm. 
The principles of LDF monitoring are described 
elsewhere (15). All signals were recorded 
simultaneously at 500 Hz using WinDaq data 
acquisition software (DataQInstruments Inc., 
Ohio, ZDA). At each SLAE, a time interval of 180 
s between the 12th and 15th minutes after 
cessation of cycling was selected for further 
analysis. Averaged LDF and MAP were 
determined using Nevrokard software 
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(Nevrokard, Slovenia). CVC was calculated as 
the ratio of LDF to MAP. 

Heart rate analysis. RR interval duration was 
determined beat by beat from ECG using 
aHRV_file_preparation software (Nevrokard, 
Slovenia), with artefacts and premature beats 
corrected. Heart rate (HR) and root mean square 
of successive differences (RMSSD) as time-
domain markers of parasympathetic modulation 
(Task Force of the European Society of 
Cardiology) were calculated from RR interval 
time series using aHRV_analysis_software 
(Nevrokard), and the natural logarithm of RMSSD 
(lnRMSSD) was calculated. The following 
frequency-domain parameters were 
determined using the autoregressive method 
(Nevrokard, Slovenia): the power of the high-
frequency band (HF; 0.15-0.40 Hz), a marker of 
parasympathetic modulation, and the LF/HF 
ratio, which is considered a marker of 
sympathovagal balance, where LF denotes the 
power of the low-frequency band (0.04-0.15 Hz) 
(16). HF and LF/HF were expressed in the natural 
logarithmic scale (lnHF)  

Heart rate recovery in 30 (HRR30) and 60 s 
(HRR60) was defined as the differences 
between HRpeak and HR, measured 30 and 60 
s after termination of SLAE for each SLAE 
session. 

Statistical analysis 

Statistical analysis was performed using IBM 
SPSS Statistics, version 27 (IBM, New York, USA). 
Data were tested for normality and log 
transformed if they were not normally 
distributed. We compared the mean differences 
between the measured parameters over time 
(before, day 0, day 1, day 2, and day 7) with a one-
way repeated-measures analysis ANOVA 
(rANOVA). The assumption of sphericity was 
checked with the Mauchly's  test; Greenhouse-
Geisser or Huynh-Feldt corrections were 
applied when the sphericity assumption was 

violated, as published elsewhere (17). When a 
significant time effect was detected, appropriate 
contrast tests were used to detect differences 
between mean values at day 0, day 1, day 2, and 
day 7 compared with the corresponding 
baseline (before) values. For post hoc 
comparisons, the least significant difference test 
was applied and Bonferroni correction was used 
to eliminate type I errors in multiple 
comparisons. 

Pearson's product-moment correlation 
coefficients (r) were used to estimate bivariate 
correlations between each index of cardiac 
autonomic activity (HRR30, HRR60, lnRMSSD, 
lnHF, and lnLF/ HF) and subsequent LDF. SSE 
performance indices (Pmax, HRstmax, RPE) 
were combined over the entire experimental 
period. The following criteria were used to 
interpret the magnitude of correlations: r ≤ 0.1 - 
trivial; r > 0.1-0.3 - small; r > 0.3-0.5 - moderate; r 
> 0.5-0.7 - large; r > 0.7-0.9 - very large (17). Data 
are presented as mean ± standard deviation, and 
a confidence level p < 0.05 was chosen. 

 

Results 

LDF, CVC and MAP 

In recovery from subsequent SLAE, there was a 
significant time effect found in LDF (F=2.9; 
p=0.026; η2=0.08), CVC (F=4.5; p=0.003; η2=0.11) 
and MAP (F=2.8; p=0.030; η2=0.10), as displayed 
on Figures 2B, 2C and 2A, respectively. 

LDF was significantly augmented 24 hours after 
EEE compared to baseline (Fig. 2B), while CVC 
was enhanced already one hour after EEE 
cessation and even more 24 hours after EEE 
compared to baseline conditions (Fig. 2C). MAP 
was significantly decreased one hour after EEE 
cessation (Fig. 2A) regarding to baseline. 
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Figure 2: Changes in mean arterial pressure (MAP) (A), laser Doppler flow in the forearm (LDF) (B) and 
cutaneous vascular conductance (CVC) (C) during experimental protocol (before – before 
exhausting endurance exercise (EEE); day 0 – 1 hour after EEE; day 1 – 24 hours after EEE; day 2 – 48 
hours after EEE, day 7 – 1 week after EEE).  
* - statistically significant compared to baseline (before) 

   p – p value according to rANOVA 

 

HR and HR-derived measures 

There was a significant time effect found in HR 
after SLAE (F=45.6; p<0.001; η2=0.38), HRR30 
(F=16.2; p<0.001; η2=0.20) and HRR60 (F=19.6; 
p<0.01; η2=0.16) across all measuring points as 
displayed in Figure 3. All three parameters 
exhibited a biphasic change compared to 

baseline: HR was significantly higher at day 0 
and significantly lower at day 1 compared to 
baseline (Fig. 3), yet HRR30 and HRR60 were 
significantly lower at day 0 and significantly 
higher at day 1 compared to baseline (Fig. 3). 
Additionally, HR after SLAE was decreased also 
at day 2 compared to baseline (Fig. 3). 
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Figure 3: Changes in heart rate (HR) after short-lasting aerobic exercise, heart rate recovery in 30 s (HRR30) 
and heart rate recovery in 60 s (HRR60) during experimental protocol (before – before exhausting endurance 
exercise (EEE); day 0 – 1 hour after EEE; day 1 – 24 hours after EEE; day 2 – 48 hours after EEE, day 7 – 1 week 
after EEE). 
 * - statistically significant compared to baseline (before) 

 p – p value according to rANOVA 

The parameters of heart rate variability, 
lnRMSSD (F=10.1; p<0.001; η2=0.19), lnHF (F=7.3; 
p<0.001; η2=0.13) and lnLF/HF (F=7.6; p=0.011; η
2=0.22) exhibited significant time effect along 

measuring protocol (Fig. 4). lnRMSSD behaved 
biphasically compared to baseline, while lnHF 
and lnLF/HF differed significantly from baseline 
only at the day 0 (Fig. 4).

Figure 4: Changes in natural logarithm of root mean square of successive differences (lnRMSSD), the 
power of high-frequency band (lnHF) and the relationship between the power of low-frequency 
band to high frequency band (lnLF/HF) during the measuring protocol.   
* - statistically significant compared to baseline (before)                                                                                                                                                     

p – p value according to rANOVA 

 

Bivariate correlations 
When all data were pooled there were no clear 
correlations neither between LDF and HR 
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(p=0.93), lnRMSSD (p=0.66), lnHF (p=0.17) and 
lnLF/HF (p=0.34) nor between CVC and HR 
(p=0.17), lnRMSSD (p=0.78), lnHF (p=0.42), 
lnLF/HF (p=0.65), HRR30 (p=0.09) and HRR60 
(p=0.18), respectively. A small negative 

correlation was observed between LDF and 
HRR30 (p=0.036, r= -0.229) as well as between 
LDF and HRR60 (p=0.032, r= -0.233), as seen in 
Figures 5A and 5B.

 

Figure 5: Linear fit between laser-Doppler flow (LDF) in the forearm during recovery from short-
lasting aerobic exercise and heart rate recovery in 30 s (HRR30) (A) and heart rate recovery in 60 s 
(HRR60) (B); 95% confidence limits are indicated by a dashed line. p – p value according to rANOVA; 
r – Pearson’s coefficient; N – number of correlated points 

Discussion 

In the present study, we investigated the 
response of cutaneous blood flow in hairy skin in 
the recovery phase after short lasting aerobic 
exercise at different time points after exhaustive 
endurance exercise and compared it with 
concomitant changes in cardiac autonomic 
activity in recreational runners. The aim of this 
study was to contribute to the understanding of 
the control of cutaneous blood flow in relation to 
training history. We found that training history 
has a strong influence on cutaneous (LDF and 
CVC) and systemic hemodynamics (MAP), as 
well as on cardiac autonomic (HR, HR derived 
indices) response during recovery from SLAE. 
Our most important finding was that exhaustive 
endurance exercise as part of the training history 
improved cutaneous perfusion 24 hours after 
completion of EEE, which may be important for 
wound healing.  

The results of the present study are as follows: 

- LDF in the recovery phase at SLAE after 
exhaustive endurance training was significantly 
increased 24 hours after EEE compared with 
baseline, which might be important for wound 
healing,  

- A progressive increase in CVC after 
training was observed during the first 24 hours 
after exhaustive endurance training,  

- Post-exercise hypotension was 
significantly increased immediately after 
exhaustive endurance training, and  

- A small bivariate correlation between 
LDF and HRR30(60) was observed throughout 
the experimental protocol, indicating the role of 
thermoregulation in post-exercise regulation HR  

To our knowledge, this is the first study to report  
time-dependent changes in LDF during exercise 
recovery after exhaustive endurance training. 
Accordingly, we can only speculate about the 
mechanisms controlling these changes. During 
the recovery phase after exercise, there is a 
rapid decrease in cutaneous perfusion despite a 

A B 
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significant residual heat load (18–21). It has been 
suggested that both centrally mediated 
(sympathetic adrenergic and cholinergic 
innervation) and peripheral endothelium-
dependent and independent factors may 
modulate the control of cutaneous blood flow 
after exercise (9,22) and that either enhanced 
vasoconstriction or attenuated active 
vasodilation may play the role (18). Since nitric 
oxide mediates 30-45% of active cutaneous 
vasodilation (18), it seems likely that the 
bioavailability of NO may additionally influence 
post-exercise vasodilation. However, the time-
dependent contributions of all potentially 
involved mechanisms during recovery after 
exhaustive endurance training remain unclear.  

According to the literature, postexercise 
hypotension is caused by at least two 
mechanisms: increased vasodilation due to 
thermoregulatory challenges and/or 
impairment of baroreceptor reflex (23). The 
predominant mechanism was found to depend 
on exercise intensity and duration (24). Liu et al. 
reported that prolonged endurance exercise 
induces significant postexercise hypotension 
regardless of exercise intensity (24), and it has 
been shown that, at least in males, reduced 
cardiac baroreflex sensitivity triggers 
postexercise hypotension (25) after a half 
marathon. In addition, McGinn et al. (26) found 
decreased baroreflex sensitivity as a major 
cause of postexercise hypotension after 90 
minutes of graded dynamic exercise. 

Surprisingly, LDF, CVC, and MAP did not change 
synchronously during the measurement 
protocol, although this was generally expected. 
Based on CVC, which was increased 
immediately and 24 hours after EEE compared 
with baseline, one would expect increased 
postexercise hypotension and skin vasodilation 
at the same measuring points. However, MAP 
was significantly decreased only immediately 
after EEE and LDF was significantly decreased 
only 24 hours after EEE, suggesting that different 
mechanisms are involved in the regulation of 
MAP and LDF. The main cause of the 
postexercise increase in CVC immediately after 
EEE appears to be a decreased MAP, whereas its 

further increase 24 hours after EEE is due to an 
increased LDF at that measurement time point. 

Response immediately after exhaustive 
endurance exercise 

Immediately after EEE, the postexercise 
decrease of MAP observed in our study 
compared with baseline (Fig. 2) can be attributed 
to an impairment of the baroreflex, as suggested 
by Mourot et al.  

After endurance exercise, core body 
temperature and mean muscle temperature 
remain elevated for up to 24 hours (20). 
Therefore, increased cutaneous blood flow 
during recovery from short lasting aerobic 
exercise performed immediately after EEE, 
compared with baseline before endurance 
exercise, would be expected to eliminate the 
additional heat load generated during EEE. 
However, in our study, postexercise LDF was not 
increased after EEE compared with baseline. 
The concomitant observed dominance of the 
cardiac sympathetic nervous system activity 
over the parasympathetic activity (Fig. 4) 
suggests that the simultaneously increased 
adrenergic vasoconstrictor nerve activity 
affecting the skin may prevent vasodilation.  

Another possible explanation would be 
increased oxidative stress immediately after 
endurance exercise. Numerous data show that a 
decreased ability to release NO in the skin 
microcirculation is associated with increased 
oxidative stress (19,27). Interestingly, a biphasic 
response of exhaled NO, a potent surrogate for 
oxidative stress (28), was reported after 
endurance exercise (29). More specifically, 
exhaled NO increased significantly immediately 
after endurance exercise and decreased 24 
hours after endurance exercise compared with 
the level before endurance exercise. 
Consequently, we can probably assume that 
increased oxidative stress immediately after EEE 
induces endothelial dysfunction with the 
impairment of NO availability. Immediately after 
a half marathon, the response of the 
cardiovascular system to short lasting aerobic 
exercise has been shown to mimic the response 
found in cardiovascular dysfunction (2). Thus, 
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subsequent endothelial dysfunction could be 
due to cardiovascular dysfunction at that time 
point. 

