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ABSTRACT
Corresponding author: Sepsis is the leading cause of acute kidney damage in patients in
intensive care units. Pathophysiological mechanisms of the devel-
Prof. dr Dejan Petrovic opment of acute kidney damage in patients with sepsis may be he-

modynamic and non-hemodynamic. Patients with severe sepsis,
septic shock and acute kidney damage are treated with continuous
venovenous hemodiafiltration. Sepsis, acute kidney damage, and
continuous venovenous hemodiafiltration have a significant effect
E-mail: dejan.petrovic@fmn.kg.ac.rs on the pharmacokinetics and pharmacodynamics of antibiotics.
The impact dose of antibiotics is increased due to the increased
volume of distribution (increased administration of crystalloids,
hypoalbuminemia, increased capillary permeability syndrome to-
proteins). The dose of antibiotic maintenance depends on renal,
non-renal and extracorporeal clearance. In the early stage of sep-
sis, there is an increased renal clearance of antibiotics, caused by
glomerular hyperfiltration, while in the late stage of sepsis, as the
consequence of the development of acute renal damage, renal
clearance of antibiotics is reduced. The extracorporeal clearance
of antibiotics depends on the hydrosolubility and pharmacokinetic
characteristics of the antibiotic, but also on the type of continuous
dialysis modality, dialysis dose, membrane type, blood flow rate,
dialysis flow rate, net filtration rate, and effluent flow rate. Early
detection of sepsis and acute kidney damage, early target therapy,
early administration of antibiotics at an appropriate dose, and
early extracorporeal therapy for kidney replacement and removal
of the inflammatory mediators can improve the outcome of pa-
tients with sepsis in intensive care units.
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INTRODUCTION

Sepsis is the leading cause of acute kidney damage in pa-
tients in intensive care units (1, 2). It is defined as the sys-
temic inflammatory response syndrome to the proven bacte-
rial-induced infection, and a severe sepsis as the sepsis asso-
ciated with Sequential Organ Failure Assessment - SOFA
score > 2.0. Severe sepsis progresses to a septic shock, which
is defined as a persistent hypotension that does not repair af-
ter resuscitation with 0.9% NaCl solution of crystalloid at a
dose of 40-60 mL/kg in the first hour, requiring the use of the
vasopressor norepinephrine in a dose > 5 pg/kg/min for
maintenance of mean arterial blood pressure at values > 65
mmHg, associated with clinical data for hypoperfusion (se-
rum lactate concentration greater than 2.0 mmol/L) and organ
dysfunction (SOFA score > 2.0) (3, 4). The mortality rate of
patients with severe sepsis, septic shock and acute kidney
damage is 50-80% (5-9). Patients in intensive care units with
severe sepsis, septic shock and acute kidney damage require
extended hospitalization, kidney replacement therapy, have
high cost of treatment and an increased risk of developing
insufficiency of multiple organ systems and unwanted out-
comes (5-9). Early detection of sepsis and acute kidney dam-
age, early target therapy, early administration of antibiotics
at an appropriate dose, and early extracorporeal therapy to
replace the kidney function and removing the inflammatory
mediators can correct the outcome in patients with sepsis in
intensive care units (5-9). Sepsis, acute kidney damage, and
CVVHDF significantly influence the pharmacokinetics and
pharmacodynamics of antibiotics (10, 11). The results of the
study show that 25-60% of these patients have a substitute
therapy concentration of antibiotics in blood (10, 11).

Acute damage and kidney function disorder in sepsis

Based on the Kidney Disease: Improving Global Out-
comes classification, acute kidney injury (AKI) is defined as
a serum creatinine concentration increase of > 0.3 mg/dL (>
26.5 pmol/L) during the course of 48h or as an increase se-
rum creatinine concentrations for > 1.5 times compared to
basal serum creatinine concentration over the past seven days
and/or as a diuresis of less than 0.5 mL/kg/h for at least 6h

(12).

Pathophysiological mechanisms of AKI development in
patients with sepsis can be hemodynamic and non-hemody-
namic (13-15). Hemodynamic pathophysiological mecha-
nisms include: hypoperfusion of kidneys, increased intra-ab-
dominal pressure, increased central venous pressure and
stoppage of blood flow in the venous kidney system (13-15).
The non-hemodynamic pathophysiological mechanisms in-
clude: enhanced systemic and local response of the host im-
mune system to infection, increased formation and secretion
of proinflammatory mediators ("cytokine storm"), dysfunc-
tion of the kidney small blood vessels endothelium, kidney
parenchyma infiltration by immune system cells (monocytes,
neutrophils) activation of epithelial cells of proximal tubules
through activation of Toll-like receptors - TLRs and oxida-
tive stress (13-17).

Treatment of acute damage and disorders of kidney func-
tion caused by sepsis

In patients with sepsis and AKI, the severity of renal im-
pairment and the presence of absolute criteria for the treat-
ment of acute dialysis should be assessed: resistant hyper-
kalemia (K" > 6.5 mmol/L with or without electrocardio-
graphic changes), resistant hypervolemia (furosemide re-
sistant edema), severe metabolic acidosis (pH arterial blood
< 7.15), complications of high azotemia (uremic encephalo-
pathy, uremic pericarditis) (18, 19). In the absence of abso-
lute criteria, treatment with dialysis should be initiated if the
severe form of AKI (KDIGO3 stage) is diagnosed, and in pa-
tients with severe sepsis and rapid deterioration of AKI, treat-
ment with dialysis should be initiated at stage 2 (KDIGO2)
(modulation of response of systemic and local immune sys-
tem to infection) (20-22). Before making a decision to initiate
treatment with dialysis in patients with sepsis and mild to
moderate AKI (KDIGO 1/2), there should be assessment of
the severity of the clinical condition of the patient including
the renal function reserve, potency for complications, and the
presence of clinical conditions that adversely affect the kid-
ney function (intraabdominal hypertension, mechanical ven-
tilation with positive ventilation pressure, nephrotoxic anti-
biotics, radiocontrast agents) (20-22). Patients with severe
sepsis/septic shock who are hemodynamically unstable, with
AKI and multiple organ systems failure, increased serum in-
flammation mediator concentrations (IL-6 > 1000 pg/mL),
increased catabolism and hypervolemia, require treatment
with CVVHDFwith PMMA (Polymethylmethacrylate),
standard and modified AN69ST membrane (Acrylonitrile 69
Surface-Treated) (20-26). CVVHDF with PMMA mem-
brane, which has the ability to adsorb the inflammatory me-
diators, is administered at a dose of 35 ml/kg/h, during 24-72
hours, and substantially ensures hemodynamic stability and
homeostasis of the systemic and local immune system re-
sponse of the host to infection (preventing the development
of “cytokine storms”). When the concentration of IL-6 (In-
terleukin-6) is reduced below 1000 pg/mL, the treatment is
continued with standard CVVHDF, with an ultrafiltration of
35 mL/kg/h (dose of CVVHDF = 35 mL/kg/h) (20-29). For
evaluation of the efficiency of the filter (AN69ST), serial
measurement of effluent and blood concentrations of urea in
patients - FUN/BUN (measurement at every 12h) is used.
The filter is effective if the ratio FUN/BUN is > 0.80, and
values less than 0.80 indicate the risk of thrombosis of the
filter (30, 31). CVVHDF-ANG69ST is effective if the ratio of
delivered and prescribed dialysis is > 80% (the effective
treatment time should be > 20h) (30, 31).

The effect of sepsis, acute kidney damage, and CYVHD-
Fon the pharmacokinetics of antibiotics

In patients with AKI, the absorption of antibiotics from
the gastrointestinal tract is reduced due to: the use of a proton
pump blocker, mucous membrane edema due to hypervole-
mia, disorders of structure and function of the bowels, altered
gastrointestinal motility, cholestasis in sepsis and shock
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conditions (antibiotics are administered in the form of'i.v. bo-
lus or i.v. infusion) (10, 11). The volume of antibiotic distri-
bution in these patients has been increased due to: increased
administration of crystalloid solutions (early target therapy),
reduced serum albumin concentrations (increased fraction of
free antibiotic concentration in blood), decreased antibody
affinity for binding to plasma proteins and increased capillary
permeability syndrome to proteins (10, 11). Hypoalbu-
minemia is present in 40-50% of patients with sepsis and
acute kidney damage. There is a particularly high increase of
volume of distribution of hydrosoluble antibiotics, such as
aminoglycosides, 3-lactam antibiotics and glycopeptide anti-
biotics: vancomycin and daptomycin (10, 11). Increased an-
tibiotic distribution volume requires a higher loading dose
compared to the standard impact dose (maintenance of anti-
biotic therapeutic concentration) (10, 11). The maintenance
dose depends on the metabolism of the antibiotic in the liver
and the degree of renal function (antibiotic excretion). It is
calculated from the following equation: MD = standard dose
x (CLCr of the patient/normal CLCr), where CLCr is the
clearance of endogenous creatinine (10, 11).

In the early stage of sepsis, glomerular hyperfiltration is
developed. Glomerular hyperfiltration - Augmented Renal
Clearance - ARC is defined as CLCr> 130 mL/min/1.73m?
(32-35). The prevalence of ARC in patients in intensive care
units with sepsis and brain injury (subarachnoid bleeding) is
50-85% (32-35). Inflammation mediators released during the
Systemic Inflammatory Response Syndrome - SIRS increase
the minute heart volume, reduce vascular resistance, and in-
crease kidney perfusion (1GFR) (32-35). Glomerular hyper-
filtration affects the pharmacokinetics of hydrophilic “time-
dependent” antibiotics. Increased clearance of antibiotics
shortens its half-life (t1/2) and reduces the area under the
concentration-time curve (AUCo.4), which directly affects
the achievement of the target therapeutic values of pharma-
codynamic parameters (inadequate therapy) (32-35). In the
presence of ARC, the standard dose of beta lactam antibiotics
is not sufficient to maintain the free antibiotic concentration
above the minimum inhibitory concentration (fT > MIC >
100%) over the dosage interval (32-35). The optimal dose of
meropenem in patients with ARC is 2.0 g/8h, in the form of
i.v. infusion for 3.0h, and the dose of cefepime is 2.0 g/6-8h,
in the form of i.v. infusion over 3.0h. The standard dose of
vancomyecin is not sufficient to provide AUC/MIC > 400. In
patients with ARC, impact i.v. dose of vancomycin should be
25-30 mg/kg and then continued with a maintenance dose of
45 mg/kg/24h (administered every8 hours or as a continuous
IV infusion), with appropriate monitoring of the therapeutic
levels of vancomycin in plasma (target therapeutic concen-
tration: 15-20 mg/L) (31-34). In the late stage of sepsis, due
to the development of acute kidney damage, renal clearance
of antibiotics is reduced (32-35).

The extracorporeal antibiotic clearance (CLgc) depends
on the following: molecular weight, plasma protein binding
degree, and the volume of antibiotic distribution. Hydrosolu-
ble antibiotics with low molecular weight (MW < 500 Da),
low volume of distribution (Vd < 1.0 L/kg) and low plasma

protein binding (PB < 80%, fu > 0.20) have large extracorpo-
real clearance (36-39). The group of antibiotics with low mo-
lecular weight, low volume of distribution, low plasma pro-
tein binding rates and small non-renal clearance, which are
being removed in significant amounts during the CVVHDF
session, include: aminoglycoside antibiotics, vancomycin,
phosphomycin, and flucytosine (36-39). High-volume antibi-
otics (Vd > 1.0 L/kg) and/or high plasma protein binding
rates (PB > 80%, fu < 0.20) have small extracorporeal clear-
ance since a significant antibiotic fraction is found in the ex-
travascular section (36-39). Flucloxacillin binds to plasma
proteins in high percentage (PB > 94%, fu < 0.06) and there-
fore it is not removed in significant amounts during the
CVVHDF session (36-39). The two most important parame-
ters for antibiotic dosing in patients treated with CVVHDF
are pharmacokinetic properties of antibiotics and CVVHDF
doses, expressed as the total effluent flow rate (Qef) (36-39).
With CVVHDF, Qef represents the sum of the dialysis flow
rate (Qd), the rate of the solution for substitution flow rate
(Qs), and the rate of net ultrafiltration (Qnuf): Qef=Qd + Qs
+ Qnuf. Qef significantly influences the pharmacokinetics of
antibiotics, the prediction of extracorporeal antibody clear-
ance, and the achievement of the target therapeutic concen-
tration of antibiotics in plasma of the patients (36-39). Ac-
cording to the KDIGO recommendations, Qef in patients
with AKI should be 20-25 mL/kg/h, and in patients with sep-
sis and AKI 35 mL/kg/h (36-39). The total clearance of anti-
biotics in patients with AKI and CVVHDF is calculated from
the formula: CLtot = CLgc + CLg + CLNgr, where: CLgc is
extracorporal clearance, CLgis renal clearance and CLnr
non-renal clearance. The diffusion clearance (Qd x Sd) of the
antibiotic in CVVHDF depends on the molecular weight of
the antibiotic, the blood flow (Qb), and the dialysate flow
(Qd), while convective clearance (Qef x Sc) depends on the
total effluent flow rate (Qef) and the coefficient of scaling
(36-39). The saturation coefficient (Sd) is calculated from the
formula: Sd = Cd/Cp, where: Cd is the antibiotic concentra-
tion in the dialysate, and Cp is the plasma antibiotic concen-
tration. The coefficient of scaling - Sc is calculated from the
equation: Sc = Cef/Cp, where: Cef is the concentration of an-
tibiotics in the effluent, and Cp is the plasma antibiotic con-
centration (36-39). In CVVHDF, extracorporal clearance is
calculated from the formula: CLccviapr = Qef x Sd, where:
Qef is the total effluent flow rate and Sd is the saturation co-
efficient (35-38). Extracorporeal clearance significantly con-
tributes to the overall antibiotic clearance if it is greater than
25% (Frec> 25%). Contribution of the extracorporeal clear-
ance to the total antibiotic clearance is calculated from the
equation: Frgc = CLgc/(CLgc + CLr + Cnr), Where: CLgc is
extracorporeal clearance, CLr is renal clearance, and Cnr is
non-renal clearance (36-39).

Factors that affect antibiotic clearance during the
CVVHDF session include factors specific to: patients, anti-
biotics  (pharmacokinetics, pharmacodynamics), and
CVVHDF modality of dialysis. Factors specific to the
CVVHDF modality of the dialysis include: dialysate flow
rate (Qd), replacement rate of the substitution solution (Qs),
net ultrafiltration rate (Qnuf), total ultrafiltration rate (Quf =



Qs + Qnuf), total effluent flow rate (Qef = Qd + Qs + Qnuf),
dialysis membrane type (high-velocity membranes), and the
dilution method (pre-conditioning, post-dilution). Pre-dialy-
sis (substitution solution used before the filter) reduces anti-
biotic clearance. Vancomycin clearance is 25% higher if the
solution for substitution is applied after the filter (post-dilu-
tion) (36-39). Another factor affecting the antibiotic clear-
ance during the CVVHDF modality of the dialysis is the age
of the filter (duration of treatment). The Sieving coefficient
of scaling of the antibiotic decreases during the CVVHDF
session (it is highest in the first dialysis hours) due to the pre-
cipitation of proteins along the membrane surface and the re-
duction in the number of non-trombosed filter capillaries (36-
39). Larger Qef and Sc provide higher clearance of antibiot-
ics, and this may result in subdosing, the absence of target
antibiotic therapeutic concentration, and a lower survival rate
of these patients (36-39).

The antibiotic dose adjustment factor in the CVVHDF pa-
tients is calculated from the equation: Q =1 - (fe x (1 - KF)),
where: fe is the fraction of the medicine excreted in urine in
an unchanged form, KF - the ratio of the current clearance of
endogenous creatinine and normal endogenous creatinine
clearance (normal clearance of endogenous creatinine = 120
mL/min). The new adjusted dose - Dr is calculated from the
formula: Dr = Dnorm x Q, where: Dnorm is the dose pre-
dicted for normal kidney function and Q is the dose adjust-
ment factor (40, 41).

Pharmacokinetic and pharmacodynamic properties of
antibiotics

Based on the pharmacokinetic and pharmacodynamic
characteristics, antibiotics can be divided into three groups.
The first group consists of antibiotics whose antibacterial ef-
fect depends on the concentration of medicine in plasma
(“concentration dependent” antibiotics), the second group
consists of antibiotics whose antibacterial effect depends on
the length of exposure to the antibiotic (“time-dependent” an-
tibiotics), and the third group consists of antibiotics whose
antibacterial effect depends on the plasma drug concentra-
tion, but also on the duration of exposure to the antibiotic
(“concentration-dependent” and “time-dependent” antibiot-
ics) (40-43).

The first group of antibiotics include: aminoglycosides,
daptomycin, and fluoroquinolones. The antibacterial effect of
these antibiotics is achieved only when the maximum plasma
antibiotic concentration is reached. The main pharmacody-
namic parameter for assessing the efficacy of these antibiot-
ics is to measure the maximum plasma antibiotic concentra-
tion (Cmax) and the ratio of the maximum plasma antibiotic
concentration to the minimum inhibitory antibiotic concen-
trations (Cmax/MIC). The main parameter for evaluating the
efficacy of antibiotics from the second group is the determi-
nation of the percentage of T > MIC (Minimal Inhibitory
Concentration) (the estimated time during 24 hours when the
plasma antibiotic concentration is greater than its minimum
inhibitory concentration (%T > MIC)) (39-42). This

antibiotic group includes beta-lactam antibiotics (40-43). The
third group consists of antibiotics whose antibacterial effect
depends on the concentration, but also on the time of expo-
sure to the antibiotic (40-43). The antibacterial effect is as-
sessed by measuring the ratio of the area under the concen-
tration-time curve for 24 hours and the minimum inhibitory
antibiotic concentration (AUCy»4/MIC) (40-43). This group
of antibiotics includes: fluoroquinolones, tigecycline, line-
zolid, and glycopeptide antibiotics (vancomycin) (40-43).

Gentamicin (Gentamicin) is a hydrosoluble antibiotic,
with molecular weight - MW = 477 Da, a small volume of
distribution - Vd=0.25 L/kg, and a low plasma proteins bind-
ing level - PB = 10-20% (fu = 0.80-0.90). It belongs to the
group of antibiotics whose antibacterial effect depends on its
plasma concentration (“concentration-dependent” antibiotic
group) (40-43). The therapeutic concentration of gentamicin
in plasma is 1.0-2.0 pg/L. Its maximum blood concentration
is 6-8 mg/L, and it is achieved 30 minutes after the applica-
tion of the impact dose of 2-2.5 mg/kg (IV infusion) (40-43).
After the applied impact dose, it is continued with 1.0-1.5
mg/kg/24h (40-42). The target value of the Cmax/MIC ratio
should be at least 8-10 (Cmax/MIC = 8-10) (40-43).

Amikacin is a hydrosoluble antibiotic, with molecular
weight - MW = 585.6 Da, a small volume of distribution - Vd
=0.22-0.29 L/kg and a low plasma protein binding level - PB
< 20% (40-44). 1t is used to treat serious infections caused by
Gram negative microorganisms in patients in intensive care
units. It belongs to a group of antibiotics whose antibacterial
effect depends on the concentration of the medicine in the
plasma (“‘concentration-dependent” antibiotic). It is adminis-
tered at a dose of 7.5 mg/kg/12h, in the form of an IV infu-
sion, for 30 minutes and requires dose adjustment depending
on the degree of renal function (40-44). Amikacin is removed
in significant amounts during the CVVHDF session.
CLcvvupr of amikacin is calculated from the formula:
CLcvvapr = Qef x fu, where: Qef is the total effluent flow
rate, and the fu - fraction of amikacin not bound to plasma
proteins (fu = 0.80). Qef represents a dose of CVVHDF mo-
dality of dialysis. It is calculated from the equation: Qef= Qd
+ Qs + Qnuf. In patients with AKI in the absence of sepsis,
the dose of dialysis is Qef = 20-25 mL/kg/h, and in patients
with severe sepsis, septic shock and AKI, the dose of dialysis
is - Qef'= 35 mL/kg/h (43). The average CLcvvuprof amika-
cinis 2.86 = 0.41 L/h, and the coefficient of scaling for ami-
kacin is - Sc = 0.83 + 0.05 (44). Amikacin is a small hydro-
philic antibiotic, which is significantly removed during the
CVVHDF session. The recommended dose of amikacin be-
ing 10 mg/kg does not provide optimal therapeutic concen-
tration in patients treated with CVVHDF. The results of the
study show that in these patients, amikacin should be admin-
istered at an impact dose of 15-30 mg/kg, in the form of an
IV infusion for 30 minutes and then continue with the appro-
priate dose every 24h or 36h (7.5 mg/kg/24-48h) (44, 45).
The target pharmacodynamic parameters for assessing the ef-
ficacy of amikacin are: AUC/MIC > 70, Cmax/MIC = §-10
(= 8) and MIC < 2.5 mg/L (45, 46).
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Daptomycin has a molecular weight - MW = 1650 Da and
volume of distribution - Vd = 0.1 L/kg. It is associated with
a high percentage of plasma protein binding (PB = 90-92%,
fe = 0.08-0.10) (47, 48). It is used to treat infections caused
by Methicillin (MRSA) resistant Staphylococcus aureus,
Vancomycin Resistant Enterococcus (VRE) and other Gram-
positive microorganisms. It belongs to the group of “concen-
tration-dependent” antibiotics, and the most important phar-
macodynamic parameter for assessing the effectiveness of
antibacterial action is the ratio of the area under the concen-
tration-time curve (AUC) and the minimum inhibitory con-
centration (MIC) - AUCy.24/MIC (MIC = 3-4 pg/mL) (47,
48). The efficacious antibacterial effect of daptomycin exists
if AUCp.4/MIC is > 666 (47, 48). In patients with endoge-
nous creatinine clearance greater than 30 ml/min it is admin-
istered at a dose of 6 mg/kg every 24 hours (IV infusion over
30 minutes), and when the endogenous creatinine clearance
drops below 30 mL/min, it is administered in the same dose,
but every 48h (47, 48). The recommended dose of daptomy-
cin in patients treated with CVVHDF is the same as in pa-
tients with clearance greater than 30 mL/min (6 mg/kg/24h)
(46, 47). One group of authors recommends that the dose of
daptomyecin in patients with severe sepsis, septic shock and
AKI treated with CVVHDF should be 8 mg/kg/48h (47, 48).
Daptomycin acts toxically to skeletal musculature: it causes
weakness and pain of transverse-striated musculature, and
creatinine kinase concentration is ten times higher than the
upper normal limit (47, 48). Serum creatinine phosphokinase
(CPK) monitoring is required in patients using daptomycin
(47, 48).

Linezolid (Linezolid) has a molecular weight - MW = 337
Da, a small volume of distribution - Vd = 0.6-0.8 L/kg and
low percentage of plasma protein binding - PB = 30% (fu =
0.70) (49, 50). It is a moderately lipophilic antibiotic that be-
longs to the group of “time-dependent” antibiotics. The line-
zolid dosing regimen may be intermittent or continuous. In-
termittently, linezolid is applied IV at a dose of 600 mg/12h,
and continuously, as an impact dose of 300 mg, and then con-
tinued at a dose of 900 mg/24h, in the form of a continuous
IV infusion. In patients with severe sepsis treated with
CVVHDF, high-dose linezolid can be administered intermit-
tently or continuously. Intermittently, intravenously at a dose
of 600 mg/8h or continuously, as a high dose of 600 mg, and
then continued at a dose of 1200 mg/24h, in the form of a
continuous IV infusion (49, 50). The best parameter for as-
sessing the antibacterial effect of linezolid is the AUC4/MIC
ratio, which should be 50 for Staphylococcus pneumoniae
(AUC/MIC = 50), and 85 for Staphylococcus aureus
(AUC24/MIC = 85). The maximum antibacterial effect of
linezolid is achieved when T > MIC is > 85% and AUC,.
24/MIC ratio is > 100 (49, 50).

Vancomycin has a molecular weight - MW = 1450 Da,
volume of distribution - Vd = 0.47 -1.1 L/kg and plasma pro-
tein binding percentage - PB = 10-50% (51-53). Depending
on the antibacterial effect, it belongs to the third group of
“concentration-dependent” and “time-dependent” antibiot-
ics. The best parameter for the evaluation of the efficacy of
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vancomycin is AUCy4/MIC ratio, which should be greater
than 400 mg/hxL (provides eradication of Methicillin-re-
sistant Staphylococcus aureus) (51-53). Vancomycin is ap-
plied IV at an impact dose of 15-20 mg/kg, and then contin-
ued at 10-40 mg/kg/day, depending on the degree of renal
function. The therapeutic concentration of vancomycin in
plasma is 15-20 mg/L (51-53). In patients treated with stand-
ard intermittent hemodialysis, the dose of vancomycin de-
pends on the diabetic membrane flow rate: “low-flux” versus
“high-flux” (54). The results of clinical trials show that van-
comycin is removed in significant amounts during the
CVVHDF session (> 50% of the total amount of vancomycin
is eliminated via kidneys). The dose of CVVHDF signifi-
cantly affects the clearance of vancomycin. With the increase
in the CVVHDF dose, vancomycin clearance is increased by
at least 30%. CVVHDF clearance of vancomycin corre-
sponds to the clearance of endogenous creatinine of 25-50
mL/min. Bearing this in mind, some authors consider that the
vancomycin impact dose should be 35 mg/kg (IV infusion for
4h), and further treatment should be continued continuously
i.v. through the infusion of vancomycin at a dose of 14
mg/kg/24h (51-54).

Beta-lactam antibiotics are widely used as the first-line
antibiotics for the treatment of infections in patients in inten-
sive care units. The use of standard doses in patients treated
with continuous dialysis modalities may result in an inade-
quate therapeutic concentration of these antibiotics in the se-
rum (subdosage, increased risk of development of re-
sistance). The group of beta-lactam antibiotics include:
ceftazidime (CEF), cefepime (CEF) and piperacillin/tazobac-
tam (TZP) (55-57). They belong to the group of “time-de-
pendent” antibiotics. The best pharmacodynamic parameter
for the evaluation of the antibacterial effect is %T > MIC (T
> MIC > 40% for CEF, T > MIC > 75% for TZP) (55-57).
The results of the tests carried out so far indicate that the
standard intermittent dose of ceftazidime does not provide
the target values of the pharmacodynamic parameters in all
patients with severe infection treated with CVVHDF (56,
57). CVVHDF removes a significant amount of ceftazidime.
The maximum effective serum ceftazidic concentration is 4-
5 times higher than the MIC (> 4-5 x MIC) (MIC for
ceftazidime is < 4 mg/L) (56, 57). Ceftazidime is the third
generation of cephalosporins, with molecular weight of 636.6
Da. It binds with plasma proteins in low percentage (fu =
0.90), and about 90% of ceftazidime is excreted in the urine
in an unchanged form (fe = 0.90), and the coefficient of scal-
ing of ceftazidime in the CVVHDF session is Sc = 0.81 +
0.11. The CLcvvupr of ceftazidime is calculated from the
equation: CLcvvupr = Sc x Qef = fu x Qef, where: Sc is the
coefficient of scaling, fu is the fraction of ceftazides not
bound to plasma proteins, and Qef - the total effluent flow
rate (dose of CVVHDF modality of dialysis). The average
CLcvvapr of ceftazidime is 33.6 ppm 4.0 mL/min (56, 57).
CLcvvhpr in total clearance of ceftazides participates with
55%. One of the dosing regimens recommended in patients
with severe infection treated with CVVHDEF is ceftazidime
administration in the form of an impact dose of 2.0 g IV



infusion, and then continued treatment with a continuous 3.0
g/24h 1V infusion over 72h (during CVVHDF) (56, 57).

Cefepime is a fourth-generation cephalosporin, which has
a wide range of effects on Gram-positive and Gram-negative
bacteria. It has a small volume of distribution - Vd = 0.3 L/kg
and binds in low percentage to plasma proteins (fu = 0.97).
The Sieving coefficient (the coefficient of cefepime scaling
is - Sc = 0.93, and the saturation coefficient - Sd = 1.03.
CLcvvnpr of cefepime is significant and is calculated from
the equation: CLcvvupr = fu x Qef, where: fu is fraction of
cefepime not bound to plasma proteins (fu = 0.97) and Qef -
the total effluent flow rate (dialysis dose). Qef is calculated
from the equation: Qef = Qd + Qs + Qnuf. In patients with
AKI, in the absence of sepsis, Qef = 20-25 mL/kg, and in
patients with severe sepsis, septic shock and AKI, Qef = 35
mL/kg/h (56, 57). The dose of cefepime in patients treated
with CVVHDF should be IV 1.0 g/12h or IV 2.0 g/24h (56,
57) Cefepime belongs to the “time-dependent” group and the
antibacterial effect is effective if T > MIC > 40-50% and
AUC.24/MIC ratio > 100 (57, 58).

Piperacillin/tazobactam, Tazocin® is one of the most fre-
quently used combinations of antibiotics for the treatment of
serious infections in patients in intensive care units. They
have a wide range of antibacterial effects involving Gram-
positive and Gram-negative bacteria (Pseudomonas aeru-
ginosa) (59, 60). They are applied in a standard dose of 4.5g
(Piperacillin 4.0 g + Tazobactam 0.5g), in the form of an IV
infusion for 20 minutes, at different dosing intervals: 4h, 6h
and 8h (59, 60). It belongs to the group of “time-dependent”
antibiotics, and the antibacterial effect is effective if T > MIC
> 100% (59, 60). Both piperacillin and tazobactam have a
low molecular weight, low plasma protein binding rates and
are removed during the CVVHDF session in high percentage.
The extracorporeal cleansing of piperacillin/tazobactam is
calculated from the equation: CLCVVHDF = Sc x Qef,
where: Sc is Sieving coefficient/coefficient of scaling (Sc =
fu), fu - fraction of piperacillin/tazobactam not bound to
plasma proteins and Qef - flow rate of total effluent (dose of
CVVHDF modality of dialysis) (59, 60). Extracorporeal
clearance has a significant role in the total clearance of pipe-
racillin/tazobactam (> 25% of total clearance) (59, 60).

Colistin is used to treat Gram-negative bacteria that are
resistant to a large number of antibiotics - MDR (Multi Drug-
Resistant): Acinetobacter baumannii and Pseudomonas aeru-
ginosa (61-63). Colistin has a small volume of distribution -
Vd = 0.3-0.4 L/kg and in high percentage is excreted in an
unchanged form via kidneys (fe = 80%) (59-61). Antibacte-
rial effect depends on the concentration of colistin in plasma
(belonging to the group of “concentration-dependent’ antibi-
otics) (61-63). It is administered intravenously in the form of
an inactive colistin methanesufonate (CMS), which is desig-
nated as CBA (Colistin Base Activity) in most countries (80
mg CMS = 30 mg CBA, conversion factor is 2.7). In some
countries, colistin is expressed in international units
(1.000.000 TU = 30 mg CBA). These diverse descriptions
have led to confusion in daily clinical work. Impact dose in

the IV bolus is 10,000,000 IU (300 mg CBA); it is applied
for 30 minutes, and then continues with IVapplication at a
dose of 3,000,000 IU/8h (12h after the impact dose) for two
weeks (conventional dosing regimen). The dosage should be
adjusted to the degree of renal function (61-63). According
to the EMA and FDA recommendations, dosing of colistin
should provide a target mean concentration of colystin bal-
ance of 2.0 mg/L (Css = 2.0 mg/L). The AUC/MIC ratio is
used to assess the antibacterial effect (61-63). In patients
treated with CVVHDF, the extracorporeal clearance of col-
istin can be calculated from the following formula: CLcrrr =
Qef x ER, where: Qef is the total effluent flow rate, and the
ER is the extraction index. The extract index of colistin is
calculated from the formula: ER = 2 x Ceff/(Cin + Cout),
where: Ceff is the concentration of colistin in the effluent,
Cin is the concentration of colistin before the filter, and Cout
is the concentration of colistin after the filter. The coefficient
of scaling for colistin is - Sc = 0.35. Extracorporeal clearance
of colistin is significant and accounts for 43-59% of total col-
istin clearance. The concentration of colistin after the filter >
70% of the colistin concentration before the filter may indi-
cate a reduced elimination of colistin during a dialysis ses-
sion (61-63). An increased risk of nephrotoxicity occurs if
the concentration of colistin is in balance (after seven days of
administration) > 3.0 mg/L. The nephrotoxic effect occurs as
a result of the accumulation of colistin in the epithelial cells
of the proximal tubule (tubulointerstition damage), within
72h after the administration of colistin (63, 64). As the con-
sequence of the increased accumulation of colistin in the ep-
ithelial cells of the proximal tubule, the development of acute
kidney damage occurs. The most common are AKI Stages 1
and 2, and less than 3% of patients require dialysis treatment
(64). The main risk factors for the development of the ne-
phrotoxic effect induced by the use of colistin are the follow-
ing: age, liver disease, basal intensity of glomerular filtration,
and hemoglobin concentration in blood. The blood hemoglo-
bin concentration changes the oxygenation of the kidney tis-
sue and increases the risk of AKI (64).

Meropenem is a carbapenem hydrophilic antibiotic used
to treat severe infections caused by Gram-positive and Gram-
negative bacteria, including Pseudomonas aeruginosa and
Acinetobacter species (65). Meropenem has a low molecular
weight, a small volume of distribution (Vd= 0.30-0.35 L/kg),
low percentage of binding to plasma proteins (fu = 0.98) and
is significantly removed during the course of the CVVHDF
(65). It belongs to the group of “time-dependent” antibiotics,
and the antibacterial effect is effective if T > MIC > 40%
(65). The minimum inhibitory concentration of meropenem
is £2.0 mg/L (MIC < 2.0 mg/L) (65). It is applied at a dose
of 500-1000 mg/8-12h. When determining the dosing regi-
men, conditions that affect the pharmacokinetics of mero-
penem should be considered: hypoproteinemia, different re-
sidual diuresis, different continuous dialysis modalities, and
different doses of the same CRRT modality of the dialysis.
For sensitive microorganisms, in which the minimum inhib-
itory concentration of meropenem is MIC < 2.0 mg/L, the
target pharmacodynamic parameter that assesses the effec-
tiveness of the antibacterial effect of meropenem should be T
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> MIC > 40%. In these patients, meropenem is administered
at a dose of 500 mg/8h in the IV infusion for 30 min. How-
ever, in the case of severe infections of microorganisms that
require minimal inhibitor meropenem concentration of MIC
= 2.0-4.0 mg/L, T > MIC should be > 100% (65). In these
patients, meropenem is administered at a dose of 500 mg/8h,
in the form of an extended intravenous infusion over 3h (65).
Resistance to meropenem is defined as the minimum inhibi-
tory concentration of meropenem - MIC > 4.0 mg/L (65).

Ertapenem is a carbapenem antibiotic used to treat severe
infections caused by Gram-negative bacteria (65). It is asso-
ciated with a high percentage of plasma proteins (85-95% in
healthy volunteers, fu = 0.05-0.15), and in patients with AKI,
the free medicine fraction increases to 20-40% (fu = 0.20-
0.40) (66). It belongs to the group of “time-dependent” anti-
biotics, and the main pharmacodynamic parameter for as-
sessing the efficacy of ertapenem is AUCy24/MIC ratio
(AUC-24/MIC > 40%) (66). In patients with endogenous cre-
atinine clearance less than 30 ml/min, IV dose of ertapenem
is 500 mg/24h, in patients with standard hemodialysis is also
500 mg/24h, and it is applied after a hemodialysis session,
whereas in patients treated with continuous dialysis modali-
ties (CVVHDF), ertapenem is administered at a dose of 1.0
g/24h (66).

Doripenem is a new carbapenem antibiotic with little
available data for optimal dosing in patients with sepsis and
AKI treated with continuous dialysis modalities (67). It be-
longs to the group of “time-dependent” antibiotics, and the
main pharmacodynamic parameter for assessing the effec-
tiveness of its antibacterial effect is T > MIC > 40% (67). It
is low in molecular weight (MW = 438.5 Da), low in percent-
age of plasma protein binding (PB = 10%, fu = 0.90), has an
unchanged form of excretion in urine (fe = 0.70), and is sig-
nificantly removed in the course of CVVHDF. The extrapo-
lation index of doripenem is calculated from the equation: %
ER = ((Ca - Cv) x 100)/Ca, where: Ca is the concentration of
doripenem in the patient’s blood before the filter and Cv is
the concentration of doripenem in blood after the filter.
CLcvvapr of doripenem moderately contributes to its overall
clearance (30%) (67). In patients with normal kidney func-
tion, it is administered at a dose of 500-100 mg/8h, in the
form of an IV infusion over 60 minutes, and in patients
treated with CVVHDF for sensitive microorganisms (MIC <
4.0 mg/L), a dose of 500 mg/12h is administered (67).

Fluoroquinolones (Levofloxacin, Ciprofloxacin) are lipo-
philic antimicrobials, which fall into the group of “concen-
trations-dependent” antibiotics (target Cmax = 4-5 ug/mL)
(68-70). The main pharmacodynamic parameters for as-
sessing the effectiveness of the antibacterial effect of fluoro-
quinolones are Cmax/MIC ratio > 10 and AUCy4/MIC ratio
> 100-125 (good ciprofloxycin dosing indicator) (68-70).
Levofloxacin is applied IV at a dose of 250 mg/24h or 500
mg/48h, while ciprofloxacin is administered I'V. at a dose of
400 mg/12h (i.e. infusion over 60 min) (per os 500 mg/12h).
In patients with endogenous creatinine clearance less than 30
mL/min is administered IV. The dose of ciprofloxacin is 400

mg/24h (per os 500 mg/24h). If the patient is treated with in-
termittent standard hemodialysis, ciprofloxacin is adminis-
tered at a dose of 400 mg/24h (per os 500 mg/24h), the med-
icine is applied after HD, and in patients treated with
CVVHDF, 1V infusion of administered ciprofloxacin is 400
mg/12-24h (68-70). The CVVHDF fluoroquinolone clear-
ance is calculated from the equation: CLcyvar = Sc x Quf,
where: Sc is the coefficient of scaling (sieving coefficient),
and Quf - the rate of the total ultrafiltrate flow. The coeffi-
cient of scaling is calculated from the equation: Sc = 2 x
Cuf/(Ca + Cv), where: Cuf is the concentration of the medi-
cine in the ultrafiltrate or effluent (Cuf = Cef), Ca is the con-
centration of the medicine before the filter and Cv is the con-
centration of the medicine after the filter. The total flow rate
of the total ultrafilter is calculated from the equation Quf =
Qs + Qnuf, where: Qs is the rate of flow of the solution for
substitution and Qnufis the rate of net ultrafiltration. The co-
efficient of scaling for levofloxacin is 0.67, and for ciprof-
loxacin 0.63 (0.70 £ 0.06) (68, 69). The contribution of
CLcvvar to total system clearance is calculated from the
equation (CLcvvur/CLs) x 100, where CLs is the total system
clearance (68, 69). With CVVHDF, fluoroquinolone clear-
ance is calculated from the equation: CLcvvapr = Sd x Qef,
where: Sd is the saturation coefficient, and Qef is the flow
rate of the total effluent. The coefficient of saturation is cal-
culated from the equation: Sd = Cef/(Ca + Cv), where: Cefis
the concentration of the medicine in the effluent, Ca is the
concentration of the medicine before the filter and Cv is the
concentration of the medicine after the filter. The flow rate
of the total effluent - Qef = Qd + Qs + Qnuf, where: Qd is the
dialysis flow rate, Qs is the rate of flow of the solution for
substitution and Qnuf is the net ultrafiltration rate. The coef-
ficient of saturation for levofloxacin is 0.56, and for ciprof-
loxacin 0.63. CLcvvupr of ciprofloxacin can be calculated
from the equation: CLcvvupr = fu x Qef, where: fu is the frac-
tion of ciprofloxacin not bound to the plasma protein (fu =
0.60-0.78), and Qef - flow rate of the total effluent (Qef= 35
mL/kg/h). An increase in the dose of CVVHDF (1Qef) in-
creases the clearance of ciprofloxacin. CLcvvupr of creati-
nine is equivalent to the clearance of CLcyvupr of ciproflox-
acin. In the situations of inability to measure ciprofloxacin
plasma concentrations, CLcvvrpr creatinine should be deter-
mined. The contribution of CLcvvupr to the total system
clearance is calculated from the equation (CLcvvaps/CLS) x
100, where CLs is the total system clearance. CLcyvupr of
fluoroquinolones contributes to 40% of the total system
clearance. The results of the studies showed that the optimal
IV dose of Ilevofloxacin in patients treated with
CRRT/CVVHDF is 250mg/24h, and for ciprofloxacin 400
mg/24h (68, 69). In patients with severe sepsis, septic shock
and AKI treated with CVVHDF, with a filter containing
AN69 membrane and a dialysis dose of Qef =35 mL/kg/h, to
achieve pharmacokinetic and pharmacodynamic goals
(Cmax/MIC > 10, AUCy,4/MIC > 100 for MIC <0.50 mg/L)
a dose of 400 mg/12h of ciprofloxacin is required, and in pa-
tients with concomitant liver insufficiency it is 400 mg/24h
(in order to optimize and individualize ciprofloxacin, the
function of the liver should also be evaluated) (69, 70).
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INTRODUCTION

Cardiovascular diseases (CVD) are the leading cause of
morbidity and mortality in patients with diabetes mellitus
(DM). Currently, DM type 2 affects 347 million worldwide
(1), while the risk of mortality is 1.7 times higher in patients
with diabetes mellitus than in the non-diabetic population (2).
Inflammation, neurohumoral activation and structural re-
modelling are multiple mechanisms that contribute to cardi-
ovascular disease, whereby one of the primary means con-
tributing to CVD development is oxidative stress (3).

Increased bioavailability of reactive oxygen species
(ROS) is defined as oxidative stress and is noticed in type 2
DM and reduced antioxidant enzymes expression/activity
(3). One of the many mechanisms correlated with vascular
damage induced by oxidative stress is decreased nitric oxide
(NO) bioavailability. NO effects are impaired by increased
ROS production whereby increased generation of superoxide
anion (02-), a ROS that readily reacts with vascular NO to
form peroxynitrite (ONOO-), has been reported in DM2 ex-
perimental models (4).

Aldosterone, an adrenal hormone, is secreted due to
renin-angiotensin-aldosterone system (RAAS) activation,
representing one of the fundamental physiological reactions
in CVD (5). The discovery that the concentrations of myo-
cardial aldosterone in typical rodents are multiple times
higher than plasma prompted an extraordinary comprehen-
sion of the role of mineralocorticoid receptor activation in the
CVD (6).

Spironolactone, a mineralocorticoid receptor antagonist,
produces positive ionotropic actions in rat heart by increasing
diastolic concentration of calcium and myosin ATPase cal-
cium sensitivity (7). This medication utilizes coronary micro-
vascular function, proposing a beneficial role of aldosterone
in preventing diabetic cardiovascular complications in pa-
tients with type 2 DM (8). Our previous finding suggests that
acute application of different spironolactone doses has other
effects on healthy and diabetic hearts; In contrast, the dose-
dependent effect is observed in diabetic hearts. That effect is
absent in healthy ones (9). Based on the above data, aldoste-
rone affects redox status in multiple ways, whereby cardiac-
specific overexpression of human MR leads to increased
ROS production and expression of NADPH oxidase (10).
MR blockade with spironolactone treatment in rat led to de-
creased ROS formation and NADPH oxidase subunit expres-
sion (10).

Regarding pro-oxidative and pro-inflammatory effects of
aldosterone in the cardiovascular system (11), and consider-
ing that aldosterone concentration increases in DM (12), our
study aimed to evaluate the impact of different spironolac-
tone dosages on oxidative stress in streptozotocin-induced
DM diabetic rats.

MATERIALS AND METHODS
Animals and experimental design

The present investigation was done on 40 grown-up male
Wistar albino rats (8 weeks old and boy weight of 200 + 30g).
They were housed under controlled natural conditions: tem-
perature 25°C with a built-up photo time of 12 h light/day.
The rats had free access to food and water - ad libitum. Rats
were randomly randomized into 4 groups (10 animals for
each group): (1) healthy rats treated with 0.1 M of spirono-
lactone (n=10); (2) diabetic rats treated with 0.1 pM of spi-
ronolactone (n=10); (3) healthy rats treated with 3 pM of spi-
ronolactone (n=10); (4) diabetic rats treated with 3 uM of
spironolactone (n=10). Acute administration of spironolac-
tone was achieved through the Langedorff apparatus directly
in the isolated heart.

Ethical approval

All experimental procedures were done per current legis-
lation (EU Directive for the Protection of Vertebrate Animals
used for Experimental and other Scientific Purposes
86/609/EES) and ethics standards. Animals were cared as per
the Guide for the Care and Use of Laboratory Animals (Na-
tional Research Council 1996). The study was conducted un-
der the Basic & Clinical Pharmacology & Toxicology policy
for experimental and clinical studies (13). The investigation
protocol was approved by the Ethics committee for experi-
mental animal well being of the Faculty of Medical Sciences
of the University of Kragujevac.

Diabetic rat model

Before DM induction, 2 weeks of adjustment was given.
To build up a rat model of experimentally induced type 1
DM, which imitates similar pathophysiology in the human
population, over-night fasting rats were infused with a single
intraperitoneal portion of streptozocin (STZ) (60 mg/kg)
(Sigma-Aldrich, St. Louis, Missouri, USA) dissolved down
in cold, fresh 0.01 mol/L citrate buffer of fresh or solidified
ImL aliquots at 20 °C (0.1 mol/L citric acid, 0.1 mol/L so-
dium citrate), pH 4.5. DM was confirmed 72h later when
blood glucose levels were above 11.1 mmol/L. Animals that
developed DM were held in similar conditions and followed
for the next 4 weeks.

Isolated rat heart preparation

On the 29th day after inducement of type 1 DM, rats were
anaesthetized with ketamine (10 mg/kg) and xylazine (5
mg/kg) and afterwards euthanized by cervical disengagement
(Schedule 1 of the Animals/Scientific Procedures, Act 1986,
UK). Following a fast thoracotomy and quick cardiac arrest
by superfusion with super cold isotonic saline, the hearts
were speedily extracted and attached to the Langendorff ap-
paratus (Langendorff apparatus, Experimentia LTD, 1062
Budapest, Hungary) through aortic cannulation and after-
wards were perfused with Krebs-Henseleit solution for retro-
grade perfusion under continuously expanding coronary
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perfusion pressure (CPP) (CPP from 40 cmH,O to 120
cmH>0). Krebs-Henseleit solution was utilized for retro-
grade perfusion (in mmol/L: NaCl 118, KCl 4.7, CaCl,, x 2
H>0 2.5, MgS04x 7 H,0 1.7, NaHCO; 25, KH,PO4 1.2, glu-
cose 11 and pyruvate 2). The buffer was balanced with 95%
O and 5% CO,, with a pH estimation of 7.4 and a tempera-
ture of 37 °C.

After the heart perfusion foundation, the arrangements
were balanced within 30 min with a basal CPP of 70 cmH,O.
Following the adjustment period, the perfusion pressure was
diminished to 50 and 40 cmH»0, and afterwards, step by step
expanded to 60, 80, 100, and 120 cmH,O to set up coronary
autoregulation. Testing began following the control test to
keep away from undesirable time-dependent consequences.
The spironolactone application (0.1 and 3 mol/L) went on
until accomplishing a steady stream, yet not under 5 min for
each estimation of perfusion pressure. After the sensor (trans-
ducer BS4 73-0184, Experimetria Ltd., Budapest, Hungary)
placing into the left ventricle, the accompanying cardiody-
namic parameters were ceaselessly enlisted: the maximum
and minimum rate of pressure development in the left ventri-
cle (dp/dtmax, dp/dtmin), systolic and diastolic left ventricle
pressure (SLVP, DLVP), pulse (HR), and coronary flow (CF)
on every one of foreordained estimations of perfusion pres-
sure (40, 60, 80, 100, and 120 cmH,0). CF was estimated by
flowmetry. Every heart was its control.

Biochemical analysis

Markers of oxidative stress were estimated spectrophoto-
metrically in the gathered examples of coronary venous ef-
fluent. Samples were collected after adjustment of the coro-
nary flow and after medication administration for every per-
fusion pressure. We performed quantification of nitrites (the
measure of NO discharged), superoxide anion radical (O,),
and hydrogen peroxide (H20:) and indirect quantification of
the index of lipid peroxidation using receptive thiobarbituric
substances (TBARS), for all examples.

Determination of hydrogen peroxide (H202)

Estimation of hydrogen peroxide depended on the oxida-
tion of phenol red by hydrogen peroxide in a response cata-
lyzed by horseradish peroxidase (HRPO) (14). A sum of 200
pl of perfusate was accelerated with 800 ml of freshly ar-
ranged phenol red solution, followed by the addition of 10 pl
of (1:20) HRPO (made ex-tempore). A sufficient volume of
distilled water was utilized as a blank test (rather than coro-
nary venous gushing). The level of H,O, was measured at
610 nm.

Determination of nitrites (NO2)

Nitric oxide decays quickly to frame stable metabolite ni-
trite/nitrate products. Nitrites can, in this manner, be utilized
as an index of NO generation using a spectrophotometric
strategy utilizing the Griess reagent. Nitrites (NO;") were de-
termined as an index of NO creation with Griess reagent
(forms purple diazocomplex) (15). Briefly, 0.5 ml of the
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perfusate was accelerated with 200 ul of 30% sulfosalicylic
acid, vortexed for 30 min and centrifuged at 3000 x g. Equal
volumes of the supernatant and Griess reagent containing 1
% sulphanilamide in 5 % phosphoric acid/0.1 % naphthalene
ethylenediamine-dihydrochloride was added and balanced
out for 10 min in the dark and estimated spectrophotometri-
cally at 550 nm. Distilled water was utilized as a clear test.

Determination of superoxide anion radicals (O2)

Superoxide anion radical concentrations were estimated
utilizing the NTB (Nitro Blue Tetrazolium) reagent in TRIS
buffer (assay mixture) with coronary venous effluent. The es-
timation was performed at a wavelength of 550 nm. Distilled
water was utilized as a blank test (16).

Determination of the index of lipid peroxidation
measured as TBARS

The lipid peroxidation list was determined indirectly by
estimating the results of the response with thiobarbituric acid
(TBARS or Thiobarbituric Acid Reactive Substances).
Briefly, 1% thiobarbituric acid (TBA) in 0.05 M NaOH was
incubated with coronary venous effluent at 100°C for 15 min
and afterwards, spectrophotometrically estimated at a wave-
length of 530 nm. Distilled water was utilized as a blank test

7).
Drugs

STZ and spironolactone were purchased from Sigma-Al-
drich Chemie GmbH Eschenstr. 5, 82024 Taufkirchen, Ger-
many.

Statistics

Statistical investigation of experimental information in-
corporated the following essential descriptive statistics: the
mean value (X) + standard deviation (SD). Results and vari-
ables from healthy and diabetic rat hearts perfused with var-
ious spironolactone dosages (0.1 or 3 uM/L) were compared
with every parameter at each CPP. The following factual tests
were utilized to test the measurable statistical significance of
the outcomes and to affirm the speculation: Independent T-
test. A database analysis of the results was performed using
programming software SPSS 18th (SPSS Inc., Chicago, IL,
USA). P values lower than 0.05 (p<0.05) were considered to
be significant, while p values lower than 0.01 (p<0.01) were
viewed as highly significant.
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RESULTS
Hydrogen peroxide (H203)

After spironolactone application in the dose of 0.1uM, the
hydrogen peroxide levels did not significantly differ in
healthy and diabetic rats (Fig la). However, after perfusion
with 3uM of spironolactone, levels of hydrogen peroxide sig-
nificantly decreased in diabetic rats when compared to
healthy rats at all CPPs, with higher significance at 80 - 120
cmH>0 (p<0.01) (Fig 2a). When we compared levels of H,O»
between healthy rats treated with 0.1uM and 3uM of spiro-
nolactone, no significant differences were noted at any CPP
(Fig 3a). Significantly lower levels of H,O, were noticed in
diabetic rats treated with 3uM at 80, 100 and 120 cm H,O
compared to diabetic rats treated with 0.1uM of spironolac-
tone (Fig 4a). The most significant increase in the level of
H>0O; was achieved with 0.1uM of spironolactone at CPP of
40 cm H,O compared to control, while 3uM lowered the
level of H,O» the most in diabetic rats at CPP of 120 cm H,O
(Table 1.)

Nitrites (NO2)

NO activity was measured as nitrite. Its level was signif-
icantly higher in diabetic rats perfused with 0.1 pM of spiro-
nolactone than healthy rats perfused with the same dose of
spironolactone at CPPs at 100 and 120 cm H,O (p<0.05).
Simultaneously, the level of nitrites did not significantly dif-
fer at lower CPPs (Fig 1b). When diabetic and healthy hearts
were perfused with 3uM of spironolactone, levels of nitrites
were markedly higher in healthy hearts only at CPP at 120
cm H,O (p<0.05), while at lower CPPs, no significant differ-
ences were observed, but there is a noticeable trend in the rise
of the level of nitrites in healthy hearts (Fig 2b). The same
evident trend was also observed when we compared levels of
nitrites between healthy rats treated with 0.1uM and 3uM of
spironolactone, with significantly higher levels of nitrites in
healthy rats treated with 3uM of spironolactone when com-
pared to healthy rats treated with 0.1uM of spironolactone
(Fig 3b). In contrast, when we compared the level of nitrites
in diabetic rats treated with 0.1uM and 3uM of spironolac-
tone, there were no significant differences in nitrites' levels
(Fig 4b). The dose of 0.1uM of spironolactone increased the
level of NO," the most in healthy rats compared to healthy
control at CPP 40 cm H,O, while the most significant de-
crease in the level of NO,” was observed between the same
rats at CPP 120 cm H,O (Table 1.).

Superoxide anion radical (O2)

In diabetic rats perfused with 0.1 pM of spironolactone
compared with healthy rats perfused with the same dose of
spironolactone level of O, was significantly increased at 80
- 120 cm H,O (p<0.01) (Fig 1c), but when both groups were
perfused with 3uM of spironolactone, levels of O, were sig-
nificantly higher in healthy rats at 40, 60 and 120 cm H,O
(p<0.05) (Fig 2c). Level of O,  did not significantly differ
between healthy rats treated with 0.1uM and 3uM of spiro-
nolactone (Fig 3c). However, a significantly higher level of

O, was observed in diabetic rats treated with 0.1uM of spi-
ronolactone compared to diabetic rats treated with 3uM od
spironolactone at 60, 80, 100 and 120 cm H>O (Fig 4c). Spi-
ronolactone in the dose of 0.1uM increased the level of Oy
for 67.14% in diabetic rats when compared with diabetic con-
trol at CPP 120 cm H,O, while the same quantity of spirono-
lactone decreased the level of O, for 53.58% in healthy rats
when compared to healthy control at CPP 60 cm H,O
(Table 1.).

Index of lipid peroxidation (measured as TBARS)

After spironolactone application in the dose of 0.1uM, the
levels of TBARS did not significantly differ in healthy and
diabetic rats (Fig 1d). After perfusion with 3uM of spirono-
lactone in diabetic rats, significantly lower levels of TBARS
was observed at 80 - 120 cm H»O (Fig 2d). When we com-
pared the level of TBARS between healthy rats treated with
0.1uM and 3uM of spironolactone, in the group treated with
3uM of spironolactone, we noticed significant higher values
compared to the group treated with 0.1uM of spironolactone
at 80 - 120 cm H,O (Fig 3d). Significantly lower levels of
TBARS were observed in diabetic rats treated with 3uM of
spironolactone when we compared them to diabetic rats
treated with 0.1uM of spironolactone (Fig 4d). Levels of
TBARS increased the most when 3uM of spironolactone was
applied to healthy rats at CPP of 120 cm H>O compared to
healthy control. In contrast, spironolactone in the same dose
lowered TBARS the most in diabetic rats at CPP 80 cm H,O
(Table 1.).

Figure 1. Parameters of oxidative stress in healthy rats per-
fused with 0.1 uM of spironolactone compared with dia-
betic rats perfused with 0.1 uM of spironolactone.

(a) Hydrogen peroxide (H202) (b) Nitrites (NO2-)

(c¢) Superoxide anion radical (O2-) (d) Index of lipid peroxi-
dation (measured as TBARS). Data is presented as
mean + SD. CPP, coronary perfusion pressure.
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Figure 2. Parameters of oxidative stress in healthy rats per-
fused with 3 uM of spironolactone compared with diabetic
rats perfused with 3 uM of spironolactone. (a) Hydrogen per-
oxide (H202) (b) Nitrites (NO2-) (c) Superoxide anion radi-
cal (02-) (d) Index of lipid peroxidation (measured as
TBARS). Data is presented as mean + SD. CPP, coronary
perfusion pressure.
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Figure 3. Parameters of oxidative stress in healthy rats per-
fused with 0.1 pM of spironolactone compared with healthy
rats perfused with 3 uM of spironolactone. (a) Hydrogen per-
oxide (H>0») (b) Nitrites (NO>") (c) Superoxide anion radical
(02) (d) Index of lipid peroxidation (measured as TBARS).
Data is presented as mean = SD. CPP, coronary perfusion
pressure.

Figure 4. Parameters of oxidative stress in diabetic rats perfused with 0.1 uM
of spironolactone compared with diabetic rats perfused with 3 uM of spironolactone.
(a) Hydrogen peroxide (H20.) (b) Nitrites (NO>") (c) Superoxide anion radical (O>)
(d) Index of lipid peroxidation (measured as TBARS).
Data is presented as mean + SD. CPP, coronary perfusion pressure.

Table 1. Percentage of reduction or increase in the each of the parameters of
oxidative stress in healthy and diabetic rats treated with different spironolactone doses.

40 60 80 100 120
cmH:0 cmH:0 cmH:0 cmH:0 cmH:0
0.1 uM spironolactone healthy vs. +20.49 +1.34 +1.30 757 0.00
control
. 3 UM spironolactone +11.12 -3.88 +0.79 112.62 +9.40
o healthy vs. control
- 0.1 uM spironolactone i i i
diabetic vs. diabetic -0.12 11.62 0.28 +8.73 8.08
3 uM spironolactone diabetic vs. | 5 5, 133.73 37.84 220.12 143.83
diabetic
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40 60 80 100 120
cmH:0 cmH:0 cmH:0 cmH:0 cmH20
0-1 WM spironolactone healthy vs. | ;13 69 -10.83 20.12 -19.92 31.26
. 3 M spironolactone 2.03 [13.64 -0.36 474 +0.90
% o eaMy YS. CO{] l'i)
Ao Spironolactone _ _ _
fpo M spronoac 412 6.74 491 126 0.98
3 uM spironclactone diabetic vs. | 3 4 11,98 114.09 9.54 11.25
- ;%h;pjs"‘;‘glgf:;“e +5.55 -53.58 1475 41,34 116,96
| 3hf;’ftfl1;“v°s“‘;f‘;:r‘;‘f +16.83 6.04 1697 20,30 11.92
S thy vs. control ___
0-1 WM spironolactone diabetic | 1 85 3.80 32,66 +19.34 +67.14
3 uM spironclactone diabetic vs. |13 32.84 2524 1517 46.94
0.1uM Sp“"‘(‘:‘(’)lr“l‘t"rté’lne healthy vs. |7 g +1.32 691 -10.89 9.93
% 3 M spironolacione +7.64 +5.60 12774 128.50 31,63
2 [ 0.1 1M spironolactone diabet
= et +5.25 -6.02 -7.06 +0.60 -3.87
3 uM spironclactone diabetic vs. 1361 48.17 49.53 -46.99 47.15

Percentage of reduction or increase in the each of the parameters of oxidative stress in healthy rats, healthy rats treated
with 0.1 uM and 3 pM of spironolactone and diabetic rats treated with 0.1 uM and 3 pM of spironolactone. Sign (-) stands
for reduction and sign (+) stands for increase in the level of the parameters of oxidative stress. Data is presented as

percentage.

DISCUSSION

The present study aimed to assess the acute effect of spi-
ronolactone administration on oxidative stress parameters in
STZ-induced DM isolated heart rats. Besides, we have also
examined the acute effect of different spironolactone doses
on oxidative stress parameters in the above mentioned iso-
lated heart rats.

Besides hypertension, DM is one of the most common
factors contributing to CVD, putting CVD at the top of the
scale of mortality worldwide. Acceleration of atherosclerosis
increases the arteries' stiffness; thus, earlier onset of CVD,
such as coronary artery disease, heart failure, arrhythmias, is
one of the primary mechanisms by which DM contributes to
the development of CVD.

Development of diabetic cardiomyopathy, characterized
by interstitial and perivascular fibrosis, thickening of basal
membranes of capillaries and hypertrophy of cardiomyocytes
are one of the most critical consequences of DM (18-21).
State of hyperglycemia through activation of different signal
pathways leads to inflammation, increased ROS synthesis,
and remodelling of the extracellular matrix of heart muscle

(22). Those mechanisms lead to myocardial fibrosis, respec-
tively increased rigidity, reduced ability for myocardial re-
laxation and increased stiffness of the endocardium. Abnor-
malities in calcium homeostasis, increased synthesis of ROS,
and mitochondrial dysfunction are also some of the mecha-
nisms involved in the development of diabetic cardiomyopa-
thy. Simultaneously, activation of RAAS, one of the main
ones, plays a crucial role in manifesting the consequences of
chronic hyperglycemia (23, 24). One of RAAS activation ef-
fects is increased ROS synthesis and thus changes in activa-
tion genes leading to increased fibrosis of the heart, apopto-
sis, and necrosis (25). Beside increased ROS synthesis, con-
sequential activation of angiotensin II receptors type 1 and
MR can also lead to myocardial fibrosis (26). When activa-
tion of angiotensin II receptors type 1 and MR are compared,
AT1 receptor blockade protects the heart from diabetic com-
plications short-termly, while MR blockade provides long-
term protection (27).

For chronic administration of spironolactone, MR's non-
selective antagonist has been previously reported to lower the
myocardial ~ fibrosis, however, without effect on
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cardiodynamic parameters (28). Our previous research has
documented a different impact of acute spironolactone ad-
ministration on healthy and diabetic rats with better effects
of higher spironolactone doses in diabetic rats, while in a
healthy one, the same effect was observed with lower spiro-
nolactone doses (9). And our current findings are consistent
with the previous one, showing the same effect of spirono-
lactone on oxidative stress parameters as on parameters of
cardiac dynamics in healthy and diabetic hearts. Levels of
H>O; were significantly lower in the group of diabetic rats
treated with 3uM then in the healthy rats treated with the
same dose of spironolactone. Simultaneously, no significant
differences were noted when diabetic and healthy rats treated
with 0.1uM of spironolactone were compared and when
healthy rats treated with 0.1pM were compared with healthy
rats treated with 3uM of spironolactone. Previous research
has concluded that chronic administration of spironolactone
lowers levels of H>O,, while it has also been proved that spi-
ronolactone enhances the activity of catalase, an antioxidant
enzyme with effects on H,O» (29, 30). Levels of NO,™ did not
significantly differ between our groups, except when we
compared healthy and diabetic rats treated with 0.1uM of spi-
ronolactone at higher values of CPP where better effect were
observed in healthy rats; and when we compared healthy rats
treated with 0.1puM of spironolactone and healthy rats treated
with 3uM of spironolactone again at higher values of CPP
(100 and 120 cm H,0), confirming our earlier conclusion that
spironolactone has better effects in heathy rats when given in
lower doses. Similar results were observed when we looked
at Oy levels, as well as TBARS levels.

Some of the findings we observed in our previously pub-
lished research regarding different effects of different spiro-
nolactone doses on parameters of cardiodynamics could be
explained by these findings of oxidative stress. In the litera-
ture, spironolactone improved eNOS, endothelial nitric oxide
synthase improving coronary flow (3). It has also been re-
ported that spironolactone improves NO/soluble guanylyl
cyclase mediated response inducing vasodilatation (30). Be-
side improved function of eNOS, it has been shown that vit-
amin E levels were significantly higher in STZ-induced DM
rat hearts that were treated with spironolactone, either by its
enhanced production or suppressed consumption (3). It has
also been shown that MR antagonists have only partial pro-
tection in diabetic eNOS knock-out mice in comparison to
fully protected diabetic wild-type mice (31). Spironolactone
also leads to lower levels of TBARS, which can point protec-
tive effects of spironolactone towards biomembranes, which
contain numerous polyunsaturated free fatty acids.

In summary, different spironolactone doses achieved dif-
ferent effects on parameters of oxidative stress. While better
effects in healthy rats were achieved with lower amounts of
spironolactone, in diabetic rats, better outcomes were
achieved with higher doses of spironolactone. These results
coincide with our previous results regarding cardiodynamic
parameters. Therefore, one explanation for the same effect of
different spironolactone doses on cardiodynamic parameters
in diabetic and healthy rats could be that the higher the dose
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of spironolactone, the better its impact on oxidative stress
and, therefore, cardiac function. It has been shown that the
state of hyperglycemia enhances MR transcriptional activity,
and the reason for better spironolactone effect on diabetic
hearts in higher dose could be explained by overexpression
of MR in diabetic hearts, thus blocking it with higher spiro-
nolactone concentrations better result is achieved (32). In
healthy hearts, the same effect is observed with lower spiro-
nolactone concentrations because there is no MR overexpres-
sion. These discoveries likewise concur with the recently re-
vealed level after which perfusion with higher spironolactone
groupings does not have any extra impact on myocardial con-
tractility (33). Besides the reported plateau for spironolac-
tone, it has also been shown that different spironolactone
doses did not change the concentrations of pro-inflammatory
cytokines (IL-1p, IL-6 and IL-8) in human coronary artery
endothelial cells treated with 5.5mM dextrose (34).

Our study's main limitations are the lack of a causal rela-
tionship between the spironolactone effect on cardiodynam-
ics and on parameters of oxidative stress. While oxidative
stress induces MR activation, oxidative stress is subsequently
increased by MR activation in a feedback loop, we could not
determine whether the spironolactone effect is achieved di-
rectly by influencing cardiodynamic parameters and conse-
quently changing the levels of parameters of oxidative stress
or primarily by modification of parameters of oxidative stress
and after that cardiodynamic parameters, however, the causal
link exists (35, 36). Therefore, further research is needed to
investigate the spironolactone effect on the relationship be-
tween cardiodynamic and parameters of oxidative stress and
determine the definitive mechanism of action of different spi-
ronolactone dosage on diabetic hearts.

CONCLUSION

Spironolactone, a non-selective MR antagonist, achieved
different effects on oxidative stress parameters when given
acutely in different doses in diabetic and healthy rats. In
lower doses, spironolactone's acute administration lowered
the parameters of oxidative stress in healthy rats better than
higher doses of spironolactone. In contrast, in the diabetic
group, acute effects of higher doses of spironolactone low-
ered oxidative stress parameters better than lower doses of
spironolactone.
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ABSTRACT

The interactions of metal complexes with important biomolecules
such as deoxyribonucleic acid (DNA) or bovine serum albumin
(BSA) are responsible for their antitumor activity due to different
modes of interaction with DNA and their transport through the
blood system to cells and tissues via serum albumin. Therefore,
the dinuclear palladium(ll) complexes, [{Pd(en)Cl}:(u-1,5-
nphe)](NO3); (Pdl) and [{Pd(1,3-pd)Cl}s(1-1,5-nphe)](NO3);
(Pd2) (en is ethylenediamine, 1,3-pd is 1,3-propylenediamine and
1,5-nphe is the bridging 1,5-naphthyridine ligand) were synthe-
sized and characterized by different spectroscopic methods. The
UV-Vis and fluorescence emission spectroscopy were applied for
evaluation of binding modes of Pdl and Pd2 complexes to DNA
as well as their interaction with BSA. The emission spectra indi-
cate that the investigated Pdl and Pd2 complexes can displace
the ethidium bromide intercalator from DNA/EtBr molecules and
act as intercalators showing strong interactions with DNA. The
fluorescence intensity showes that Pdl and Pd2 complexes can
bind to BSA and then be transported to the cell.

Keywords: Dinuclear palladium(ll) complexes; 1,5-naphthy-
ridine; DNA; bovine serum albumin (BSA).
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INTRODUCTION

Palladium(II) complexes are interesting due to their sim-
ilarity with the corresponding platinum(II) complexes, so
they can be used as model molecules for investigation of the
antitumor action mechanism of cisplatin and other platinum
chemotherapeutics. Reactivity of palladium(I) complexes is
10*-10° times higher in relation to analogous with plati-
num(II) (1-4).

Although the first results did not show significant anti-
tumor activity of the palladium(II) complexes, they were
nevertheless studied more widely. It is considered that the
lower activity of these complexes is a consequence of very
fast ligands exchange and the inability of the complex to
reach the biological target without changes in structure,
which increases the risk of adverse effects on biochemical
processes in the cell. Since the main reason for the poor bio-
logical activity of these palladium complexes lies in its ther-
modynamic and kinetic lability, it was necessary to make a
good selection of ligands, and thus the leaving groups, in the
synthesis. In order to overcome such problems, a large num-
ber of palladium(Il) complexes containing chelating ligands,
have been synthesized in order to reduce the reactivity of pal-
ladium(II) ion, and increase the stability of the obtained com-
pounds (5). The reactivity and lipophilicity, as well as the
antitumor activity of the complex itself, depend on the choice
of appropriate ligands. With increasing of compound lipo-
philicity, its cytotoxicity also increases (6,7). The leaving
group must not be extremely labile because it is necessary for
the complex to sustain its structural integrity in vivo long
enough. For example, 1,10-phenanthroline mononuclear and
dinuclear palladium(IT) complexes show very good antitumor
activity (8). It is assumed that one of the main reasons for
good cytotoxicity, in addition to lipophilicity, is the presence
of the N-H group, more precisely the hydrogen atom that is
suitable for the formation of the hydrogen bonds. This allows
more efficient coordination of nucleic acids, containing the
electron donor nitrogen atoms, for the palladium(II) ion. So
far, only in medicine, the radioactive isotope '°*Pd has been
used for treatment of fast-growing prostate cancer (9,10).