Dehydration after endurance exercise could 
lead to decreased MAP and affect cutaneous 
blood flow. However, concurrent measurements 
of total body water showed that water volume 
was preserved after endurance exercise in our 
study, as reported elsewhere (2). 

Response 24 hours after exhaustive endurance 
exercise 

Postexercise MAP was decreased 24 hours after 
cessation of endurance training compared with 
baseline, although not to a statistically 
significant extent (Fig. 2). These results are 
consistent with the findings of other authors who 
report that post-exercise hypotension can 
persist for up to 24 hours (23,30,31). 

The main finding of our study was that both LDF 
and CVC increased significantly at SLAE 24 
hours after endurance training compared to 
baseline (Fig. 2). Since increased skin blood flow 
accelerates the wound healing process (32), 
these results support the use of endurance 
training in wound healing. This finding of our 
study can be applied in practice by encouraging 
patients with chronic wounds to include 
occasional endurance exercise in their regular 
moderate training schedule to increase skin 
blood flow and accelerate wound healing. We 
can only suggest a few possible mechanisms 
responsible for the improvement in cutaneous 
blood flow 24 hours after EEE: increased 
sympathetic cholinergic vasodilation as the main 
mechanism to eliminate excessive heat, 
increased NO bioavailability due to suppressed 
oxidative stress 24 hours after EEE (29), the 
involvement of adenosine receptors that have 
been shown to prevent the decrease in skin 
blood flow after exercise (18), or a complex 
interplay of many physiological processes 
leading to cardiovascular supercompensation, 
which probably includes improved skin blood 
flow observed by many authors after endurance 
training (2,33,34). Further studies need to be 
conducted to substantiate these assumptions. 

No significant changes in measured parameters 
were observed on day 2 and day 7, suggesting 
that the effect of EEE on cutaneous blood flow 
diminishes after two days. 

Bivariate correlations 

We found a small negative correlation between 
postexercise LDF and HRR30 and HRR60 when 
data were pooled across the entire 
measurement protocol (Fig. 5). A correlation of 
this magnitude requires careful interpretation. 
However, this correlation suggests that 
improved cutaneous blood flow delays recovery 
of HR after SLAEs regardless of endurance 
exercise. These results are consistent with the 
conclusions of Pecanha et al. (4), who found that 
heat stress delays heart rate recovery and 
highlighted the role of thermoregulation in post-
exercise regulation of the HR. They suggested 
that thermally induced redirection of blood flow 
to cutaneous vessels, as evidenced by 
increased LDF, may involve reduced central 
blood volume and ventricular filling during 
recovery, resulting in compensatory 
sympathetic activation and parasympathetic 
deactivation after exercise (4). 

Limitations of our study and perspectives 

Our cohort consists of recreational runners, so 
results are limited to physically active, healthy 
individuals. Further studies are needed to prove 
that endurance exercise accelerates wound 
healing in patients prone to developing chronic 
wounds, such as those with type 2 diabetes. 

Gender and age differences of cutaneous blood 
flow and postexercise hypotension after 
endurance exercise described by Stapelton (20) 
and Mourot et al. (25) were not examined in our 
study. The analysis of our data should be 
repeated separately for men and women to 
identify possible gender differences that could 
influence our conclusions.  

Measurement of core temperature during the 
study protocol would be helpful to determine 
the magnitude of heat stress induced by 
endurance exercise compared with short-
lasting exercise. 
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The proposed mechanisms underlying our 
results could be better determined if different 
substances such as bretylium tosylate, an 
inhibitor of noradrenergic vasoconstriction, and 
a NO synthase inhibitor (L- NAME) were applied 
to the skin during the measurement protocol. 

Furthermore, spectral analysis based on the fast 
Fourier or wavelet transform of the periodic 
oscillations of the LDF after exercise could be 
used to analyze the periodic oscillations of 
different frequencies representing the influence 
of heartbeat, respiration, intrinsic myogenic 
activity, and neurogenic factors, respectively, on 
cutaneous blood flow after exercise (3,7). 
Additional analysis of LDF should be performed 
according to spectral analysis guidelines. 

Conclusion 

We measured the response of cutaneous blood 
flow in the forearm during recovery after short 
lasting aerobic exercise at different time points 
after exhaustive endurance exercise and 
compared it with concomitant changes in 
cardiac autonomic activity in recreational 
runners. We aimed to contribute to the 

understanding of the control of cutaneous blood 
flow in relation to training history. We found that 
training history has a strong influence on 
cutaneous and systemic hemodynamics as well 
as on cardiac autonomic response during 
recovery to SLAE. Our most important finding 
was that exhaustive endurance exercise as a 
part of the training history improved cutaneous 
perfusion 24 hours after completion of EEE, 
which may be important for wound healing. The 
results of our study are potentially applicable for 
patients with chronic wounds, who should be 
encouraged to exercise moderately on daily 
basis and to occasionally include endurance 
exercises, as this strategy potentiates 
postexercise cutaneous perfusion. 
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Abstract 
 

 

Sepsis is one of the most common causes of death in hospitalized patients. Disruption of intestinal 

barrier homeostasis is one of its main hallmarks. Trefoil factor family proteins are known for their role 

in protecting and repairing the intestinal mucosa. It has been repeatedly shown that the TFF3 protein 

is involved in maintaining the intestinal barrier. For that reason, it has been studied in the search for 

objective measures to predict the onset or outcome of sepsis. Several studies have been performed 

on rodent sepsis models and on sepsis patients, both children and adults. From the limited research 

available to date, it appears that TFF3 is involved in the pathogenesis of sepsis, but the exact 

mechanism is not yet clear. Its potential as a sepsis biomarker has so far been low, but more extensive 

studies on its role in predicting disease severity and outcome, as well as organ dysfunction, may lead 

to finding specific patient groups or sepsis stages for which it would be suitable. 
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Sepsis 

Sepsis is one of the leading causes of death in 
hospitalized patients worldwide [1]. Sepsis is a 
“life-threatening organ dysfunction caused by a 
dysregulated host response to infection”, as 
defined by the Third International Consensus 
Definitions for Sepsis and Septic Shock (Sepsis-
3) in 2016 [2]. Since most of the research 
presented here was conducted before 2016, it is 
important to note the changes made by Sepsis-
3. Earlier definitions stated that sepsis is a 
consequence of the host’s systemic 
inflammatory response syndrome (SIRS) to 
infection. When this is complicated by organ 
dysfunction, it is referred to as severe sepsis, 
which can progress to septic shock. Sepsis-3 
considers this continuum misleading, the criteria 
of SIRS nonspecific, the term severe sepsis 
redundant, and defines septic shock as a subset 
of sepsis in which the underlying circulatory and 
cellular/metabolic abnormalities are so 
profound as to significantly increase mortality [2]. 

Septic conditions can be caused by or lead to 
alterations in intestinal homeostasis [3]. The 
gastrointestinal tract is under perpetual pressure 
from potentially destructive agents, such as 
chemicals, drugs, bacteria, and their products [4]. 
The intestinal epithelium, a single layer of cells, 
forms a selective barrier to the external 
environment, and is critical in protecting the 
intestinal mucosa from luminal contents [4]. 
Alterations in homeostasis of the intestinal 
barrier can lead to increased production of 
proteolytic enzymes in the intestine, changes in 
composition of the mucus layer, epithelial 
apoptosis, increased permeability of epithelial 
cells, and inflammatory signaling [5–7]. Gut 
barrier dysfunction in combination with 
disturbed balance of the microbiome and 
immune response can lead to remote injury and 
the development of multiple organ dysfunction 
syndrome (MODS), and eventually death [3,8–
10]. 

Trefoil factor family proteins 

The trefoil factor family owes its name to a 
characteristic trefoil-like structure consisting of 

six disulfide-linked cysteine residues in a 38- or 
39-amino-acid sequence [11–13]. There are three 
members of the family: TFF1, formerly known as 
pS2 [14], and TFF3, formerly ITF [15], have a single 
trefoil domain, while TFF2, formerly PSP [16], has 
two. The trefoil domain enables their resistance 
to digestion by proteases [15–17], which is 
important because they are secreted by goblet 
cells into the hostile environment of the 
intestine.  

Minor disruptions of epithelial integrity are 
common and require prompt intervention in 
order to restore homeostasis [18]. Trefoil factor 
family proteins play a role in maintaining 
mucosal integrity, which is supported by the fact 
that their accumulation has been shown to be 
increased after a gastrointestinal tract injury [19–
22]. Normal repair of the epithelium requires 
restitution and regeneration, with restitution 
being the critical first phase required to 
reestablish epithelial continuity [23]. Trefoil 
factor family proteins have been shown to be 
important for intestinal epithelial restitution 
[18,24], with TFF3 even being essential [23]. Mice 
lacking TFF3 fail to restitute the intestinal 
mucosal barrier after injury, which makes even 
minor injuries lethal [23]. The TFF3 protein is 
involved in maintaining the intestinal barrier by 
reducing intestinal permeability [25–31]. TFF3 
preserves the integrity of the intestinal barrier by 
inhibiting apoptosis induced by inflammatory 
stress [32]. It is possible that TFF3 protects the 
gastrointestinal mucosa through its interaction 
with mucins [24,33]. 

Sepsis and its course depend on many factors, 
including the site and type of infection, genetic 
predisposition, demographic characteristics, 
underlying conditions, immune system status, 
disease progression, treatment, etc., which 
inherently makes sepsis a very heterogeneous 
disease [34–37]. In search of objective measures 
that could predict the onset or outcome of such 
a complex disease, some research, summarized 
in this article, has been conducted on proteins 
belonging to the trefoil factor family [38–47], in 
particular the TFF3 protein [38–42,45–47]. 
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TFF3 in rodent models of sepsis 

Since intestinal barrier disruption has a major 
impact on the development of sepsis, Jiang et al. 
studied the changes in the intestinal mucosal 
immune barrier in septic rats induced by cecal 
ligation and puncture (CLP) [38]. CLP is the most 
widely used technique for inducing sepsis in 
animals [48]. The intestinal mucosa of septic rats 
exhibited lower TFF3 mRNA expression 
compared with control groups. The expression 
levels decreased with time, namely 3, 6, or 12 
hours after induction of sepsis. In parallel with 
the gradual decrease in TFF3 expression, 
apoptosis increased with time and was higher 
than in control animals. Under these conditions, 
bacterial DNA in the blood was increased, i.e., 
bacterial translocation increased [38].  

Later, a group from the same hospital performed 
the CLP experiment on mice [39]. This time, they 
divided the animals into 6-hour, 24-hour, and 48-
hour groups, depending on how long after 
induction of sepsis they were sacrificed, and 
they measured TFF3 protein accumulation. 
Interestingly, the TFF3 protein level was slightly 
increased at the 6-hour time point compared 
with the control group, while the other two time 
groups showed a significant decrease in the 
TFF3 protein level. In addition, a significantly 
lower number of goblet cells was observed in all 
three groups of treated animals compared with 
the control group. The researchers did not 
observe rapid repair of intestinal disruption, 
which they suggest could be explained by the 
reduction of TFF3, along with a reduction in 
goblet cell migration to the site of injury and 
TGF-β1 accumulation, as well as an increase in 
pro-inflammatory cytokines and pro-apoptotic 
caspase-3 protein levels [39].  

Using an LPS (bacterial lipopolysaccharide) 
induced sepsis model in rats, Shi et al. [40] 
demonstrated a delay in intestinal mucosal 
repair during sepsis. They focused on the 
molecular mechanism through which protein 
disulfide isomerase a1 (PDIA1) affects the 
formation of TFF3 dimers and how they change 
during sepsis; they hypothesized that PDIA1 and 
TFF3 dimer levels are important contributors to 
intestinal mucosal destruction and lack of repair, 

and that PDIA1 is the critical catalyst for TFF3 
dimerization. They confirmed a close correlation 
between PDIA1 and TFF3 dimerization using 
several methods, including protein modeling. 
They indicated that TFF3 monomers are unlikely 
to dimerize in the absence of PDIA1. They noted 
a decreasing trend in the expression of TFF3 
(monomer and dimer) and PDIA1, as well as 
impaired PDIA1 function in both rat and cell 
models of sepsis, suggesting that a lack of both 
may be an important factor in intestinal mucosal 
damage and impaired repair in sepsis, as 
impaired PDIA1 function may lead to decreased 
formation of TFF3 dimers, ultimately resulting in 
more intestinal damage and less repair. 

TFF3 in pediatric patients with sepsis 

In search of a new objective diagnostic marker 
for gastrointestinal failure, a pediatric intensive 
care unit in China studied serum TFF3 levels of 
children with MODS, where one group had 
gastrointestinal failure (GIF), and the other did 
not [41]. TFF3 levels were associated with both 
GIF and mortality. Serum TFF3 levels were 
nearly ten times higher in children with MODS 
and GIF than in children with MODS and without 
GIF, and they increased over time. In the group 
without GIF, serum TFF3 levels remained the 
same over time and were similar to those of the 
healthy control group. A total of 71% of the 
children with MODS, GIF, and high TFF3 died, 
compared with 32% of the children with normal 
TFF3 and without GIF. This suggests that early 
measurement of serum TFF3 levels in hospitals 
may serve as a prognostic factor, but, as the 
authors themselves note, the levels should be 
measured over a longer period in order to see 
exactly how they change. It should also be noted 
that this study was conducted in only one 
hospital in China; it would need to be confirmed 
in other facilities.  

A group from Brno [42] found that the serum 
TFF3 protein level can distinguish children with 
SIRS, sepsis, severe sepsis, septic shock, and 
MODS (according to the 2005 International 
Pediatric Sepsis Consensus Conference [49]) 
from control subjects, but the TFF3 level was not 
adequate for distinguishing between the stages 
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of septic state prior to the development of 
severe organ dysfunction. In all patients, the 
TFF3 level was significantly higher compared 
with the control group, and in MODS patients, it 
was significantly higher compared with the rest 
of the patients. No temporal effect on TFF3 
protein level was observed. 

The same group also examined TFF1 [43] and 
TFF2 [44] protein levels in the serum of septic 
children. They found that TFF1 levels did not 
discriminate between different septic states up 
to the development of significant septic shock 
and organ dysfunction, and TFF2 levels up to 
organ dysfunction, but the discriminatory power 
is too low to serve as a diagnostic tool. Both 
could be used to distinguish septic patients from 
controls, and TFF2 could additionally 
differentiate survivors from non-survivors, as its 
levels were significantly higher in non-survivors 
[43]. 

Interestingly, in a study focusing on biomarkers 
for distinguishing necrotizing enterocolitis (NEC) 
from septic bowel manifestations, no difference 
was found between preterm infants with sepsis 
and control groups [46]. NEC patients had 
significantly higher TFF3 levels than septic 
patients, and no association was found between 
TFF3 and nonspecific systemic inflammation 
indicators, which suggests that there exists only 
an association with intestinal damage, rather 
than the systemic inflammatory response [46]. In 
addition, TFF3 has been proposed as a potential 
new therapy for NEC because it was shown that 
treatment of rat NEC models with TFF3 
alleviated the intestinal tissue injury [45]. 

TFF3 in adult patients with sepsis 

A study was conducted on adult intensive care 
unit (ICU) patients diagnosed with sepsis [47]. 
The severity of the condition was determined 
using the APACHE II (acute physiology and 
chronic health evaluation) score [50], and the 
extent of organ dysfunction was determined 
using the SOFA (Sequential Organ Failure 
Assessment) score [51]. The ELISA assay was 
used for measurement of septic patients’ TFF3 
protein levels; they were measured on 
admission to the ICU and after 3 days of 

treatment in the ICU. Serum TFF3 levels were 
significantly higher in septic patients than in 
control subjects, and they increased with time. 
Patients with higher APACHE II scores had 
increased TFF3 concentrations, as did patients 
with higher SOFA scores. Patients with septic 
shock, which is defined as severe sepsis 
complicated with refractory arterial hypotension 
requiring fluid replacement and vaso¬pressors, 
had higher TFF3 levels than those with 
uncomplicated sepsis. While serum TFF3 levels 
on admission were only slightly higher in 
patients with a fatal outcome, TFF3 levels were 
significantly higher three days later in non-
survivors compared with survivors. High TFF3 
levels correlated with renal dysfunction, 
systemic inflammation, long ICU stay, and higher 
mortality. Overall, these results suggest that 
high serum TFF3 levels are associated with the 
severity of organ dysfunction and a worse 
prognosis for the septic patient. The researchers 
suggest that TFF3 could serve as a prognostic 
biomarker in the early stages of sepsis, but a 
larger-scale study is needed first.  

In a different study [52], serum TFF3 protein 
levels were determined in patients with 
abdominal sepsis, postoperative gastrointestinal 
patients, and healthy volunteers. TFF3 levels 
were elevated in patients with abdominal sepsis 
compared with healthy volunteers, as well as 
postoperative gastrointestinal patients (no 
differences were found in the latter two). In 
contrast to the study presented above [47], TFF3 
protein levels were maintained for four days in 
sepsis patients. Meanwhile, serum TFF3 levels in 
the postoperative group increased on day 2 and 
reached sepsis patients’ levels on day 4 post-op, 
suggesting that plasma TFF3 levels increase in 
response to GI injury of a larger extent or longer 
duration. TFF3 was higher in patients belonging 
to both the sepsis and the post-op group who 
were admitted with shock than those without 
shock. They found markedly increased TFF3 
levels in patients with three or more organs in 
failure, and a correlation with renal dysfunction. 
TFF3 levels were higher in abdominal sepsis 
patients with a fatal outcome; however, TFF3 
levels at admission were not a good predictor of 
survival.  
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Studies conducted on human subjects are 
summarized in Table 1.

Table 1. Summary of studies regarding TFF3 in the context of sepsis conducted so far on human subjects 

Patient 
subgroups 

Controls Method  Main findings of the study Biomarker 
potential 

Ref. 

Pediatric patients 
MODS 
patients with 
or without 
GIF  
 

Healthy 
controls 

ELISA of 
serum 
TFF3 

Higher serum TFF3 was 
associated with GIF and with 
mortality. 

Early 
measurement 
of serum TFF3 
levels may 
prove useful as 
a prognostic 
factor. 

[41] 

Patients with 
sepsis, 
severe 
sepsis, 
septic shock, 
and MODS  

Patients 
undergoin
g surgery 
without 
signs of 
infection 

quantitative 
enzyme 
immunoass
ay of serum 
TFF3 

All septic patients had higher 
serum TFF3 levels compared to 
controls with no signs of 
infection. 
MODS patients had higher TFF3 
levels than other patient groups. 
Higher TFF3 levels were 
associated with higher mortality. 
 

TFF3 levels 
could not 
differentiate 
between various 
septic conditions 
in patients until a 
marked organ 
dysfunction 
developed. 

[42] 

Adult patients 
Patients with 
sepsis and 
septic shock 

Healthy 
blood 
donors 

ELISA of 
serum 
TFF3 

TFF3 concentrations were much 
higher in sepsis patients than in 
healthy controls. 
High serum TFF3 levels were 
associated with the severity of 
sepsis and mortality.  
TFF3 levels were higher in 
septic shock than uncompli-
cated sepsis patients. 

Serum TFF3 
might serve as a 
potential 
prognostic 
biomarker in the 
early phase of 
sepsis.  
 

[47] 

Abdominal 
sepsis,  
postoperativ
e 
gastrointesti
nal patients  

Healthy 
volunteer
s 

Luminex 
multiplex 
assay of 
serum 
TFF3 

TFF3 levels were elevated in 
patients with abdominal sepsis 
compared with healthy 
volunteers, as well as 
postoperative gastrointestinal 
patients. 
TFF3 was higher in patients 
belonging to both the sepsis 
and the post-op group who 
were admitted with shock than 
those without shock.  
TFF3 levels were higher in 
abdominal sepsis patients with 
a fatal outcome.  

TFF3 levels at 
admission were 
not a good 
predictor of 
patient survival. 

[52] 
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The potential of TFF3 as a biomarker for sepsis 

Research to date has only scratched the surface 
of the issue of TFF3 in the context of sepsis. 
Although the exact mechanisms and details 
remain to be elucidated, it is evident from both 
rodent and human data that TFF3 is involved in 
the pathophysiology of sepsis. In rodent models, 
lower intestinal TFF3 levels were associated 
with septic conditions and decreased intestinal 
repair, while in humans, higher serum TFF3 
levels correlated with disease severity. It is 
difficult to compare the currently available 
human and rodent data since they are scarce, 
describe different things, and so far do not offer 
any mechanistic explanations. A link between 
TFF3 and sepsis possibly lies in sepsis-induced 
dysfunction of the intestinal barrier. Intestinal 
permeability and apoptosis [9], as well as both 
pro- and anti-inflammatory cytokine production 
[53] are the hallmarks of sepsis. TFF3 is essential 
for intestinal epithelial restitution [23], and it 
preserves the integrity of the intestinal barrier by 
inhibiting apoptosis induced by inflammation 
[32]. The expression of TFF3 can be regulated by 
inflammatory signals and vice versa [54]. The 
association between TFF3 activation and some 
known interleukins produced in sepsis, such as 
IL-6 [55,56], IL-10 [57], IL-8 [58,59], TNF α [60], 
IFN γ, and IL-12 [61], was previously reported. 
Perhaps a balance between cytokine and TFF3 
activation in sepsis determines the progression 
and outcome of the disease. 

The major limitation of sepsis research 
conducted so far were the small and 
demographically homogeneous patient groups 
for such a heterogeneous disease. Further and 
more extensive studies are needed to explore 
the molecular role of TFF3 in the pathogenesis 
of sepsis, the mechanisms of intestinal damage 
and repair, the immune response, apoptosis, and 
the temporal evolution of its effect. It remains to 
be seen whether sepsis promotes TFF3 
production or whether TFF3 promotes sepsis 
progression, and at what stage of the disease it 
makes the greatest contribution. Based on the 
information available to date, TFF3 is not a good 
biomarker for sepsis in general, but further 
research into its potential for predicting disease 
severity and outcome, as well as organ 
dysfunction, may lead to finding specific patient 
populations or stages of sepsis for which it is 
appropriate. 
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Abstract 
Aim. Comorbidities pose a major challenge for 21st century medicine. The mutual pathophysiological 
effect of one disease on another can significantly affect their course and prognosis. The aims of this 
study were to examine the frequency of comorbidities and the most common psychiatric and 
somatic comorbidities and to determine the difference in the incidence of certain diseases by gender 
and age. 
Methods. Data were recorded in several groups: demographic characteristics, psychiatric and 
somatic diagnoses classified according to gender, age, and the legally determined ability to work, 
and correlations of somatic and psychiatric diagnoses.  
Results. The most common psychiatric diagnoses in men were post-traumatic stress disorder (PTSD) 
(25%) and alcoholism (23%), while in women these were recurrent depressive disorder (19%) and 
psychosis (10%). A statistically significant difference was found in the incidence of alcoholism and 
PTSD, which are more common in men than in women. The most common somatic diseases in both 
sexes were arterial hypertension (M = 33%, F = 46%) and diabetes mellitus (M = 18%, F = 32%). 
Statistically significant differences were found in the frequency of hypertension (p = 0.03) and 
epilepsy (p = 0.002), which are more common in men. The ratio alcoholism-hypertension (p = 0.03), 
alcoholism-diabetes (p < 0.0001), alcoholism-COPD (p < 0.001) was statistically significant.  
Conclusion. It is extremely important to improve the multidisciplinary approach and cooperation in 
treatment in order to reduce the number of hospitalizations, emergency interventions and suicides 
and to improve the patients’ quality of life and life expectancy. 
 

(Marušić R, Levaković A, Degmečić D, Bačun T*. Comorbidity of Somatic Illnesses on People With 
Treated Mental Disorders – A New Challenge in Medicine. SEEMEDJ 2022; 6(2); 54-66) 
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Introduction 

Comorbidity indicates the presence of two or 
more different diseases or disorders 
simultaneously and poses a major challenge for 
21st century medicine (1). People with a chronic 
physical illness are 1.5 to 2 times more likely to 
develop a mental disorder (2). 

It is estimated that 25% of the general population 
has some form of mental disorder. Of these, as 
many as 68% have one or more physical 
comorbidities (3). Due to the extended average 
lifespan, the prevalence of multimorbidity is 
increasing; in Australia, it is 75% for people aged 
65 to 74 and over 80% for people aged 75 and 
above. A study conducted in Ontario showed a 
multimorbidity of 7 to 35 % in people between 
the ages of 18 and 65 (4). In Croatia, the 
prevalence of multimorbidity is 79.8 % for people 
over 65 (5).  