Numerous palladium complexes with ligands such as pu-
trescine, spermine, edta-type ligands and coumarin deriva-
tives have been synthesized and showed cytotoxic activity
approximately equal or even better than cisplatin (11,12).
Studies based on the biological activity of mononuclear pal-
ladium(Il) complexes with ethylenediamine ligand have
shown enhanced cytotoxic activity against human leukemia
cell lines, relative to cisplatin and other platinum(II) com-
plexes (13). Ethylenediamine dinuclear palladium(II) com-
plexes with pyridine derivatives and phenanthroline as lig-
ands have also shown cytotoxic activity, as well as the ability
to reduce the viability of cervical tumor cells (14). The syn-
thesis of palladium(II) complexes with voluminous N-donor
ligands leads to the formation of trans-complexes, due to the
steric effect. Trans-isomers of palladium(II) complexes have
shown better cytotoxicity compared to corresponding cis-iso-
mers (15).

Deoxyribonucleic acid (DNA), important biopolymer in
the human body, forms different conformations under physi-
ological conditions, because of interactions that occur within
the molecule itself (16-18). DNA has a role to store and trans-
mit encoded genetic data, which includes transcription, rep-
lication, and translation into proteins. Investigating the mech-
anism of action of cisplatin as a highly represented cytostatic
in the treatment of different cancers, it was found that reversi-
ble and irreversible binding to the DNA molecule occur. Re-
versible bonding refers to the formation of covalent bonds
between platinum(II) ions and nitrogen atoms from purine
and pyrimidine bases, namely N7-nitrogen atoms from gua-
nine, N7 and N1-atoms from adenine and N3-atom from cy-
tosine and thymine (19, 20). NMR spectroscopy and X-ray
analysis have shown that interlinked bonds between DNA
molecules and metal ions can be formed in different ways.
Analogous to platinum(II), studies of palladium(I) com-
plexes interactions with DNA have been performed (21,22).

Serum albumins are a class of blood proteins whose pri-
mary function is the transport of molecules and regulation of
osmotic pressure in the blood plasma. They play an important
role in the transport of metal ions and their complexes to cells
and tissues. The concentration of serum albumin in the blood
is about 7.0-10* M (23,24). Human serum albumin (HSA)
and bovine serum albumin (BSA) belong to the group of the
most studied proteins (23,25). Bovine serum albumin posses-
ses amino acid sequence that has 76% similarity to the human
serum albumin (23,26). Investigations of the interactions of
serum albumin proteins and transition metal ion complexes
used as drugs, is of great importance, because it can lead to a
decrease or increase in the biological activity of the drug, as
well as to the occurrence of new modes of complex transport.
Rapid degradation of many drugs in the body, reduces their
therapeutic power. HSA and BSA, as drug transporters, can
be used to increase the half-lives of peptides and small
molecules that are rapidly subject to degradation. In this way,
serum albumins regulate the bioavailability of drugs and bi-
oactive molecules. Due to the extraordinary binding capacity
of different ligands, they are also used as model systems for
studying interactions with bioactive molecules (27,28).

In this paper, we report synthesis and spectroscopic char-
acterization of two dinuclear palladium(II) complexes with
1,5-naphthyridine bridging ligand, [{Pd(en)Cl}2(p-1,5-
nphe)[(NO3)2 (Pdl) and [{Pd(1,3-pd)Cl}2(u-1,5-nphe)]
(NO3)2 (Pd2). UV-Vis spectrometry and fluorescent meas-
urements are applied for investigation of the reactions of pal-
ladium(IT) complexes (Pd1 and Pd2) with DNA and bovine
serum albumin (BSA), which results can provide mechanism
of their antitumor activity and their possibility to interact
with important biomolecules as well as mode of these inter-
actions.
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EXPERIMENTAL
Materials

Chemicals and reagents ethylenediamine (en), 1,3-
propylenediamine (1,3-pd), 1,5-naphthyridine (1,5-nphe),
deoxyribonucleic acid isolated from calf thymus (CT-DNA),
bovine serum albumin (BSA), ethidium bromide (EtBr), 0.01
M phosphate buffer and K,[PdCls] were purchased from
Sigma-Aldrich Chemical Co. Bidistilled water was used to
prepare a solution of these reagents. Other chemicals used in
this work were commercial products of analytical purity and
were purchased from a domestic manufacturer.

Instrumental methodes

All pH measurements were performed at 25 °C. For this
purpose, a pH meter Mettler Toledo Seven Copmact S220-U
was used, which was calibrated in relation to Mettler Toledo
buffer solutions for pH = 4.0 and pH = 7.0. The measured pH
values were not corrected for the deuterium effect.

Elemental microanalysis for C, H, and N parameters were
performed in the Microanalytical Department of the Institute
of Chemistry, Faculty of Chemistry, University of Belgrade.

D,0O as the solvent and TSP (trimethyl-silylpropane-3-
sulfonate) as the reference standard were used to record the
'H and *C NMR spectrum. The spectra were recorded on a
Varian Gemini 200 MHz spectrometer. All reactions were
performed in 5 mm diameter NMR cuvettes.

Electronic absorption spectra were recorded on a Shi-
madzu UV-Vis spectrophotometer. Concentrations of dinu-
clear palladium(Il) complexes were 5107 mol/dm®. The
electron absorption spectra were recorded in the wavelength
range 200—500 nm at 25 °C and the experimental results were
processed using the computer program Microsoft Office Ex-
cel 2003.

Infra-red (IR) spectra were recorded on a Perkin-Elmer
Spectrum One FT-IR spectrometer using the KBr technique,
in the wavelength range of 450 - 4000 cm™!.

Fluorescence measurements were performed on an RF-
1501 PC spectrophotometer (Shimadzu, Japan).

Synthesis of [Pd(en)Cl;] and [Pd(1,3-pd)Clz] complexes

Mononuclear palladium(Il) complexes [Pd(en)Cl>] and
[Pd(1,3-pd)ClL;] (en and 1,3-pd, are bidentate coordinated
diamine ligands ethylenediamine and 1,3-propylenediamine,
respectively) were synthesized according to a modified pro-
cedure previously described in the literature (29-31).

0.1632 g (5.00-10* mol) of K,[PdCls] was dissolved in
25 cm? of water and the resulting brown solution was trans-
ferred to a 100 cm? double-necked flask supplied with reflux
condenser and dropper. The pH value of the solution was
adjusted to about 2-3 by adding a solution of HCl with a
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concentration of 0.1 M. Obtained solution was heated on a
water bath, with slow instilment of an equimolar amount
(5.00-10* mol) of ethylenediamine or 1,3-propylenediamine.
Instilment is performed slowly for one hour with constant he-
ating, stirring and occasional control of pH values (pH 2-3).
During the reaction, the color of the solution changes from
brown to light yellow. After refluxing for 5 h, the reaction
mixture was left at room temperature overnight. The
complexes crystallized from aqueous solution at room tem-
perature. The obtained crystals were filtered off, washed with
ethanol and air dried. The yield was about 90%.

Synthesis of dinuclear [{Pd(en)Cl}2(u-1,5-nphe)](NO3):2
and [{Pd(1,3-pd)Cl}2(u-1,5-nphe)](NOs3): complexes

Dinuclear palladium(IT) complexes, [{Pd(en)Cl}2(u-1,5-
nphe)](NOs),  (Pd1) and  [{Pd(1,3-pd)Cl}2(u-1,5-
nphe)](NOs), (Pd2), were obtained from the corresponding
mononuclear complexes according to a modified procedure
previously described in the literature (32-34).

In 5 cm?® of dimethylformamide 0.0572 g (3.37-10* mol)
of AgNOs; was dissolved and a suspension of the
mononuclear [Pd(en)Clz] or [Pd(1,3-pd)Cl2] complex
(3.43:10* mol) in 10 cm® of dimethylformamide was added.
The reaction mixture was leaved overnight with stirring at
room temperature and in the dark. Precipitated AgCl was
removed by filtration and in the pale yellow solution of
palladium(Il) complex, [Pd(en)(dmf)CI]* or [Pd(1,3-
pd)(dmf)CI]*, solution of 1,5-naphthyridine (1,5-nphe) in
dimethylformamide (molar ratio 2 : 1) was edded dropwise.
The reaction mixture was stirred at room temperature for
about 4 h in the dark. The volume of the solution was reduced
by evaporation of dimethylformamide on a rotary vacuum
evaporator.

After the addition of about 20 cm? of dichloromethane, a
light yellow precipitate of the complex [{Pd(en)Cl}2(u-1,5-
nphe)](NOs), and [{Pd(1,3-pd)Cl}2(u-1,5-nphe)](NOs), was
obtained. The resulting precipitate of dinuclear palladium(II)
complexes was separated by filtration, washed with
methanol, then ether and air dried. The yield of dinuclear
palladium(IT) complexes was 65% for Pd1 and 50% for Pd2.

Anal. Calcd. for Pd1 (Ci2H22NgCl,O6Pdo: FW = 658,11):
C, 21.90%; H, 3.37%; N, 17.03%. Found: C, 22.11%; H,
3.26%; N, 17.29%. 'H NMR (200 MHz, D;0, 5, ppm): 8.14
(m, 2H, H3, H7), 9.58 (m, 2H, H4, H8), 10.21 (d, 2H, H2,
H6). *C NMR (50 MHz, D,0, 8, ppm): 130 (C3, C7), 143
(C4a, C8a), 147 (C4, C8), 160 (C2, C6). IR (KBr, v, cm™):
~3226, 3100 (N-H stretch); 1582, 1509 (C=C/C=N 1,5-
naphthyridine group stretch); 1373, 1356, 1336 (vas(NO3)).
UV-vis (H20, Amax, nm): 303 (¢ = 7.8:10° Mlem™), 314 (g =
8.0-10° Mlem™).

Anal. Calcd. for Pd2 (C14H26N8C1206Pd21 FW = 686,15)1
C, 24.51%; H, 3.82%; N, 16.33%. Found: C, 24.28%; H,
3.55%; N, 16.53%. '"H NMR (200 MHz, D,0, &, ppm): 8.23
(m, 2H, H3, H7), 9.55 (d, 2H, H4, H8), 10.17 (d, 2H, H2,
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H6). PC NMR (50 MHz, D>0, 3, ppm): 131 (C3, C7), 143
(C4a, C8a), 146 (C4, C8), 160 (C2, C6). IR (KBr, v, cm™):
~3241, 3135 (N-H stretch); 1659, 1600, 1589, 1510
(C=C/C=N 1,5-naphthyridine group stretch); 1367, 1295
(Vas(NO3)). UV-vis (H20, Amax, nm): 303 (€ = 7.5-10° M lcm-
1,313 (¢ =7.2-10° Mlem™).

Interactions of complexes with CT-DNA

UV-Vis spectrophotometric measurements

Interactions of [{Pd(en)Cl}2(u-1,5-nphe)](NO3), and
[{Pd(1,3-pd)Cl}2(u-1,5-nphe)](NOs), complexes with deox-
yribonucleic acid isolated from calf thymus (CT-DNA) were
investigated using UV-Vis spectrophotometry. Based on
these measurements, the internal binding constant (Ks) of
CT-DNA molecules for dinuclear palladium(II) complexes
was determined. A 0.01 M phosphate buffer solution (pH =
7.4) was used to prepare the solutions for UV-Vis measure-
ments. All reactions were performed at 37 °C. The concen-
tration of CT-DNA was determined from the ratio of UV ab-
sorbance at 260 and 280 nm (Ax60/A2g0). An absorption ratio
of 1.8 to 1.9 indicates that CT-DNA has been released from
the protein portion, and such a solution was stored at 4 °C for
no longer than 7 days. The concentration of CT-DNA was
determined based on UV absorption at 260 nm and extinction
coefficient € = 6600 M'cm™ (35,36).

To determine the internal binding constant (Ky) of CT-
DNA molecules and dinuclear palladium(IT) complexes, UV-
Vis spectra of the solution obtained by mixing dinuclear pal-
ladium(II) complexes with CT-DNA were recorded. In all so-
lutions, the concentration of palladium(II) complex was con-
stant (4.51-1073 M), while the concentration of CT-DNA was
in the interval (0 - 9.02) - 10 M ([complex] / [ CT-DNA] =
0.0 - 2.0). The internal binding constants (K,) were deter-

mined according to [DNK]/(Ea-€Ef) =
[DNK]/(€p-€) + 1/Kp-(Eb-E¢) (37), where [DNA] is the con-

centration of CT-DNA, €, and &, are the extinction coeffi-

cients of the free complex and the complex when the CT-
DNA molecule is bound to it, respectively. The extinction

the equation:

coefficient € was defined from the calibration curve ob-
tained by determining the absorption of the free complex at
different concentrations. The extinction coefficient &, was
calculated based on Lambert-Beer's law, as the ratio of the
absorption of the tested solution (Aobs) and the concentration
of the complex in that solution (Ao,s-DNA)/[complex]. The
obtained results are presented graphically as the dependence

of [DNK]/(€a-Er) versus [DNK]. The slope of the obtained
line has the value 1/(€p-Es), while the segment on the y axis

is 1/Ky:(€p-E¢). The internal binding constant (Ky) was deter-
mined from the ratio of the slope of the line and the segment
on the y axis.

Fluorescent measurements

Interactions of dinuclear palladium(Il) complexes,
[{Pd(en)Cl}2(u-1,5-nphe)](NO3); and [{Pd(1,3-pd)Cl}2(u-
1,5-nphe)](NOs3),, with CT-DNA in the presence of ethidium
bromide (3,8-diamino-5-ethyl-6-phenylphenanthridium bro-
mide, EtBr) were examined using emission fluorescence
spectroscopy. A solution of palladium(Il) complex was
added in to the mixture of EtBr and CT-DNA (1.28:107° M)
in a 1: 1 molar ratio, so that obtained solution have concen-
tration ratio of Pd(II) complex and CT-DNA in range from
0.0 to 0.9. All reactions were carried out in 0.01 M phosphate
buffer (pH = 7.4). In order to examine the competitive reac-
tions of the interaction of dinuclear palladium(II) complexes
and EtBr with CT-DNA, fluorescent spectra of EtBr/CT-
DNA were recorded in the absence and presence of dinuclear
Pd(II) complexes. The emission spectra were recorded in the
wavelength range 550 - 750 nm, with extinction at 527 nm
and fluorescent emission at 612 nm. The Stern-Volmer con-
stant (K,v) was determined based on the equation: Io/I =1 +
K« [Q] (38), where I and I are the fluorescence intensities
before and after the addition of the palladium(II) complex to
the EtBr/CT-DNA solution, while [Q] is the concentration of
the Pd(II) complex. The obtained results are presented graph-
ically as the dependence of I¢/I from [Q]. The Stern-Volmer
constant (Ksy) was obtained from the slope of the acquired
line. The stability constant (K,) as well as the number of bind-
ing sites (n) was obtained based on the equation: log (Io—I)/I
= logK, + n-log[Q] (39-41). The obtained results are pre-
sented graphically as the dependence of log (Io—I)/I from the
log[Q]. The value of K, was obtained from the intersection
of the line with the y axis, and the number of connecting
points (n) from the slope of the line.

Interactions of Pd(II) complexes with albumin

Emission fluorescence spectroscopy were used to exam-
ine interactions of dinuclear palladium(Il) complexes
[{Pd(en)Cl}2(u-1,5-nphe)](NOs), and [{Pd(1,3-pd)Cl}2(u-
1,5-nphe)](NO3), with bovine serum albumin (BSA). Emis-
sion spectra were recorded in the wavelength range 300-500
nm, with extinction at 295 nm (32). The binding effect of the
tested albumin complexes was observed based on the reduc-
tion of the albumin emission intensity (1.6- 10° M in 0.01 M
PBS) to 352 nm after the addition of palladium(II) complexes
(0-4.0)-10° M. All emission spectra were recorded under the
same experimental conditions.

The Stern-Volmer constant (Ks,) was determined based
on the equation: Io/I = 1 + Ko[Q] = 1 + kqto[Q], where I is
the initial fluorescence intensity of tryptophan in BSA, and I
is the fluorescence intensity of tryptophan in BSA after addi-
tion of palladium(I) complex in protein solution, kg is the
fluorescence quenching constant, 7o is the average time for
fluorescence of albumin in the absence of the complex and
[Q] is the concentration of the complex. The binding constant
(Ka) as well as the number of binding sites (n) were obtained
on the basis of Scatchard's equation: log(Io—I)/I = logK, +
n-log[Q]. The results are presented graphically as the
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dependence of log(Io—I)/I from log [Q], the value of K, is
aquired from the intersection of the obtained line with the y

RESULTS AND DISCUSSION

In this work, two dinuclear palladium(II) complexes,
[{Pd(en)Cl}2(1-1,5-nphe)](NOs), (Pd1l) and [{Pd(1,3-
pd)Cl}2(u-1,5-nphe)](NOs), (Pd2), containing 1,5-naphthy-
ridine (1,5-nphe) as bridging ligand, while ethylenediamine
(en) and 1,3-propylenediamine (1,3-pd) are bidentate coordi-
nated diamine ligands, were synthesized and characterized by
elemental microanalysis, NMR ('H and 13C), IR spectroscopy
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axis, and the number of connecting points (n) from the slope
of the line.

and UV-Vis spectrophotometry. Figure 1 shows the struc-
tural formulas of ligands, and the synthesized dinuclear pal-
ladium(II) complexes. Interactions of dinuclear palladium(II)
complexes with calf thymus deoxyribonucleic acid (CT-
DNA) were investigated using UV-Vis spectrophotometry
and fluorescence spectroscopy. In addition, fluorescence
spectroscopy was used to study the interaction of Pd1 and
Pd2 complexes with bovine serum albumin (BSA).

Figure 1. Structural formulas of 1,5-naphthyridine (1,5-nphe),
ethylenediamine (en) and 1,3-propylenediamine (1,3-pd), and
dinuclear palladium(IT) complexes Pd1 and Pd2.

NH,

NH>

1,5-naphthyridine (1,5-nphe)

[{Pd(en)Cl}2(u-1,5-nphe)](NOs), (Pd1)

Synthesis and characterization of dinuclear
palladium(II) complexes

Dinuclear palladium(IT) complexes, [{Pd(en)Cl}2(u-1,5-
nphe)](NOs),  (Pd1) and  [{Pd(1,3-pd)Cl}2(u-1,5-
nphe)](NOs), (Pd2), were obtained from the corresponding
mononuclear complexes according to a modified procedure
previously described in the literature (32-34).

As shown in Figure 1, the synthesized dinuclear palla-
dium(II) complexes have the same  bridging

ethylenediamine (en)

NH,

NH,

1,3-propylenediamine (1,3-pd)

[{Pd(1,3-pd)Cl}2(z-1,5-nphe)](NOs), (Pd2) (Pd2),

1,5-naphthyridine ligand and different bidentate coordinated
diamine ligands. 'H and 3C NMR spectra of 1,5-naphthyri-
dine, ethylediamine, 1,3-propylenediamine as well as Pd1
and Pd2 complexes were recorded in D,0O as solvent. NMR
data for ligands and dinuclear palladium(Il) complexes is
given in Table 1, while 'H and '3*C NMR spectra of Pd1 and
Pd2 complexes in Figure 2.
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Table 1. 'H and *C NMR chemical shifts (8, ppm) for 1,5-naphthyridine (1,5-nphe),
ethylenediamine (en), 1,3-propylenediamine (1,3-pd) and the corresponding
dinuclear palladium(IT) complexes

NMR shifts
ligand/ q 13
complex H4, alifatic protons C2, C4, Cda, L
H2, H6 HS H3, H7 c6 cs C3,C7 C8a
1,5-nphe  8.57dd 671'89 7.48 dd 154 139 128 144
on 2.64 5 (CHy) 45 (CH,)
Pdl 1021d 3'58 g1am 2OmCH) o 47 130 143 0(CH)
1.60 m 29
(H2, CH,) (C2, CH,)
1,3-pd 247 m 39
(H1,H3,CH,) (C1,C3, Hy)
1.85 m 30
9.55 (H2,CH) (C2, CH,)
Pd2 10174 7 823m (S 160 6 131 143 A
(H1,H3,CH,) (C1,C3, CHy)

In the '"H NMR spectrum of free 1,5-naphthyridine, two multiplets (doublet-doublets, dd) occur at 7.48 (H3, H7) and 8.57
(H2, H6) ppm, derive from the equivalent protons of the two condensed pyridine rings. The doublet at 7.89 ppm originates

from the H4 and H8 protons of 1,5-nphe.
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Figure 2. 'H and '3C NMR spectra of [ {Pd(en)Cl}2(u-1,5-nphe)](NOs), (Pd1)
and [{Pd(1,3-pd)Cl}2(u-1,5-nphe)](NOs), (Pd2) complexes.
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After coordination of diamine ligand to the palladium(II)
ion, the signal shifts downfield (Fig. 2 and Table 1). The
shifts of the signals, which correspond to the 1,5-nphe pro-
tons after coordination for the palladium(II) ion, are a con-
sequence of the delocalization of the charge transmitted thro-
ugh the pyridine rings (20,32,42). The multiplet at 2.76 ppm
in the '"H NMR spectrum of the Pd1 complex, correspond to
methylene protons of bidentate coordinated ethylenediamine.
This signal was shifted by A =0.12 ppm downfield in regard
to free ethylenediamine. In the aliphatic part of the 'H NMR
spectrum of the Pd2 complex, two multiplets appear at 1.85
and 2.60 ppm due to the CH; protons at position 2 and the
CHj; protons at position 1 and 3 (Fig. 1, Table 1). Signals de-
rived from these protons after coordination were shifted
downfield (Ad = 0.25 ppm for methylene protons at position
2 and A8 = 0.19 ppm for same protons at positions 1 and 3)
in regards to the uncoordinated 1,3-pd.

In the 3C NMR spectra of the Pd1 and Pd2 complexes,
in the aromatic region, four signals from the carbon atoms of
the 1,5-naphthyridine ligand (C2 and C6, C4 and C8, C4a and
C8a, C3 and C7) appears. The position of these signals differs
significantly from those of the uncoordinated 1,5-nphe
(Table 1). After coordination of 1,5-nphe for Pd(II) the sig-
nals for the carbon atoms in the heterocyclic aromatic ring
move downfield. The signal at 50 ppm originating from from
the carbon atoms of bidentate-coordinated ethylediamine in
Pd1, are shifted by Ad =5 ppm in regarde to the uncoordina-
ted en ligand. Also, in the spectrum of the Pd2 complex, the
signals corresponding to the C atoms of the coordinated 1,3-
pd ligand are shifted by AS = 1-5 ppm downfield relative to
the signals of the uncoordinated ligand.

UV-Vis spectrophotometry

The UV-Vis spectra of the Pd1, Pd2 complexes and free
1,5-nphe ligand are given in Figure 3. The first absorption
maximum is located in the wavelength range of 296 to 310
nm, while the second maximum is in the range of 310 to 320
nm. All absorption maxima of the synthesized complexes
have a batochromic shift after the coordination of 1,5-
naphthyridine, due to «....7w electron transitions in the hete-
rocyclic 1,5-nphe ligand.

10000

8000 = = -1,5-nphe

—Pd1

—Pad2

EMriem)
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2000
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Figure 3. UV-Vis spectra of dinuclear [ {Pd(en)Cl}»
(u-1,5-nphe)]** and [{Pd(1,3-pd)Cl}2(u-1,5-nphe)]**
complexes and free 1,5-nphe ligand.
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IR spectroscopy

IR spectra of Pdl and Pd2 complexes, recorded in the
wavelength range 4000 - 450 cm-1, show bands correspond-
ing to coordinated 1,5-nphe ligand, as well as bands of biden-
tate coordinated ethylenediamine (en) and 1,3-propylenedia-
mine (1,3-pd) (Fig. 4).

In the IR spectra of dinuclear palladium(Il) complexes,
two very strong bands in the range of 3280 - 3098 cm™! were
observed, which correspond to asymmetric and symmetric
vibrations of the coordinated amino group of ethylenedia-
mine and 1,3-propylenediamine. The medium-strength band
in the region of 1500-1650 cm™! correspond to the C = C and
C = N vibrations of the aromatic 1,5-naphthyridine ring. A
strong and wide band at ~1364 - 1384 cm™! indicates the ex-
istence of NOs™ ions in the outer coordination sphere of dinu-
clear palladium(IT) complexes.

Figure 4. IR spectra of Pd1 and Pd2 complexes,
KBr, 4000-450 cm™'.

Interactions of dinuclear palladium(II) complexes
with DNA

UV-Vis spectrophotometric measurements

UV-Vis spectrophotometry is a simple and efficient
method, which is used to determine the mode of coordination
or interaction of metal complexes with deoxyribonucleic acid
(DNA). Transition metal complexes can interact with DNA
covalently or noncovalently (43). Coordination of DNA mol-
ecules, most commonly via N7 atoms from guanine to a metal
ion, creates a covalent bond, while noncovalent interactions
include intercalation, hydrogen bond formation, and electro-
static interactions. After the interaction of the metal complex
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with the DNA, the intensity of the absorbance may decrease
(hypochromic effect) or increase (hyperchromic effect).
Also, the absorption maximum may have a batochromic or
hypsochromic shift. Based on the obtained results of UV-Vis
spectrophotometry, the internal binding constants (stability
constants) of DNA to the metal ion, can be calculated. The
UV-Vis spectra of [{Pd(en)Cl}2(z-1,5-nphe)]* and
[{Pd(1,3-pd)Cl1}2(x-1,5-nphe)]** complexes in the absence
and presence of different concentrations of CT-DNA, ([com-
plex] / [CT-DNA] = (0.0 - 2.00)-10* M) are shown in
Figure 5.

After the addition of CT-DNA to the solution of dinuclear
palladium(IT) complexes, a hyperchromic effect (increase of
the absorption maximum) in UV-Vis spectra can be obser-
ved, based on which it can be concluded that the complex
interacts with CT-DNA. The hyperchromic effect indicates
that our complexes with CT-DNA achieve interactions of e-
lectrostatic nature or m—n* interactions which occurs as a
consequence of the interactions of aromatic rings in
complexes with bases in CT-DNA (44).

The internal binding constants (K;) were calculated from
the change in absorption at the appropriate wavelength after
the addition of CT-DNA according to the equation given in
the Experimental part (2.5.1). The obtained results are
presented graphically as the dependence of [DNKJ/(ea-€f)
from DNA concentration. The slope of the obtained line has
the value 1/(gv-€¢), while the segment on the y axis is 1/Ky-(eb-
€f). The internal binding constant (Ky) is determined from the
ratio of the slope of the line and the segment on the y axis
(Fig. 5). The obtained values for the internal binding
constants (Kyp) are shown in Table 2. Based on K;, we can
conclude that strong interactions occur between investigated
Pd(IT) complexes and CT-DNA, which are characteristic for
intercalators.

5
\
.

Pdl1 + CT-DNA

A
[DNA/(8,-8)x10°
-
\
\

21 pNajxtoom

290 310 330

Pd2 + CT-DNA

[DNAJ/(e,-8)x10°

Ay
o
\

0.6

2! pNAJx10° M

0.4

0.2

0

290 310 330

A (nm)
Figure 5. Absorption spectra of [ {Pd(en)Cl}»(p-1,5-
nphe)]** and [ {Pd(1,3-pd)Cl}2(p-1,5-nphe)]*" complexes
in 0.01 M phosphate buffer before and after addition
of CT-DNA. [Pd(IT) complex] =4.51-107 M,
[DNA]=(0-2.00)-10* M.

Ky values of the tested complexes are about 10 times lo-
wer then the same for the typical intercalator ethidium bro-
mide (EtBr) to DNA, (K, = 1.23-10° M) (45), indicating that
the interactions of the Pd(II) complexes are weaker compared
to EtBr. The higher value of K, for the Pd1 complex com-
pared to the Pd2, indicates that the Pd1 complex has a higher
affinity of interaction with CT-DNA, which can be attributed
to the smaller steric effect of the bidentate coordinated five-
membered ethylenediamine ring compared to the six-mem-
bered 1,3-propylenediamine ring in Pd2. The change in
Gibbs energy (AG, Table 2) of the Pd(II))CT-DNA adduct
was calculated using the following equation: AG = —RTInKsy.
Negative values of Gibbs energy indicate spontaneous inter-
action of dinuclear palladium(II) complexes, Pd1 and Pd2,
with CT-DNA.

Ky-10* AG H
complex

M (kJ/mol)
[{Pd(en)Cl}> (7.50 2893 2242
(¢-1,5-nphe)* + 0.05)
[{Pd(1,3-pd)Cl}, (4.00 -27.31 25.77
(1-1,5-nphe)* +0.03)

Table 2. Internal binding constants (Ky), changes in Gibbs
energy (AG) and hypochromism (H) of the investigated di-
nuclear palladium(II) complexes, Pd1 and Pd2,
with CT-DNA

Fluorescent measurements

Fluorescence emission spectroscopy was used for study-
ing the interactions of dinuclear Pd1 and Pd2 complexes with
the CT-DNA molecule and ethidium bromide (EtBr) as a typ-
ical intercalator. Changes in EtBr/CT-DNA emission spectra
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after addition of the complex solution, decrease or increase
in fluorescent emission, indicates that the complex replaces
EtBr, and a new adduct of CT-DNA/PA(I) complex is
formed (46).

The emission spectra of EtBr/CT-DNA in the presence of
Pd1 and Pd2 complexes are shown in Figure 6. Addition of
palladium(IT) complex (with increasement of complex con-
centration) leads to a decreasement of the emission intensity
at 612 nm, indicating competition reaction between EtBr and
the tested Pd(IT) complexes in relation to CT-DNA. Extru-
sion of EtBr from the EtBr/CT-DNA with Pd(Il) complex
proves that intercalation the Pd(II) complex occured.

The intensity of the interaction of Pd1 and Pd2 comple-
xes with CT-DNA was determined based on the Stern-Vol-
mer constant (Ky) using the Sten-Volmer equation: Io/I =1+
K« [Q], where Ip and I are the fluorescence intensities before
and after the addition of palladium(II) complex in EtBr/CT-
DNA solution, while [Q] is the concentration of Pd(IT) com-
plex. The obtained results are graphically presented as the de-
pendence of Io/I from [Q]. The Stern-Volmer constant (Ksy)
was determined from the slope of the obtained line.
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Figure 6. EtBr/CT-DNA emission spectra in the presence
of [{Pd(en)Cl}2(u-1,5-nphe)]** and [{Pd(1,3-pd)Cl}2(p-1,5-
nphe)]** complex. [EtBr] = 1.28-10° M, [DNA] = 1.28-107

M, [Pd(IT) complex] = (0 - 1.28)-10~> M. Inserted graph:
Dependence of 1o/l from concentration [Q].
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From K, values (Table 3), it can be concluded that the
investigated dinuclear palladium(II) complexes show high
affinity for CT-DNA and can displace EtBr from the
EtBr/CT-DNA adduct. The stability constant (K.) was deter-
mined from the experimental results, as well as the number
of binding sites (Table 3), showing that the K, follows the Ky
values. The obtained values for the Stern-Volmer constant
(Ksv), the stability constant (K,) and the number of binding
sites (n) confirm that the dinuclear Pd(Il) complexes, Pd1
and Pd2, reacts with CT-DNA by intercalating between two
nucleotide strands of DNA and displacing EtBr. These results
are in agreement with the K, values obtained by UV-Vis
spectrophotometry. The higher number of binding sites for
the Pd1 complex, once again indicates the stronger interac-
tion of this complex with CT-DNA compared to the Pd2
complex.

Table 3. Stern-Volmer constant (Ky), stability
constant (K,) and number of binding sites (n) of the
investigated dinuclear palladium(II) complexes

with CT-DNA.
K107 +10°
complex (M) Ié‘{/[_l)
[{Pd(en)Cl}, (4.50 (880 |,
(1-1,5-nphe)]*  +£0.04) | +£0.02)
[{Pd(1,3-pd)CL},  (2.80 250
(u-15-nphe)”* | £0.06)  +0.05)

Interactions of dinuclear Pd(II) complexes, Pd1 and
Pd2, with BSA

Serum albumin, as the most common blood plasma pro-
tein, is one of the most studied proteins (23,25). It plays an
important role in the transport of metal ions and their com-
plexes through the blood system to cells and tissues. Bovine
serum albumin (BSA) is the most studied serum albumin due
to its structural similarity to human serum albumin (HSA).
Namely, human serum albumin contains one tryptophan at
the Trp-214 position, while BSA contains two tryptophan re-
sidues, Trp-134 and Trp-214. The bovine serum albumin
(BSA) solution shows intense fluorescent emission at Aem, max
=352 nm, and after excitation at 295 nm (47). After the ad-
dition of the Pd1 or Pd2 complex to the BSA solution, the
fluorescence intensity at A = 352 nm decrease (Fig. 7) based
on it can be concluded that the tested complexes interact with
this biomolecule. The decrease in fluorescence intensity can
be attributed to changes in protein structure, which occur due
to changes in the tryptophan environment in BSA, because of
protein binding to complexes (48).



122

Figure 7. BSA emission spectra in the presence of
[{Pd(en)Cl}2(u-1,5-nphe)]** and [{Pd(1,3-pd)Cl}2(u-1,5-
nphe)]** complexes. [BSA] =1.60-10"° M, [Pd(I) com-

plex] = (0 - 4.00):10 M; dex = 295 nm. Inserted graph: De-
pendence of Io/I from concentration [Q].

The values of the dynamic Stern-Volmer constant (Ky)
and the fluorescence quenching constant (kq) for complex
interactions with BSA were determined using the Stern-
Volmer equation. The values of the constants Ky, and k for
the interaction of the studied Pd1 and Pd2 complexes with
BSA are given in Table 4. In addition, Table 4 shows the
values of binding constants (K,) as well as the number of
albumin binding sites (n) for Pd(II) complexes, which were
obtained on the basis of Scatchard's equation (Experimental
part 2.6). The obtained results are graphically presented as
the dependence of log(Io—I)/1 from log[Q], the value of K, is
obtained from the intersection of the line with the y axis, and
the number of connecting points (n) from the slope of the
line.

Based on the linearity in Stern-Volmer graphs, it can be
concluded that both complexes lead to the quenching of tryp-
tophan emission in the BSA molecule. K, values for Pd1 and
Pd2 complex (Table 4) indicate a very similar binding affin-
ity of BSA for the tested complexes. The values of n for both
complexes are 1.8, which indicates that there are approxi-
mately two possible sites in the protein suitable for complex
binding. The quenching constants (kq) are greater than 10"
and indicate a static emission quenching mechanism (49). K,
value leads to conclusion that the Pd1 and Pd2 complexes

can bind to BSA and thus be transported to the cell and hy-
drolyze the bond with BSA at the appropriate site in the cell.

Table 4. Stern-Volmer constant (K ), quenching constant
(kq), binding constant (K,) and number of binding
sites (n) for interactions between BSA and dinuclear Pd1
and Pd2 complexes.

Ka10° | kq102 | Ko l0°
complex (M) (M) M) n
[{Pd(en)Cl} (2.80 (1.20
(-15-nphe)  £003) P8ED g5 18
[{Pd(13-pd)Cll2  (3.90 (1.20
15aphe) | £0.04) C0ED g 18
(4 phe)

CONCLUSION

In this paper, two dinuclear complexes, [{Pd(en)Cl}2(u-
1,5-nphe)](NOs), (Pd1) and [{Pd(1,3-pd)Cl}2(u-1,5-
nphe)](NOs), (Pd2), (ethylenediamine (en) and 1,3-propyl-
enediamine (1,3-pd) are bidentate coordinated diamine lig-
ands and 1,5-naphthyridine (5-nphe) bridging ligand) were
synthesized. The structure of these complexes was confirmed
based on the results of elemental microanalysis, UV-Vis, IR,
NMR ('H and '*C) spectroscopy.

Interactions of synthesized dinuclear palladium(II)
complexes with deoxyribonucleic acid were investigated u-
sing UV-Vis spectrophotometry and fluorescence spectro-
scopy. UV-Vis spectrophotometric data showed that after the
addition of CT-DNA to the solution of dinuclear palla-
dium(IT) complexes, a hyperchromic effect occurs, based on
which we can conclude that the complex interacts with CT-
DNA without changing its structure. Higher value of K, for
complex Pd1 indicates that this complex has greater binding
affinity in comparison to Pd2. The emission spectra demon-
strate that the investigated Pd1 and Pd2 complexes can dis-
place the ethidium bromide intercalator from the CT-
DNA/EtBr adduct. From the high Stern-Volmer constants
(Ksv) values it can be concluded that these Pd(I) complexes
act as intercalators showing strong interactions with DNA,
and higher value of the stability constant (K,) for Pd1 con-
firms results from UV-Vis spectrophotometry. Stronger bin-
ding of Pd1 complex to the DNA helix can be attributed to
the smaller steric effect of the five-membered ethylene-
diamine ligand in relation to the six-membered 1,3-propyle-
nediamine ring.

Fluorescence spectroscopy were used for investigation of
interactions of Pd1 and Pd2 complexes with bovine serum
albumin (BSA). The fluorescence intensity of tryptophan de-
creases proportionally to the increasement in the total con-
centration of the added complex. From calculated values of
the constants (K and K;) it can be concluded that Pd1 and
Pd2 complexes can bind to BSA and then be transported to
the cell. Also, the number of binding sites (n) show that two
binding sites of BSA are accessible for interaction with these
metal complexes.
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The results obtained in this paper contribute to a better
understanding of the interactions of dinuclear palladium(II)
complexes containing 1,5-naphthyridine as a bridging ligand,
with biologically important molecules, such as DNA and
BSA.
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ABSTRACT

Studies examining correlation of existing anthropometric meth-
ods developed for specific and general athlete population and BIA

method are much more scarce and often conducted using only one
anthropometry method for comparison with BIA method per
study. Aim: Examination of the correlation between different an-
thropometric methods and BIA method in assessing body fat per-
centage of general male athlete population. The study was con-
ducted using 85 professional athletes from Serbia, average age of
23,7 + 4,3 years. Correlation between anthropometric methods
and BIA method was examined using Spearman rang correlation.

Sixteen anthropometric equations using a total of ten skinfolds
were selected from eleven anthropometric methods developed for
specific or general male athlete population. All sixteen anthropo-
metric equations revealed a strong correlation with BIA method.

Faulkner’s anthropometric skinfold equation (%BF = 5,783 +

(0,153 (triceps + subscapular + supra-iliac + abdominal)) re-

vealed the strongest correlation coefficient (r; = 0,792) and the
shortest bias-corrected and accelerated confidence interval
length (BCa CI 95% (0,712 - 0,849)). Even though ten of the six-

teen anthropometric equations revealed a very strong correlation,

Faulkner’s equation showed the largest Spearman’s correlation

coefficient with BIA method in assessing body fat of professional
male athletes. Faulkner’s equation may be the best candidate that
can be used as replacement of BIA method for general male ath-
lete population. It would be useful and interesting to repeat a sim-

ilar study with the addition of one of the referent methods from the
second level of validity group.

Keywords: Body fat, anthropometry, skinfolds,anthropometric
equation, male athletes,bioelectrical impedance, BIA.
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INTRODUCTION

Body composition component in form of fat tissue is very
important for sports performance (1,2,3,4,5,6,7) It is known
that body fat percentage affects the cardiorespiratory ability
of male athletes (8), as well that both high and low levels of
body fat can put athletes in an unwanted situation (9). Today
we are familiar with a large number of methods that can be
applied in the analysis of body composition. More precise
methods for body composition analysis such as magnetic res-
onance imaging (MRI), computed tomography (CT), dual-
energy X-ray absorptiometry (DXA), plethysmography
(ADP) and other second level validity methods are rarely
available to us due to financial constraints and the need for
trained staff. Because of this, alternative, third level validity
methods such as anthropometry and bioelectrical impedance
analysis are far more often used on a daily basis for general
population, i.e. for non-athletes, people who do recreational
sports and athletes. Besides a far more affordable price, the
advantages of these alternative methods are also reflected in
non-invasiveness, portability and in their simple and fast ap-
plication in body composition analysis.

On the other hand, one of the biggest disadvantages of
these methods is that they are considered less accurate than
the aforementioned second level validity methods. In practice
we can find numerous anthropometric methods, but the most
common ones are those using measured values of skinfolds
thickness at defined points of the body and specific mathe-
matical formulas to estimate the body fat percentage. The
most common bioelectrical impedances (BIA) are portable
models, which today can be seen more and more often in fit-
ness and wellness centers, but also in private homes. Both
BIA and anthropometric methods are considered to have a
measurement error in estimating body fat of about + 3.5%,
assuming that all preconditions for measurement and analysis
are fulfilled (10). However, in situations where athletes have
to travel, anthropometric methods still show certain portable
advantages. Anthropometric equipment is more practical for
transporting compared to BIA analyzers being bigger in size,
robust and carry the risk of electronic component damage or
failure. Bioelectrical impedance also requires an athlete prep-
aration protocol starting 48 hours prior to measurement
which is not practical when going on a trip, while with an-
thropometry this is not the case. There is also the possibility
of temporal disruption of physiological systems caused by air
travel or any longer land travel that may lead to somewhat
reduced accuracy of BIA, which is not the case with anthro-
pometry where the measurement is performed anatomically.
This can influence coaches, sports experts or sports physi-
cians to use anthropometry, especially in situations where
athletes often change location and travel to away games,
competitions and preparation camps. When it comes to male
athletes, Forsythe and Sinning already investigated back in
1973. and pointed out that anthropometric equations devel-
oped for the general non-athletic population are not accurate
enough in estimating body fat in male athletic population.
(11). Throughout decades, numerous anthropometric meth-
ods based on sport specificity have been developed through

research (12,13,14) and also based on general samples of ath-
letes from different sports, by determining the correlation of
these methods with one of the second level validity reference
methods (11,15,16,17,18,19) in evaluating body fat of ath-
letes. A smaller number of studies have been conducted in
examining the correlation between anthropometric methods
and BIA method in general population of male athletes or in
sport-specific male population, where second level validity
reference method was not included (20,21). However, these
studies often examined the correlation of anthropometric
methods and BIA method by using only one sports anthropo-
metric method and equation in the study. Determining
whether some of the already existing and represented sports
anthropometric methods (sports-specific or general sports
methods) can replace BIA method in estimating body fat per-
centage of general male athlete population could be one of
the solutions for athletes, coaches and sports experts to avoid
confusion and encourage them to use anthropometry in the
field of practice, either for traveling needs or using it as per-
sonal preference.

In accordance with the previous, the aim of this study is
to examine the correlation of different anthropometric meth-
ods and BIA methods in estimating body fat percentage of
male professional athletes from different sports.

MATERIALS AND METHODS
Participants

The study included eighty five professional athletes
(N=85), 17 - 33 years of age, recruited from four different
sports, wrestling (n=28), football (n=28), boxing (n=15) and
basketball (n=14). All recruited athletes were members of
FIT IN health-related fitness club in Belgrade, where they
performed part of their conditioning procedures. The inclu-
sion criteria included athletes who were competing in sports
for more than 3 years and not having any long training breaks
or any rest caused by an injury or any other factor within last
six months.

Procedures

Athletes were examined in the laboratory for sports med-
icine and exercise therapy at the Institute of Physiology
"Richard Burian" in Belgrade. Anthropometric measurement
procedures was conducted in accordance with the guidelines
and recommendations of International Standards for Anthro-
pometric Assessment (ISAK) (22,23). Procedure for BIA
analysis was conducted using BIA pre-test guidelines (24).
Athletes were not pressured to participate in the study and
after being well informed they voluntarily signed the consent
form for participating in the study.
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Table 1. Athlete characteristics

Sport Basketball Football Boxing Wrestling Total

P (n=14) (n=28) (n=15) (n=28) (N=85)

. X+ SD X+ SD X+ SD X+ SD X+ SD

Variables

range range range range range
Age 254 £ 42 239 £ 42 23.687 + 4.2 214 £ 6.4 23.7 + 4.3
(years) 17.2 - 31 17.5 - 33 17.4 - 322 17.5 - 329 17.2 - 33
Height 198.3 = 10.8 181.9 + 5.1 186.4 + 7.2 176.7 = 7.7 183.7+10.4
(cm) 171.2 - 211 169.0 - 190.5 175 - 198 155.0 - 191.5 155 - 211
Weight 96.1 £ 19.2 772 £ 5.6 87.7 £ 17.5 80.6 £ 11.7 83.3 £ 144
(kg) 43.7 - 120.6 67.3 - 86.5 59.8 - 1234 59.5 - 105.2 43.7-1234
BMI 241+3 233 £ 1.1 25.1 + 3.4 25.7 £ 2.5 24.6 + 2.6
(kg/m?) 149 - 273 212 - 253 19.3 - 323 224 - 312 149 - 323
FFMI 21.7 £ 2.5 21.2 £ 0.9 219 + 2.2 224 £ 1.7 21.8 = 1.8
(kg/m?) 14 - 254 19.7 - 22.9 17.6 - 26.4 20.1 - 26.1 14 - 26.4
BIA-BF 10 £ 3.2 8.8 £ 2.1 122 + 3.6 12.6 + 2.8 10.8 = 3.3
(%) 55-154 169.0 - 190.5 7 -19.2 74 - 184 49 - 19.2

X - mean; SD - standard deviation; n - number of subjects within a group; N - total number of subjects; BMI - body
mass index; FFMI - fat-free mass index; BIA-BF - body fat percentage estimated with bioelectrical impedance.

Equipment

Skinfolds measurement was performed using Harpenden
caliper (model HSB-BI, produced by company HaB Direct,
United Kingdom) with measuring range from 0 to 80 mm
(caliper needle can go four full circles around a dial scale
with gradation from 0 to 20 mm), measuring pressure on a
lifted skinfold of 10 gr/mm? and reading accuracy of 0.2 mm.
Athletes height was measured with roll-up measuring tape
with wall attachment (model SECA 206, produced by SECA,
Germany), providing measuring range of 0 - 220 cm with 1
mm gradation. Body weight measurement and estimation of
body fat were conducted using hand-to-foot type BIA (model
InBody 230, produced by InBody, Republic of Korea). All
additional needed equipment was prepared and calibrated be-
fore measurement took place.

Anthropometric and BIA measurement

Anthropometric measurement of skinfolds was con-
ducted using ISAK guidelines and recommendations (22,23).
Bioelectrical impedance analysis was conducted according to
the manufacturer's instructions for model InBody 230. Com-
plete testing of every individual athlete was conducted on the
same day. Upon testing arrival, athletes performed BIA anal-
ysis first, having their body fat percentage assessed and their

body weight measured. After BIA analysis was completed
anthropometric measurements of body height and skinfolds
thickness were conducted. An anthropometrist with a decade
of experience in practice was recruited for anthropometric
measurement.

Anthropometric methods

Eleven anthropometric methods designed for different
male athlete populations were selected for the study and then
a total of sixteen skinfold equations (formulas) were selected
from these methods (Table 2). The inclusion criterion for an-
thropometric equations was met with equations being devel-
oped for a specific sport population or for general male sport
population, by using only measurements of skinfolds or
measurements of skinfolds combined with some of the basic
anthropometric or descriptive characteristics such as body
height and weight, body mass index and age. Also, only equa-
tions developed through regression analysis with the highest
multiple correlation coefficients between a dependent varia-
ble and a group of independent variables (R) or that explained
the largest variance in dependent variable by using independ-
ent variables (R?) (depending on what was reported in an in-
dividual study, R or R?), when these anthropometric equa-
tions were correlated with referent methods within a study.



130

Table 2. Selected anthropometric methods and equations developed for

assessing body fat in different male athlete populations.

Author(s)/ . .
method Anthropometric equation
Yuhasz Equation using 6 skinfolds.
(25) %BF =3.64 + (0.097 (Ch + Tr + Sb + Si + Ab + Th))
Faulkner Equation using 4 skinfolds, today considered a modified Yuhasz method
(27).
) %BF = 5.783 + (0.153 (Tt + Sb+ Si + Ab))
1;(1):1?1}1,:1}1 8;' Equation using 2 skinfolds (equation no. 2a).
(11)g BD =1.103 — (0.00168 x Sb) — (0.00127 x Ab)
Forsyth & Sin- Equation using 4 skinfolds (equation no. 2b).
ning 2 BD =1.10647 — (0.00162 x Sb) — (0.00144 x Ab) — (0.00077 x Tr) +
€8] (0.00071 x Ma)
Forsyth & Sin- . . . . .
ning 3 Equation using 2 skinfolds and height (equation no. 3a).
(ﬁ) BD =1.02415 - (0.00169 x Sb) + (0.00444 x Ht) - (0.00130 x Ab)
Forsyth & Sin- Equation using 4 skinfolds and height (equation no. 3b).
ning 4 BD =1.03316 — (0.00164 x Sb) + (0.00410 x Ht) - (0.00144 x AD) -
(11) (0.00069 x Tr) + (0.00062 x Ma)
White et al. Equation using 2 skinfolds.
(12) BD =1.0958 — (0.00088 x Si) — (0.0006 x Th)
Equation using 7 skinfolds.
Thorla‘id ctal. 1 BD = 1.1091 — (0.00052 (Tr + Sb + Ma + Si + Ab + Th + Ca)) +
1) (0.00000032 (Tr + Sb+ Ma + Si + Ab + Th + Ca)?)
Thorland et al. 2 Equation using 3 skinfolds.
(19) BD =1.1136 — (0.00154 (Tr + Sb + Ma)) + (0.00000516 (Tr + Sb + Ma)?)
Equation using 7 skinfolds, not fully published in the original 1987 paper by
Withers et al. Withers et al. (28), but can be found in Reilly et al. study (13) derived from
(28) Withers et al. data.
BD = 1.0988 — (0.0004 (Tr + Sb + Bc + Sp + Ab+ Th + Ca))
Evans et al. 1 Equation using 7 skinfolds, gender and race.
18 ' %BF = 10.566 + (0.12077 (Sb + Tr + Ch + Ma + Si+ Ab + Th)) -
(L) (8.057 x gender) — (2.545 x race)
Evans et al. 2 Equation using 3 skinfolds, gender and race.
18 ’ %BF = 8.997 + (0.24658 (Ab + Th + Tr)) - (6.343 x gender) -
(18) (1.998 x race)
Oliver et al. Equation using 7 skinfolds (equation model number 3).
(14) %BF =3.53+(0.132 (Ch + Tr+ Sb+ Ma + Si + Ab + Th))
Reilly et al. Equation using 4 skinfolds.
(13) %BF =5.174 + (0.124 x Th) + (0.147 x Ab) + (0.196 x Tr) + (0.13 x Ca)
Civar et al. Equation using 3 skinfolds and weight.
(16) BF% = (0.432 x Tr) + (0.193 x Ab) + (0.364 x B¢) + (0.077 x Wt) - 0.891
Stewart & Han- | Edquation using 2 skinfolds and weight. This equation estimates body fat in
nan grams, which are then converted into body fat percentage for BIA compari-
son.
(17) BFM = (331.5 x Ab) + (356.2 x Th) + (111.9 x Wt) — 9108

Ht - height; Wt - weight; BD - body density; BF% - body fat percentage; BFM - body fat mass in
grams; Tr - triceps skinfold; Ma - midaxilar skinfold; Sb - subscapular skinfold; Ab - abdominal
skinfold; Si - suprailiac skinfold; Sp - supraspinale skinfold; Th - quadriceps skinfold; Ca - calf

skinfold (medial calf); Ch - chest skinfold; Bc - biceps skinfold; gender - men = 1; race - African
American = 1, Caucasian = 0.
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Anthropometric measurement included the following ten
skinfolds: subscapular, midaxillar, chest (pectoral), ab-
dominal, biceps, triceps, suprailiac, supraspinale, quadriceps
and medial calf. Locating and measuring skinfolds was con-
ducted accordance with ISAK guidelines and recommenda-
tions (22). Additionally, Siri equation was applied to con-
vert body density to body fat percentage for anthropometric
equations that only estimated only body density (29). Deter-
mining the test-retest reliability of anthropometric measure-
ment was performed using the method of technical measure-
ment error (TEM) of a measurer, where a deviation of up to
7.5% for skinfolds and up to 1.5% for other anthropometric
measures is considered acceptable. The calculation of the
TEM was carried out according to the recommendations by
Norton (23).

RESULTS

Ten anthropometric equations revealed a very large cor-
relation with BIA method (rs = 0.70 — 0.89) while 6 anthro-
pometric equations revealed a large correlation with BIA
method (rs = 0.50 — 0.69). All sixteen anthropometric equa-
tions showed correlation statistical significance of p <0.001.
Out of the ten anthropometric equations with a very large cor-
relation coefficient, six equations slightly isolated and
showed a correlation of 0.760 or larger (Yuhasz, rs = 0.769;
Faulkner, rs = 0.792;
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Statistical analysis

Statistical analysis was conducted using SPSS statistical
program, package version 25 (30). Linearity for model valid-
ity, outliers and data normality distribution were checked us-
ing scatter plot graph, Q-Q plot, histogram, skewness and
kurtosis and Kolmogorov-Smirnov test. Based on this, exam-
ining the correlation of anthropometric methods and BIA
method was conducted using Spearman’s rang correlation
(rs), where values of rs = 0.0 - 0.09) were considered trivial,
rs = 0.10 - 0,29 small, r; = 0.30 - 0.49 moderate, rs = 0.50 -
0.69 large, 0.70 - 0.89 very large, 0.90 - 0.99 almost perfect
and r; = 1 perfect correlation (31). Descriptive data was de-
scribed through means and standard deviations (mean + SD).
Statistical significance was set at 0,05. Confidence interval
was set at 95%.

White et al., rs = 0.761; Thorland et al. 1, rs = 0.760; Evans
etal. 1,rs=0.761; Oliver et al., rs = 0.761). Out of these six
equations, along with their highest correlation coefficients,
the narrowest bias-corrected and accelerated confidence in-
terval was revealed in equations of Yuhasz with interval
length 0 0.191 (BCa CI 95% (0.649 — 0.840)), Faulkner with
interval length of 0.137 (BCa CI 95% (0.712 — 0.849)) and
White et al. with interval length of 0,174 (BCa CI 95% (0.665
— 0.837)), isolating these three equations furthermore from
the rest.

Table 3. Correlation of different anthropometric methods and BIA
method in assessing body fat percentage of professional male athletes.

Method N I's lovljg*a (31 91?1:/;&
Yuhasz (25) vs BIA 85 0.769 *** 0.649 - 0.840
Faulkner (26) vs BIA 85 0.792%** 0.712 - 0.849
Forsyth & Sinning 1 (11) vs BIA 85 0.743 **x* 0.619 - 0.823
Forsyth & Sinning 2 (11) vs BIA 85 0.738 *** 0.627 - 0.019
Forsyth & Sinning 3 (11) vs BIA 85 0.676 *** 0.536 - 0.775
Forsyth & Sinning 4 (11) vs BIA 85 0.685 *** 0.545 - 0.786
White et al. (12) vs BIA 85 0.761 *** 0.665 - 0.837
Thorland et al. 1 (19) vs BIA 85 0.760 *** 0.650 - 0.848
Thorland et al. 2 (19) vs BIA 85 0.736 *** 0.613 - 0.830
Whiters et al. (13) vs BIA 85 0.674 *** 0.502 - 0.796
Evansetal. 1 (18) vs BIA 85 0.761 *** 0.642 - 0.845
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(1)
Method N rs BCa C195%
lower - upper
Evansetal. 2 (18) vs BIA 85 0.674 *** 0.518 - 0.791
Oliver et al. (14) vs BIA 85 0.761 *** 0.614 - 0.843
Reilly et al. (13) vs BIA 85 0.681 *** 0.535 - 0.793
Civaretal. (16) vs BIA 85 0.740 *** 0.625 - 0.819
Stewart & Hannan (17) vs BIA 85 0.681 *** 0.543 - 0.787

BIA - bioelectrical impedance; rs -Spearman's correlation coefficient; p - statistical significance;
*#% - p <0.001; BCa CI 95% - bias-corrected and accelerated confidence interval, set at 95% confidence.

DISCUSSION

The aim of this study was to identify if any of the existing
anthropometric methods developed for male athlete popula-
tion (general or specific) are applicable to general male ath-
lete population as replacement for BIA method. A trend can
be noticed of publishing studies in journals across the world
that are developing and suggesting new population-specific
anthropometric methods and equations for determination
body fat percentage. It is also noticeable that the most numer-
ous of these population-specific methods are developed for
specific or general athlete populations (13,14,16,17,32) and
for nation-specific populations (specific to anthropology or
characteristics of a certain nation) (32-37). Publishing and
suggesting a large number of anthropometric methods and
equations for athlete population, which amounts up to tens of
equations developed for popular sports, can be confusing and
exhausting for coaches and sport experts when they are mak-
ing a decision in selecting and applying anthropometric
method for their athletes. Also, being exposed to numerous
anthropometric methods increases the chances for selecting
inadequate anthropometric method for their athletes which
can lead to significant mismanagement in regulation of body
fat percentage. Examples of inadequate selection of anthro-
pometric methods in practice can be noticed when coaches
and sport experts apply popular anthropometric methods de-
veloped for general or general male non-athlete population
such as Jackson and Pollock (38), Durnin & Womersley (39),
Sloan (40) or Lohman (41) for their male athlete population.

The specificity of anthropometric methods should cover
parameters or factors of gender, race, age, method and proto-
col used for skinfold measuring, condition level or competi-
tion level, nation (anthropology) etc. All these factors should
be taken into consideration during the selection of specific or
general athlete anthropometric methods and equations. This
means that even if coaches or sport experts decide to select
an anthropometric method developed on the sample of ath-
letes from the same sport, chances are that even that method
won’t be precise enough for their athletes unless all afore-
mentioned factors of specificity match with the athletes
which comprised the sample in the development of that an-
thropometric method. Considering everything said, it can be

roughly concluded that the only precise anthropometric
method for athletes would have to include coaches or sport
experts conducting their own anthropometric measurement
and applying regression analysis, thereby developing their
own anthropometric equations using only their athletes as the
sample. These kind of complications and uncertainties can
influence coaches and sport experts to avoid using anthro-
pometry and to prefer the use of BIA method for assessing
body fat percentage. As aforementioned, anthropometry also
has advantages in field practice. For example, anthropomet-
ric equipment takes up a lot less space than BIA instruments,
it weights less and doesn’t possess any electrical components
therefore creating almost no risk from damage during
transport. These can be significant advantages of anthropom-
etry compared to BIA when athletes are obligated to travel to
preparation camps or competitions, especially if we are con-
sidering transporting a higher quality and bigger size (there-
fore more expensive as well) BIA instrument.

Precision of BIA analysis can be affected by physiologi-
cal oscillations in human body and potential physiological
oscillations during airplane travel or longer land travel, and
also it requires athletes to deal with a long and unpopular
preparation protocol (48 hours) and requires coaches trust
that athlete fully complied with the preparation protocol be-
fore BIA analysis, while anthropometry is based on anatom-
ical measurements which require a much simpler athlete test-
ing preparation. In conjunction with the previous, authors of
this study considered that it would be useful to examine and
provide athletes, coaches and other sport experts with an op-
tion of applying an existing anthropometric method to gen-
eral male athlete population that reveals the closest correla-
tion coefficient to BIA method and therefore can be used as
BIA replacement in field practice, either by circumstantial
need, personal preference, or simply to eliminate uncertainty
and potential selection of inadequate anthropometric meth-
ods for specific athletes, which are usually lacking specificity
factors.

Anthropometric methods and equations today are num-
bered by the hundreds. For this study, we selected more com-
mon and known anthropometric methods developed for ath-
letes that are used in practice up to a few decades back.
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Results of all sixteen anthropometric equations revealed a
strong correlation with BIA method, which is somewhat in-
teresting considering that some of the included anthropo-
metric methods and equations were developed using samples
of athletes coming from different sports, using general sam-
ples of athletes, using different reference methods (DXA,
MRI, CT, ADP etc.), applying different models for assessing
body composition (two-component, three-component, four-
component, etc.), probably with large technical error of skin-
fold measurement caused by different anthropometry meas-
urers (inter-tester TEM) and protocols, and in the time span
of more than 40 years (changes in average athletes body com-
position and constitution over decades), so it would be more
logical that some anthropometric methods reveal much more
different correlation coefficients than others in comparison
with BIA method.

Results of this study showed that six anthropometric
equations with Spearman’s coefficient of r; = 0.760 or
stronger, somewhat distanced themselves in correlation with
BIA method compared to other methods, even though this
distance was minimal. Out of these six equations, Yuhasz,
Faulkner and White et al. equations separate themselves fur-
thermore at the top with correlation coefficients of rs = 0,769,
rs=0.792 ir,=0.761, and with bias-corrected and accelerated
confidence interval length of 0.191 (BCa CI 95% (0.649 —
0.840)), 0.137 (BCa CI 95% (0.712 - 0.849)) and 0.174 (BCa
CI 95% (0.665 — 0.837)). Even though it used to be seen
mostly in studies examining statistical difference, lately, a
trend of calculating and adding confidence intervals as im-
portant correlation indicators can been noticed in correlation
studies as well. The reason for this is that correlation coeffi-
cients attained in correlation studies refer to our observed
sample from a specific population, while for example a con-
fidence interval of 95% tells us that in 95% of cases a true
correlation coefficient for our targeted population (in this
case professional male athletes) should fall within attained
confidence interval range of an individual anthropometric
method and BIA method. A shorter length (narrower range)
of confidence interval leads to the assumption that the corre-
lation coefficient for our observed sample (1) must be close
to the true correlation coefficient for our specific population,
or at least closer than those correlation coefficients with
wider confidence interval lengths. Besides revealing the
highest correlation coefficients, Yuhasz, Faulkner and White
et al. anthropometric equations also revealed the shortest
confidence intervals ranges, and alongside Thorland et al. 1
and Civar et al. equations, these three were the only equations
revealing confidence intervals shorter than 0.2 and therefore
indicated correlation coefficients closer to the true correla-
tion coefficient than other anthropometric methods when cor-
related with BIA method.

Faulkner’s anthropometric method or equation revealed
the highest correlation coefficient, reaching almost rs of 0.80
when compared with BIA method. Faulkner’s equation was
originally considered a method developed for a population of
swimmers (26), however motivated by the lack of evidence
of it’s development, in 2007 Pires-Neto and Graner managed
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to reveal and point out that this method is actually a modified
Yuhasz method (27). Furthermore, by answering the question
proposed by Pires-Neto and Graner in 2006 about this meth-
ods origin, Faulkner reveals that this equation was modified
by Yuhasz himself by combining data of two anthropometric
equations which were previously published in his dissertation
in 1962. (42), but he couldn’t remember how exactly Yuhasz
performed this modification (27). Pires-Neto and Graner then
suggested that Faulkner’s equation should be addressed as
Yuhasz’s unpublished equation, because evidence revealed
that Faulkner did not develop this equation by using a sample
of swimmers. By further analyzing Faulkner’s equation and
comparing it with other studies, among other finding Pires-
Neto and Graner state da Faulkner’s equation is applicable to
young trained male population (27). This part of Pires-Neto
and Graner’s conclusion matches the results obtained in this
study. A young trained male population can be compared
with a sample of relatively young athletes (23.7 + 4.3 years
of age) from this study, while a sample of young athletes
from different sports in this study (wrestling, football, box-
ing, basketball) can be compared with the sample used for
Yuhasz’s method (university martial arts athletes and swim-
mers, basketball players selected for Olympics and others),
or in other words, can be compared with the sample from
Yuhasz’s population from which the Faulkner’s equation was
developed.

One of the main limitations of this study was the lack of
reference method of second level of validity for estimating
body fat, by which besides determining the correlation with
BIA method we could also determine if one of the selected
anthropometric methods for athletes in this study correlates
more accurately than BIA method, for our professional male
athlete population. Without a reference method, results of
this study can only showcase if one of the existing anthropo-
metric methods is applicable as a replacement for BIA
method on general male athlete population. By adding a sec-
ond level of validity reference method, we would also be able
develop a new anthropometric equation based on the athlete
sample like the one in this study.

CONCLUSION

This study examined weather any of existing and rela-
tively used anthropometric methods reveal sufficiently simi-
lar results to BIA method within male population of profes-
sional athletes. This can provide coaches and sports experts
an easier selection and enable them an option to replace BIA
method with one of the already existing sports anthropomet-
ric methods, eliminating at the same time the risk of selecting
an inadequate method. Faulkner’s anthropometric method
(unpublished Yuhasz’s equation) showed the largest correla-
tion and the narrowest bias-corrected and accelerated confi-
dence interval with BIA method thus suggesting that this cor-
relation coefficient probably deviates least from the profes-
sional male athletes population’s true correlation coefficient.
This further indicates that it would be very useful and inter-
esting to repeat this kind of study or similar one with the ad-
dition of one of the second level of validity reference
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methods such as magnetic resonance, computed tomography
or dual-energy X-ray absorptiometry.
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INTRODUCTION

One of the most serious problems which couples face in
today’s world is infertility; our country is not exception to
this rule. Infertility affects approximately 10-15% of the
world’s population and it is constantly growing in the last
decade. Globally, one in six/seven couples worldwide has
some difficulty conceiving (1). Although the frequency and
cause(s) of infertility are not fully characterized, current stud-
ies show that approximately 40% of cases can be attributed
to the male factor, 40% to the female factor and 20% to com-
bined problems of both sexes (2). Consequnetly, assisted re-
productive techniques are developing rapidly and today in-
clude many methods for achieving pregnancy (3).

One of the factors for success of biomedically assisted
fertilization is proper maturation of one or more oocytes. The
main objective of embryologists is to asses the quality of oo-
cyte based on morphology of cumulus-oocyte complex and
of the oocyte itself after the removal of the cumulus cells.
The oocyte quality is significantly influenced by the environ-
ment in which it is located i.e. microenvironment that in-
cludes cumulus cells as well as follicular fluid. Hormones are
secreted in follicular fluid thus contributing to growth of oo-
cyste and development (4). Therefore, in order to increase the
success of biomedically assisted fertilization methods it is
necessary to focus on determining critical “microenviron-
ment” parameters that allow us to estimate the quality of oo-
cytes easily and quickly. Any change in follicular fluid com-
position can affect the oocyte which may potentially affect
its development and quality, fertilization and early embry-
onic development (5-8).

Estradiol, progesterone and testosterone are the main ster-
oid hormones that play an important role during the follicular
and luteal phases of the menstrual cycle. Nevertheless, there
are still inconsistencies in the literature regarding the concen-
trations of estradiol and other steroid hormones in follicular
fluids (9). Higher estradiol and progesterone levels were
found in follicles from which oocyte with higher fertilization
rate were obtained. These observations, however, have not
been confirmed by other studies, but it has been proven that
the quality of the embryo was not related to the levels of fol-
licular estradiol and progesterone. Regarding pregnancy
rates, increased estradiol and progesterone levels in follicular
fluid were associated with greater success (10). Lower pro-
gesterone concentrations and higher testosterone concentra-
tions were measured in follicular fluid containing germinal
vesicle oocytes (germinal vesicle - GV) compared to follicu-
lar fluid containing MII oocytes (11).

THE AIM

This study focuses on examining the levels of estradiol,
progesterone and testosterone in the follicular fluid obtained
from stimulated cycles. The main goal is to examine whether
the concentration of steroid hormones in follicular fluid af-
fects fertilization rate and the outcome of in vitro fertilization
process itself.

METHODS
Patients

The study included 31 patients who were included in the
in vitro fertilization procedure at the Department for Biomed-
ically Assisted Fertilization, Clinic for Gynecology and Ob-
stetrics, Clinical Center Kragujevac. All participants were in-
formed about the objectives of the research before joining the
research and all of them signed the consent for participation
in the research.

The including criteria were: spouses, respectively extra-
marital partners who have exhausted other possibilities of in-
fertility treatment, spouses or extramarital partners who in
the existing community have one child obtained in the IVF
procedure, preserved ovarian function, normal body mass in-
dex of a woman (BMI). Also, patients had to have the results
of the following analyzes and diagnostics:

— microbiological tests (bacterial vaginosis, vaginal and
cervical swabs for bacteria, fungi and Chlamydia tracho-
matis), virological tests (Hepatitis B (HbsAg), Hepatitis
C virus (HCV), human immunodeficiency virus (HIV)),
hormonal status (2-3 days of menstrual cycle - follicle-
stimulating hormone (FSH), luteinizing hormone (LH),
estradiol, progesterone, testosterone, prolactin, thyroid-
stimulating hormone (TSH), triiodothyronine hormone
(Triiodothyronine- FT3), thyroxine (Thyroxine- FT4),
Anti-Mullerian hormone (AMH), cervical screening
(Pap smear, colposcopy), ultrasound examination per-
formed with a vaginal probe, hysterosalpingography
(HSG).

All results had to be within the reference values.

Criteria for exclusion from the study were: Couples who
have not exhausted other options for treating infertility,
women who have not preserved ovarian reserve, women who
have BMI >30 kg/m?, anomalies and benign tumors of the
uterus, fallopian tubes and ovaries that prevent the process of
in vitro fertilization, the occurrence and pregnancy develop-
ment, the presence of malignant or suspected tumors of the
uterus, fallopian tubes and ovaries, any diseases (internal
medicine, immunology, infectology, neurology, psychiatry)
if they are without permission to perform the IVF procedure
of the appropriate specialist, diseases in which anesthesia or
pregnancy would potentially endanger the patient's life.
Those patients who suffer from any other endocrine disease
that has been confirmed to affect fertility were excluded from
the study.