Mental disorders are a major public health 
problem that has a significant impact on the 
health of people with chronic diseases and can 
change the course of their illness and their 
prognosis. Depression is present in 40% of 
people with hypertension; the prevalence is 
36.6% in men and as much as 63.4% in women. In 
somatically healthy individuals with depressive 
disorder, the risk of coronary heart disease is 
increased 1.5- to 2-fold, while in individuals with 
coronary heart disease, the risk of myocardial 
infarction is increased 1.5- to 4.5-fold (2). Some 
studies show that the prevalence of depressive 
disorders in people with diabetes ranges from 8 
to 15% (6). Only 25% to 50% of people with 
diabetes who suffer from depression get 
diagnosed and treated (7). The risk of 
complications of the disease is increased as 
much as 4 times due to the reduced ability to 
regulate glucose metabolism (1, 8). Other studies 
show that as many as 47.6% of young people 
with insulin-dependent diabetes develop a 
mental disorder after ten years, most often one 
year after diagnosis (2). 

The cost of hospital treatment of patients with 
comorbid depression was increased 1.5-fold 
compared with other patients. The positive 

correlation of psychological comorbidities with 
the length of hospital stays, doctor visits, and 
longer  sick leave has also been proven, which 
leads to a reduced quality of life and higher 
treatment costs (2).  One study showed that 
every fifth person in physical rehabilitation 
suffers from a comorbid mental disorder. This 
has an adverse effect on the outcome of 
rehabilitation due to the patient’s reduced 
motivation, cooperation, and active participation 
in the rehabilitation process (9). 

Due to the high incidence of comorbidities of 
physical and mental illnesses, it is important to 
conduct preventive examinations, personalized 
pharmacotherapy and psychotherapy, and 
educational programs for medical professionals. 
An integrative approach and timely recognition 
and treatment can reduce mortality, morbidity, 
and overall treatment costs (10). 

The aims of our research were to examine the 
frequency of comorbidities and the most 
common psychiatric and somatic comorbidities 
and to determine the difference in the incidence 
of certain diseases by gender and age. 

Patients and methods 

Patients and study design 

The research was organized as a cross-sectional 
study with historical data. It was approved by 

the Ethics Committee of the Faculty of Medicine 
Osijek, Josip Juraj Strossmayer University 

in Osijek. The study was conducted on 137 
subjects who were hospitalized at the Clinic for 
Psychiatry of the Clinical Hospital Center Osijek. 
Data were collected from the hospital 
information system of the Clinical Hospital 
Center Osijek over a period of one year. Inclusion 
criterion was diagnosis of any somatic illness in 
psychiatric patients. 

Methods 

Data were categorized in several groups: 
demographic characteristics of respondents, 
psychiatric and somatic diagnoses classified 
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according to gender, age, and the legally 
determined ability to work (up to 65 years), and 
correlations of somatic and psychiatric 
diagnoses. To examine the correlation between 
somatic and psychiatric diagnoses, only 
diagnoses for which frequency was higher than 
3% (N ≥ 7 for psychiatric, N ≥ 5 for somatic 
diagnoses) in total population and somatic 
diagnoses that are applicable in both genders 
came into consideration. 

Statistical analysis 

R software was used to perform statistical 
analysis of the collected data. Descriptive data 
are expressed in frequency and share for 
nominal variables and arithmetic and standard 
deviation for numerical variables that have a 
normal distribution. The normality of distribution 
was examined using the Kolmogorov-Smirnov 
test. Differences of category variables were 
tested by binomial, χ2, and Fisher’s exact test, 

and the degree of correlation was examined by 
the φ test. Differences of numerical variables 
with normal distribution were tested by 
Student’s t-test. The level of statistical 
significance was set at p < 0.05. 

Results 

The study included 137 respondents, of whom 
95 (70%) were men and 42 (30%) were women. 
The mean age of men was 55.9 ± 12.1 (22 to 87) 
and women 56.9 ± 13.5 (16 to 80). Of the 137 
respondents, 2% were aged between 18 and 30, 
76% were between 30 and 65, and 23% were 
over 65. A statistically significant difference was 
found in the number of respondents by sex, in 
the group aged 35 to 65 years (p < 0.0001). 
Respondents were divided according to 
employment into employed, unemployed, and 
retired ones: A statistically significant difference 
was found between retired men and women (p 
< 0.0001) (Table 1). 

Table 1. Demographic characteristics of respondents 
 

   
  Male Female Total p   

Age 55.9+12,2 56.9+13,5   0.68   

Age category           

16-30 2(20%) 1(2%) 3(2%) 0.56   

30-65 73(77%) 30(71%) 103(76%) < 0.0001 

  

65 + 20(20%) 11(26%) 31(23%) 0.15 

Employment status         

         Employed 15(16%) 3(7%)  18(13%) < 0.05 

         Unemployed 22(23%) 16(39%) 38(28%) 0.41 

         Retired 57(60%) 22(54%) 79(59%) < 0.0001 

 
 

The most common psychiatric diagnoses in men 
were post-traumatic stress disorder (PTSD) 
(25%), alcoholism (23%), recurrent depressive 
disorder (13%), while in women the most 
common ones were recurrent depressive 
disorder (19%), psychosis (10%), alcoholism, 

PTSD, and anxiety-depressive disorder (7%). A 
statistically significant difference was found in 
the incidence of alcoholism and PTSD, which 
were more common in men than in women 
(Table 2).
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Table 2. Psychiatric diagnoses of respondents 
  Male Female Total p   

Alcoholism 33(23%) 4(7%) 37(18%) < 0.0001 

  

Recurrent depressive disorder 18(13% 11(19%) 29(14%) 0.26 

PTSD* 35(25%) 4(7%) 39(19%) < 0.0001 

Psychoorganic syndrome 7(5%) 2(3%) 9(4%) 0.18 

Anxiety-depressive disorder 3(2%) 4(7%) 7(3%) 1 

Psychosis 8(6%) 6(10%) 14(7%) 0.79 

Another inorganic psychotic disorder 1(1%) 0(0%) 1(0%)   

Pervasive developmental disorder 0(0%) 1(2%) 1(0%)     

Mild mental retardation 4(3%) 1(2%) 5(2%) 0,27   

Delirium tremens 3(2%) 0(0%) 3(1%)   

  

Organic insane disorder 1(1%) 3(5%) 4(2%) 0,62 

Schizophrenia 6(4%) 3(5%) 9(4%) 0.5 

Borderline depressive decompensation 4(3%) 3(5%)  7(3%) 1 

Depressive disorder 10(7%) 3(5%) 13(6%) 0.09 

Bipolar affective disorder 2(1%) 4(7%) 6(3%) 0.68 

Crisis  1(1%) 4(7%) 5(2%) 0.37 

OCD* 3(2%) 0(0%) 3(1%)   

Schizoaffective disorder 2(1%) 3(5%) 5(2%) 1 

Organic emotionally labile disorder 0(0%) 3(5%) 3(1%)   

Anorexia nervosa 1(1%) 0(0%) 1(0%)   

*PTSD – Post-traumatic stress disorder, OCD – Obsessive-compulsive disorder 

 

Of the somatic diagnoses, the most common 
diagnoses in both sexes were arterial 
hypertension (M = 33%, F = 46%), diabetes 
mellitus (M = 18%, F = 32%) and epilepsy (M = 15%, 

F = 8%). Statistically significant differences were 
found in the frequency of arterial hypertension 
(p = 0.03) and epilepsy (p = 0.002), which were 
more common in men (Table 3).
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   Table 3. Somatic diagnoses of respondents 
  Male Female Total p   

Arterial hypertension 41(33%) 23(46%) 64(36%) 0.03 

  

Diabetes mellitus 23(18%) 16(32%) 39(22%) 0.34 

Epilepsy 19(15%) 4(8%) 23(13%) 0.002 

COPD* 5(4%) 2(4%) 7(4%) 0.45 

Liver cirrhosis 1(1%) 0(0%) 1(1%)   

Gastric ulcer 2(2%) 0(0%) 2(1%)   

Pneumonia 2(2%) 0(0%) 2(1%)   

Hashimoto's thyroiditis 0(0%) 1(2%) 1(1%)     

Multiple sclerosis 1(1%) 0(0%) 1(1%)     

Lumbosacral pain 2(2%) 0(0%) 2(1%)   

  

Esophagitis 0(0%) 0(0%) 0(0%)   

Chronic gastritis 5(4%) 0(0%) 5(3%)   

Venous ulcer 1(1%) 0(0%)  1(1%)   

Pulmonary embolism 0(0%) 1(2%) 1(1%)   

NHL* 1(1%) 0(0%) 1(1%)   

Angina pectoris 3(2%) 0(0%) 3(2%)   

Esophageal cancer 1(1%) 0(0%) 1(1%)   

Psoriasis 4(3%) 0(0%) 4(2%) 1 

Prostate hyperplasia 5(4%) 0(0%) 5(3%)   

Parkinson’s disease 3(2%) 0(0%) 3(2%)  

Acute renal failure 1(1%) 0(0%) 1(1%)   

Cystitis 1(1%) 0(0%) 1(1%)   

Hepatitis 1(1%) 0(0%) 1(1%)   

Cervicobrachial syndrome 0(0%) 1(2%) 1(1%)   

GERD* 1(1%) 0(0%) 1(1%)   

SLE* 0(0%) 2(4%) 2(1%)   

Urine retention 1(1%) 0(0%) 1(1%)  

Hodgkin’s disease 1(1%) 0(0%) 1(1%)  

*COPD – Chronic obstructive pulmonary disease, NHL – Non-Hodgkin's lymphoma, GERD – Gastroesophageal reflux disease, 

SLE – Systemic lupus erythematosus 

Since we were interested in the frequency of 
psychiatric diagnoses among respondents, we 
divided them into groups based on their 
employment status and age. The most common 
illness-related psychiatric diagnoses among 
retired respondents were recurrent depressive 

disorder (31%), PTSD (26%), and alcoholism (12%). 
Unemployed respondents were most often 
diagnosed with alcoholism (25%), recurrent 
depressive disorder (16%), and PTSD (14%). 
Similar diagnoses were most common among 
employed respondents: alcoholism (33%) and 
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PTSD (11%). χ2 showed a significant statistical 
difference in the number of patients with PTSD 
and recurrent depressive disorder among 

retired, unemployed, and employed 
respondents under the age of 65 (Table 4). 

 

Table 4. Psychiatric diagnoses according to the employment status 

  Retired   Unemployed Employed   

  > 65 < 65 > 65 < 65 p 

Alcoholism 5(12%) 10(12%) 13(25%) 9(33%) 0.8 

Psychosis 5(12%) 0(0%) 4(8%) 2(7%)   

PTSD* 2(5%) 21(26%) 7(14%) 3(11%) 0.0004 

Schizophrenia 2(5%) 5(16%) 2(4%) 0(0%)   

Borderline depressive decompensation 0(0%) 3(4%) 2(4%) 2(7%) 0.98 

Depressive disorder 5(12%) 2(2%) 5(10%) 2(7%) 0.63 

Bipolar affective disorder 0(0%) 4(5%) 1(2%) 1(4%) 0.5 

Mixed anxiety-depressive disorder 0(0%) 3(4%) 3(6%) 1(4%) 0.85 

Recurrent depressive disorder 5(12%) 25(31%) 8(16%) 2(7%) < 0.0001 

Organic emotionally labile disorder 3(7%) 0(0%) 0(0%) 0(0%)   

Mild mental retardation 0(0%) 2(2%) 0(0%) 1(4%)   

Crisis 1(2%) 1(1%)  1(2%) 287%) 0.96 

Psychoorganic syndrome 10(24%) 5(6%) 0(0%) 0(0%)   

Organic delusional disorder 2(5%) 0(0%) 1(1%) 1(4%)   

Anorexia nervosa 0(0%) 0(0%) 1(2%) 0(0%)   

Schizoaffective disorder 0(0%) 0(0%) 4(8%) 0(0%)   

Pervasive developmental disorder 0(0%) 0(0%) 0(0%) 0(0%)   

Delirium tremens 1(2%) 0(0%) 0(0%) 1(4%)   

OCD* 0(0%) 0(0%) 0(0%) 0(0%)   

            
*PTSD – Post-traumatic stress disorder, OCD – Obsessive-compulsive disorder 

 



SEEMEDJ 2022, Vol 6, No 2 Somatic Illnesses and Mental Disorders Treatment 

60 Southeastern European Medical Journal, 2022; 6(2) 
 

 

Figure 1. Correlation of somatic and psychiatric diagnoses 
* PTSD – Post-traumatic stress disorder, COPD – Chronic obstructive pulmonary disease 
 

With the aim of roughly determining the 
correlation of somatic and psychiatric 
diagnoses, a graph was made to reflect that 
correlation (Figure 1). 