We used follicular fluid as biological material for analy-
sis. Follicular fluid was obtained by puncturing the follicles
from 18 mm to 20 mm after controlled ovarian stimulation in
the intervention room at the Department for Biomedically
Assisted Fertilization. Examination of the obtained follicular
fluid and collection of oocytes under a stereomicroscope was
done in the embryological laboratory at the Department for
Biomedically Assisted Fertilization. Biochemical parameters
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of follicular fluid were analyzed in the Department for La-
boratory Diagnostics, Clinical Center Kragujevac.

Stimulation of ovulation

Stimulation of ovulation is a procedure to stimulate ovu-
lation and controlled ovarian hyperstimulation using various
stimulation protocols and the use of gonadotropin drugs,
GnRH antagonists and agonists, as well as drugs that belong
to the group of selective estrogen receptor blockers (SBER)
(Klomifen and Letrozol).

All patients were determined for basal hormonal status,
on the second or the third day of the cycle, before being in-
cluded in the procedure. Serum levels of estradiol, progester-
one, follicle-stimulating hormone and luteinizing hormone
were determined.

A short stimulation protocol was used according to a cer-
tain scheme, depending on the gynecologist's assessment
based on the ultrasound findings and hormonal status.

During the stimulation procedure, drugs belonging to the
group of selective estrogen receptor blockers (SBER), injec-
tions of human menopausal gonadotropin (HMG) such as
Merional or Menopur and drugs from the group of antago-
nists (Cetrotide) were used to counteract the effects of natural
pituitary hormones.

During the stimulation, the growth of follicles and the
level of sex hormones in the blood were monitored by ultra-
sound, with successive ultrasound and laboratory examina-
tions.

Stimulation lasted until the leading follicle reached a di-
ameter of 20 mm or two or more follicles with a diameter of
18 mm.

When the increase in serum estradiol concentration cor-
responded to the presence of two or more follicles > 18 mm,
human chorionic gonadotropin (Pregnyl, Organon, the Neth-
erlands) was administered at a dose of 5000 IU, 34-36 hours
before oocyte aspiration.

Follicular fluid and oocytes

Oocyte aspiration is a surgical intervention and is per-
formed by ultrasound control while the patient is under gen-
eral anesthesia. The intervention lasts about 15 to 20 minutes,
depending on the number and availability of follicles in the
ovaries. After the aspiration of the follicles was completed,
the obtained follicular fluid was examined under a micro-
scope in the embryological laboratory and the oocyte number
and quality were determined.

Follicular fluids were isolated in which oocytes were
found for laboratory analysis. The entire amount of follicular
fluid was centrifuged at 3000 rpm for 10 minutes to separate
pure follicular fluid, without cellular elements. For the
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analysis itself, 5 ml of the total amount of follicular fluid was
taken.

In vitro fertilization (IVF) or intracytoplasmic sperm in-
jection (ICSI) methods were used as the fertilization method.
After incubation, 16-20 hours after fertilization it is checked
whether fertilization has occurred or not. Fertilization has oc-
cured if two pronuclei and / or two polar bodies are present.

The fertilization rate is calculated according to the fol-
lowing formula:

Number of fertilized oocytes 100

Total number of obtained oocytes

The criteria of the Istanbul Consensus of Clinical Embry-
ologists were used as a reference framework for embryo qual-
ity assessment (12). Criteria include assessment of the frag-
mentation degree and symmetry of the blastomeres. Embryos
are divided into class A (excellent, without or 1-10% frag-
mentation, perfect symmetry), class B (medium, 11-25%
fragmentation, moderate asymmetry), class C (poor, > 25%
fragmentation, expressed asymmetry). An embryo transfer of
a maximum of three embryos was performed under the con-
trol of transabdominal ultrasound on the third or the fifth day
after oocyte aspiration. From the day of oocyte aspiration, the
patients received progesterone depot intramuscularly on the
second and the fifth day as a support of the luteal phase. Preg-
nancy was confirmed by a positive serum level of the hor-
mone B-hCG 14 days after embryo transfer, while clinical
pregnancies were confirmed by transvaginal ultrasound find-
ings of a gestational sac with a vital embryo at 6 weeks of
gestation.

The implantation rate is calculated according to the fol-
lowing formula:

Total number of pregnancies
fpreg x 100

Total number of transfered embryos

The variables measured in the study were: the concentra-
tion of hormones (estradiol, progesterone and testosterone) in
the follicular fluid.

The values of estradiol, progesterone and testosterone in
the follicular fluid were analyzed by chemiluminescent im-
munoassay on the device UniCel 600, Becman Coulter in the
Department for Laboratory Diagnostics, Clinical Center Kra-
gujevac. Follicular fluid samples were diluted to determine
estradiol (1: 1000) and progesterone (1: 1000) concentra-
tions, while no follicular fluid dilution was required to deter-
mine testosterone concentration.

Statistical data processing

Regularity of the distribution of obtained values was con-
firmed by using the Kolmogorov-Smirnov test before statis-
tical data processing. Based on the obtained value of p, the
test used for statistical analysis was determined (ANOVA
parametric test for p < 0.05 - samples having normal
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distribution or nonparametric Mann-Whitney, Kruskal-Wal-
lis and Hi square test test if p > 0.05 - samples that do not
have a normal distribution). The value of the obtained data
was considered statistically significant if p < 0.05. The soft-
ware package SPSS 20 was used for statistical data pro-
cessing. All values are expressed as a mean value and are
presented in a table.

RESULTS

Table | presents the relevant results and characteristics of
the study group. In total 31 patients were involved, starting
from age of 29 till 46. On average 9.1 oocytes were obtained
per woman, however, there is a strong deviation between in-
dividual participant going from 1 till 20. Only 172 cells were
normally fertilized (around 60,5%). It should be pointed out
that about 58% of pregnancies were successful. Results show
that measured data for estradiol concentration in follicular
fluid, progesterone concentration in follicular fluid, and tes-
tosterone concentration in the follicular fluid is widely dis-
persed from the mean.

Table 1. Relevant characteristics and results
of the study group

Table 2. Relationship between steroid hormone
concentration in follicular fluid and fertilization rate

Steroid Hormone concentrations in follicular fluid
hormones (Mean 95%)
of follicular Normal Poor
fluid fertilization fertilization p*
(172) (112)
el 1821,79 187207 | 0,639
ng/ml
LHTOZEEE: 10,71 11,01 0,673
one pg/ml
Testos-
terone 5,27 5,13 0,956
ng/ml
p* Statistical significance
Table 3. Relationship between fertilization rate
and realized pregnancies
Positive preg- Negative «
nancy out- pregnancy p
come outcome
Fertilization
rate (mean 67,34 61,31 0,379
value) (£15,15) (+19,22)
p* Statistical significance

Number of patients 31
Years - mean 36,33
(29-46)

Total number of oocytes 284

Mean value of oocytes per pa- 9,16
tient (1-20)

Number of fertilized oocytes 172
(1-11)
Number of unfertilized oocytes (01_1125)
Fertilization rate 60,5%

Achieved pregnancies (- 18
HCG>5)
Implantation rate 31%
Pregnancy rate 58%
Mean estradiol concentration in 1974,65
follicular fluid (ng/L) (115,11-4859,85)
Mean value of progesterone con-
centration in follicular fluid a 7121’;13 48)
(ng/L) ’ '
Mean value of testosterone con-
centration in the follicular fluid 3,33
(1,43-13,33)
(ng/ml)

Analysis show that there is no statisticaly significant re-
lation between the achieved pregnancies and applied fertili-
zation method (see, Table 4). The pregnancies via IVF were
49% successful, while via the ICSI method 51%. Further, re-
sults indicate that there is no dependency between embryo
quality and fertilization methods (p=0,832; p>0,05). Also,
there is no statisitcly significant difference between partici-
pant age and realized pregnancies within the study group
(see, Table 5).

Table 4. Relationship between in vitro fertilization out-
comes and oocyte fertilization methods

Metona o
IVF outcome IVE ICSI p
P | o |
- 0 [
HCG>5) (49%) (51%)
- 0,121
Negative out- 10
come (B- 2 (16,71%) (83.3)
HCG<S) ’

High p-values imply that the oocyte fertilization rate is
not direclty related to the concentration of estradiol, proges-
terone and testosterone in the follicular fluid (see, Table 2).
Nerevetheless, it should be noted that in case of normally fer-
tilized oocytes in follicular fluid estradiol and progesterone
levels were slightly lower, while testosterone levels were
slightly higher. In addition, statisitcaly looking the fertiliza-
tion rate is not related to the outcome of IVF (see, Table 3).

p* Statistical significance
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Table 5. Relationship between mean values of hormone
concentrations in follicular fluid and in vitro fertilization
outcomes

Steroid hor-

Hormone concentrations in follicular

fluid (Mean 95%)
mones of — -
follicular Positive out- Negative out- .
fluid come (B- come (B- p
HCG<5) HCG>5)
. 1860,27 2133,01
EStraﬁ:"l (115,11- 42633- | 0,540
e 4857,85) 4626,82)
Progesterone 11,28 11,67 0.859
pg/L (1,93-20,48) (1,72-19,56) ’
Testosterone 5,55 5,48 0.708
ng/ml (2,51-13,33) (1,43-7,70) ’

p* Statistical significance

Results show that there is no statisticly significant devia-
tion between the value of estradiol in follicular fluid of preg-
nant women and the value of estradiol in the follicular fluid
of non-pregnant women (see, Table 5). This also applies to
the variation of estradiol values in follicular fluid by age of
women (see, Table 6).

The value of progesterone and testosterone in the follicu-
lar fluid of pregnant women did not differ statistically from
the value of progesterone in the follicular fluid of women
who were not pregnant (see, Table 6). Variations in proges-
terone and testosterone levels in follicular fluid by age of
women were also not statistically significant (see, Table 5).

Table 6. Relationship between follicular fluid hormone
concentration and age, and between in vitro fertilization
outcome and age

. Mean value of hormone concentra-
Steroid .. . .
tion in follicular fluid by age p*
hormones
30-34 35-39 39-42
Estradiol 1978,97 1981,28 1959,10
iy ) (957,96- (426,33- (115,11- | 0,859
g 4626,82) | 4857,85) | 2817,11)
Proges- 10,83 10,99 12,98
terone (5,96- (1,72- (7,23- 0,626
(ug/ml) 15,62) 20,48) 17,98)
Testos- 5,77 5,01 5,86
terone (2,51- (1,43- (3,52- 0,598
(ng/ml) 13,33) 7,82) 7,70)
Positive
outcome
8 8 2
(B-
HCG>5)
Negative 0,051
outcome
4 3 6
(B-
HCG<S)

p* Statistical significance

1

DISCUSSION

Approximately 10% of women are unable to naturally be-
come pregnant until the age of 34, and for women between
40 and 45 this is 87%. Although IVF can to a certain extend
increase the number of achieved pregnacnies among younger
women (i.e. age below 40), these numbers are still relatively
low among older women (i.e. age group 40+). All of this is
associated with decreased oocyte number and poor oocyte
quality with increasing age, along with a higher rate of aneu-
ploidy (13).

It should be pointed out that not all oocytes from all fol-
licles are of the same quality and at the same stage of ma-
turity. Based on the defined monitoring parameters, it is not
possible to know in advance which oocyte will be fertilized
and provide quality embryos. Embryos of the same patient
can be of different quality and still at the end not all embryos
will result in pregnancy (10, 14). The various components of
the follicular fluid that contains the oocytes can be used as
parameters to predict the quality of the oocyte that will be
fertilized and give a potentially good embryo resulting in
pregnancy. Steroid hormones are important parameters
among these components (15).

When comparing the outcome of IVF with the age of
women who participated in the study, it can be seen that sim-
ilar success rates were among women who are in the age
group 30-34 and 35-39. On the other hand, the women in the
age group 4042 had the lowest pregnancy success rate. As
expected fertility significantly decreases as a woman ages.
Results show that steroid hormone concentrations were not
in correlation with age of participants.

In this study, a combination of two methods i.e. ICSI and
conventional IVF methods were used for fertilization. The
results show that the success of achieving pregnancy does not
depend on the method of fertilization, and the quality of the
embryo does not depend on the method of fertilization. More
IVF were successful after the application of the ICSI method
for fertilization of oocytes.

Furthermore, no significant correlation was observed be-
tween the concentration of steroid hormones and the rate of
fertilization, nor in relation to the outcome of IVF. During
the study it was noticed that the concentrations of estradiol
and progesterone were slightly lower, while testosterone lev-
els were slightly higher in case of the successful IVF. This
was not confirmed in an earlier study (10). Carpintero et al.
noticed that elevated levels of estradiol and progesterone in
the follicular fluid were associated with an increased chance
of pregnancy (10). Estradiol concentrations were slightly el-
evated in age group 35-39. On the other hand, the concentra-
tions of progesterone were slightly elevated, as well as the
concentrations of testosterone in age group 40-42.. In-depth
analysis didn’t show any statistically significant difference in
the concentration of estradiol, progesterone and testosterone
in follicular fluid between fertilized or unfertilized oocytes.
Caprineto et al. pointed out that testosterone concentrations
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increased slightly with good fertilization, which was also
confirmed in this study. On the other hand, Lamb et al. results
show that there was no difference in testosterone concentra-
tion in follicular fluid in cases of normal fertilization com-
pared to cases without fertilization (10,16).

Numerous studies have performed ‘target analysis’ but
failed to identify a clinically useful biomarker(s) due to well
known limitations within current medical practice. There is a
still long way to go to overcome these issues (17-19). One of
the major issues is the fact that transfer is done with two em-
bryos. For example, in a situation when only one embryo was
successfully implanted, it is difficult to say which embryo
was implanted. Furthermore, the process of ovarian stimula-
tion can change the composition of follicular fluid (18). Fin-
naly, follicular fluid contamination with a follicle flush me-
dium that contains numerous metabolites (e.g. glucose) is
possible. Some IVF centers use this method when aspirating
follicular fluid. Additionaly, follicular fluid from a previ-
ously aspirated follicle can lead to fluid contamination of the
next follicle.

Overall, further research is needed to enable more suc-
cessful in vitro fertilization. A much larger number of follic-
ular fluid samples are needed to more reliably determine
which parameters affects the quality of oocytes and to what
extent, thus the rate of fertilization i.e. the outcome of IVF.

CONCLUSION

In today’s world infertility must be perceived as a com-
plex issue which is challenging to overcome. Even though
there are constant breakthroughs within medicine, it is diffi-
cult to discover the real cause of infertility. Extra attention is
being paid to the composition of follicular fluid as a possible
cause of infertility. From the results, it can be concluded that
the concentration of steroid hormones does not affect the fer-
tilization rate and the outcome of in vitro fertilization. Con-
sequnetly, the next step in research would be to further study
other sex hormones in addition to steroid hormones among
larger number of patients. Punctureing each follicle with
multiple stitches using a separate needle for each follicle
would be more insightful research, however, this is not fea-
sible in clinical practice at the moment.
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ABSTRACT

The aim of this study was to investigate the gender differences in
anatomical and morphometric characteristics of the nasopalatine
canal-NPC and horizontal dimensions of the anterior maxilla by
CBCT, which could be of interest for clinicians who perform im-
plant surgery in this region. A retrospective quantitative study was
conducted using CBCT images from the radiological database of
the Department of Dentistry (Kragujevac) on a total of 113 par-
ticipants (63 male and 50 female). The results of our study con-
firmed no gender difference in the distribution of NPC type, while
the most frequent NPC type confirmed gender variations (cylin-
drical in females, funnel in males), but the lowest incidence of
NPC type in both males and females was banana-type. The NPC
length was significantly increased in males with no significant
gender impact on medio-lateral (M-L) and antero-posterior
(A-P) dimensions of the incisive foramen, as well as the A-P di-
mension of the nasal foramen. Linear regression analysis re-
vealed the significant correlation between the M-L dimension of
incisive foramen and the anterior maxilla diameter at all bone lev-
els for males, and between the NPC length and the anterior max-
illa diameter only in females at the level D. Also, both NPC type
and gender significantly affected the correlations between the es-
timated parameters (females showed significant correlation only
in funnel NPC type at the level D, while males showed significant
correlation in both funnel NPC type at the level A, but also in
hourglass-type at the level D). Those results imply significant gen-
der impact in planning of various surgical interventions in the an-
terior maxilla region.

Keywords: Nasopalatine canal - NPC, anterior maxilla, cone
beam computed tomography - CBCT, morphometric analysis,
gender differenc.
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INTRODUCTION

Surgical procedures in the anterior maxillary region in-
clude surgical extraction of impacted teeth, implant place-
ment, endodontic treatment, periodontal surgery, the enucle-
ation of cysts, and orthognathic surgery (1). Clinicians, such
as oral, maxillofacial and plastic surgeons, which perform
surgical interventions in the mouth and surrounding struc-
tures, require more detailed insight into anatomy and varia-
tions of the NPC (2). This anatomical structure forms a rela-
tionship between the nasal and oral cavity and contains the
nasopalatine nerve, the descending branch of the nasopala-
tine artery, fibrous connective tissue and salivary glands (3).

In order to prevent NPC damage during implant surgery,
radiological diagnostic is crucial to assist surgeons in the
evaluation of the morphological variations of the NPC (4).
The current literature described several NPC shapes. Mar-
dinger and coworkers have classified NPC into four types
(banana-, hourglass-, cylindrical- and funnel-shaped) using
sagittal cross-section slices at CBCT (5). The same classifi-
cation was described by Guncu and coworkers (6). However,
Liang and collaborators defined the NPC shape as conical
and cylindrical (7), while Etoz and colleagues (8) classified
six NPC types (tree branch, cylindrical, banana-like, funnel-
like, cone-like, and hourglass). Saffi and collaborators (9)
proposed the classification of sagittal NPC shape into four
groups (cylindrical, funnel, hourglass, and spindle). Beside,
the researchers also recommend the evaluation of the NPC
location and extension for the planning procedures in implant

surgery (10).

In addition to the analysis of the NPC (shape, location and
dimensions), the horizontal maxillary bone diameter is the
most important factor for successful implant therapy (11). It
is not surprising that evaluation of the labiopalatal width of
the alveolar ridge is necessary before dental implant place-
ment (12). Accordingly, Al-Amery and coworkers used three
different levels for the assessment of the horizontal anterior
maxilla dimensions (13). On the other hand, Salemi and col-
laborators measured buccal bone thickness at four levels an-
terior to the NPC (14). All of mentioned characteristics of
both the NPC and anterior maxilla have been reported to vary
depending on gender, age, ethnicity and dental status (6, 15,
16).

The numerous complications during implant surgery in
the anterior maxilla were described in a literature. Namely,
osseointegration failure and short-term sensory disorder are
the two most frequent adverse events that have been associ-
ated with the implant placement in this region. Implant con-
tact with the neural tissue had been reported as a prediction
factor for osseointegration failure. Furthermore, NPC perfo-
ration is often accompanied with the neurovascular bundle
injury, bleeding during surgery, and the formation of the
NPC cyst (2, 17, 18, 19). There are many radiological modal-
ities available for analysis of the alveolar bone dimensions
and surrounding anatomical structures that may be helpful in
prevention of these complications (20, 21). However, CBCT

with 3D properties provides much more morphometric data
for the implant placement planning than the two-dimensional
radiographs (22, 23). Also, in recent years, the usage of
CBCT had been widely spread for the estimation of anatom-
ical and morphological NPC characteristics for numerous
purposes (9, 24, 25).

Hence, the aim of this study was to investigate the gender
differences in anatomical and morphometric characteristic of
the NPC and horizontal dimensions of the anterior maxilla by
CBCT, which could be of interest for clinicians who perform
implant surgery in the region of the anterior maxilla.

MATERIALS AND METHODS
Patients’ selection

A retrospective quantitative study was conducted
using CBCT images from the radiological database of the
Department of Dentistry, Faculty of Medical Sciences, Uni-
versity of Kragujevac. Radiographic images were obtained
during six months (April to October 2020). The study proto-
col was approved by the Institutional review board of the
Faculty of Medical Sciences, Unversity of Kragujevac (ap-
proval ID 01-4376).

The inclusion criteria for involvement in this study were:
patients over the age of 18, presence of both lateral and cen-
tral incisors, and formal consent for usage of personal clinical
data in scientific purposes. The exclusion criteria were estab-
lished as: low image quality, patients with systemic diseases
(such as hyperparathyroidism, Paget’s disease, osteoporosis),
maxillary osteonecrosis, as well as the pathological entities
in the NPC surrounding region (nasopalatine duct cyst, tu-
mors, impacted teeth, cleft lips, periodontal diseases of cen-
tral and lateral incisors - radiographic bone level from ce-
mentoenamel junction >3 mm). Patients with orthodontic
braces, metal restoration, dental implants, bone grafting and
spaced dentition were also excluded from this study. There-
fore, a total of 113 participants fulfilled the inclusion criteria,
63 male and 50 female (an average age of 45.20 + 2.14 and
41.06 = 1.96, respectively).

Imaging procedures

The CBCT images were obtained using an Orthophos XG
3D device (Sirona Dental Systems GmbH, Bensheim, Ger-
many). Operating parameters were set - 85 kV/6 mA, expo-
sure time - 14.3 s or 85 kV/10 mA, exposure time - 5.0 s, and
a voxel size of 160 pm or 100 um. The field of view was §x8
cm for all CBCT images, and the Frankfort horizontal plane
was perpendicular to the floor. GALAXIS software v1.9.4
(Sirona Dental Systems GmbH, Bensheim, Germany) was
used to analyze images. The examiners analyzed the CBCT
images using a monitor (23-inch Philips LED) with
1920x1080 screen resolution in a room with dim lightening.
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Morphology and dimensions of nasopalatine canal and
anterior maxilla

According to previously defined criteria (5), we classified
the NPC into four groups (banana-, hourglass-, cylindrical-
and funnel-type). The estimation of predefined NPC morpho-
metric parameters was performed at different sections: an-
teroposterior (A-P) dimension of the nasal foramen, length of
the NPC, A-P dimension of the incisive foramen, and medi-
olateral (M-L) dimension of the incisive foramen. We used
sagittal CBCT slice for all morphometric analyzes of the
NPC, except for the M-L dimension of incisive foramen,
which was evaluated at axial CBCT slice (Figure 1). For the
evaluation of the horizontal diameter of the anterior maxilla,
we used sagittal CBCT slice, and measurement was obtained
at four predefined levels, as shown in Figure 1. The values of
all parameters were expressed in mm. All measurements
were independently performed by two investigators (blind to
the protocol), with high inter-rater reliability (Pearson’s
r=0.95). The mean value for each parameter was used for fur-
ther analysis.

Figure 1. CBCT image analysis strategy.

Sagittal cross-section with the region of interest (top); (a)
A-P dimension of the incisive foramen, (b) level for the M-L
measurement of the incisive foramen, (c) mid-length of the
NPC, (d) A-P dimension of the nasal foramen, NCL (NPC
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length), (A) horizontal diameter of the anterior maxilla from
the buccal border of incisive foramen to the facial aspect of
buccal bone plate, (B) horizontal diameter of the anterior
maxilla from the buccal wall of the NPC to the facial aspect
of buccal bone plate using a horizontal line from the palatal
border of the incisive foramen, (C) horizontal diameter of the
anterior maxilla from the buccal border at the midpoint level
of the NCL to the facial aspect of buccal bone plate, (D) hor-
izontal diameter of the anterior maxilla from the buccal bor-
der of nasal foramen to the facial aspect of buccal bone plate;
Axial cross-section with the region of interest (bottom);
(b) M-L diameter of the incisive foramen.

Statistical analysis

The data presented here was expressed as the means +
SEM. The parameters were initially submitted to Levene’s
test for homogeneity of variance and to the Shapiro-Wilk test
of normality. Comparisons between groups were performed
using independent t-test, Pearson’s chi-squared test, and/or
one-way ANOVA, followed by Scheffe’s post hoc test. Pear-
son’s coefficient of correlation was used to analyze relation-
ships between parameters, and simple linear regression anal-
yses were performed. A value of p<0.05 was considered to
be significant. Statistical analysis was performed with the
SPSS version 20.0 statistical package (IBM SPSS Statistics
20).

RESULTS

Results presented in Figure 2 confirmed no significant
difference by means of distribution in the NPC type between
male and female subjects (Pearson Chi-Square F=1.742,
df=3, p=0.628). However, the distribution of the NPC type
for both male and female subjects showed significant differ-
ences (Chi-Square F=11.095 and 9.040, p=0.011 and 0.029,
respectively). The frequency of banana shape was the lowest
for both estimated genders, but the highest incidence in male
subjects was observed for funnel-type of the NPC (36.51%)
while the most frequent NPC type in females was cylindrical
(36%).

As presented in Figure 3, the dimensions at different sec-
tions of the nasopalatine canal and the horizontal diameter of
the anterior maxilla were not significantly gender-dependent
by means of both the mediolateral and anteroposterior dimen-
sion of the incisive foramen (Fig. 3A/1 and A/2, respec-
tively). The similar situation was observed for the anteropos-
terior dimension of the nasal foramen (Fig. 3A/3). In contrast,
the nasopalatine canal length (Fig. 3A/4) was significantly
higher in male subjects (p<0.01). The horizontal diameter of
the anterior maxilla was not significantly affected by means
of gender difference at the levels of A, B, and C (Fig. 3B/1-
3, respectively), but again male subjects showed significant
augmentation in diameter of the anterior maxilla at the D
level (Fig. 3B/4, p<0.05).
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Figure 2. The frequency of the NPC type appearance.
Blue bars represents male subjects (n=63),
pink bars represents female subjects (n=50).

Figure 3. The dimensions at different sections of the nasopalatine canal
and the horizontal diameter of the anterior maxilla (mm).A - different sections of NPC: A/1 - the mediolateral
dimension of incisive foramen, A/2 - the anteroposterior dimension of the incisive foramen, A/3 -the anteropos-
terior dimension of the nasal foramen, A/4 - the nasopalatine canal length. B - horizontal diameter of anterior
maxilla: B/1 - A level, B/2 - B level, B/3 - C level, B/4 - D level. Values are expressed as the mean + SEM.
* Denotes a significant difference, p<0.05, ** denotes a significant difference, p<0.01.

The results presented in Figure 4 showed that there was
no significant difference between the estimated parameters -
the mediolateral and anteroposterior dimension of the inci-
sive foramen (Fig. 4A and B, df=7, F=1.818 and 1.660, re-
spectively), as well as the anteroposterior dimension of the
nasal foramen (Fig. 4C, F=2.494) and the NPC length (Fig.
4D, F=2.031) depending on NPC type. Also, there was no
statistically significant gender difference in any estimated pa-
rameter for predefined NPC types.

The estimation of correlation between the dimension at
different sections of the NPC and the anterior maxilla diam-
eter at various levels (Table 1) showed that the M-L dimen-
sion of the incisive foramen significantly correlated with the
anterior maxilla horizontal diameter at all levels for male

subjects, but only at level B and C for females, while no sig-
nificant correlation between the A-P dimension of the inci-
sive foramen and the anterior maxilla horizontal diameter
was observed. As shown in Table 1, the A-P dimension of the
nasal foramen significantly correlated with the anterior max-
illa horizontal diameter at all levels for male subjects, but
only at level D for females. In contrary, NPC length analysis
showed no significant correlation with the anterior maxilla
horizontal diameter in male subjects, while females showed
significant correlation at D level.

The horizontal diameter of the anterior maxilla at all esti-
mated levels (A-D, Fig. 5A-D, respectively) was signifi-
cantly affected neither by the NPC type nor gender.
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Figure 4. The dimensions of the NPC up to the NPC type in sagittal cross-section (in mm).
A - M-L dimension of the incisive foramen; B - A-P dimension of the incisive foramen;
C - A-P dimension of the nasal foramen; D - NPC length. Values are expressed as the mean + SEM.

Figure 5. The horizontal diameter of the anterior maxilla at different levels according to the NPC type in sagittal
cross-section (in mm). A - horizontal diameter of the anterior maxilla - A level; B - horizontal diameter of the
anterior maxilla - B level; C - horizontal diameter of the anterior maxilla - C level; D - horizontal diameter
of the anterior maxilla - D level. Values are expressed as the mean + SEM.

As shown in Table 2, the M-L dimension of the incisive
foramen at level A and B significantly correlated with the
horizontal diameter of the anterior maxilla at level A and B
for banana and funnel NPC types in male subjects, while the

significant correlation in females was observed only in the
hourglass NPC type, with no significant correlation for either
gender in the cylindrical NPC type. Again, female subjects
showed the significant correlation between the M-L
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dimension of incisive foramen and the horizontal diameter of
anterior maxilla at level C in the hourglass type. The signifi-
cant correlation between those parameters in male subjects
was observed in the cylindrical NPC type, but both gender
statistics confirmed significant correlation at the level C of
the anterior maxilla only in funnel NPC type. The analysis
performed at level C of the anterior maxilla showed no sig-
nificant correlation in either gender.

Interestingly, the significant correlation between the A-P
dimension of the incisive foramen and the anterior maxilla
diameter was observed only in female subjects at the level A
and B for the hourglass, and level B for the cylindrical NPC
type (Table 3), while males did not show any significant cor-
relation between those parameters at all levels.

As shown in Table 4, A-P dimension of the nasal foramen
significantly correlated with the anterior maxilla diameter at
levels A, B, and C only for the funnel NPC type in male sub-
jects, whit no significant correlations with the NPC type in
females.

On the other hand, female subjects expressed significant
correlation between the A-P dimension of the nasal foramen
and the anterior maxilla diameter at level C for the hourglass
type, and level D for the cylindrical NPC type.

Results presented in Table 5 showed that there was no
significant correlation between the NPC length at all esti-
mated levels and the anterior maxilla diameter for banana and
cylindrical NPC types in both populations. At the same time,
the significant correlation was confirmed between the NPC
length and the anterior maxilla diameter at the level D for the
hourglass type, and level A for the funnel NPC type in male
subjects. Finally, the significant correlation for female par-
ticipants was confirmed only between the NPC length and the
anterior maxilla diameter at the level D for the funnel NPC

type.

Table 1. The correlation between the dimension at different sections of the NPC and the anterior maxilla
diameter at various levels (significant correlations are bolded, blue fields represent significant correlations
only for male subjects, pink fields represent significant correlations only for female subjects, gray fields

represent significant correlations for both gender).

The levels of anterior maxilla horizontal diameter
The sections of the NPC Gender
A level B level C level D level
Male R2=0.2223 R2=0.309 R2=0.2788 R2=0.0908
The M-L dimension of p=9.61x10" p =2.25x10°° p=8.7x10¢ p=0.016
incisive foramen Female R2=0.027 R2 = 0.0903 R2=0.1872 R = 0.0443
p=0.254 p = 0.034 p = 0.002 p=0.142
Male R2=0.0064 R%2=10.0538 R2=0.0036 R2=10.001
The A-P dimension of p=0.532 p=0.067 p=0.641 p=0.804
incisive foramen 7
Female R2=10.0015 R2=0.0054 R2=1x10 R2=0.0013
p=0.791 p=0.612 p=0.998 p=0.804
Male R2=0.0727 R2=10.1011 R2=0.2882 R2=0.0788
The A-P dimension of nasal 0= IHIEES o= (ALl p=5.7x10° S
f
oramen Female | RZ=00328 R? = 0.0033 R? = 0.0336 R =0.1827
p=0.208 p =0.690 p=0.203 p = 0.002
Male R2=0.0048 R2=0.0005 R2=10.0015 R2=0.0036
p=0.590 p=0.856 p=0.766 p=0.462
The NPC length
Female R2=0.0003 R2=10.002 R2=10.0012 R2=10.100
p=0.901 p=0.760 p=0.814 p = 0.025
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Table 2. The correlation between the M-L dimension of the incisive foramen and anterior maxilla diameter at
various levels depending on the canal type at the sagittal cross-section (significant correlations are bolded, blue fields
represent significant correlations only for male subjects, pink fields represent significant correlations only for

female subjects, gray fields represent significant correlations for both gender).

The correlation be- . .
tween the M-L di- The NPC type at the sagittal cross-section
mension of incisive
. Gender
foramen and anterior
maxilla diameter on Banana Hourglass Cylindrical Funnel
different levels
The M-L dimension Male R2=0.8776 R2=0.135 R2=0.0123 R2=0.3015
of incisive foramen p=0.019 p=0.134 p=0.672 p = 0.007
VSs.
R2=0.519883 R?=0.4546 R?=0.0504 R2=0.0005
A level
eve Female | ™ _ 169 p = 0.032 p=0672 p=00935
. . Mal R?=0.8946 R2=0.0641 R2=0.0273 R2=10.4272
The M-L dimension ¢ p = 0.015 p=0311 p=0.526 p = 0.001
of incisive foramen
VSs.
B level Female R2=0.7471 R2=0.6061 R?=0.0944 R2=10.2092
p =0.059 p = 0.008 p=0.215 p =0.065
The M-L dimension Male R2=0.7564 R2=0.2071 R2=0.2285 R?=0.2049
of incisive foramen p =0.0553 p=0.058 p = 0.030 p = 0.030
C lovel Female | 2= 04326 R2 = 0.6925 R =0.0016 R2=0.4137
p=0.228 p = 0.003 p=0.874 p = 0.005
The M-L dimension Male R?=0.0094 R2=10.1275 R2=0.1387 R?=0.0062
c .. p=0.876 p=0.146 p=0.141 p=0.722
of incisive foramen
D ‘l)s. | Female R?=0.0032 R2=0.0362 R?=10.1404 R2=0.0324
eve p=0928 p=0.598 p=0.125 p =0.489

Table 3. The correlation between the A-P dimension of the incisive foramen and the anterior maxilla diameter at various
levels depending on the canal type at the sagittal cross-section (significant correlations are bolded, blue fields represent
significant correlations only for male subjects, pink fields represent significant correlations only for female subjects, gray
fields represent significant correlations for both gender).

The correlation between . .
the A-P dimension of nasal The NPC type at the sagittal cross-section
foramen and anterior max- | Gender
illa diameter on different L.
levels Banana Hourglass Cylindrical Funnel
The A-P dimension of nasal Male R2=0.5001 R2=0.0042 R?=0.0094 R?=0.2443
foramen p=0.182 p=0.855 p=0.711 p=0.016
A lovel Female | RZ=04523 R2 = 0.0602 R2=0.0116 R? = 6x10°
p=0.214 p=0.494 p=0.670 p=0.075
The A-P ”}LTQ'LSSE" of nasal Male R2 = 0.6757 R2=0.0324 R2 = 0.0528 R2=0.2772
p=0.088 p=0.475 p=0.359 p = 0.009
VSs.
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The correlation between . .
the A-P dimension of nasal The NPC type at the sagittal cross-section
foramen and anterior max- | Gender
illa dlamelt:ie(;: different Banana Hourglass Cylindrical Funnel
B level Fomale | RZ=01552 R2=0.1011 R2 = 0.0004 R2 = 0.009
© p=0.518 p=0.370 p=0.937 p=0.717
. . R2=0.7152 R2=0.2715 R2=10.2028 R2=0.3381
The A-P ”}L‘?Sﬁfe'ﬁn ofnasal | Male p=0.071 p =0.027 p =0.069 p = 0.004
Vs,
R2=10.3094 R2=10.1200 R2=10.0052 R2=0.0883
level
Cleve Female p=0.330 p=0327 p=0.775 p=0247
. . R2=10.0074 R2=10.0575 R2=0.1558 R2=0.1492
The A-P dimension of nasal Male p = 0.890 p=0338 p=0.117 p =0.069
foramen
D ‘l):vel Female R2=10.0782 R2=10.3954 R2=0.3125 R2=10.0799
p =0.649 p=0.051 p =0.016 p=0272

Table 4. The correlation between the A-P dimension of the nasal foramen and the anterior maxilla diameters at various
levels depending on the canal type at the sagittal cross-section (significant correlations are bolded, blue fields represent
significant correlations only for male subjects, pink fields represent significant correlations only for female subjects, gray
fields represent significant correlations for both gender).

The correlation between . .
the A-P dimension of nasal The NPC type at the sagittal cross-section
foramen and anterior max- | Gender
illa diameter on different
levels Banana Hourglass Cylindrical Funnel
The A-P dimension of nasal Male R2=0.5001 R2=0.0042 R2=10.0094 R?2=0.2443
foramen p=0.182 p=0.855 p=0.711 p=0.016
A lovel Fomale | R=0:4523 R2 =0.0602 R2=0.0116 R2 = 6x10%
p=0214 p=0.494 p=0.670 p=0.075
The A-P dimension of nasal Male R? i 0.6757 R? i 0.0324 R? i 0.0528 R? i 0.2772
foramen p=0.088 p=0.475 p=0.359 p = 0.009
VSs.
R2=0.1552 R2=0.1011 R2=10.0004 R2=0.009
B level
v Female p=0518 p=0370 p=0937 p=0717
. . R2=0.7152 R2=0.2715 R2=0.2028 R?=0.3381
The A-P (}1mens10n of nasal Male p=0071 p=0.027 p =0.069 p = 0.004
oramen
VS.
R2=10.3094 R2=0.1200 R?=0.0052 R2=0.0883
level
Cleve Female p=0330 p=0327 p=0.775 p = 0247
. . R2=10.0074 R2=0.0575 R2=0.1558 R2=0.1492
The A-P (}1mens10n of nasal Male p = 0.890 p=0338 p=0.117 p =0.069
oramen
D ‘l):vel Female R2=0.0782 R?=0.3954 R2=0.3125 R2=0.0799
p=0.649 p=0.051 p =0.016 p=0.272
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Table 5. The correlation between the nasopalatine canal length and anterior maxilla diameters at
various levels depending on the canal type at the sagittal cross-section (significant correlations are bolded,
blue fields represent significant correlations only for male subjects, pink fields represent significant
correlations only for female subjects, gray fields represent significant correlations for both gender).

The correlation between The NPC type at the sagittal cross-section
NPC length and anterior Gender
maxilla diameter on differ-
ent levels
Banana Hourglass Cylindrical Funnel
Mal R? = 0.5000 R? = 0.0657 R? = 0.0022 R?=0.2551
NPC length ale p=0.182 p=0.651 p=0.858 p=0.014
vS.
A level Femal R? = 0.4606 R? =0.0268 R? =0.0292 R? = 0.0077
emate p=0208 p=0.651 p=0.498 p=0.738
Mal R? = 0.6587 R?=0.0569 R?=0.0078 R?=0.1649
NPC length ¢ p=0.095 p =0.340 p=0.7736 p =0.054
vS.
B level Femal R? = 0.2089 R? = 0.0001 R?=0.0130 R? = 0.0042
emate p=0.439 p=0.993 p=0.652 p=0.806
Mal R? =0.3954 R?=0.0778 R? = 0.0001 R?=0.1580
NPC length ¢ p=0.256 p=0262 p=0.979 p = 0.060
vs.
C level Femal R?=0.533 RZ=0.0121 R>=0.0110 R? = 0.0083
emate p=0.161 p=0.762 p=0678 p=0.728
Male R>=0.1125 R?=0.3829 R? = 0.0083 R? = 0.0052
NPC length p=0.581 p = 0.006 p=0.727 p=0.743
vs.
D level Femal R? = 0.6497 R? = 0.2256 R? =0.0413 RZ=0.428
emale p=0.099 p=0.165 p=0419 p = 0.004
DISCUSSION frequent NPC type confirmed gender variations (cylindrical

A growing interest for a variety of surgical protocols in
dentistry implies the necessity for upgraded planning of such
interventions. One of the most complex issues that employs
regions in oral and maxillofacial surgery is focused on the
anterior maxilla. Therefore, the development of methodology
for better knowledge of morphometric properties of the NPC
and faster acquisition may be substantially important. In or-
der to establish the methodology that could be helpful by
means of duration in surgical interventions planning, we per-
formed the estimation of the morphometric analysis of the
NPC and the anterior maxilla, based on the NPC type classi-
fication, according to gender.

The results of our study confirmed no gender difference
in the distribution of the NPC type. Our results are in line
with studies by Guncu (6) and Thakur and coworkers (20).
However, as shown in Figure 2, the frequency of appearance
for different NPC types did not follow equal distribution for
both male and female subjects. Interestingly, the most

in females, funnel in males), but the lowest incidence of the
NPC type in both male and female participants was the ba-
nana-type of the NPC. This is also in accordance with Guncu
and collaborators (6).

The analysis of the dimensions at different sections of the
NPC showed no significant gender impact on M-L and A-P
dimensions of the incisive foramen, as well as the A-P di-
mension of the nasal foramen. In contrast,the NPC length
was significantly increased in male participants. The results
for the NPC length and the A-P dimension of the nasal fora-
men are in accordance with previous reporst of Kajan and
collaborators (26), but they found statistical difference in the
A-P dimension of incisive foramen between male and fe-
male. However, the study of Soumya and coworkers showed
that gender did not have an impact on any of the estimated
dimensions of the NPC sections (16). The observed differ-
ences could be attributed to different methodologies applied.
Furthermore, analysis of the horizontal diameter of the ante-
rior maxilla at different levels also showed the gender impact
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manifested as significant augmentation of distance between
the nasal foramen and cortical layer of the anterior maxilla in
male subjects, with no significant difference at the lower
parts of the anterior maxilla. Our results are in line with re-
search groups of Salemi (14) and Gonul (27). However, our
findings are not in accordance with the results presented by
Lopez (1) and Hakbilen and colleagues (28). A potential ex-
planation could be found in obvious differences in population
characteristics, age of participants, total number of subjects,
and/or predefined inclusion/exclusion criteria. Also, there
was a substantial variability in methodology (number and
definition of NPC sections, as well as the classification of
NPC types).

According to the results obtained in this study none of the
parameters (the dimensions of NPC up to NPC type in sagit-
tal cross-section) was significantly different according to
gender (Fig. 4). However, we are not able to compare the re-
sults obtained in this study with other published material due
to lack of literature data.

Linear regression analysis (Table 1) revealed the signifi-
cant correlation between the M-L dimension of the incisive
foramen and the anterior maxilla diameter at all bone levels
for male subjects, while this relation in female participants
was present only in the mid part of the anterior maxilla (level
B and C). A similar finding was observed for the A-P dimen-
sion of the nasal foramen, where again significant correlation
was confirmed in male subjects, but the A-P dimension of the
nasal foramen correlated significantly with the anterior max-
illa diameter only at the highest evaluated level (level D) in
females. The opposite finding was achieved concerning the
relationship between the NPC length and alveolar bone thick-
ness. Namely, the significant correlation between the NPC
length and the anterior maxilla diameter was observed only
in female participants at the level D. Furthermore, the hori-
zontal diameter of the anterior maxilla at different levels ac-
cording the NPC type in sagittal cross-section showed no sig-
nificant difference according to gender (Fig. 5).

The correlation between the M-L dimension of the inci-
sive foramen and the anterior maxilla diameter at various lev-
els depending on the canal type at the sagittal cross-section
was variously affected by gender (Table 2). In male subjects,
significant correlation between the M-L dimension of the in-
cisive foramen and lower parts of the alveolar ridge (level A
and B) was observed in the banana- and funnel-type of NPC,
while with the higher regions of the anterior maxilla (level C)
significant correlation was present in the cylindrical- and fun-
nel-type of NPC. In contrast, females expressed significant
correlation between the M-L dimension of the incisive fora-
men and the anterior maxilla thickness only in the hourglass-
type of NPC at the levels A, B, and C, as well as the funnel
NPC type at the level C.

The linear regression analysis revealed significant corre-
lation between the A-P dimension of the incisive foramen
and the anterior maxilla diameter only for females with the
hourglass-type at levels A and B, and for the cylindrical-type

of NPC at level B, with no significant correlations for male
participants.

Furthermore, the estimation of interconnection between
the A-P dimension of the nasal foramen and anterior maxilla
diameters at different levels depending on the canal type at
the sagittal cross-section confirmed that no significant corre-
lation for either gender in the banana NPC type. At the same
time, male subjects showed significant correlation between
the A-P dimension of the nasal foramen and buccal bone in
the funnel NPC type at all levels except the highest (D level),
and the hourglass-type at the level C. Unlike for males, fe-
male participants confirmed significant correlation between
the A-P dimension of nasal foramen and anterior maxilla
thickness in the cylindrical-type of NPC at the highest level
(level D).

Finally, the linear regression analysis for the relationship
between the NPC length and the anterior maxilla diameters
at various levels depending on the canal type revealed that in
female subjects significant correlation was present only in the
funnel NPC type at the level D. In contrast, male participants
showed significant correlation in both the funnel NPC type at
level A, but also in the hourglass-type at the level D.

Unfortunately, we are not able to compare the mathemat-
ical analysis that gives an insight into the relationship be-
tween the anterior maxilla dimensions and morphometric
characteristics of the NPC according to the NPC type, since
to our knowledge this interconnection was not yet evaluated.
Thus, it is even more not possible to estimate the gender im-
pact on those relationships. However, our principle intention
was to allow the more accurate data for morphometric quan-
tification in order to achieve advanced planning of various
surgical interventions in the anterior maxilla region. Future
investigations on this topic, accompanied with the standard-
ized methodology for evaluation, will allow more reliable in-
formation for clinical practice.
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ABSTRACT

The SCORE model was calibrated according to mortality statis-
tics for each European country. If it is used for the population
aged 40-65, it will predict the possibility of fatal cardiovascular
consequences that will appear after 10 years. The aim of this study
was to investigate individual risk factors for cardiovascular com-
Pplications in the adult population in the city of Belgrade. The study
was designed as a cross-sectional study. Using Heart Score tool
for determining of the total risk of CVD, could be projected to the
age of 60, which may be of particular importance for guiding
young adults, aged 20 to 30, with low absolute risk but already
with an unhealthy risk profile, which will lead to a much higher
risk as they age. In our study, predominately were present female
participants without hypertension, then male and were dominate
firequent non-smokers compared with smokers in male and fe-
male. Furthermore, in study population were more present smok-
ers with longer duration of smoking (>10 years). After calculated
Heart Score, we can see that 25.6% of respondents have a high
risk of cardiovascular event, of which 19.6% high risk, 4.4% very
high risk, and 1.6% extremely high risk of developing some an
adverse fatal cardiovascular event. The present risk factors and
high mortality and morbidity from cardiovascular disease indi-
cate the need for taking preventive measures already in children,
with the parallel implementation of population strategies and high
risk.

Keywords: Heart Score, cardiovascular risk, public pharmacies.
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INTRODUCTION

Cardiovascular disease are the leading cause of mortality
in all region of world, except in Sub - Saharan Africa. It ac-
counts for about 49% of all deaths and 30% lost years of life
in Europe. They are a significant cause of disability, large
health care costs and premature mortality. WHO estimates
say that in 2020, 70% of all causes of death will be related to
lifestyle, where the most important risk factors are:Unbal-
anced and improper diet (overweight, obesity), Physical in-
activity, Smoking and Alcohol consumption (1-5)

Risk factors for cardiovascular disease are numerous and
have cumulatively effect. Most of the risk factors that are as-
sociated with the behavior, such as diet and lifestyle, seden-
tary life at an early age and have a persistent character (6-8).
The most significant risk factors that can be prevented are:
high blood pressure, smoking, high cholesterol, diabetes
mellitus, obesity, inadequate nutrition, and physical inactiv-
ity. In stopping the unfavorable trend in CVD, the greatest
importance that there should be primary prevention. Patients
who have already had a cardiovascular event should be sub-
jected to secondary prevention measures (9-11).

In stopping the unfavorable trend of CVD, primary pre-
vention should be of the greatest importance (12). Patients
who have already had an ischemic event should undergo sec-
ondary prevention measures, especially in view of advances
in the interventional, medical and surgical approaches (13-
16). Cardiovascular diseases are the most significant cause of
death in men and women, and they can be prevented. CVD
prevention lasts a lifetime, and the best time to start is before
birth, by educating young, future parents, and then should
continue in preschool (kindergarten), as well as through fail-
ure in the school system. During this phase, the emphasis
should be on enjoying a healthy diet and joy and a sense of
well-being related to physical activity, instead of focusing on
disease prevention. Starting from the 6th grade of primary
school (11-12 years, or even earlier, depending on the social
environment), a smoke-free lifestyle should be encouraged
(17-20).

Secondary prevention is a set of therapeutic measures that
reduce the occurrence of recurrent, recurrent cardiovascular
events in patients with confirmed atherosclerosis, including
coronary heart disease, patients with cerebrovascular disease,
peripheral artery and carotid artery disease, and atheroscle-
rotic aortic atherosclerotic disease (21). Equivalents in terms
of risk level are people with diabetes, as well as people with
chronic kidney disease, and people with asymptomatic ather-
osclerosis can also be classified in some way (22).

The recommended model for total risk assessment is
based on the SCORE (Systematic Coronary Risk Evaluation)
system. The SCORE risk assessment is based on a large num-
ber of data from prospective European studies and predicts
fatal atherosclerotic cardiovascular diseases over a period of
10 years (23, 27). This risk assessment is based on the fol-
lowing risk factors: gender, age, smoking, systolic blood

pressure, and total cholesterol (24, 25). The SCORE model
was calibrated according to mortality statistics for each Eu-
ropean country. If it is used for the population aged 40-65, it
will predict the possibility of fatal cardiovascular conse-
quences that will appear after 10 years (26, 29).

The aim of this study was to investigate individual risk
factors for cardiovascular complications in the adult popula-
tion in the city of Belgrade.

PATIENTS AND METHODS
Ethical Concerns

This study was performed in accordance with Declaration
of Helsinski (1964) and with all relevant ethical guidelines.

Design of study

The study was designed as a cross-sectional study, with
using of a survey or specially designed questionnaire as an
instrument. All subjects were adults or more then 18 years
old. A questionnaire was created for the needs of the re-
search. The questionnaire consisted of 17 questions, both
closed and open. The research was conducted in privately
owned pharmacies in the municipalities of New Belgrade,
Vracar and Zemun, during January and February 2016. Sub-
jects were selected by random sampling. The survey was
anonymous and respondents signed an informed consent
form by completing the questionnaire. To determine the sam-
ple size, it was estimated that 138 subjects were needed (test
power 80%, error level 0.05).

As a research instrument, a specially designed question-
naire was used, which consists of 3 parts: the first part pre-
sents sociodemographic data on respondents, the second part
records of present, already diagnosed diseases in respond-
ents, and the third behavior of respondents, ie detection of
personal risk factors for cardiovascular diseases. These three
sections applied to all respondents.

Heart Score Tool

Using Heart Score tool for determining of the total risk of
CVD, could be projected to the age of 60, which may be of
particular importance for guiding young adults, aged 20 to
30, with low absolute risk but already with an unhealthy risk
profile, which will lead to a much higher risk as they age (29).

The 2003 guidelines used the SCORE assessment for risk
assessment, based on data from 12 European cohort studies;
it included 205,178 subjects, surveyed between 1970 and
1988 with 2.7 million years of follow-up and 7,934 cardio-
vascular deaths. In this way the SCORE risk function was
confirmed (23, 29).

Risk tables, such as SCORE, aim to facilitate risk assess-
ment in seemingly healthy individuals. Patients who have
had a clinical event such as acute coronary syndrome (ACS)
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or stroke automatically qualify for intensive care and risk fac-
tor management. SCORE differs from previous risk assess-
ment systems in several important ways, and has been modi-
fied to some extent for current guidelines. The SCORE sys-
tem assesses the risk of 10 years to the first fatal atheroscle-
rotic case, whether a heart attack, stroke, aortic aneurysm, or
some other (29).

RESULTS

Demographic characteristic of study population

In Table 1 are shown basic data about study population.

199

Statistical analysis

The collected data were then coded and entered into Mi-
crosoft Excel 2016. The statistical program Excel 2016 was
used for descriptive data analysis. PASW v18 was used for
regression analysis.

We observed distribution of location of public pharmacies, age, gender, marital status and education level of participants.

Table 1. Distribution of basic demographic characteristic in study population

Frequency Percent (%) Vahd((ge):rcent Cumulative Percent (%)
0
Zemun 79 31,6 31,6 31,6
City .
Novi Beograd 89 35,6 35,6 67,2
Vracar 60 24,0 24,0 91,2
Other 22 8,8 8,8 100,0
Frequency Percent (%) Valld((gircent Cumulative Percent (%)
0
<30 83 33,2 33,2 33,2
Age
(years) 31-50 51 20,4 20,4 53,6
51-65 30 12,0 12,0 65,6
>65 86 34,4 34,4 100,0
Frequency Percent (%) Vahd((ge):rcent Cumulative Percent (%)
0
Gender
(m/f) Male 93 37,2 37,2 37,2
Female 157 62,8 62,8 100,0
Frequency Percent (%) Valld((gircent Cumulative Percent (%)
0
Not Merried 94 37,6 37,6 37,6
Merital status Merried 108 43,2 43,2 80,8
Divorced 15 6,0 6,0 86,8
Widover 33 13,2 13,2 100,0
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Frequency Percent (%) Vahci;?rcent Cumulative Percent (%)
0
) Primary school 7 2,8 2,8 2,8
Education
High school 130 52,0 52,0 54,8
Faculty 113 452 452 100,0

Hypertension as a cardiovascular risk factor in study
population

In our study, predominately were present female partici-
pants without hypertension, then male. Similar, were fre-
quently male and female participants with hypertension
(Figure 1). Also, in the same group, we observed the most
frequent self-measuring of blood pressure compared with
other groups (Figure 2).

Figure 1. HTA distribution in study population

m%No m%Yes

Male

Female

20,4
16,8
46,8
16

0 20 40 60
Figure 2 Self-measuring of BP distribution
in study population
m % constant % 1-6 months
17,2
Male
20,0
45,2
Female
17,6
0,0 10,0 20,0 30,0 40,0 50,0

Smoking as a cardiovascular risk factor in study
population

As we can see on Figure 3, in our study were dominate
frequent non-smokers compared with smokers in male and
female (Figure 3). Furthermore, in study population were
more present smokers with longer duration of smoking (>10
years) (Figure 4). Also, in smokers group there were higher
percent of participants who smoked more than 20 cigarets per
day (Figure 5)

Figure 3. Smokers and non-smokers distribution

in study population
m %Smokers  m%Non-smokers
Male b2 24,4
Female 18,8 44,0
0,0 20,0 40,0 60,0 80,0
Figure 4. Duration of smoking in participants
m9%> 10 years m %< 10 years
Male 32,9 7,6
Female 41,8 17,7
0,0 20,0 40,0 60,0 80,0

-

Figure 5. Intensity of smoking in male and female

m % >20 cigarets/day
Male 34,2 6,3
Female 38,0 21,5
0,0 20,0 40,0 60,0 80,0
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Body weight as a cardiovascular risk factor in study pop-
ulation

Regarding the body weight, we measured waist size and
body mass index of each participant. The most frequent were
female participant without CVD risk, and the most unfre-
quent were male participant without risk (Figure 6). Also,
BMI below 30 was significantly present in our study popula-
tion (Figure 7).

Figure 6. Waist size in study population

u % without risk m % with risk

14,8
Mal 2
ae 2.4
40,8
Femal ’
emale 22.0
0,0 10,0 20,0 30,0 40,0 50,0
Figure 7. BMI in study population
% BMI >30 ®% BMI <30
Male 59 RYA)
Femal [j: 54,4
0,0 20,0 40,0 60,0 80,0

Heart Score in study population

We categorized participant into two categories: partici-
pants with HS higher than 5 and lower than 5. In our study,
in 19,6% were present male with HS higher than 5 and in 6%
were female with higher HS than 5 (Fig. 8). Also, after cal-
culated Heart Score, we can see that 25.6% of respondents
have a high risk of cardiovascular event, of which 19.6% high
risk, 4.4% very high risk, and 1.6% extremely high risk of
developing some an adverse fatal cardiovascular event. The
workload in relation to gender is 52.7% of all men included
in the sample have a high or very high and extreme risk com-
pared to only 6% of all surveyed women. Using regression
analysis, it was found that the factors that have statistical sig-
nificance for the assessment of Heart Score are as follows:
age of subjects (F = 12,023; p <0,001), sex of subjects (F =
20,685; p <0,001), smoking (F = 6,249; p = 0.003) and sys-
tolic pressure (F = 10.553; p <0.001). Other variables had no
effect on the Heart Score value.

Regarding the variables, the age of the subjects and the
value of systolic pressure, with increasing values, the risk
measured by Heart Score also increased, which was to be ex-
pected. Men also had a higher risk of an unwanted CV event

than women. An interesting result was obtained for the vari-
able smoking in the sense that the respondents who smoked
had the highest risk, but on the other hand a higher estimated
risk was recorded in respondents who did not smoke than in
respondents who recently quit smoking.

Figure 8. Heart Scores in study population

m%HS>5
Male 19,6 17,6
Female [] 56,8
0,0 20,0 40,0 60,0 80,0
DISCUSSION

According to the results of the research, more than 1/4 of
the examined population of adult inhabitants of the city of
Belgrade has a high Heart Score (value higher than 5) (29).
Risk factors that affected the value of the Heart Score were:
age of the subjects, sex of the subjects, smoking and the value
of systolic pressure. Other variables had no effect on the
Heart Score value, which can be explained by the relatively
small sample examined (14-23).

Cardiovascular diseases are still leading in the number of
patients - both in the world and in our country. About 17.3
million people die each year, most often from heart attacks
and strokes. These are conditions that can be treated, and it is
possible to prevent them. It is best if we deal with our own
cardiovascular risk on time. This mostly applies to men over
40 and women over 45 (11, 30).

According to WHO experts, the number of people suffer-
ing from CVD will continue to grow from year to year until
2020 (15, 29). These diseases are increasingly affecting the
working age population, and their immediate cause is stress,
low standard, daily struggle for survival, low level of general
awareness and education about the importance of adequate
prevention, which, in addition to proper nutrition, physical
activity, includes regular visits to check-ups and taking pre-
scribed therapy (31-33).

Mortality, incidence and fatal outcomes of CVD are de-
clining in most countries of northern, southern and western
Europe, but either not declining or even rising in Central and
Eastern Europe. Although CVD mortality rates are declining
in the EU, the number of men and women living with these
diseases is growing (34). This paradox is related to increased
longevity and improved survival of patients with CVD. The
burden of these diseases is unevenly distributed in the world,
with higher mortality of people who are in a worse socio-
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economic position. In Serbia, every hour, from various man-
ifestations of CVD, 6 people die, of which every eighth is in
the most productive years of life (from 25 to 64 years). Com-
pared to all other causes of death during 2013, 24,505 men
(45.9% of all causes of death) and 28,862 women (54.1%)
died of heart and blood vessel diseases in Serbia. Compared
to 2012, when the mortality rate from CVD was 763.6 per
100,000 inhabitants, in 2013 the mortality rate dropped to
744.9 per 100,000 inhabitants (32-36).

From 2001 to 2010, the CVD mortality rate in Serbia fell
by 14% for women and by 16% for men, but despite the reg-
istered decline in the mortality rate, Serbia is in the group of
countries with a higher-than-average risk for the countries of
the European region (29, 36). The lack of CVD prevention is
evident in the Republic of Serbia. According to a study of the
workload of the KVB society (37), Serbia spent much more
money on the treatment of cardiovascular diseases and its
complications than on prevention; more than 60% of direct
health care costs can be attributed to hospitalizations, surgi-
cal and diagnostic procedures. An additional problem in the
Republic of Serbia is incomplete or missing data regarding
funds invested in prevention activities, such as smoking ces-
sation campaigns.

Alarming trends for chronic diseases, such as obesity,
cardiovascular diseases and diabetes mellitus, affect people
at the earliest age, which indicates a significant need not only
for primary and secondary prevention, but also for primordial
prevention. Primordial prevention is defined as preventing
the development of risk factors, such as smoking, being over-
weight or consuming alcohol. Smoking significantly reduces
the chances of survival in middle age. Three times the per-
centage of heavy smokers (> 20 cigarettes per day) dies from
cardiovascular disease compared to people who have never
smoked. The beneficial effect of smoking cessation is more
pronounced in earlier years, but it is also present in people
who quit smoking in their 50s or 60s (38). It has been docu-
mented that prevention strategies are not only cost-effective,
but also strategies that bring certain savings to the health sys-
tem. The company’s programs aimed at increasing physical
activity, improving nutrition, and preventing smoking pro-
vide a return on investment in the sense that for every dollar
spent, the company returns $ 5.6 within 5 years. Smoke-free
enclosed regulations are also estimated to bring the United
States savings in the health care system of § 10 billion a year
(31, 34).

Being overweight has also been shown to be an independ-
ent risk factor for CVD. In Serbia, prevention programs are
experiencing a low level of implementation. Even more wor-
rying is the fact that only half of the population has received
counseling from health professionals to change life risk fac-
tors, but only one third of those have actually changed some
of their risk factors. Less than 1% of smokers used the smok-
ing cessation counseling service (29-34).

However, these diseases can be largely prevented. The
WHO estimates that a simultaneous reduction in blood

pressure, obesity, cholesterol and tobacco use in the majority
of the population would more than double the incidence of
CVD (39). The presented risk factors and high mortality and
morbidity from cardiovascular diseases indicate the need to
take preventive measures as early as possible, with the paral-
lel implementation of population strategy and high-risk strat-
egy. The possibility of risk assessment is a step forward in
the prevention of CVD.

CONCLUSION

The present risk factors and high mortality and morbidity
from cardiovascular disease indicate the need for taking pre-
ventive measures already in children, with the parallel imple-
mentation of population strategies and high risk.
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ABSTRACT

An endometrial polyp is most commonly a benign, localized pro-
liferation of the glands and the endometrial stroma, covered with
epithelium and protruding above the level of the mucosa. These
polyps are most often diagnosed during investigation into the
causes of irregular menstrual bleeding or infertility. 1t is pro-
duced in the highest concentration during the secretory phase of
the endometrial cycle. The level of glycodelin reaches its peak 12
days after ovulation. The aim of this paper was to determine the
changes in the immunohistochemical expression of glycodelin at
the level of the endometrium and in the tissue of the polyp, before
and after hysteroscopic polypectomy, in infertile female patients
with an endometrial polyp, and in the endometrial tissue of female
patients without an endometrial polyp. The study included 82 in-
fertile female patients. The infertile patients were divided into two
groups. The first was the experimental group which included 56
infertile female patients who had an endometrial polyp. The sec-
ond group was the control group, composed of 26 infertile female
patients who did not have an endometrial polyp. The results ob-
tained primarily indicate the existence of changes in the immuno-
histochemical expression of the cytokine glycodelin in the female
patients from both the experimental and the control group, not
only prior to but also after hysteroscopy. A larger number of pa-
tients who have an endometrial polyp show a lack of glycodelin
expression, more pronouncedly so in the bioptate of the endome-
trium than in the endometrial polyp.

Keywords: Glycodelin, polyp, endometrium, infertility.
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INTRODUCTION

According to the World Health Organization (WHO), in-
fertility is a disease of the reproductive system defined by the
failure to achieve a clinical pregnancy after a year or more of
regular unprotected sexual intercourse (1). In the world,
around 10% of couples are infertile, and in Serbia the per-
centage of infertile couples is 15% (1). Endometrial polyps
are thickenings of the uterine mucosa consisting of endome-
trial glands, stroma and blood vessels (2). A polyp is formed
as a focal proliferation of the endometrial basal layer, while
thickened blood vessels can be found in the base of the polyp
(3, 4). The rate of recurrence of endometrial polyps in the
overall population is around 24%. Pathological uterine bleed-
ing is the most common clinical symptom of an endometrial
polyp. In infertile women, the diagnosis of an endometrial
polyp is usually a coincidental finding (4).

The diagnosis of endometrial polyp is established on the
basis of histopathology and sonographic findings. Hyster-
oscopy is the golden standard in the diagnosis and therapy of
endometrial polyps (5, 6, 7). Cytokines are polypeptides and
glycopeptides with a molecular mass of 6 - 10 kDa. Cyto-
kines demonstrate their effects through specific receptors
within the cell or in the cell membrane (8). With the activa-
tion of specific receptors, certain genes are activated, and as
a result of this activation, phenotypic and functional changes
occur in the target cell. Cytokines may be positive or negative
regulators of immune response. The basic function of cyto-
kines is in intercellular communication (9). The activity of
cytokines depends on their concentration. Depending on the
influence that they have on the inflammatory reaction, cyto-
kines are divided into proinflammatory and anti-inflamma-
tory cytokines (10). Glycodelin, placental protein-14 or oste-
opontin (8) is a glycoprotein deposited in the glandular and
epithelial cells of the endometrium (11, 12). It affects the en-
dometrium through different cells (13).

In the human endometrium, during ovulation, the level
of glycodelin is low 6 days before and 5 days after ovulation
(14, 15). This can facilitate or allow fertilization to occur
(16). During implantation the level of glycodelin signifi-
cantly increases, prevents the action of NK cells, prepares the
endometrium for implantation, and, to a certain extent, pro-
tects the embryo from the harmful effect of NK cell activity

(17).

MATERIALS AND METHODS

The research was conducted in the form of a randomized
cross-sectional study on a sample of 82 infertile female pa-
tients, in the generative period. The first, experimental group
comprised 56 infertile female patients with a diagnosis of en-
dometrial polyp. The second, control group, consisted of 26
infertile patients who did not have an endometrial polyp. The
study was carried out at the Obstetrics and Gynecology
Clinic Narodni Front in Belgrade and at the Center for Mo-
lecular Medicine and Stem Cell Research of the Faculty of

Medical Sciences, University of Kragujevac. The criteria for
inclusion in the study were: infertility lasting at least one
year, age between 20 and 42 years, regular menstrual cycle,
no use of any type of hormonal contraceptives or other hor-
mone products in the six months prior to the study, the find-
ing of an endometrial polyp confirmed by transvaginal 2D
ultrasound examination or by SIS (for the experimental
group, only), no other endometrial pathology confirmed by
transvaginal ultrasound examination (4). The criteria for ex-
clusion from the study, for both groups of patients, were: the
presence of submucosal myoma, endometriosis, endometrial
carcinoma, uterine anomalies, patients who had undergone
surgery of the uterus and fallopian tubes, patients with previ-
ous unsuccessful ovulation stimulation, and patients aged
over 42 years. The study was approved by the Ethics Com-
mittee of the Obstetrics and Gynecology Clinic Narodni
Front, No. 04-24 / 3-1i and by the Ethics Committee of the
Faculty of Medical Sciences, University of Kragujevac, No:
01-3593 (4). Surgical procedures were performed on infertile
patients in the first phase of the menstrual cycle, when the
endometrial mucosa is the thinnest and when there is the least
probability of interfering with early undiagnosed pregnancy
4, 7).

Research Methodology

For the purpose of immunohistochemical analysis, the tis-
sue of the endometrium and the polyp were fixed for 24 hours
in 4% neutral buffered formalin, at room temperature. Then,
the tissue sections were dehydrated, cleared in xylol and in-
filtrated with paraffin in the apparatus for automatic tissue
sample fixation — the Leica TP1020 Tissue Processor and
were then embedded into paraffin blocks. Paraffin molds ob-
tained in this way were sectioned in the automatic Leica
RM2155 Rotary Microtome into 4um sections; they were
then immersed in water at 56 °C and were finally placed on
Superfrost glass microscope slides (18).

Hematoxylin and Eosin Staining (HE)

The staining of paraffin tissue sections was performed by
the application of Heidenhain’s hematoxylin-eosin method
and in keeping with Gurr’s recommendations (19, 20). Slides
with tissue sections obtained in this way were buffered in for-
maldehyde buffer for 10 seconds, rinsed with running water
and finally immersed for two minutes in Mayer’s hematoxy-
lin (Merck). The tissue sections were then rinsed for one mi-
nute in running water and stained with alcoholic eosin
(Merck) for one minute. After dehydration, tissue sections
were dipped in a series of increasing ethanol concentrations,
after which the clearing procedure was carried out, when the
sections were immersed for 50 seconds in a mixture of xylol
and ethanol (ratio 1:1), and then twice in pure xylol, 50 sec-
onds each time. A drop of Canada balsam (Centrohem, Ser-
bia) was placed on the tissue sections. The tissue sections
were covered with cover slips. After drying for 24 hours, the
preparations were analyzed under a light microscope (21,
22).
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Tissue sections were heated at 56 °C for a period of 60
minutes and were mounted onto adherent SuperFrost®
slides. The slides with tissue sections were immersed in xy-
lol, and then in a series of decreasing concentrations of etha-
nol. For the purpose of antigen unmasking, tissue sections
were heated in a microwave oven in citrate buffer (pH = 6.0)
for a period of 21 minutes. After cooling down, the prepara-
tions were rinsed in distilled water and were then incubated
three times, 10 minutes each time, in phosphate buffered sa-
line (PBS). For the purpose of fixation and permeabilization
of the tissue sections, the slides with tissue sections were im-
mersed in icy cold acetone, at 4 °C, for 10 minutes. They were
then rinsed in PBS. For the purpose of blocking the activity
of endogenous peroxidase, several drops of Hydrogen Perox-
ide Blocking Reagent were applied on them. After ten
minutes of incubation, the preparations were rinsed twice
with PBS and then several drops of Protein Block were ap-
plied on them. After a ten-minute incubation period, the Pro-
tein Block was rinsed out, once, in PBS.

Immunohistochemical staining

Tissue sections were incubated overnight with primary
antibodies in a humidity chamber at 4 °C. The appropriate
mouse monoclonal antibodies (Ab17247, monoclonal 001-
13, provided by Abcam) were used in the appropriate attenu-
ation (1:200) dissolved in PBS (22). Tissue sections were
rinsed in PBS, and appropriate commercial detection kits
were used for antigen visualization (4, 23, 24).The repara-
tions were covered with glycerol and a cover slip. Immuno-
histochemical staining was performed, with control for qual-
ity and specificity of staining, in keeping with the UK
NEQAS (UK National External Quality Assessment Scheme
for Immunocytochemistry) standards, and with the use of
positive and negative controls (20). Different expression of
epithelial endometrial cells was obtained with staining, in
proportion to the binding of the dye to the cells (21).