We took the most significant diagnoses from the 
graph and made a matrix in which we tested the 
statistical significance and correlation of the 
most common diagnoses:  

1. Psychiatric diagnoses: alcoholism, recurrent 
depressive disorder, PTSD, mixed anxiety-
depressive disorder, schizophrenia, depressive 
disorder 

2. Somatic diagnoses: hypertension, diabetes 
mellitus, epilepsy, COPD, gastritis. 

The ratios alcoholism-hypertension (p = 0.03), 
alcoholism-diabetes mellitus (p < 0.0001), 
alcoholism-COPD (p < 0.001) were statistically 
significant, which means that respondents 
treated for alcoholism had a lower risk for 
hypertension, diabetes, and COPD, although the 
correlation was almost equal to zero (Φ1 = 0.03, 
Φ2 = 0, Φ3 = 0.004) (Table 5). 
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Table 5. Correlation of somatic and psychiatric disorders 

 
       HYPERTENSION   DIABETES MELLITUS   EPILEPSY     COPD     GASTRITIS 

    
Yes No p φ   Yes No p φ Yes No p φ   Yes No p Φ   Yes No p 

  Yes        12 25    5 32   14 23    1 36    2 35   

Alcoholism    0.03 0.03   
<0.000
1 0.18 0.18    

<0.00
1 0.004    

0.6
2 

  No 52 45    59 38   50 47    6 92    1 94   
                          

Recurrent Yes 15 14    8 21   1 28    3 26    2 27   

depressive    0.678    1    0.03 0.03  0.17     0.3 

disorder No 49 56    31 74   22 83    4 
10

1    3 102   
                          

  Yes 20 19    12 27   5 34    3 36    2 37   

PTSD    0.7     0.84    0.46    0.41     0.63 

  No 44 51    27 68   18 77    4 91    3 92   

                        

Psychoorga
nic  Yes 6 3    4 5   1 8    0 9    1 8  

syndrome    0.31     0.45    1          0.29 

 No 58 67    35 90   22 103    7 
11
8    4 121  

                          
Mixed 
anxiety- Yes 5 2    4 3   0 7    1 6    0 7   

depressive    0.26     0.19         0.32       

disorder No 59 68    35 92   23 
10
4    6 

12
1    5 122   

                          

  Yes 5 4    3 6   1 8    0 9    0 9   

Psychosis    0.74     0.72    1            

  No 59 66    36 89   22 
10

3    7 
11
8    5 120   

                          
  Yes 2 6    3 5   1 7    1 7    0 8   
Schizophren
ia    0.28     0.69    1     0.36       

  No 62 64    36 90   22 
10
4    6 

12
0    5 121   

Borderline Yes 4 3    1 6   1 6    2 6    0 7   

depressive    0.7     0.67    1     0.056       
decompens
ation No 60 67    38 89   22 

10
5    5 

12
1    5 122   

                          

Depressive Yes 8 4     2 10   2 10    1 11    0 12   

disorder     0.23     0.5    1     0.49      

 No 56 66    37 85   21 
10

1    6 
11
6    5 117   

Bipolar Yes 2 4    2 4   2 4    0 6    0 6   

affective    0.69     1    0.27           

disorder No 62 66       37 91     21 
10

7       7 
12

1       5 123   

* PTSD – Post-traumatic stress disorder, COPD – Chronic obstructive pulmonary disease 

 

Discussion 

Comorbidities of physical and mental disorders 
occur with high frequency, and they are most 
often present in people over 65 years of age. In 
this study, a statistically significant difference 
was found in the incidence of PTSD and 
alcoholism in men and women; they were 
significantly more common in men, while 

recurrent depressive disorder was more 
common in women. 

In our research, PTSD is almost four times more 
common in men. It is estimated that 3 to 6% of 
the population suffers from PTSD. Seeing as 
some studies show that about 49.8% of people 
who were in the war develop PTSD, these 
findings can be related to the Croatian War of 
Independence in the early 1990s. PTSD was 
most often diagnosed in retired respondents 
under the age of 65 (26% of respondents), which 
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we can also attribute to the recent Croatian war 
history. Although several studies show 
increased incidence of somatic diseases in 
patients who suffer from PTSD, our study did not 
show a statistically significant correlation 
between PTSD and certain somatic diseases (11, 
12, 13). One of the possible reasons could be a 
small number of participants in our study. PTSD 
is often associated with physical comorbidities 
ranging from nonspecific dizziness, tinnitus, and 
blurred vision to chronic pain, diabetes, 
cardiovascular, respiratory, and gastrointestinal 
diseases. There is also increased risk of cancer, 
arthritis, autoimmune and inflammatory 
diseases. In our study, the most common 
somatic disease in patients with PTSD was 
hypertension. A high ratio of patients with PTSD 
have unhealthy lifestyles and habits such as 
heavy smoking, low physical activity, and 
obesity, which lead to development of vascular, 
degenerative, and other types of somatic 
disorders (14).  As many as 80% of people have 
at least one mental disorder with PTSD, the most 
common being depressive disorder, generalized 
anxiety disorder, and addictive disorder. Due to 
non-cooperation, the frequency of 
hospitalizations and relapses is high (15). 
Therefore, it is important to identify individuals 
suffering from this disease, encourage them to 
cope with the problem, and take care of their 
mental and physical health to avoid further 
consequences and comorbidities (16). 

In our study, the most common mental disorder 
in women was recurrent depressive disorder 
(19%). The most common comorbidity with a 
recurrent depressive disorder was hypertension 
(4). Studies have shown that individuals with 
depression are more likely to develop 
hypertension, strokes, and ischemic heart 
disease. There is a pathophysiological 
connection between depression and 
hypertension because both disorders are 
characterized by increased sympathetic tone 
and increased secretion of adrenocorticotropic 
hormone and cortisol. Moreover, depressed 
patients may have difficulty adhering to their 
therapy regimen, resulting in poor blood 
pressure control (17). The prevalence of 
depression is 10 to 15%, with over 350 million 

people currently affected. Risk factors for 
developing depression disorder include 
stressful events, genetic predisposition, 
disability, illness, previous treatment for 
depression disorder and sleep problems. 
Somatic chronic diseases increase the risk of 
developing depression due to reduced quality 
of life, difficulty coping with diagnosis, pain, and 
rejection of the environment (4). Also, the 
prevalence of depression in people who suffer 
from at least one chronic illness is 9.3 to 23% and 
differs greatly from people who do not suffer 
from any chronic disorder (3.2 %). Increased 
prevalence of depressive disorders has been 
noticed in people suffering from cardiovascular 
diseases (17-27%), diabetes (11-31%), and arthritis 
(10-24%) (4, 17). 

In this research, 25% of men and 7% of women 
were treated for alcoholism. It is estimated that 
43% of the world's population consumes alcohol 
(18). In Croatia, about 6% of the population 
suffers from alcohol dependence, which 
amounts to about 250,000 people (19). Spirits 
(44.8 %) and beer (34.3 %) are most often 
consumed. Alcoholism is twice as common in 
men than in women, with the highest frequency 
between the ages of 20 and 24 (18). Alcoholics 
have twice the risk of developing other mental 
illnesses; these are most often anxiety disorders, 
affective disorders, personality disorders. 
Psychiatric disorders are thought to precede the 
development of alcoholism, except for 
obsessive-compulsive disorder and depression, 
which occur after alcohol use disorder (20). In 
addition, there is also a great link with various 
physical comorbidities.  

In our study, the most common somatic 
diseases in patients treated for alcoholism were 
epilepsy and hypertension. Alcohol has a 
significant effect on the central nervous system, 
leading to symptoms of mania, depression, and 
epileptic seizures. Chronic alcohol consumption 
is related to multiple central and peripheral 
nervous system dysfunctions due to the direct 
action of alcohol or its derivatives and vitamin 
deficiencies associated with alcoholism (21). 
According to data from 2012, alcohol 
consumption was associated with 5.5% of 
cancers (7.2% in men and 3.5% in women) and 
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with 5.8% of deaths in oncological patients (22). 
The most common cancers associated with 
alcohol use are cancers of the oral cavity, 
pharynx, larynx, esophagus, liver, breast, and 
colon. The carcinogenic potential is linearly 
dependent on the amount of consumed alcohol 
(23). Alcohol consumption has a dual effect on 
the cardiovascular system; it has a 
cardioprotective effect in small doses (one 
standard drink), but it is harmful in large doses 
(24). The consumption of two standard drinks is 
considered to have a protective effect in 
diabetes mellitus but consuming four standard 
drinks a day results in negative effects. Since 
most of the alcohol is metabolized in the liver, 
liver diseases are not uncommon; chronic liver 
diseases that lead to cirrhosis are the most often 
(25). Primary alcoholic dementia accounts for 
10% of all dementias (26). 

Arterial hypertension is the most common 
somatic disease in this study. It affected 33% of 
men and 46% of women, a total of 36% of the 
respondents. Hypertension and coronary heart 
disease cause significant morbidity in patients, 
reduce the quality of life, and increase treatment 
costs. Psychosocial factors that lead to anxiety 
disorders play a role in the development of 
hypertension. Increased autonomic excitation 
via the hypothalamic-pituitary axis leads to an 
increase in circulating catecholamines, which 
increases the risk of hypertension and 
proinflammatory conditions, which in turn leads 
to the development of coronary heart disease 
(27). Also, hypertension intensifies symptoms of 
anxiety and the frequency of panic attacks. In 
one study, a significantly higher incidence of 
panic attacks was noticed in patients with 
hypertension (17%) compared to normotensive 
patients (11%) (28). Other anxiety disorders are 
also common; monitoring cardiac activity or 
avoiding certain activities often results in 
reduced quality of life in patients with 
hypertension (29). 

Diabetes mellitus is the second most common 
somatic diagnosis in our respondents (22%). We 
found a higher incidence in women (32%) than in 
men (18%). 30% of patients with diabetes suffer 
from a mental disorder. Patients with 
schizophrenia are two to four times more likely 

to develop diabetes compared to the general 
population (30). The prevalence rates of 
depression and anxiety are significantly higher in 
diabetics; some studies have reported that the 
risk is increased by as much as 50-100%. The 
correlation is two-way, depression disorder 
results from years of uncontrolled or poorly 
controlled diabetes. Depression disorder, on the 
other hand, activates neurohormonal and 
neurotransmitter changes that stimulate the 
hypothalamic-pituitary axis and the adrenal 
gland, which releases more cortisol and other 
hormones responsible for insulin resistance (30, 
31). The prevalence of diabetes in depressed 
adult patients is significantly higher in women 
than in men. A study conducted in Saudi Arabia 
reported that 37% of patients with type 1 
diabetes mellitus, 37.9% of patients with type 2 
diabetes mellitus, and 13.6% of patients with 
gestational diabetes suffer from depression. 
Another study reported that 46.15% of patients 
have these comorbidities, of which 36.7% suffer 
from severe depression. What is more, levels of 
glycosylated hemoglobin (HbA1c) are 
significantly higher in people with depression 
compared with those who do not suffer from it 
(30). 

Epilepsy affected 15% of men and 8% of women, 
a total of 13% of respondents. It is estimated that 
the most common mental illness in comorbidity 
with epilepsy is depression, and its incidence is 
about 35%. In patients in whom epilepsy is poorly 
controlled, the incidence is about 50%, while in 
patients with well-controlled seizures it is about 
10 to 20% (31). One study showed that 16.7% of 
patients with epilepsy have some sort of anxiety 
disorder; most people had frequent panic 
attacks (81.2%). Older age of patients and later 
onset of epileptic seizures are associated with a 
higher incidence of anxiety disorders (32). 

Comorbidities of physical and mental illnesses 
are a major challenge in medicine. The mutual 
pathophysiological effect of one disease on 
another can significantly affect the course and 
prognosis of the disease. Due to the diverse 
symptoms experienced by people with 
multimorbidity, diagnoses are often missed, 
which can lead to major consequences. It is 
extremely important to improve cooperation in 
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treatment and the multidisciplinary approach to 
the patient in order to reduce the number of 
hospitalizations, emergency interventions, 
suicides and improve the patients’ quality of life 
and life expectancy. 
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Abstract 
 

Aim: This study aimed to evaluate serum levels of 25-OH D3 (calcidiol) among students of the Faculty 
of Medicine Osijek, Croatia, thereby determining to what extent vitamin D deficiency is present. 
 