Statistical data processing

Sample size was determined on the basis of the formula
for calculating large samples, implemented in the PASS 11.0
software. All the data obtained were processed using descrip-
tive statistics methods (25). All results were processed with
the aid of the SPSS 22.0 software package (26). The results
obtained were compared to those of other authors available
in literature (27). Conclusions were made on the basis of the
results obtained (4, 22). For values that had a normal distri-
bution, we used the Student’s t test and Student’s paired t test,
and for other distributions nonparametric Mann-Whitney and
Wilcoxon test is used. All statistical analyzes were performed
with a 95% confidence interval. If the probability level of the
null hypothesis is <5%, and if the significance of the test is p
<0.05 the results of the statistical analysis were accepted as
statistically significant.
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RESULTS

This segment presents the analysis of the expression of
the cytokine glycodelin obtained through the application of
the immunohistochemistry method.

Immunohistochemical expression of glycodelin

Table 1 and Graph 1 show the immunohistochemical
(IHC) expression of the cytokine glycodelin in the polyp and
the endometrium of the patients belonging to the experi-
mental group and the endometrium of the patients from the
control group.

Table 1. Immunohistochemical expression of glycodelin,
in polyp tissue, endometrial biopsy of patients
with polyp and without polyp

Experimental group N %
Polyp 9 18
Bioptate of the endometrium 1 2

Control group
Bioptate of the endometrium

3.8

N — number of patients
% — number of patients in percentages

Graph 1. Immunohistochemical expression of glycodelin,
in polyp tissue, endometrial biopsy of patients with polyp
and without polyp

Statistical processing of the data shown in Table 1 and
Graph 1 found that a very highly statistically significantly
greater number of patients from the experimental group did
not have THC expression of glycodelin in the polyp (32 =
20.480; p<0.001), as compared to the patients within the
group who did have THC expression of glycodelin in the
polyp. In the endometrial bioptate of the same patient group
a very highly statistically significantly greater number of pa-
tients did not demonstrate IHC expression of glycodelin (2
= 46.080; p<0.001) as compared to those within this group
who did demonstrate IHC expression in the endometrial bi-
optate. In the control group of infertile female patients there
was also a very highly statistically significantly larger
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number of patients who did not demonstrate IHC expression
of glycodelin in the endometrial bioptate as compared to the
number of patients in whom IHC expression of glycodelin
was found in the endometrial bioptate (32 = 22.154;
p<0.001).

When [HC glycodelin expression was compared between
the polyp and the endometrial bioptate of the experimental
group of patients, a statistically significant difference in IHC
glycodelin expression was found (Z = -2.530; p<0.05).

Signal intensity of immunohistochemical glycodelin
expression

Table 2 and Graph 2 show the signal intensity of gly-
codelin immunohistochemical expression in the polyp and
the endometrium of the patients from the experimental group
and the endometrium of the patients from the control group.

As shown in Table 2 and Graph 2, in most subjects, an
IHC signal of glycodelin expression was registered neither in
the polyp or the endometrial bioptate of the experimental pa-
tient group, nor in the endometrial bioptate of the control
group of patients. In the polyp of the experimental group, in
patients who demonstrated glycodelin expression, a low-in-
tensity signal was registered in 5 (10%) of patients, a me-
dium-intensity signal was registered in three (6%) patients,
and a high-intensity signal was registered in one (2%) patient.
In the endometrial bioptate of the experimental group, a low-
intensity signal of ICH glycodelin expression was registered
in only one (2%) patient, which was also the case in the con-
trol group of patients — a low-intensity signal was registered
in one (3,8%) patient.

Table 2. Signal intensity of IHC glycodelin expression,
in polyp tissue, endometrial biopsy of patients with polyp and
without polyp

Experimental Low-in- | Medium- | High-in-

group tensity intensity | tensity sig-
signal signal nal
(%) (%) (%)

Polyp 10 6 2

Bioptate of the 2 0 0

endometrium

Control group

Bioptate of the 3.8 0 0

endometrium

Signal intensity: low-intensity signal,
medium-intensity signal, high-intensity signal

Graph 2. Signal intensity of IHC glycodelin expression,
in polyp tissue, endometrial biopsy of patients
with polyp and without polyp

Statistical processing of the data shown in Table 2 and
Graph 2 found a very highly statistically significant differ-
ence in the signal intensity of IHC glycodelin expression,
both in the polyp (x2 = 87.280; p<0.001) and in the endome-
trial bioptate (2 = 46.080; p<0.001) of the experimental
group of patients. The same was true for the control group.
The frequency of no signal registered was very highly statis-
tically significantly greater than the registering of a low-in-
tensity signal (y2 = 22.154; p<0.001). In the experimental
group of patients, the distribution of IHC glycodelin expres-
sion signal intensity was statistically significantly different
between the endometrial bioptate and the polyp (Z=-2.511;
p<0.05). The signal intensity of IHC glycodelin expression
in the polyp of the experimental group of patients and the en-
dometrial bioptate of the control group of patients did not
show a statistically significant difference (Z = -1.753;
p>0.05), as was the case within the control group of patients
among the endometrial bioptate specimens. (Z = 0.474;
p>0.05).

Microscopic view of immunohistochemical glycodelin
expression

Image 1 shows the microscopic view of the signal inten-
sity of IHC glycodelin expression in the endometrial bioptate
of the patients from the control group, at x10 magnification.
Images 2 and 3 represent microscopic views of the signal in-
tensity of IHC glycodelin expression in the endometrial
polyp of the experimental patient group, at x10 and x20 mag-
nification, respectively. Image 4 shows a microscopic view
of the signal intensity of IHC glycodelin expression in the
endometrial bioptate of patients from the control group, at
x10 magnification. Image 5 shows a microscopic view of
IHC glycodelin expression in the tissue of the placenta and
the epithelium of the chorionic villi, at x20 magnification (ex-
ternal positive control of immunohistochemical staining).
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Image 1. Microscopic view of IHC glycodelin expression in
the endometrial bioptate of the infertile patients without a
verified endometrial polyp ( x10 magnification)

Image 2. Microscopic view of IHC glycodelin expression in
the tissue of the endometrial polyp of infertile patients with-
out a verified endometrial polyp ( x10 magnification)

Image 3. Microscopic view of IHC glycodelin expression
in the tissue of the endometrial polyp of infertile patients
with a verified endometrial polyp ( x20 magnification)

Image 4. Microscopic view of IHC glycodelin expression
in the endometrial bioptate of infertile patients without a
verified endometrial polyp( x10 magnification)
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Image 5. Microscopic view of IHC glycodelin expression in
the tissue of the placenta and the epithelium of the chorionic
villi (external positive control of immunohistochemical
staining, x20 magnification)
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ABSTRACT

Microinflammation is a non-traditional risk factor for the
development of cardiovascular diseases in patients on
hemodialysis. It occurs in 30-50% of these patients, and its main
causes are: uremic toxins, oxidative stress, metabolic acidosis,
vitamin D  deficiency, overhydration, altered intestinal
microbiome, impaired intestinal epithelial barrier integrity,
increased translocation of endotoxin from the intestinal lumen
into the systemic circulation, occult infection of the vascular
approach  for  hemodialysis,  periodontal  disease,
bioincompatibility of the hemodialysis membrane and the
presence of endotoxin in the hemodialysis solution. The main
clinical consequences of microinflammation are: accelerated
atherosclerosis, malnutrition, anemia, resistance to the action of
erythropoietin, hemoglobin variability and dialysis-related
amyloidosis. Postdilution online hemodiafiltration, extended and
adsorptive  hemodialysis  prevent the development of
microinflammation. Optimal control of microinflammation
prevents the development of cardiovascular diseases, improves
the quality of life and the outcome of patients who are treated with
regular hemodialysis.

Keywords: Microinflammation, postdilution online hemodiafil-
tration, extended hemodialysis, adsorptive hemodialysis.
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INTRODUCTION

Cardiovascular diseases are the leading cause of death in
patients treated with regular hemodialysis (1-4). Uremic tox-
ins, microinflammation, malnutrition, oxidative stress, endo-
thelial dysfunction, erythropoietin resistance and anemia are
significant non-traditional risk factors for the development of
cardiovascular disease. Microinflammation occurs in 30-
50% of patients on hemodialysis, and its main clinical conse-
quences are: accelerated atherosclerosis, malnutrition and re-
sistance to the action of erythropoietin. Microinflammation
plays a key role in the process of atherosclerosis, develop-
ment and rupture of atherosclerotic plaque, and its early de-
tection and timely application of appropriate treatment sig-
nificantly reduce the development of cardiovascular morbid-
ity and mortality in patients treated with hemodialysis (5).
Early detection and optimal control of nontraditional risk fac-
tors play a key role in preventing the development of cardio-
vascular disease in this patient population (4-6).

Definition and etiopathogenesis of microinflammation

Microinflammation is defined as a pathological condi-
tion, which is characterized by constant low-grade inflamma-
tion followed by an increase in the concentration of pro-in-
flammatory mediators in the serum (concentration of C-reac-
tive protein - CRP > 10 mg/L, IL-6 concentration > 7 pg/mL)
(7). The etiopathogenesis of microinflammation is complex
and includes multiple factors: uremic toxins, immune system
dysfunction in chronic kidney disease, intestinal microbiome
dysfunction, dialysis membrane biocompatibility, conven-
tional dialysis solution, presence of endotoxin in dialysis so-
lution, reversible ultrasound hemodialysis, gingival infection
(periodontitis), increased extracellular fluid volume (overhy-
dration), metabolic acidosis, vitamin D deficiency (7, 8).

Uremic toxins play a significant role in the development
of microinflammation, oxidative stress, accelerated athero-
sclerosis, and cardiovascular disease in this patient popula-
tion (8-10). According to the recommendations of the EUTox
(European Union Toxin Working Group), uremic toxins are
divided into three groups. The first group consists of uremic
toxins of low molecular weight (MW < 500 Da). These toxins
are soluble in water and are effectively removed by standard
high-flux hemodialysis. The second group consists of uremic
toxins that bind in a high percentage to plasma proteins (de-
gree of binding to plasma proteins > 90%). They are mainly
low molecular weight (MW < 500 Da) and are efficiently re-
moved by hemodialysis with membranes that have the ability
to adsorb. Middle molecular weight uremic toxins (MW =
0.5-60 kDa) belong to the third group of uremic toxins. These
uremic toxins are effectively removed by postdilution online
hemodiafiltration and extended hemodialysis - ED (Ex-
panded Dialysis). Middle molecular weight uremic toxins in-
clude proinflammatory cytokines (interleukin-1f, interleu-
kin-6, interleukin-18, tumor necrosis factor alpha - TNFa),
proinflammatory proteins (pentraxin-3, YKL-40) and adi-
pokines (adiponectin, visfatin, leptin). Proinflammatory cy-
tokines, proteins and adipokines play a significant role in the

development of microinflammation and malnutrition in pa-
tients treated with regular hemodialysis. Microinflammation,
malnutrition and oxidative stress are significant non-tradi-
tional risk factors, which result in the development of accel-
erated atherosclerosis (atherosclerotic cardiovascular dis-
ease), amyloidosis associated with hemodialysis, erythropoi-
etin resistance, and anemia (8-10).

In the end-stage of chronic kidney disease, due to the ac-
cumulation of uremic toxins, the function of the immune sys-
tem is disturbed. We distinguish between disorders of the in-
nate and acquired immune system. Disorders of the innate
immune system in patients on hemodialysis include: constant
activation of neutrophils and low-grade peripheral blood
monocytes, which results in an increased risk of developing
microinflammation and atherosclerotic cardiovascular dis-
eases. Due to the reduced function of phagocytosis of neutro-
phils and monocytes, as well as the reduced function of NK
cells, the risk of bacterial infections is increased. Disorder of
the acquired immune system is characterized by a decrease
in the number and function of B and T lymphocytes, which
results in an increased risk of viral infections and malignant
diseases (11). The two most significant uremic toxins that al-
ter the function of the immune system in this patient popula-
tion are indoxyl sulfate and p-cresyl sulfate. Indoxyl sulfate
stimulates monocytes to enhance the production and release
of proinflammatory cytokines, while p-cresyl sulfate reduces
phagocytosis function and NADPH oxidase activity in neu-
trophils, as well as antigen presentation by dendritic cells

(11).

Hemodialysis membranes play a key role in the process
of hemodialysis and hemodiafiltration. They can be natural
or artificial (synthetic). Natural membranes are derivatives of
cellulose (cuprophan), they are "low-flux", they are less bio-
compatible compared to synthetic membranes and they have
a small clearance of uremic toxins of middle molecular
weight. Synthetic membranes (polysulfone, polyethersul-
fone, polyarylethersulfone, ethylene vinyl alcohol, polyam-
ide, polyacrylnitrile, polymethylacrylate, helixone) are
highly biocompatible “high-flux” membranes, which have a
good clearance of middle molecular weight uremic toxins
(12-14). The composition of the dialysis membrane (cellu-
lose membrane), the sterilization method (ethylene oxide)
and bisphenol A can be triggers of bioincompatibility reac-
tions. During hemodialysis, the blood comes into direct con-
tact with the synthetic material of the dialysis membrane and
extracorporeal circulation, and as a consequence various re-
actions can occur: activation of neutrophils and peripheral
blood monocytes, activation of the complement system, acti-
vation of coagulation and platelet systems, hypersensitivity
reactions (allergic reactions). Activated neutrophils increase
the production and release of proteinases (elestase, myelop-
eroxidase), lactoferrin, cathepsin, chemokines (IL-8, CCL2,
CCL3) and cytokines (IL-1, IL-6, TNFa, TGFp). Released
mediators intensify microinflammation. In clinical practice,
the concentration of neutrophilic elastase and myeloperoxi-
dase (released from granules due to neutrophil activation) in
serum is measured to assess the biocompatibility of the
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dialysis membrane, while the concentration of platelet factor
4 and B-thromboglobulin is measured to assess platelet acti-
vation. All of these serum parameters are measured at the
start of the dialysis session, after 15 minutes, 60 minutes, and
at the end of the dialysis session (12-14). Due to the activa-
tion of neutrophils and peripheral blood monocytes, there is
an increased production of oxygen free radicals, and due to
increased loss of trace elements and water-soluble antioxi-
dants during the hemodialysis session, the activity of antiox-
idant enzymes decreases (increased oxidative stress) (12-14).

Allergic reactions associated with hemodialysis are clas-
sified as type A and type B reactions. Type A reactions occur
5-30 minutes after the start of dialysis, are mediated by IgE
class antibodies (anaphylactic reactions), releasing hista-
mine, leukotrienes, prostaglandins and cytokines from mast
cells and basophils, resulting in itching, runny nose, ab-
dominal cramps, tingling in the vascular approach to hemo-
dialysis, urticaria, bronchospasm, angioedema, and anaphy-
lactic shock (15, 16). Type A reactions are repeated when the
same type of dialyzer is used. Type B reactions occur later (>
30 minutes from the start of the hemodialysis session), are
not mediated by IgE class antibodies (anaphylactoid reac-
tions), are triggered by activation of the complement system,
clinical symptoms are less pronounced: headache, nausea,
vomiting, back and/or chest pain, hypotension (15, 16).

The microbiological quality of the hemodialysis solution
is a risk factor for the development of microinflammation and
accelerated atherosclerosis. During the hemodialysis session,
bacterial products (endotoxins) through the processes of
backdiffusion and back ultrafiltration (backdiffusion/back-
filtration) from the dialysis solution, through the dialysis
membrane, reach the patient's blood and activate monocytes.
Activated monocytes intensively produce and release pro-in-
flammatory cytokines (IL-1, IL-6, TNFa), which results in
the development of persistent low-grade microinflammation
and the development of accelerated atherosclerosis. High-
flux hemodialysis, postdilution online hemodiafiltration, and
extended hemodialysis require an ultrapure dialysis solution.
It is defined as a solution in which the bacterial concentration
is < 0.1 CFU/mL and the endotoxin concentration is less than
0.03 EU/mL. In postdilution online hemodiafiltration, a ster-
ile substitution solution is used, and it is defined as a solution
in which the bacterial concentration is < 10-6 CFU/ml and
the endotoxin concentration is less than 0.03 EU/mL (17).

Metabolic acidosis occurs in 15-20% of patients with
chronic kidney disease. It is defined as a serum bicarbonate
concentration of less than 22 mmol/L. The main clinical con-
sequences of metabolic acidosis are: microinflammation, in-
creased protein catabolism (decrease in muscle mass), pro-
gression of chronic kidney disease, development of osteopo-
rosis, insulin resistance, decreased albumin synthesis in the
liver (hypoalbuminemia), increased risk of adverse outcome
in these patients. The target serum bicarbonate concentration
in patients with chronic kidney disease should be - HCO3- >
22 mmol/L (optimal HCO3- concentration should be: 22-26
mmol/L) (21, 22). For the treatment of metabolic acidosis,
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sodium bicarbonate (650 mg tablets) is used twice a day until
the target serum bicarbonate concentration is reached (18,
19).

Oxidative stress is a non-traditional risk factor for the de-
velopment of cardiovascular diseases in the population of pa-
tients treated with regular hemodialysis. Hemodialysis is it-
self a trigger for increased oxygen free radical formation. The
two main pathophysiological mechanisms of enhanced oxy-
gen free radical formation during a hemodialysis session are:
bioincompatibility of the dialysis membrane and the presence
of endotoxin in the dialysis solution. In contact with the blood
and the dialysis membrane, NADPH neutrophil oxidase is ac-
tivated, oxygen free radicals are formed, and myeloproxidase
- MPO (Myeloperoxidase) is released from the neutrophil
granules. Measurement of serum myeloperoxidase concen-
tration during a hemodialysis session is an indicator of the
severity of oxidative stress induced by a bioincompatible di-
alysis membrane. Endotoxin and other bacterial products,
through backdiffusion/backfiltration processes, pass from the
dialysis solution through the dialysis membrane into the pa-
tient's circulation and activate neutrophils and monocytes to
increase the production and release of oxygen free radicals
and proinflammatory cytokines. This results in the develop-
ment of oxidative stress, microinflammation and accelerated
atherosclerosis. In patients treated with regular hemodialysis,
the activity of enzymatic and non-enzymatic antioxidant sys-
tems is reduced. During the hemodialysis session, trace ele-
ments (zinc, selenium, copper) are lost, and this results in re-
duced activity of antioxidant enzymes, such as superoxide
dismutase and glutathione peroxidase. Vitamin E-coated di-
alysis membrane reduces the concentration of lipid peroxida-
tion parameters in the serum of patients treated with high-
flux hemodialysis and postdilution online hemodiafiltration
(20, 21).

Intestinal microbiome disorder (intestinal dysbiosis) is
defined as a change in the composition and function of intes-
tinal microorganisms. Studies show that intestinal microbi-
ome disorder is a non-traditional risk factor for the develop-
ment of cardiovascular disease in patients treated with regu-
lar hemodialysis. As a consequence of intestinal microbiome
disorders, indoxyl sulfate and p-cresyl sulfate are increas-
ingly formed. These uremic toxins bind in a high percentage
to plasma proteins, are poorly removed by high-flux hemodi-
alysis, extended hemodialysis, and postdilution online he-
modiafiltration. They stimulate the activation and adhesion
of leukocytes to endothelial cells, increase and release in-
flammatory mediators, stimulate oxidative stress and the for-
mation of foam cells, cause endothelial dysfunction and re-
duced production of nitric oxide, which begins the process of
atherosclerosis (atherosclerotic plaque). High-flux hemodial-
ysis with adsorptive membranes and the oral adsorbent AST-
120 play a significant role in reducing the concentration of
indoxyl sulfate and preventing the development of athero-
sclerotic cardiovascular diseases in patients treated with reg-
ular hemodialysis (22). Intestinal microbiome disorders and
intestinal epithelial barrier integrity disorders play a signifi-
cant role in the development of microinflammation in
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patients treated with regular hemodialysis. Due to the dis-
turbed epithelial barrier of the intestine, bacteria and endo-
toxins are translocated from the intestinal lumen into the sys-
temic circulation, which activate the innate immune system.
Through so many receptors, neutrophils and peripheral blood
monocytes are activated, they increase the production and re-
lease of proinflammatory mediators (cytokines), resulting in
systemic microinflammation (22).

High-flux hemodialysis with adsorptive membranes and
the oral adsorbent AST-120 play a significant role in reduc-
ing the concentration of indoxyl sulfate and preventing the
development of atherosclerotic cardiovascular diseases in pa-
tients treated with regular hemodialysis (22). Intestinal mi-
crobiome disorders and intestinal epithelial barrier integrity
disorders play a significant role in the development of mi-
croinflammation in patients treated with regular hemodialy-
sis. Due to the disturbed epithelial barrier of the intestine,
bacteria and endotoxins are translocated from the intestinal
lumen into the systemic circulation, which activate the innate
immune system. Through so many receptors, neutrophils and
peripheral blood monocytes are activated, they increase the
production and release of proinflammatory mediators (cyto-
kines), resulting in systemic microinflammation (22).

Overhydration is defined as an increase in the volume of
extracellular fluid in patients treated with regular hemodial-
ysis. It is a risk factor for the development of microinflam-
mation, malnutrition and cardiovascular diseases. Overhy-
dration causes edema of the intestinal wall and increased
translocation of bacteria and endotoxins from the intestinal
lumen into the systemic circulation. As a consequence of the
activation of the cells of the innate immune system, there is
an increased production and secretion of proinflammatory
cytokines and the development of microinflammation. The
following parameters are used to assess the state of hydra-
tion: overhydration (OH) and the ratio of overhydration to
extracellular fluid volume (OH/ECW). Normal hydration in
hemodialysis patients is present if the OH is in the range of -
1.1 to +1.1 liters. Mild hyperhydration exists if OH = 1.1-2.5
liters, and severe excess fluid is defined as OH > 2.5 liters.
The OH/ECW ratio > 15% in men and > 13% in women in-
dicates overhydration. Patients treated with hemodialysis in
whom OH > 2.5 liters and OH/ECW ratio > 15% have a sta-
tistically significantly higher mortality rate compared to pa-
tients with normal hydration (23-26).

Vitamin D [25 (OH) D] reduces microinflammation, re-
sistance to the action of erythropoietin, has a protective effect
on the cardiovascular and immune system of patients treated
with regular hemodialysis. In patients treated with regular he-
modialysis, the normal concentration of vitamin D [25 (OH)
D] is 30-80 ng/mL, and vitamin D deficiency is defined as a
vitamin D concentration of less than 30 ng/mL. Patients with
a serum vitamin D concentration of 20-30 ng/mL have a mild
deficiency, and a serum vitamin D concentration of 10-20
ng/mL indicates a moderate deficiency. Severe vitamin D de-
ficiency is defined as a vitamin D concentration of less than
10 ng/mL. Vitamin D substitution involves the

administration of ergocalciferol or cholecalciferol at a dose
of 25,000 IU/week for 3-6 months. In case of severe vitamin
D deficiency (< 10 ng/mL), ergolaciferol or cholecalciferol
should be administered at a dose of 50,000 IU/week for three
to six weeks, until the target serum vitamin D concentration
> 30 ng/mL (27).

Clinical consequences of microinflammation
Atherosclerosis and atherosclerotic cardiovascular disease

Microinflammation, oxidative stress, and hyperhomocys-
teinemia are significant risk factors for the development of
accelerated atherosclerosis in patients undergoing regular he-
modialysis. These risk factors block the activity of the en-
zymes dimethyl-diamino-hydrolase - DDHA (Dimethyl-Dia-
mino-Hydrolase) in the endothelial cells of arterial blood ves-
sels, which breaks down asymmetric dimethylarginine -
ADMA (Asymmetric Dimethylarginine) to L-citrulline and
methionine. Asymmetric dimethylarginine is the most im-
portant endogenous blocker of nitric oxide synthase - NO
(Nitrogen Oxide), and reduced production of nitric oxide in
endothelial cells plays a key role in initiating the process of
atherosclerosis (28). The process of atherosclerosis goes
through several stages: increased endothelial permeability,
expression of adhesion molecules on the surface of endothe-
lial cells, adhesion and migration of leukocytes and mono-
cytes, formation of foam cells, plaque rupture and thrombus
formation. Microinflammation leads to the accumulation of
neutrophils and monocytes in atherosclerotic plaque, and the
release of cytokines and metalloproteinases causes rupture of
the atherosclerotic plaque cap and the development of an
acute coronary event (29, 30).

Anemia, erythropoietin resistance and hemoglobin
variability

Microinflammation is a risk factor for the development of
anemia, resistance to the action of erythropoietin, as well as
for the variability of hemoglobin in patients on hemodialysis.
The pathophysiological mechanisms of the development of
anemia due to microinflammation can be divided into two
groups: hepcidin-dependent mechanisms and hepcidin-inde-
pendent mechanisms. Microinflammation (interleukin-6)
stimulates the synthesis of hepcides in liver cells. Hepcidin
prevents the release of iron from the cells of the reticu-
lonedothelial system in the liver and spleen and causes a
functional lack of iron (reduced amount of iron available for
erythrocytopoiesis in the bone marrow). Mechanisms inde-
pendent of hepcidin include: decreased production of endog-
enous erythropoietin (IL-1B, TNFa), blocking the prolifera-
tion and differentiation of erythrocyte lineage precursor cells
in the bone marrow (TNFa, INFy) and shortened erythrocyte
lifespan (neutrophil elestasis) (31 ). Erythropoietin Re-
sistance Index (ERI) is defined as the ratio of the weekly dose
of erythropoietin depending on body weight and hemoglobin
concentration in the blood. Resistance to the action of short-
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acting erythropoietins exists if the resistance index - ERI >
1.0 IU/kg/week/gHb. Resistance index - ERI > 0.005
ng/kg/week/gHb indicates resistance to the action of long-
acting erythropoietins. The main risk factors for the develop-
ment of erythropoietin resistance include: uremic toxins, mi-
croinflammation, oxidative stress, iron deficiency, vitamin D
deficiency, uncontrolled secondary hyperparathyroidism, ex-
cessive hydration, vitamin B12 and folic acid deficiency. The
results of clinical trials show that the concentration of CRP
in serum > 20 mg/L, tumor necrosis factor - TNFo > 2 ng/mL
and interleukin 6 - IL-6 > 40 ng/mL indicates the existence
of resistance to the action of erythropoietin in patients who
are treated with regular hemodialysis (31).

Hemoglobin variability is a risk factor for adverse out-
comes in patients treated with regular hemodialysis. It is de-
fined as an oscillation of the hemoglobin concentration in the
blood over a period of 8 weeks, with an amplitude greater
than 15 g/L from the set target hemoglobin values (hemoglo-
bin oscillation greater than 15 g/L from the equilibrium point
with a return back to the same point during the period of at
least 8 weeks). Factors that cause hemoglobin variability can
be divided into three groups. The first group consists of drug-
related factors (drugs), which include: pharmacokinetic char-
acteristics of erythropoietin, bioavailability and route of ad-
ministration of erythropoietin (s.c. or i.v.). Factors related to
the patient include acute and chronic comorbidities: microin-
flammation, malnutrition, vitamin D deficiency, secondary
hyperparathyroidism. The third group consists of factors re-
lated to treatment protocols and costs (refund policy) (32).
The strategy to prevent the development of variability in-
cludes: more frequent monitoring of hemoglobin concentra-
tion in the blood (weekly or biweekly), gradual change of
erythropoietin dose (£ 25% of the initial dose), preventive in-
crease of erythropoietin dose (inflammatory conditions), op-
timal microinflammation control, fast and effective treatment
of infection , rapid and effective treatment of gastrointestinal
bleeding, optimal control of secondary hyperparathyroidism,
erythropoietin and iron dosage compliance, erythropoietin
change, and individualization of anemia treatment (32).

Malnutrition: loss of energy due to lack of protein

Malnutrition is a risk factor for an unfavorable outcome
in patients treated with regular hemodialysis. The two main
pathophysiological mechanisms of malnutrition due to pro-
tein deficiency are: reduced dietary protein intake and in-
creased catabolism of deposited proteins. Reduced dietary
protein intake is a consequence of loss of appetite and re-
duced absorption of nutrients from the gastrointestinal tract.
Increased protein catabolism in hemodialysis patients occurs
due to microinflammation, oxidative stress, metabolic acido-
sis, insulin resistance, and testosterone deficiency (33, 34). In
hemodialysis patients, dietary protein intake should be > 1.2
g/kg/day and energy intake 35 kcal/kg/day. Oral Nutrition
Supplementation (OSN) provides additional protein intake of
0.3-0.4 g/kg/ day and energy of 10 kcal/kg/day. In patients
on hemodialysis with proven malnutrition, in whom the
spontaneous intake of protein is less than 0.8 g/kg/day and
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energy is less than 20 kcal/kg/day, intradialysis parenteral
nutrition - IDPN (Intradialytic Parenteral Nutrition) is indi-
cated. The commercial bag contains a mixture of amino ac-
ids, glucose and lipid emulsions (1 kcal/mL, amino acids 40-
60 g/L), administered in the form of IV infusion through the
venous line of extracorporeal circulation, 15 minutes after the
start of the dialysis session, at a maximum rate of 250 mL/h.
It can provide 1000 kcal and 50 g of amino acids during a
single hemodialysis session (33, 34).

Diagnosis of PEW includes four categories of clinical cri-
teria: biochemical criteria, body mass, muscle mass, and pro-
tein and energy intake. Biochemical criteria include: serum
albumin concentration less than 38 g/L, prealbumin concen-
tration less than 0.30 g/L, serum cholesterol concentration
less than 2.6 mmol/L (< 100 mg/dL). The body weight cate-
gory includes the following clinical criteria: body mass index
- BMI less than 23 kg/m2, unintentional weight loss > 5%
over three months or > 10% over 6 months, total body fat
percentage less than 10%. Clinical criteria for assessing mus-
cle mass include: unintentional decrease in muscle mass >
5% over 3 months or > 10% over six months, decreased upper
arm muscle volume - MAMC by 10% compared to reference
values (Mid-Arm Muscle Circumference) and the kinet-
ics/creatinine index - SCI (Simplified Creatinine Index). The
category of dietary intake include: unintentionally low pro-
tein intake less than 0.8 g/kg/day for at least two months for
patients undergoing hemodialysis and less than 0.6 g/kg/day
for patients suffering from chronic kidney disease stage CKD
3b-5, as well as unduly low energy intake, less than 25
kcal/kg/day for at least two months. For the diagnosis of pro-
tein deficiency malnutrition (PEW), at least three categories
and at least one test result in each of the selected categories
must be positive. For the diagnosis of protein deficiency mal-
nutrition (PEW), at least three categories and at least one test
result in each of the selected categories must be positive.
Each criterion should be documented three times, preferably
2-4 weeks apart (33, 34).

Amyloidosis associated with dialysis

Hemodialysis-related amyloidosis occurs as a conse-
quence of ;-microglobulin accumulation. In hemodialysis
patients, microinflammation and metabolic acidosis promote
increased B2-microglobulin production. In contact with other
biological molecules (glycosaminoglycans, proteoglycans)
conformational changes of B,-microglobulin occur, amyloid
fibers are formed, and their deposition leads to bone and joint
disorders, carpal tunnel syndrome (compression of the me-
dian tunnel) and carpal tunnel. formation of cystic formations
in the bones. In patients with carpal tunnel syndrome, as a
consequence of shortening of the flexor tendons of the fin-
gers, a characteristic "guitar sign" appears. Post-dilution
online hemodiafiltration and extended hemodialysis, which
enable the efficient removal of ,-microglobulin from the pa-
tient's serum, play a key role in preventing the development
and progression of hemodialysis-related amyloidosis. Ac-
cording to the recommendations of the JSN (Japanese Soci-
ety of Nephrology), the target predialysis concentration of 3,-
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microglobulin in the serum should be less than 30 mg/L (ide-
ally less than 25 mg/L) (35).

Prevention and treatment of microinflammation
Postdilution online hemodiafiltration - OL-HDF

Postdilution online hemodiafiltration is a method to re-
place kidney function that effectively removes uremic toxins
of middle molecular weight in the range of 0.5-60 kDa. Stud-
ies show that it reduces microinflammation, oxidative stress,
malnutrition due to protein deficiency, resistance to the ac-
tion of erythropoietin and the development of accelerated
atherosclerosis (36-41). High-volume postdilution online he-
modiafiltration (Vconv = 22-30 liters per session) prevents
the development of atherosclerotic cardiovascular diseases,
reduces the risk of cardiovascular mortality and improves the
quality of life of patients with end-stage chronic kidney dis-
ease (42-47). For optimal control of oxidative stress and mi-
croinflammation, high-flux hemodialysis and postdilution
online hemodiafiltration with dialysis membranes coated
with vitamin E are used (48-50).

The efficiency of postdilution online hemodiafiltration
depends on the total convective volume - Vconv. The target
total convective volume should be - Vconv = 22-30 liters per
session. It depends on the rate of blood flow through the ar-
teriovenous fistula (Qavf > 600 mL/min), the rate of blood
flow (Qb > 350 mL/min) and the characteristics of the dia-
lyzer. The main characteristics of dialyzers used for postdi-
lution online hemodiafiltration are: high ultrafiltration coef-
ficient (Kuf > 40 mL/h x mmHg), sieving coefficient for (.-
microglobulin greater than 0.60, sieving coefficient for albu-
min less than 0.01 (albumin loss per session less than 4.0 g),
capillary density greater than 11,000 per cross-sectional area
of the dialyzer allows the flow of dialysis solution - Qd = 500
mL/min, the inner diameter of the dialyzer capillaries greater
than 200 um. Dialyzers with dialysis membranes with an area
of > 2.0 m? should be used to optimize the filtration fraction
in postdilution online hemodiafiltration (51, 52). For postdi-
lution online hemodiafiltration, the maximum conductivity
of water from the reverse osmosis system should be up to 5
puS/cm. Ultrapure dialysis solution (bacterial concentration <
0.1 CFU/mL, endotoxin concentration < 0.03 EU/mL) and
sterile substitution solution (bacterial concentration < 10-6
CFU/mL, endotoxin concentration < 0.03 EU/mL (51, 52).

Extended hemodialysis - MCO hemodialysis

Extended hemodialysis is a method to replace kidney
function that effectively removes uremic toxins of medium
molecular weight, including proinflammatory cytokines, by
a diffusion process and an internal filtration process. With an
MCO membrane of 2.0 m?, the internal filtration is high and
amounts to 30-50 mL/min. Less than 4.0 g/4h is lost during a
single session of extended MCO hemodialysis, which is of
great importance in order to prevent malnutrition due to pro-
tein loss. It reduces microinflammation, oxidative stress,
malnutrition due to protein deficiency, resistance to the

action of erythropoietin and prevents the development of ac-
celerated atherosclerosis (53-57).