Methods: The present cross-sectional analysis was based on data collected from 60 participants. 
Blood sampling was done in March 2021. Concentrations of 25-OH D3 were measured using LC/MS-
MS procedure on Shimadzu LCMS 8050 and RECIPE kit for serum levels of 25-OH-D3. 
 
Results: The study was conducted on a sample of 60 respondents aged 19 to 28, of whom 16 were 
men and 44 were women. All subjects had a 25-OH D3 deficiency (<20 ng/ml), while 11 had an 
extreme deficiency. Mean 25-OH D3 concentration was 11.36 ng/ml, ranging from 7.70 ng/ml to 16.70 
ng/ml. There was no statistical significance of 25-OH D3 concentration levels between the sexes 
(Student’s t-test, P>0.05). 
 
Conclusion: Vitamin D deficiency was detected in all subjects. In addition to the results of several 
other studies conducted worldwide that evaluated vitamin D status among medical students, this 
study further highlights the problem affecting this student subgroup. 
 

(Vidović S*, Debeljak Ž, Bačun T, Viland S, Zjalić M, Heffer M. Vitamin D Deficiency Among Medical 
Students in Osijek, Croatia. SEEMEDJ 2022; 6(2); 67-74) 
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Introduction 

Over the past decade, there has been a growing 
number of studies focusing on vitamin D and its 
roles in human health and disease. Initially, it was 
thought to be only essential for rickettsial 
disease prophylaxis; however, contemporary 
research suggests the importance of vitamin D 
in maintaining individuals' well-being and overall 
health (1,2). 
The active form of vitamin D, 1,25-
dihydroxycholecalciferol (1,25-OH D3), has a 
pivotal role in maintaining mineral homeostasis 
and enhancing absorption of calcium and 
phosphate into the extracellular fluid by acting 
on the intestines, kidneys, and bones. Therefore, 
it regulates bone growth and reorganization by 
interfering with the activity of osteoclasts and 
osteoblasts (3).  
Vitamin D receptors are expressed in almost all 
cell types, which may explain the multiple 
actions of vitamin D on different tissues (4). 
Although the proportion of the role of vitamin D 
and its effects on non-skeletal health is still 
debatable, it is associated with regulation of the 
innate and adaptive immune systems, reduction 
of inflammation, cell proliferation and 

differentiation, insulin and glucose secretion 
regulation, preventive effects on cardiovascular 
and neurodegenerative diseases, and even 
antiaging effects (5–9). 
For most people, the primary source of vitamin 
D is skin exposure to ultraviolet radiation, 
specifically UVB rays, where 7-
dehydrocholesterol is converted to pre-vitamin 
D3 in the skin during exposure to UVB rays (10). 
However, it can also be obtained through diet 
and dietary supplements (11).    
Vitamin D testing has increased significantly in 
recent years, establishing the presence of 
vitamin D deficiency on a pandemic scale 
worldwide (12). It is estimated that more than a 
billion people worldwide have low vitamin D 
levels, with extensive observational data 
indicating that 40% of the European population 
and 24% of the US population have 25-OH D3 
below 20 ng/ml (13).  
Vitamin D deficiency can be diagnosed by 
measuring serum levels of 25-hydroxyvitamin 
D3 (14,15). Although there is no consensus on 
optimal levels of 25 OH-D3, most guidelines 
suggest that concentrations below 20 ng/mL 
indicate vitamin D deficiency (16). (Table 1).  
 

Table 1. Recommended serum levels of 25-OH D3 for verification of deficiency and adequate levels 
of vitamin D; according to Croatian Guidelines for the Prevention, Detection and Therapy of Vitamin 
D Deficiency in Adults (11). 

25-OH D3 (ng/mL) Interpretation 

<10 ng/mL Extreme deficiency of vitamin D 

<20 ng/mL Deficiency of vitamin D 

<30 ng/mL Insufficiency of vitamin D 

≥30 ng/mL Adequate level of vitamin D 

>100 ng/mL Excess 

>150 ng/mL Intoxication 
 

In 2016, Guidelines for Preventing, Detecting and 
Treating Vitamin D Deficiency in Adults were 
issued in Croatia, according to which 
recommended levels of 25-OH D3 are between 
30 and 100 ng/ml (17). 

Numerous conditions are associated with 
vitamin D deficiency, such as chronic diseases, 
obesity, and malabsorption syndromes. It also 
occurs during pregnancy. In addition, skin 
pigmentation, clothing style, diet, sunscreen 
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use, the season of the year, and latitude can also 
affect vitamin D synthesis and its serum levels, 
potentially leading to its deficiency, which 
increases the risk of developing skeletal and 
non-skeletal diseases (11,18). 
This study was aimed at evaluating serum levels 
of 25-hydroxyvitamin D3 among medical 
students of the Faculty of Medicine Osijek in 
March 2021, thereby also determining to what 
extent vitamin D deficiency might be present 
among future healthcare professionals. They are 
potentially at a greater risk of developing 
hypovitaminosis D due to their work-related 
lifestyle,  which could be even aggravated by 
the currently present COVID-19 pandemic. 
 

Material and methods 

The present cross-sectional analysis was based 
on data from 60 participants aged 19 to 28. Blood 
sampling was done in March 2021 at the Faculty 
of Medicine in Osijek and then analyzed at the 
Clinical Hospital Center Osijek, Croatia. Informed 
consent was obtained from all study 
participants. The research was approved by the 
Ethics Committee of the Faculty of Medicine 
Osijek, University of Osijek (Class: 602-04/22-
08/02. No: 2158-61-46-22-149). 

Subjects' blood was drawn into round bottom, 
polystyrene test tubes, 14 mL, 17 x 100 mm 
(Becton Dickinson, Croatia) to separate serum 
from cells. The blood was centrifuged at 3000 
rpm for 10 minutes. After centrifugation, the 
serum was separated into other tubes using 
disposable tubes, which were stored in a 
refrigerator at -20 ° C until analysis. According to 
the manufacturer's instructions (Shimadzu 
Corp.), the sample was analyzed on an LCMS-
8050 analyzer. The LCMS-8050 analytical 
system (Shimadzu, Japan) itself consists of 
NEXERA X2 HPLC (high-performance liquid 
chromatography) system  connected to a mass 
spectrometer (MS). The LC-MS / MS method is 
characterized by high sensitivity, specificity, and 
the possibility of simultaneous analysis of 
multiple analytes. It is considered the gold 
standard for determining vitamin D 
concentration in serum. 

Statistical analysis 

Numerical data was described by arithmetic 
mean and standard deviation. Normality of 
distribution of numerical variables was 
determined by using the D'Agostino-Pearson 
test. Differences in normally distributed 
numerical variables between two independent 
groups were assessed by using the Student's t-
test. All P values were two-sided. The 
significance level was set to Alpha = 0.05. The 
MedCalc Statistical Software version 20.106 was 
used for statistical analysis 
(https://www.medcalc.org/). 

 

Table 2. Sample age, gender and 25-OH D3 
concentrations (ng/ml) (N=number, 
SD=standard deviation). 

Total number of 
participants 

60 

Male 16 
Female 44 

Male: female (ratio) 1:2.75 
Age (males), mean(SD) 21.9(1.2) 

Age (females), mean(SD) 21.7(2.2) 
Age (years), mean(SD) 21.9(1.2)   

25-OH D3 levels (ng/ml) 
 

N 60 
Mean ±SD 11.37(1.59) 
Minimum 7.67 
Maximum 16.68   

25-OH D3 levels; males 
(ng/ml) 

 

N 16 
Mean (SD) 11.13(1.69) 
Minimum 7.67 
Maximum 13.78   

25-OH D3 levels; 
females (ng/ml) 

 

N 44 
Mean (SD) 11.46(1.53) 
Minimum 8.29 
Maximum 16.68 

 

https://www.medcalc.org/
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Results 

The study was conducted on a sample of 60 
respondents aged 19 to 28, of whom 44 (73.33%) 
were women and 16 (26.67%) were men. All 
subjects had a 25-OH D3 deficiency (<20 ng/ml), 
with 11 (18.33%) of them exhibiting an extreme 
deficiency according to recommended serum 
levels of 25-OH D3 (17). The mean 25-OH D3 
concentration was 11.36 ng/ml, ranging from 
7.70 ng/ml to 16.70 ng/ml. 

The mean 25-OH D3 concentration in women 
was 11.45 ng /ml, while in men it was 11.13 ng/ml 
(Table 2). We examined differences in 25-OH D3 
concentration levels with respect to gender. The 
results showed no statistical significance of 25-
OH D3 concentration levels between the sexes 
(Student’s t-test, P>0.05). Pearson's correlation 
coefficient suggests that the relationship 
between age and 25 OH-D3 concentration is not 
significant (r=0.06; P>0.05)..

 

 
Figure 1. This scatter graph shows the 25-OH D3 status in the examined sample of 60 participants; 
expressed in ng/ml. The dashed black line indicates the threshold of vitamin D deficiency, while the 
solid black line indicates the threshold of extreme vitamin D deficiency. All subjects were vitamin D 
deficient (<20 ng/ml), where 11 (18.33%) of them had an extreme deficiency (<10 ng/ml). 
 

Discussion 

According to our knowledge, this is the second 
study in Croatia examining vitamin D levels 
among medical students. A study conducted in 
Rijeka, Croatia established a deficiency in half of 
the respondents, while we found 
hypovitaminosis among all of the participants 
(19). The results raise the question about the 
underlying cause and about the necessity of 

implementing prophylactic measures for this 
population in particular. 

The incidence of hypovitaminosis D increased in 
certain subpopulations due to various risk 
factors, such as lack of sun exposure, use of 
sunscreen, long hours indoors, latitude, diet, 
age, and various chronic and acute diseases (11). 
A 2017 meta-analysis emphasized the presence 
of an occupational risk among healthcare 
professionals, specifically medical students and 
residents (20). 
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Several studies worldwide involved measuring 
vitamin D levels among medical students and 
found a significant prevalence of vitamin D 
deficiency. In a study conducted in Spain in 2011, 
62% of students had lower than recommended 
levels of vitamin D (21). 

Kardelen et al. determined vitamin D deficiency 
in 92% of medical students from Turkey, while 
Nadeem et al. found that only 13.6 % of healthy 
young medical students in Pakistan had vitamin 
D levels within the normal range (22, 23). A study 
conducted in Boston, USA in 1999 found 
deficiency among 34% of medical students (24). 

Contrary to those findings, Leary et al. found a 
low presence of hypovitaminosis among 
medical students in the US; only 5% of the 
subjects were deficient in Florida and 13% in 
Pennsylvania (25). 

In 2018, a study was also conducted in Osijek, 
Croatia, in the same period of the year as the 
current study. It also involved the measuring of  
vitamin D levels among young people aged 19 
to 28. As in our study, a high incidence of 
hypovitaminosis was found, with 72.2% of the 
subjects having lower levels than 20 ng/mL. 
Judging by those findings, a high incidence of 
hypovitaminosis was present. However, a 
deficiency was significantly less present than in 
our study, where all of the subjects were 
medical students (26). 

Circumstances that may have affected vitamin D 
levels 

Sampling was carried out in March, when vitamin 
D levels are lower due to insufficient sun 
exposure and seasonal variation in the intensity 
of solar UV light (27). Research indicates that 
vitamin D concentrations for all age groups in 
Central Europe begin to decrease in early 
September and increase in late May (28). In this 
context, it has been found that medical students 
in Croatia do not get enough sunlight during the 
day (29). 

A diet poor in vitamin D is another risk factor that 
may contribute to its low levels. A study from the 
UK found that students do not get enough 
vitamin D through their diet, where only 14% of 

respondents met recommended intake levels 
(30). A similar trend was noticed among students 
in China (31). In addition, a 2019 study found that 
medical students in Rijeka, Croatia, get only a 
fifth of the recommended vitamin D intake 
through diet (29). 

The period of the COVID-19 pandemic is another 
circumstance that may affect vitamin D levels in 
this sample. The Croatian government, like many 
others, has implemented a series of measures to 
reduce the number of people affected by 
COVID-19, including social distancing and 
recommendations to stay at home, which could 
potentially limit sun exposure and in turn 
contribute to lowering vitamin D levels. 
Yamaguchi et al. found a significant increase in 
hypovitaminosis D among healthcare workers 
during the COVID-19 pandemic, where about 
90% of the sample was deficient in vitamin D (32). 
This is essential, assuming that participants had 
a similar lifestyle in that period as our study 
sample, considering the duration of indoor 
activities in medical care and daily life routines. 

Also, all study respondents live in the area 
around 45° latitude. Latitude is considered a 
statistically significant risk factor for vitamin D 
deficiency in the sense that it is inversely 
proportional to the level of circulating 25-OH D3 
(10). Leary et al. found that medical students at 
higher latitudes had lower vitamin D levels. In 
that study, subjects (also medical students) were 
located at a similar latitude (42°) as in our sample; 
but compared to our results, the prevalence of 
hypovitaminosis was significantly lower — 13 % 
of participants were vitamin D deficient (25). 

Vitamin D supplementation 

A 2018 study found that 30.5% of Croatian 
students practice some form of 
supplementation, among which medical 
students used almost twice as much as others 
(33). Jovanović et al., established that very few of 
their subjects (4.7%) used vitamin D 
supplementation (19). Cholecalciferol, 
ergocalciferol, calcidiol, and calcitriol are used; 
they are acceptable and straightforward 
replacements for lack of sun exposure and 
insufficient intake through diet. Considering 
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different pharmacokinetic characteristics, 
metabolism, and points of regulation, 
cholecalciferol, known as vitamin D3, is most 
often recommended and used to prevent and 
treat deficiency (34). 

 

Although much has been said about the 
importance of preventive use and optimal 
vitamin D supplementation in health and 
disease, there is no uniform consensus on the 
recommended daily intake. The Institute of 
Medicine and the Endocrine Practice Guideline 
Committee defined specific guidelines for the 
general population, where recommended intake 
was 600 IU/day for people aged 1 to 70, with the 
upper tolerable intake limit of 4000 IU/day (16). 

 

In 2016, Croatian Guidelines for the Prevention, 
Detection and Therapy of Vitamin D Deficiency 
in Adults defined "Vitamin D therapy for verified 
deficiency, depending on age and 
comorbidities"(17). According to the guidelines, 
vitamin D deficient people over 18 years of age 
without other comorbidities should take vitamin 
D supplementation of 6000 IU/day for eight 
weeks, then maintain with 1500-2000 IU/day. 
Considering that all subjects were deficient, 
following the previously mentioned 
recommendations could be one of the effective 
ways of optimizing vitamin D levels in the serum. 

Conclusion 

In addition to the results of several other studies 
conducted worldwide that evaluated vitamin D 
status among medical students, this study 
further highlights the problem affecting this 
student subgroup. 

Also, it would be helpful to examine vitamin D 
levels among medical doctors who, through 
education, should have gained insight into the 
concept of a healthy lifestyle and proper 
prevention methods of various conditions, 
including hypovitaminosis. 

Study limitations 

The limitation of this study is that it was 
conducted on a small sample. Also, testing was 
done only once in the winter period. Moreover, 
there is a lack of assessment of participants' 
lifestyles correlated with vitamin D status, 
medical history of vitamin D-related diseases, 
and vitamin D supplementation. 
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Abstract 
 

The recent outbreak of corona virus and coronavirus disease (COVID-19) caused by the SARS-CoV-2 
virus is a global concern. Despite efforts to clarify the physiology and potential therapy, specific 
guidelines for the treatment of COVID-19 disease have yet to be established, and many therapeutic 
options are under investigation. Accumulating evidence suggests that dysregulation of iron 
homeostasis contributes significantly to the pathogenesis of COVID-19 through its toxic effects by 
the formation of reactive oxygen species (ROS). This review focuses on summarizing the available 
literature and relevant studies conducted to date on the possible therapeutic effects of iron chelation 
therapy in the treatment of COVID-19 disease. Scientific databases (PubMed, Scopus, Google 
Scholar) were searched for relevant articles using the following keywords: COVID-19, SARS-CoV-2, 
coronavirus, clinical management, iron chelators/chelation. Research articles, reviews, research 
letters, case reports, and commentaries were considered. Although there is ample evidence of the 
potential beneficial effects of using iron chelators as adjuvant treatment in COVID-19, further 
research on this topic is needed. 

 

(Krajina Kmoniček I, Tomić A, Kocur J. Iron Chelation Therapy in COVID-19 Infection: A Review Article. 
SEEMEDJ 2022; 6(2); 75-84) 
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The novel disease 

In December 2019, a new virus from the 
coronavirus group (initially 2019-nCov) emerged 
and caused the appearance of unusual viral 
pneumonia in China. The disease is called 
coronavirus disease (COVID-19) and in March 
2020, the World Health Organization declared 
COVID-19 a pandemic. The 2019nCov was later 
named SARS-CoV-2 due to its structural 
similarity to the SARS-CoV virus that caused the 
2003 SARS outbreak (1). Vaccination campaigns 
against the SARS-CoV-2 virus are currently 
underway worldwide, but the COVID-19 
pandemic is still out of control and continues to 
cause high mortality. Unfortunately, there is still 
no specific therapy for COVID -19 and patients 
rely on general and supportive therapies. 
Although drugs (antiviral drugs, monoclonal 
antibodies, corticosteroids, 
immunosuppressants) included in the 
recommended guidelines for the treatment of 
the infection show promising results, given the 
rising number of COVID-19 cases, additional 
therapeutic choices should be identified and 
thoroughly evaluated (2-4). The goal of therapy 
is to prevent the occurrence of a cytokine storm 
and to avoid significant damage to body tissues 
resulting in multiorgan failure and death. Most 
cases have a milder clinical course, but up to 14% 
of cases can be severe, and present with 
moderate to severe pneumonia requiring 
hospitalization. Severe cases are characterized 
by dyspnea, tachypnea (RR ≥ 30/min), 
hypoxemia (SpO2 ≤ 93%), PaO2/FiO2 ratio < 300, 
and/or pulmonary infiltrates involving more 
than 50% of the lung parenchyma. All of this can 
lead to severe disease requiring intensive care 
unit (ICU) treatment and can be life-threatening 
in 5% of cases characterized by respiratory 
failure that can provoke the development of 
acute distress syndrome (ARDS), septic shock, 
multiple organ dysfunction and death (5). Risk 
factors for fatal outcome include age, 
underlying comorbidities (hypertension, 
diabetes mellitus, obesity, heart failure, coronary 
artery disease), and disease severity, which 
increases by up to 49% in critically ill patients 
(6,7). In addition, coronavirus also affects 
numerous other organ systems, such as the 

cardiovascular system (e.g., myocardial damage, 
cardiomyopathy, and cardiac arrhythmia (8-11), 
the neurological system, and can also cause 
acute kidney injury and liver damage (12,13). 
Inflammation-induced coagulopathy, which 
causes an elevated coagulation state, is a 
consequence of damage to the endothelium 
and the action of pro-inflammatory cytokines 
(especially IL-6) (14-16). Endothelial cells are 
potential targets for SARS-CoV-2 due to the 
highly expressed ACE 2 receptors, which are 
thought to be the major (but not the only) port of 
entry into a cell for the virus (17). The virus also 
recognizes porphyrin in hemoglobin, with higher 
binding affinity than that to hACE2, resulting in 
oxygen deprivation (17). In addition to endothelial 
cells and porphyrin, transferrin receptors (TfR) 
are also considered as a possible target of viral 
action(18, 19). TfR is found on numerous tissues 
and cells, including cells of the respiratory 
system. Transferrin, a circulating glycoprotein 
that transports iron, delivers iron to cells when it 
binds to TfR. Studies in animal models have 
shown that viral infection did not occur when 
connection between virus and TfR was affected 
(18). 

Iron and ferritin in inflammation 

Iron metabolism is very important for the 
functioning of the whole body and ferritin plays 
a crucial role in this process. Ferritin is a protein 
that binds iron and is found in the bloodstream, 
cytosol and mitochondria. It is involved in crucial 
cellular activities, including immune regulation 
by making iron available and protecting cells 
from the toxic performance of free iron (20).  By 
measuring serum ferritin levels, one can get an 
insight into iron status. During inflammation, 
there is often an increase in serum ferritin 
concentration with hypoferremia. Oral iron 
supplementation drugs have been shown to 
increase mortality in humans when taken during 
infection (20). Serum ferritin synthesis, apart from 
iron availability, is also regulated by 
inflammatory cytokines such as IL-1β and IL-6 
(pro-inflammatory cytokine in COVID-19 
infection) and increased hepcidin production, 
which in turn is stimulated by pro-inflammatory 
cytokines, especially IL-6 (21). To survive and 
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replicate in host cells, microbes require iron and 
to limit viral replication, the innate immune 
system takes control of iron metabolism by 
reducing iron bioavailability (2). To protect the 
host during active infection, ferritin reduces iron 
bioavailability to the pathogen. As a result, 
serum iron concentration decreases and serum 
ferritin concentration increases, limiting the 
availability of iron for erythropoiesis and leading 
to further exacerbation of anemia, which is 
called anemia of inflammation (AI) (22). Ferritin 
also plays a role in inflecting the immune 
response by inducing anti-inflammatory 
cytokines and limiting free radical-induced 
damage (23). Inflammation and infection 
produce large amounts of oxygen radicals (ROS) 
that leak into the fluids and tissues in the area of 
inflammation, causing cellular damage that can 
lead to endothelial dysregulation of the immune 
response, resulting in hyperinflammation and 
cytokine storms and multiple organ failure (24). 
When the concentration of non-transferrin 
bound iron in plasma is too high, it converts to its 
redox-active form called labile plasma iron. This 
further contributes to the production of ROS, 
leading to tissue lesion and, over time, fibrosis 
(5). These toxic free radicals are formed by the 
Fenton reaction, in which, in the presence of a 
harmful byproduct of aerobic metabolism 
hydrogen peroxide, ferrous iron (Fe2+) is 
oxidized to ferric iron (Fe3+), producing a 
hydroxyl radical and hydroxide ion.  

In addition to ferritin, transferrin and its effect on 
iron must also be mentioned, as it has been 
shown that the concentration of transferrin 
changes during COVID-19 disease. Transferrin is 
a glycoprotein synthesized by the liver. It is 
found in the bloodstream, where it transports 
iron to TfR receptors on cells. When there is iron 
deficiency in the body and hypoxia, transferrin 
concentration increases, while it decreases 
during inflammation (18). Transferrin saturation 
with iron (TSAT) indicates how much iron is 
bound to transferrin and is an important marker 
for iron availability and the amount of systemic 
iron (18). 

 

The role of iron in COVID-19 infection 

Dysregulation of iron homeostasis, including iron 
overload, has also recently been recognized as 
an important element in the pathogenesis of 
COVID-19, along with high levels of 
proinflammatory CD4 and CD8 T cells, extensive 
cytokine release, and an increased coagulation 
state. As mentioned earlier, elevated ferritin 
levels not only indicate an acute phase 
response, but also play an important role in 
inflammation by contributing to the progression 
of cytokine storm (20).  During cytokine storm 
there is an enormous and uncontrolled release 
of pro-inflammatory cytokines (IL-6, IL-10, TNF-
α, IL-1β, IFN-γ, IL-2, IL-7 and IL-10, G-CSF, 
MIP-1 alpha, and others), which is especially 
prominent in more severe clinical forms of 
COVID-19 disease. As a result of the cytokine 
storm and the damaging cytopathic effect of the 
virus, there is destruction of the lungs and other 
organs and, at the same time, a further increase 
in cytokine levels. Besides the cytokine storm, 
high levels of intracellular iron generate ROS 
interaction with oxygen molecules and 
increases the risk of coagulopathy, oxidative 
stress and endothelial inflammation, all of which 
together can lead to disseminated 
coagulopathy and multiorgan failure (25). 
According to current clinical and experimental 
data, it is possible that significant oxidative stress 
may cause the progression of ARDS 
characterized by damage to the lung 
parenchyma, decreased lung capacity, 
endothelial and capillary membrane damage 
resulting in protein leakage (24). During this 
tissue damage and lysis, there is an additional 
increase in the level of ferritin, the synthesis of 
which is already elevated due to ongoing 
inflammation (26). Moreover, analysis of lavage 
fluid from patients with ARDS shows increased 
levels of iron and increased cellular levels of 
transferrin, ferritin, and lactoferrin, implying 
interruption of pulmonary iron homeostasis in 
ARDS (4). 

As mentioned earlier, during COVID-19 infection, 
there is an iron overload and little attention is 
paid to this finding. Several studies suggest that 
patients with high ferritin levels have a much 
more severe form of COVID-19 disease, clinical 
deterioration of the patient's condition, a higher 
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mortality rate, and worse outcome in patients 
treated in the ICU (23,24). Hyperferritinemia is 
linked with considerably elevated mortality in 
septic patients, which has also been shown in 
patients with severe COVID-19 infection in ICU% 
(5). Patients with COVID-19 disease and ferritin 
levels above 300 μg/l had a 9-fold higher risk 
of death4. Although little is well-known about 
the management of iron balance in SARS-CoV-2 
patients, some conclusions can be drawn from 
other viral infections such as hepatitis B, 
hepatitis C, and HIV, in which iron overload leads 
to a worse prognosis (5,27). In HIV infection, for 
example, HIV 1 replication is dependent on host 
cell enzymes that require iron, and iron 
supplementation has been shown to lead to 
increased mortality in HIV-infected patients, 
indicating the importance of iron excess in HIV 
infection (2).  

The level of transferrin and TSAT, mentioned 
earlier in the text, proved useful in assessing the 
severity of COVID-19 disease and survival. In 
patients hospitalized for COVID-19 disease, the 
serum concentration of transferrin decreases, 
although at the same time a low serum iron level 
is present (19, 28-31). It is possible that COVID-19 
inflammation regulates the action of transferrin 
and prevents its increase when low iron levels 
are present (19). A very low concentration of 
transferrin was observed in patients who 
required oxygen therapy, and a continuous 
decrease in concentration was observed in 
patients who died (19, 28-31). In patients who 
survive, serum transferrin levels recover after 
some time. The TSAT decreases in COVID-19 
patients, especially in patients who have a 
severe form of the disease and are in the ICU (19, 
30). The drop in TSAT level is explained by the 
fact that at the beginning of the infection, the 
availability of iron for the pathogen is limited. 
After a few days, the TSAT level recovers and 
returns to normal range. It is interesting to note 
that TSAT levels were higher in intubated 
patients than in non-intubated patients, which 
may be explained by changes in the regulation 
of metabolism at different stages of the disease 
or by the effect of the tube on iron metabolism 
(19).  

Overexpression of IL-6, IL-1β, and IFN-γ during 
inflammation also leads to an increase in 
hepcidin levels (5). Hepcidin is an iron-regulating 
peptide hormone produced in the liver and 
released into the bloodstream in response to 
inflammation and increased iron levels in the 
body. The production of hepcidin in the liver is 
stimulated by IL-6 (32). It is a negative regulator 
of iron by sequestering iron in enterocytes and 
macrophages, increasing intracellular ferritin 
levels, and preventing iron efflux from storage 
cells by inhibiting ferroportin (33). It is possible 
that SARS-CoV-2 virus has a hepcidin-like effect 
because of the identical amino acid sequence 
between hepcidin and the coronavirus spike 
glycoprotein. By mimicking the action of 
hepcidin, SARSCoV-2 could remarkably 
increase circulating and tissue ferritin (especially 
in liver, spleen, bone marrow, and muscle) 
independent of inflammation, while causing 
serum iron deficiency and hemoglobin 
deficiency (4, 32). It is also possible that 
coronaviruses enter cells through complex 
mechanism by a mimic effect using their spike 
proteins and cleave their spike polypeptides 
using host furins and proteases, which promotes 
cell entry (32). 

COVID-19 infection resembles hyperferritinemic 
syndromes due to high blood ferritin levels and 
inflammation triggered by the cytokine storm, as 
well as lymphopenia, decreased NK count and 
activity, abnormal liver function tests, 
coagulopathy, pleurisy, pericarditis, lung 
consolidation, pulmonary edema, and 
myocarditis (34,35). Because iron chelation is the 
basis for treating iron overload, as it is in other 
hyperferritinemic syndromes, and because 
impaired iron metabolism has been observed in 
COVID-19 infection, iron chelator therapy may 
be beneficial. 

There are several theories about how increases 
in ferritin and free iron may occur during COVID-
19 infection. An in-silico model suggests and 
considers direct interaction between several 
viral proteins and hemoglobin, but side effects 
on inflammation or tissue damage are not 
considered (36, 37). The viral proteins (ORF1ab, 
ORF10, ORF3a) originate from infected plasma 
cells and together remove heme from the b-
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chain of hemoglobin, remove iron from heme, 
and consequently sequester iron-free 
protoporphyrin IX (PPIX). As a result, a toxic 
amount of iron is released, functional 
hemoglobin levels are impaired and 
hemoglobin metabolism is disturbed. Another 
theory, as addressed previously in the text, is 
that AI may be the cause of the decreased 
hemoglobin level (2, 22). 

Iron chelator therapy 

Iron chelators have several beneficial properties 
such as chelating iron, inhibiting the redox 
properties of free iron, and preventing the 
involvement of iron in Fenton reactions. They 
inhibit the production of hydroxyl radicals and 
the production of other ROS which lead to 
oxidative damage and ferroptosis (38). Another 
useful mechanism of iron chelators is the 
downregulation of hepcidin and the removal of 
iron from iron-binding proteins, showing their 
anti-ferritin effect (2,39). FDA-approved iron 
chelators such as deferoxamine (DFO), 
deferiprone, and deferasirox have so far been 
used as iron overload therapy in a number of 
pathogens in vivo and in vitro, particularly (DFO) 
(17). Each of the iron chelators has different 
efficacy in iron overload therapy. DFO could be 
effective against SARS-CoV-2 because it forms 
a stable complex with iron, scavenging iron-
mediated hydroxyl radical formation and acting 
as an antiviral (4). What is more, iron chelators 
can reduce the availability of cellular iron 
involved in the replication of RNA viruses such 
as West Nile virus, HIV, and hepatitis C virus, a 
property that could be used in the treatment of 
COVID -19 infections (17). The chelator 
deferasirox has a different effect, binding 
cytosolic iron discharged from ferritin (5). 

Lactoferrin, a glycoprotein that is part of the 
body's natural immunity, is one of the potential 
naturally occurring iron chelators. It is produced 
by exocrine glands and neutrophils and found in 
human milk and all secretions. It has a variety of 
therapeutic effects. Apart from iron binding and 
effect on the immune system, it also diminishes 
inflammation by affecting the formation of 
cytokines and ROS, thus reducing iron overload. 

It also inhibits the joining of heparan sulfate 
proteoglycans, which prevents viruses from cell 
entry (40). 

Iron chelation therapy in COVID-19 

As more research indicates that endothelial 
inflammation is an important pathophysiological 
mechanism responsible for the multiorgan 
involvement and organ failure in SARS-CoV-2 
infection, many researchers believe that iron 
chelators may prove useful in improving the 
systemic manifestations of COVID-19 (41). 
Experimental studies in animals with bleomycin-
induced pulmonary fibrosis, in which fibrosis and 
worsening lung function are associated with 
increased iron aggregation in the lungs, have 
shown that iron chelator therapy is beneficial 
(42). 

Due to the lack of adequate therapy, an 
increasing number of investigators are 
suggesting that targeted iron therapy may help 
treat the more severe forms of COVID-19, as iron 
is likely required for viral replication and 
functions of SARS-CoV-2 (5). Previous research 
and findings have shown that iron chelation may 
have an effect on proinflammatory cytokines 
and free radicals, which are closely related with 
severe COVID-19 disease and may lead to tissue 
destruction, with acute lung injury and ARDS 
being the most severe outcomes. Because of all 
these factors, iron chelators represent a 
potential COVID-19 treatment (5). Iron chelators 
could alleviate ARDS and contribute to the 
control of SARS-CoV-2 through several 
mechanisms: reduction of iron attainability, 
inhibition of viral multiplication, increase in the 
titer of neutralizing antiviral antibodies and B 
cells, prevention of endothelial inflammation, 
and inhibition of pulmonary fibrosis and lung 
decay by reducing pulmonary iron accumulation 
(41).  As mentioned before, iron chelator DFO 
could be useful as a potential therapy for 
COVID-19 infection because it reduces the 
replication of some RNA viruses, as shown by in 
vitro studies, and also reduces the availability of 
iron in serum and body tissues, which could 
prevent pulmonary fibrosis after COVID-19 
infection (39). In vitro, it also lowers levels of IL-6 
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and endothelial inflammation, which could 
reduce the severity of COVID-19 infection and 
multi-organ damage and failure (39). In a mouse 
model, preconditioning with DFO was shown to 
protect the lungs from mechanical ventilation 
damage by reducing ROS formation in 
mitochondria and macrophages (43). 

There is only one study of 25 patients that 
evaluated the effect of tocilizumab and an 
adjuvant iron chelator in severe COVID-19 
pneumonia and whether the prescribed therapy 
would reduce mortality (44). Eleven patients 
received therapy with tocilizumab and the 
adjuvant iron chelator deferasirox and over 80% 
had a favorable outcome. The therapy proved to 
be a good option for patients with significant 
hyperferritinemia and severe COVID-19 disease. 
Two trials are currently underway to check the 
efficacy and safety of DFO compared to the 
standard of care or tocilizumab in patients with 
COVID-19 (NCT04333550, NCT04361032), the 
results of which are eagerly awaited (5).  

Vlahakos et al have proposed possible 
therapeutic guidelines for iron chelator therapy 
(45) Several parameters indicative of patient 
deterioration would be monitored (e.g., oxygen 
demand ≥60%, ferritin levels ≥ 1000 ng/ml and 
CRP level > 10-fold above baseline, platelets < 
100 000 × 109/L and lymphocyte counts < 1000 
× 109/l) and their deterioration would indicate 
progressive severity of COVID-19 infection and 
predict the need for more aggressive critical 
treatment. It has been suggested that oral iron 
chelator therapy could be administered 10-14 
days after the onset of severe COVID-19 
infection. Iron chelators have been successfully 
used for half a century to treat diseases with 
excessive iron accumulation (45). It is possible 
that intravenous iron chelator therapy may 
provide sufficient and rapid lowering of plasma 
iron levels to relieve cytokine storm in patients 
with severe COVID-19 infection in ICU. In 
moderate cases, oral chelators can prevent the 
development of a severe inflammatory 
response. Scientists all over the world agree that 
treatment of patients with COVID-19 infection 
should begin as soon as possible and at the 
appropriate dose. However, it is essential to 
conduct adequately powered randomized trials 

before using iron chelators in patients with 
severe COVID-19 infection (45).  

In addition to iron chelators, hepcidin 
antagonists could be used as a potential therapy 
to lower iron levels instead of iron chelators in 
the supportive care of COVID-19 in the future, 
since all infections trigger inflammation that 
increases hepcidin levels as the main regulator 
of iron, causing anemia. It is also known that 
ferritin formed during inflammation contains less 
iron than normal ferritin (39,46,47). In addition, 
cytokines are overexpressed during COVID-19, 
leading to an increase in hepcidin levels (17). 
DFO decreases the level of IL-6, an important 
inflammatory mediator that triggers a cytokine 
storm. In addition, there is evidence that the 
other pharmacological benefit of DFO is the 
downregulation of hepcidin (39). It has been 
observed that replication of coronaviruses in 
iron-deficient cells is suboptimal compared to 
iron-rich cells (2). 

Some encouraging in vitro studies on the effects 
of the naturally occurring iron chelator 
lactoferrin on SARS-CoV and on SARS-CoV-2 
viruses have shown that lactoferrin inhibits the 
initial phase of viral infection (40,42,48).  

Iron chelator therapy and its beneficial effects on 
pneumonia and secondary fibrogenesis suggest 
that iron chelators should be taken into account 
to improve the long-term outcome and survival 
of patients with COVID-19, especially those with 
severe COVID-19 infection (5). Some of the 
known iron chelators, such as DFO, deferasirox, 
and deferiprone, as well as the natural iron 
chelator lactoferrin, may be efficient in the 
therapy of COVID-19 (4). 

Conclusion 

According to the literature, iron chelator therapy 
could have a number of beneficial effects in 
patients with COVID -19 infection, especially in 
severe forms of the disease, without causing 
harm in severe COVID-19 patients. 
Unfortunately, there are currently not enough 
adequate randomized prospective trials to 
confirm the benefits of iron chelator treatment, 
and the current evidence base is poor. Several 
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clinical trials need to be conducted first to prove 
the efficacy and safety of iron chelator use, and 
further research is needed in order to establish 
new therapeutic guidelines that may include 
iron chelators as supportive treatment for COVID 
-19 disease. 
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