Optimization of diffusion and convective transport capac-
ity in MCO dialysis membrane depends on blood flow rate
(Qb > 300 mL/min), net ultrafiltration flow rate (Qnuf), in-
ternal filtration flow rate, single session duration and dialyzer
characteristics. Internal filtration depends on the membrane
ultrafiltration coefficient, the internal diameter of capillary
fibers (< 200 um), the net ultrafiltration flow rate and the
sieving coefficient for individual uremic toxins. It increases
in proportion to the strength of blood flow and the area of the
MCO membrane. High internal filtration and increased MCO
membrane sieving capacity enable high clearance of middle
molecular weight uremic toxins. The target spKt/V index for
a single session of extended MCO hemodialysis should be >
1.20 (53-57).

Adsorptive hemodialysis - PMMA hemodialysis

Adsorptive hemodialysis is a method for replacing kidney
function that effectively removes uremic toxins of medium
and large molecular weight, as well as uremic toxins that bind
in a high percentage to plasma proteins - PBUT (Protein-
Bound Uremic Toxins). It combines diffusion, convection
and adsorption. PMMA (Polymethyl Methacrylate) dialysis
membranes have a high adsorption capacity of [;-micro-
globulin, proinflammatory cytokines (IL-6, IL-8, TNFa,
HMGB-1), free light chains of monoclonal immunoglobulins
and uremic toxins that in high percentage bind to plasma pro-
teins (indoxyl sulfate, p-cresyl sulfate). Clinical studies show
that adsorptive hemodialysis reduces microinflammation (re-
moves proinflammatory cytokines), prevents malnutrition
and muscle loss, significantly reduces uremic itching and the
development of atherosclerotic cardiovascular diseases in the
population of patients treated with regular hemodialysis (58-
60). Optimization of diffusion capacity, convective transport
and adsorption capacity of PMMA dialysis membrane de-
pends on blood flow rate (Qb > 300 mL/min), dialysate flow
rate (Qd > 500 mL/min), net ultrafiltration flow rate (Qnuf),
duration of individual sessions and characteristics of the dia-
lyzer: inner diameter of capillary fibers of 200 pm, mem-
brane wall thickness of 30 um. The target spKt/V index for a
single session of adsorptive PMMA hemodialysis should be
>1.20 (58-60).

CONCLUSION

Microinflammation is a risk factor for an unfavorable
outcome in patients treated with regular hemodialysis. Its
prevalence in the final stage of chronic kidney disease is 30-
50%. Postdilution online hemodiafiltration, extended and
adsorptive hemodialysis prevent the development of
microinflammation. Optimal control of microinflammation
reduces the risk of accelerated atherosclerosis, malnutrition,
resistance to the action of erythropoietin, improves the
quality of life and reduces the rate of cardiovascular
morbidity and mortality in patients treated with regular
hemodialysis.
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ABSTRACT

Over-the-counter drugs are medicines that are available to
consumers without a prescription. The most common over - the-
counter preparations in self - medication are nasal decongestants
that can be used systemically or locally in the form of drops or
nasal sprays. The most common indications for nasal
decongestants are viral infections and allergic conditions in order
to alleviate the symptoms so it is necessary to inform the users
about the type of drug, the active substance it contains and the
correct dosage regimen. Given their availability and the
prevailing safety precaution, these preparations can lead to
numerous prolonged conditions and complications. The
mechanism of action of nasal decongestants is based on the
reduction of blood vessels’ swelling in the nose, which helps the
opening of the airway. As a result, most nasal decongestants
cause vasoconstriction (narrowing of blood vessels). There are
nasal decongestants that block histamine and have a good effect
on people who suffer from seasonal allergies. Availability (free
sale) and prolonged use of the decongestant lead to a decrease in
the sensitivity of the alpha receptor, which leads to the need to
increase the dose at shorter time intervals to achieve the same
effect. As a consequence, patients use excessive, uncontrolled
doses of nasal decongestants, which is a public problem and
warns of the necessity of identification and the taking of measures
to prevent their uncontrolled procurement and use.

Keywords: Nasal decongestants, ephedrine, pseudoephedrine,
oxymetazoline, intranasal corticosteroids.
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INTRODUCTION

Drugs without prescription available to consumers - OTC
drugs play a key role in the health care system and modern
pharmaceutical practices. Currently, there are over 300.000
different OTC drugs available in the United States (1).

The US Food and Drug Administration (FDA) determines
whether OTC drugs are safe and effective for use, and de-
cides on the safety of drug sales directly, without a prescrip-
tion. This regulatory process allows American population to
take an active role in their health care, which requires the ma-
turity of population that is able to make right decisions in the
process of self-medication (2). Self-medication is a process
that requires a high level of awareness, knowledge and gen-
eral education of people, as well as satisfactory socio-eco-
nomic status. Access to information, the quality of infor-
mation, and the skills in interpreting and applying infor-
mation to OTC drugs are important to support the process of
self-medication (3). In order to safely and efficiently use an
OTC drug, the consumer must accurately identify the symp-
toms, set the therapeutic goal, choose the product to use, de-
termine the appropriate dose and method of dosing, taking
into account contraindications, associated illnesses and med-
ications that are taken regularly because of chronic problems,
as well as tracking response to treatment with the identifica-
tion of possible adverse effects (4).

The general rule for OTC drugs is to be used primarily for
the treatment of conditions that do not require direct medical
attention with the recognition and proper interpretation of the
symptoms and the accompanying instructions on the medi-
cine.

Research suggests that self-medication improves health
care and reduces the economic costs of the health care system
(5). Although there is an opinion that OTC drugs are safe and
effective, it must be emphasized that they are not completely
harmless. Acting on symptoms, they often mask the underly-
ing disease and can cause unwanted side effects (6). Self-
medication carries a serious risk of drug interactions,
polypharmacy, wrong diagnosis, overuse of drug dosing, pro-
longed drug use, inappropriate drug selection, rare but seri-
ous adverse events, addiction, abuse and increased antimicro-
bial resistance (7). Doctors and pharmacists play a very im-
portant role in creating awareness about self-medication in
patient education (8). When making a decision to purchase as
well as when purchasing OTC drugs, patients are directly re-
ferred to pharmacists. Therefore, before proposing any OTC
drugs, a pharmacist should thoroughly assess the nature and
degree of patient's condition and recommend them to seek
professional care when necessary.

Motivating factors for self-medication could be: easy
availability of many drugs, lack of strict control over medical
advertising, low medical literacy of the population, prices of
medical examinations, long wait in public health institutions,
etc.

Therefore, very important step for this type of medication
is the public education of the population about recognition of
the symptoms of illness in the process of self-medication, as
well as education on the use of OTC drugs and precautionary
measures and information about the possible consequences
and possibilities of their abuse (9).

The most commonly used OTC drugs are nasal decon-
gestants that are used systemically or locally in the form of
drops or nasal sprays. These preparations are most commonly
used in viral infections to alleviate the symptoms (nasal ob-
struction, vomiting, increased nasal secretion, difficulty
breathing, etc.), but it is necessary to inform the users about
the type of preparation, the active substance it contains and
the correct dosage regimen. Given their availability and the
prevalence of safety precautions, these preparations can lead
to numerous prolonged conditions and complications
(medicaments rhinitis). Also, an increasing number of aller-
gens, in many parts of the world, and climate change, cause
allergic manifestations, so the users decide on the solubility
and purchase of drops or sprays without consultation with a
physician or pharmacist. Due to the long-lasting symptoms
with short periods of improvement, nasal drops/nasal sprays
are increasing used for months, even for years. However, it
is necessary to inform that many products have restrictions in
use, which depend on age, and some are contraindicated in
children younger than two years of age, pregnant women,
persons with thyroid gland diseases, cardiovascular diseases,
prostate problems.

Decongestants are a group of drugs that can provide
short-term relief of nasal congestion.

The mechanism of action is based on the reduction of
blood vessels’ swelling in the nose, which helps in the open-
ing of the airway. Decongestants are used to reduce nasal ob-
struction and relieve pain in common colds, flu, sinusitis,
acute or chronic rhinitis, upper respiratory tract allergy, pol-
len cough, septum deviation, nasal mucosa hypotrophy, nasal
polyps, etc (10).

Allergic rhinitis is one of the clinical conditions when na-
sal decongestants are most commonly used. This condition is
present in about 10% to 20% of the world population and in
15% to 25% of children and adolescents (11). Among sym-
pathomimetic vasoconstrictors for topical use in the nose, im-
idazole (naphazoline, oxymetazoline and xylomethazoline)
and catecholamine derivatives (epinephrine, ephedrine and
phenylephrine) produce vasoconstriction of the nasal blood
vessels by stimulation through the endogenous release of nor-
adrenaline, which acts on alpha receptors (12, 13).

However, prolonged use of nasal decongestants leads to
side effects, e.g. medicamentous rhinitis. Because of this, lo-
cal application of vasoconstrictor can be carried out only for
a short period of time and for no longer than four or five days,
due to the risk of damage to the mucociliary epithelium and
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reverse vasodilatation. Prolonged use of a decongestant leads
to a decrease in the sensitivity of the alpha receptor, which
leads to the need to increase the dose at shorter intervals to
achieve the same effect. As a consequence, patients use ex-
cessive, uncontrolled doses of nasal decongestants (14),
which are a public problem and warn of the necessity of iden-
tification and the taking of measures to prevent uncontrolled
procurement and the use of nasal decongestants (15, 16).

Decongestants may comprise pseudoephedrine, phe-
nylephrine, oxymetazolin or ksilometosolin. Nasal decon-
gestants are available in the form of tablets, drops or nasal
sprays. They are generally available as OTC drugs, and are
often used without restriction, for a long period of time (17).
It is recommended that they should not be given to children
under the age of six (18) due to the risk of increased mucous
membrane edema after cessation of decongestant use. It is
advised that the use of a decongestant should not be longer
than five days. Nasal decongestants generally act locally, but
may have systemic effects, such as hypertension, headache,
nausea, insomnia and dizziness (19). Using decongestant, in-
dividuals may develop tachyflilax (a rapid reduction in drug
response after repeated doses over a short period of time).
Therefore, long-term use of decongestants is not recom-
mended because they lose their effectiveness after a few
days.

Efedrine and pseudoefedrine

Ephedrine and pseudoephedrine are the earliest mole-
cules known in the treatment of nasal congestion. Their vas-
oconstrictive actions on the nasal mucosa make them highly
effective amines in the treatment of nasal congestion. How-
ever, over the past few years, the French National Drugs
Safety Agency (NSA), in its action plan of July 2013 (20),
has reported against their use in rhinology, saying that vaso-
constrictors "include the risk of stroke and severe neurologi-
cal effects" and that they are "often too risky to use in a sim-
ple cold” (21).

Thanking to their molecular structure, these two sympa-
thomimetic amines (ephedrine and pseudoephedrine) stimu-
late the adrenergic receptor system at the interface between
the sympathetic nerve and the smooth muscles of the blood
vessels, thus simulating the vasoconstrictive effect of norepi-
nephrine, which is physiologically produced by the sympa-
thetic nerve fiber. In the nose, the regulation of the vascular
network of mucous membranes and, in particular, the filling
and discharge of cavernous venous plexus, is essential for
regulation of airflow, and hence for the feeling of obstruction
(22). Venous plexus, as well as arterioles that accompany
them, are surrounded by adrenergic nerve fibers that are as-
sociated with o and P adrenergic receptors: P receptors are
vasodilators, and o receptors are vasoconstrictor and prevail.
Efedrine and pseudoephedrine, therefore, perform a vasocon-
striction effect on the blood vessels, which is the basis of the
mechanism for reducing obstruction of the nose.
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Studies have shown that repeated stimulation of a-2 re-
ceptors induces intense vasoconstriction with mucosal ische-
mia and interstitial edema, while in long-term use, the effect
of regulating a-2 receptors is the opposite, i.e. there is a rela-
tive dilatation and a tachyphilactic effect leading to an in-
creased need for decongestant (23).

Efedrine applied to the nasal mucosa reduces nasal re-
sistance faster and stronger than oral pseudoephedrine over a
short time interval (24).

However, at the end of therapy, a rebound effect may oc-
cur with increased nasal resistance and repeated obstruction
of the nose. Several research studies have shown the efficacy
of oral pseudoephedrine against nasal obstruction during an
ordinary cold (25, 26).

Eccles et al., in a prospective randomized double blind
study compared to placebo, which included 238 patients with
a common cold, reported anti-obstruction without side ef-
fects: a dose of 60 mg of oral pseudoephedrine for 3 days
(27).

Ephedrine and pseudoephedrine belong to the ampheta-
mine family. In France, in 2008 and again in 2012, the Na-
tional Pharmacovigilance Commission (28) emphasized their
psychotropic effect and cardiovascular side effects. The vas-
oconstriction effect in oral use or directly by application to
the nasal mucosa significantly increases blood pressure and
leads to vasospasm (29). This effect, which lasts 5 to 6 times
longer than adrenaline, can cause episodes of hypertension,
myocardial infarction, stroke and various neurological symp-
toms (30, 31). Different cardiovascular adverse effects may
occur after individual or long-term therapy (for more than 5
days) regardless of vascular status and age (31). The same
dangers led to the fact that the French National Agency for
the Protection of Health (Agence nationale de sécurité du mé-
dicament) in 2013 reassigned preparations containing only
pseudoephedrine as medicinal products which are issued on
a medical prescription (20, 32). The current literature review
shows that their vasoconstrictive effects on the nasal mucosa
make ephedrine and pseudoephedrine highly effective
against nasal congestion. Given the serious, harmful cardio-
vascular and neurological effects that can occur even at low
doses, it is necessary for doctors to conduct a rigorous assess-
ment of the benefits in prescribing these drugs in allergic rhi-
nitis (33).

Oral phenylephrine is generally used to alleviate symp-
toms associated with colds and flu, and no change in blood
pressure is observed in the short duration of the use of phe-
nylephrine. Several studies on the oral examination of phe-
nylephrine in the recommended dosage of 10 mg have shown
that phenylephrine was well tolerated in patients with ob-
struction of the nose. However, these studies focused on phe-
nylephrine as a single agent, not in combination with parace-
tamol where its bioavailability is increased, while maximum
plasma concentrations are two to four times higher (34).



184

Given these risks, it is recommended that distribution
should be regulated by translating these products from the list
of OTC drugs to the list of medicines that are issued on a
prescription.

Oxymetazoline

Oxymetazoline is a sympathomimetic amine that has vas-
oconstrictor effects and reduces the mucous membrane.

After application in the nose, the inflamed nasal mucous
membrane is reduced, eliminating increased secretion and al-
lowing breathing through the nose. Oxymetazoline is charac-
terized by the dominant a -2 adrenergic activity. Its effect oc-
curs within a few minutes of application and lasts for an av-
erage of 6 to 8 hours. Studies with oxymetazoline, a marked
isotope, have shown that intranasally administered oxymeta-
zoline had no systemic effect. In double blind studies in
healthy volunteers, a dose of 1.8 mg of oxymetazoline (3.6
ml of 0.05% solution) was followed by non-specific ECG
(electrocardiography) changes, but without a change in blood
pressure or heart rate frequency.

Oxymetazoline, an imidazoline derivative, causes a re-
duced blood flow to the nose. Vaidyanathan with the coa-
uthors conducted the research which aim was to evaluate the
duration of action of oxymetazoline on nasal respiratory re-
sistance and blood flow of nasal mucosa. During eight hours
of measurement, blood flow was reduced by 30-40% over a
period of six hours. A similar decongestant effect of about
30% was observed in the following period. The pharmaco-
logical profile of oxymetazoline is controversial, since the re-
duced blood flow to the nose may not be significant in the
treatment of upper respiratory tract infections. Oxymetazo-
line-induced tachyphylaxis is contrary to the intranasal
fluticasone effect. Further studies require an assessment of
the combination of decongestant nasal sprays and corticoster-
oids in an effective strategy for the elimination of tachyphy-
laxis and the treatment of rhinitis (35).

After intranasal administration of multiple doses of the
recommended amount, the absorbed amount cannot result in
systemic cardiovascular effects. There are no data on the dis-
tribution of oxymetazoline in the human body. However, the
following instruction indicates the precautionary measure:
"The combination of two decongestants is contraindicated,
regardless of the mode of administration (oral and/or nasal):
such an application is useless and dangerous and corresponds
to abuse™ (36) Also, the drug is not recommended for use,
due to the risk of vasoconstriction and/or hypertensive crises
associated with its sympathomimetic alpha activity, with the
following drugs: non-selective MAO inhibitors - monoamine
oxidase inhibitors (iproniazid), vasoconstrictors (dihydroer-
gotamine, ergotamine, methylergometrine) and drugs that re-
duce the epileptogenic threshold (37). However, in the liter-
ature, undesirable effects of oxymetazoline have been ob-
served: increased nasal secretion, blurred vision, rapid, irreg-
ular heartbeats, headache, dizziness, drowsiness, appetite

increased, high blood pressure, syncope, nervousness, trem-
bling, sleep problems and weakness (38).

Intranasal corticosteroids

Intranasal corticosteroids are recommended as first-line
therapy for patients with moderate to severe allergic rhinitis,
especially when nasal congestion is the main symptom (39).
Intranasal corticosteroids perform their antiinflammatory ef-
fect by inhibiting the production of many different cytokines,
chemokines, enzymes and cell adhesion molecules, after
their interactions with intracellular glucocorticoid receptors.
The main advantage of intranasal corticosteroids is that high
drug concentrations, with rapid onset of action, can be deliv-
ered directly to the target organ, so that systemic effects are
minimal if they occur.

Fluticasone furoate is a topical corticosteroid with a high
local potential and low potential for systemic effects, and is
a good choice for the treatment of rhinitis (40). After intrana-
sal application of one or more doses, the plasma fluticasone
furoate concentration is below the lower limit of quantifica-
tion for most (41). One study reported that only 2% of pa-
tients receiving 110 pg of fluticasone furoate had plasma
quantitative concentrations (42).

It is known that many patients use intranasal corticoster-
oids independently, based on subjective symptoms, and stop
using them when the symptoms are significantly reduced. In
support of this approach, studies have shown that intermittent
use of intranasal corticosteroids is moderately effective in
many patients (43).

Also, additives and preservatives included in intranasal
corticosteroids to prevent bacterial growth, add flavor and
aroma, absorb additional water and maintain adequate levels
of moisture, can irritate or dehydrate the nasal tissue and lead
to hypersensitivity. Benzalkonium chloride, polysorbate, and
carboxymethylcellulose are present in the fluticasone furoate
formulation.

Benzalkonium chloride is a cationic surfactant used as a
preservative in nasal solutions. Studies have shown that it can
cause nasal mucous dysfunction, nasal irritation and hyper
secretion, degenerative changes in stimulating and olfactory
cells, and squamous cell metaplasia (44). However, clinical
trials’ results of these effects on the nasal mucosa are often
different (45, 46).

A parallel, randomized, double-blind study was per-
formed in 30 healthy subjects to investigate the effects on the
nasal mucosa of a one-month treatment with nasal sprays.
Ten subjects received oxymetazoline nasal spray; 10 subjects
used a nasal spray containing the preservative benzalkonium
chloride, and the rest were treated with a placebo nasal spray.
The three variables that were studied - nasal mucosal swell-
ing, symptom scores, and nasal reactivity - were estimated by
histamine challenge before and after 28 days of treatment.
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Rhinostereometry was used to measure nasal mucosal swell-
ing and nasal reactivity. After 28 days of use, benzalkonium
chloride spray alone induced an increase in nasal mucosal
swelling, which explains why the presence of this preserva-
tive in a decongestant spray aggravates rhinitis medicamen-
tosa (47).

Polysorbates are non-ionic surfactants and emulsifiers
used as additives in drugs, shampoos and lotions. Polysorbate
80, depending on the concentration, reversibly inhibits the
frequency of the ciliary epithelium in cultured human epithe-
lial cells in the nose and is associated with allergy or sensi-
tivity (48).

Carboxymethylcellulose is a thixotropic agent that in-
creases the concentration of nasal drugs, but it also provides
viscosity to the solution of intranasal corticosteroids, which
is one of the reasons why the suspension must be shaken prior
to use (49). It has been observed that it leads to drying of the
nasal mucosa, which can contribute to the incidence of epi-
staxis, and in rare cases, to allergic anaphylactic reactions
(50).

Oral antihistamines are often used concomitantly with in-
tranasal corticosteroids in clinical practice, but serious ad-
verse effects of chronic therapy with systemic corticosteroids
have been demonstrated in many studies (51, 52). A literature
review of the negative effects of local nasal steroids is con-
fusing, but it is indisputable that each of these drugs causes
unwanted events. The clinically significant fact is the sup-
pression of the hypothalamic pituitary-adrenal axis and, most
importantly, that these drugs have a negative effect on growth
in children and osteoporosis in postmenopausal women (53).

CONCLUSION

Nasal decongestants, as OTC drugs, are available to a
large number of users in the process of self-medication. Due
to altered climate change, the occurrence of a large number
of allergens, their use is increased, as well as uncontrolled.
Opinion on their safety suggests users to take them for an ex-
tended period of time, which leads to the absence of the ex-
pected effect and damage to the function of the mucociliary
epithelium (atrophic rhinitis and anosmia).

Decongestants can be absorbed from the nose and give
systemic effects, mainly stimulation of the central nervous
system and the increase in the blood pressure, so that the ig-
norance about contraindications of their use can lead to dete-
rioration of the general health condition.

Medical and pharmaceutical practices have a new task,
involving primarily user education and monitoring the issu-
ance of nasal decongestants.
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ABSTRACT

Lymphoepithelial carcinoma is an undifferentiated carcinoma

with nonneoplastic lymphoplasmacytic infiltrate, mostly located
in the nasopharynx, while it is extremely rare in the oropharynx.

We present a rarve case of lymphoepithelial carcinoma arising
from palatine tonsil. A 81-year old male patient complained of
dysphagia, hypersalivation and bloody sputum. Clinical examina-
tion revealed hypertrophy of the right palatine tonsil and ipsilat-
eral cervical lymphadenopathy. Biopsy and histopathological
analysis confirmed the diagnosis of lymphoepithelial carcinoma.

Multi-slice computed tomography showed a 33x31x38 mm het-
erodense mass in the region of the right palatine tonsil, and 37x30
mm and 21x20 mm lymph nodes on the right side of the neck. The
patient was reffered to an oncology council, which suggested ra-
diotherapy and concurrent chemotherapy. Although rare in clini-
cal practice, lymphoepithelial carcinoma should be considered in
cases of tonsil cancer.

Keywords: Oropharyngeal cancer, palatine tonsil, lymphoepithe-
lial, squamous cell, undifferentiated.
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INTRODUCTION

Head and neck cancers are the 6th most common malig-
nancy worldwide.(1) Squamous cell carcinoma (SCC) repre-
sents 90% of head and neck cancers, predominantly affecting
mucosal lining of oral cavity, oropharynx and larynx.(2) Be-
tween 70% and 80% of oropharyngeal SCC are located in the
palatine tonsil.(3) Lymphoepithelial carcinoma (LEC) is a
particular histological type, defined as an undifferentiated
carcinoma, accompanied by reactive lymphoplasmacytic in-
filtrate. It is mostly located in the nasopharynx, where it is
called undifferentiated carcinoma of nasopharyngeal type
(UCNT).(4) We present a rare case of LEC of the palatine
tonsil in 81-year old male patient.

CASE REPORT

A 81-year old male patient was admitted to our clinic due
to dysphagia, hypersalivation and bloody sputum. Dysphagia
was present for 2 months prior to hospitalization, which had
been gradually worsening, while hypersalivation was present
for 8 months. Bloody sputum appeared 3 days before hospi-
talization. The patient is a nonsmoker and does not drink.
Oropharyngoscopy revealed significant hypertrophy of the
right palatine tonsil, partly covered with white deposits and
pushing the uvula towards the opposite side (Figure 1). Neck
examination showed a firm non-tender mass in region II of
the right side of the neck (Figure 2).

We performed incisional biopsy of the right tonsil. Histo-
pathology analysis revealed tissue sample with preserved
covering epithelium, with sheets and islands of polymorphic
and polygonal cells, vesicular nuclei, dispersed chromatin,
noticeable pathological mitosis and areas of geographic ne-
crosis. Immunohistochemistry analysis showed an expres-
sion of p63 and Epstein-Barr virus (EBV. Histopathology
and immunohistochemistry reports confirmed the diagnosis
of undifferentiated carcinoma of nasopharyngeal type
(UCNT), or in other words LEC.

Figure 1. Oropharyngoscopy showing significant
hypertrophy of the right palatine tonsil.

Figure 2. Neck examination showing regional cervical
lymph node metastases in the region II of the neck.

Figure 3. Multi-slice computed tomography showing a
heterodense mass in the right palatine tonsil, extending
toward the lingual side of the epiglottis
(arrows showing the tumor).
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Figure 4. Chest X-ray showing no abnormalities.

Multi-slice computed tomography detected a 33x31x38
mm heterodense mass of the right tonsil, extending toward
the lingual side of the epiglottis, as well as 37x30 mm and
21x20 mm lymph nodes on the right side of the neck (Figure
3). Chest X-ray showed no abnormalities (Figure 4). Consid-
ering the histological type and local and regional spread of
the tumor, the patient was referred to an oncology council,
which decided upon radical radiotherapy and chemotherapy
potentiation once a week during radiotherapy. The patient
was advised to come in for a follow-up 1 month after the on-
cology treatment.

DISCUSSION

SCC accounts for more than 95% of oropharyngeal can-
cers.(5) Among these, a particular histological type is LEC,
morphologically identical to undifferentiated nonkeratiniz-
ing nasopharyngeal cancer (UCNT, earlier known as WHO
type 3).(3,6) LEC is very rare in the oropharynx and oral cav-
ity, where it represents only 0,8-2% of all cancers. In more
than 90% of cases, LEC is located in the palatine tonsil or the
base of the tongue,(7) as in our case. 75% of LEC arise from
the nasopharynx, where it represents 40% of all tumors and
is almost exclusively related to EBV, which was immuno-
histochemically proved in our case. Outside of the nasophar-
ynx, LEC is considerably more rare, usually occuring in
young males and in more advanced stage compared to naso-
pharyngeal LEC.(8)

Known risk factors for tonsil cancer are tobacco smoking
and alcohol consumption, acting individually and synergisti-
cally.(9) However, our patient was a nonsmoker and a non-
drinker. Even though tobacco and alcohol use have signifi-
cantly decreased in the past 50 years, incidence rates for oro-
pharyngeal cancers have increased. Possible explanation is
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human papillomavirus infection, which is present in up to
47% of oropharyngeal cancers.(10)

Clinical manifestations of tonsil cancer include sore
throat, globus sensation, ipsilateral ear pain, dysphagia, ody-
nophagia and trismus as a sign of local invasion.(11,12) Up
to 60% of cases present with regional lymph node metastases
upon first examination.(5) Our patient complained of dyspha-
gia, hypersalivation and bloody sputum. Hypersalivation was
secondary to dysphagia and accumulation of saliva in the
mouth, while blood in the sputum was a result of tumor
haemorrhage.

Diagnosis of tonsil cancer is based on anamnesis, clinical
ENT examination, radiology imaging methods and histo-
pathology analysis.(11) Clinical examination revealed nota-
ble enlargement of the right palatine tonsil, partially covered
with white deposits, pushing the uvula toward the left side
and cervical lymphadenopathy on the side of the enlarged
tonsil. Tonsil asymmetry, id est unilateral tonsil hypertrophy,
can be the only sign of disease in otherwise asymptomatic
patients and the reason for an ENT referral.(12) Among im-
aging methods, computed tomography is the method of
choice, used for estimating the tumor size and its regional and
distant spread.(11,12) Histopathology analysis is necessary
for definitive diagnosis. Histological characteristics of LEC
include the presence of lobules, sheets or islands of polygonal
or spindle-shaped tumor cells, round or oval, vesicular nuclei
with moderate to marked nuclear pleomorphism, as well as
nonneoplastic lymphoplasmacytic cell infiltrate between tu-
mor cells. Increased mitotic activity and necrosis are also fre-
quently found. Immunohistochemistry analysis shows reac-
tivity for cytokeratins and epithelial membrane antigen, focal
or diffuse reactivity for p63, while in situ hybridization
shows presence of EBV.(4) These characteristics were pre-
sent in our case.

Treatment for tonsil cancer includes surgery, radiother-
apy and chemotherapy. The choice of therapeutic modality
depends on TNM staging.(13) The course of action for early
cases of the disease is monomodality, either surgery or radi-
otherapy.(9) Unfortunately, only 1/3 of cases are diagnosed
in the early phase.(14) Due to cancer radiosensitivity, radio-
therapy combined with concurrent chemotherapy or with sur-
gery for residual disease are applied in advanced cases,(13)
as were in our case.

CONCLUSION

Lymphoepithelial carcinoma is a rare histological entity
and is typically found in the nasopharynx, very rarely in the
oropharynx and tonsils. Risk factors for this cancer include
tobacco and alcohol use, Epstein-Barr virus infection mostly
in the endemic regions and human papillomavirus infection.
Although a rare histological type, lymphoepithelial carci-
noma should always be considered in cases of tonsil cancer
in clinical practice.
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ABSTRACT
Corresponding author: The synchronous malignant melanoma of the neck and papillary
thyroid cancer is rare but severe condition. Here, we describe the
Vladimir Pantelic, MD case of a patient with papillary thyroid cancer and melanoma in-
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mediastinum before the surgery indicated a hyperintense focal
change in the left thyroid gland which dimensions was 19-15mm
and several hyperintense inhomogeneous lymph glands of the jug-
ular chain, on the both sides, with different sizes. On the basis of
the conducted analyzes, in addition to total thyroidectomy, two-
sided functional dissection of the lymph nodes of the neck was per-
formed. The pathohistological diagnosis of the left lobus was:
Carcinoma papillary glandulae thyreoideae invasivum (G-I, nG-
L pT2, Lx, Vo). CT of head, neck and thorax were made, where it
was noticed that the CT of the head and lungs were normal.
PET/CT findings indicated that there was no rest or recurrence of
the tumor. The message from this case report is that when diag-
nosing and treating thyroid cancer, the observed changes in the
neck lymph nodes also indicate cancers of non-thyroid pathology
such as malignant melanoma.
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INTRODUCTION

Worldwide malignant melanoma is the commonest tumor
of the skin, though it occurs in many other organs. Malignant
melanoma is a skin cancer that is caused by the malignant
transformation of melanocytes. Melanocytes are neural crest-
derived cells that migrate to the skin, mucous membranes and
several other sites. The incidence of melanoma has been
steadily increasing in the past several decades with an annual
increase of 3-8% worldwide (1). Most common form of mel-
anoma are the cutaneous and the ocular form. It occurs
slightly more often in males 2.8:1 male to female ratio and
the age range is from. 20-83 years worth an average age of
56 years (2). Malignant melanoma can be successfully
treated if it is detected in the early stages of development.
Surgery is the standard treatment for early stage melanoma.
However, the prognosis associated with advanced-stage ma-
lignant melanoma is poor; the disease accounts for ~4% of
all skin cancers, but results in 80% of skin cancer-associated
mortality (3, 4).

The clinical presentation of this condition may vary
widely which is divided into following five types: Pigmented
nodular type, pigmented macular type, pigmented mixed
type, non-pigmented nodular type and non-pigmented mixed

type (5-7).

On the other hand, cancers of a thyroid gland are the most
frequent endocrine cancers, and this is known over a decades
(8). Unlike other forms of thyroid cancers (medullary, follic-
ulary and anaplastic), whose occurrence remained almost the
same over time, the incidence of papillary thyroid cancer
strongly increased (9). Indeed, the vast majority of thyroid
malignant tumors belong to papillary cancers (around 90%)
(10). To date, several factors have been identified to potenti-
ate the occurrence papillary thyroid cancer such as Hash-
imoto thyroiditis, other thyroid diseases, and early exposure
to ionizing radiation (11, 12). Moreover, some evidence in-
dicate that thyroid malignancy can be found more often after
other primary cancers, as consequence of radiation therapy or
even without it (13, 14). Therefore, much attention has been
paid to the assessment of the risk for developmental of thy-
roid cancers on the field of existence of non-thyroid malig-
nancies. Nevertheless, there are almost no literature data de-
scribing synchronous thyroid cancer and additional malig-
nancy.

Here, we describe the case of a patient with synchronous
neck melanoma and papillary thyroid cancer.

CASE REPORT

A 49-year-old man had a change on the neck at the last 3-
4 months that he accidentally noticed. He had hoarse voice,
was afebrile, did not sweat more than usual and feel ex-
hausted, without rash or itching. At physical examination fol-
lowing was observed: on the neck - right angularly palpable
one lymphatic gland (size 1,2 cm, hard painless, weakly

movable), left submental palpable one deep and more tiny
single painless lymphatic gland. Supraclaviculary and axil-
lary without significant lymphatic glands, spleen palpable to
1 cm, without lymphatic glands in inguinal region, liver not
enlarged, airway noise intensified in the lungs.

MR examination of the neck and upper mediastinum be-
fore the surgery indicated a hyperintense focal change in the
left thyroid gland which dimensions was 19 x 15mm (AP-
LL) (Figure 1A) and several hyperintense inhomogeneous
lymph glands of the jugular chain, on the both sides, with
different sizes (Figure 1B).

Figure 1. MR examination of the neck soft tissues.
The examination was performed in the axial section and
T2W FS sequences.

A) In the left lobe of the thyroid gland there is a clearly sep-
arated hyperintense focal change in size 19 x 15 mm (AP-
LL). It does not penetrate the thyroid capsule.

B) In level A and 5A there are several hyperintense
inhomogeneous lymph glands on both sides, with different
sizes - show pathological signal intensity.



2024;25(2)

Ex tempore analysis indicated that the right lobus was benign,
the left lobe was malignant, and the nodus of the right jugular
chain was malignant. The pathology report showed that the
nodus was most likely malignantly altered due to melanoma
and advised to examine the skin of the head and neck in-
traoperatively. On that occasion pigmented nevus of right tra-
gus was discovered, removed by excision, and confirmed to
be malignant. On the basis of the above findings, in addition
to total thyroidectomy, two-sided functional dissection of the
lymph nodes of the neck was performed. After the operation,
Letrox tablets was prescribed a 100 mg 1-1.

The pathohistological diagnosis of the skin with a tumor
on a baseline of 15-13-12 mm, light brown color, uneven pig-
mentation was as follows: Melanoma nodular cutis inva-
sivum (G-II, pT4bN1 (1 + / 4In), Breslow-3, Clark-III, L+,
Vx, Ro. Ulceration of surface tumor was present, with peri-
tumoral lymphocytic infiltration. Mitotic index was
4/10HPF, pigment production was minimal with dominant
vertical growth phase. The pathohistological diagnosis of the
left lobus was: Carcinoma papillary glandulae thyreoideae
invasivum (G-I, nG-I, pT2, Lx, Vo). The pathohistological
diagnosis of the right lobus was: Struma colloides cystica dif-
fusa glandulae thyreoideae.

During the first CT of head, neck and thorax it was no-
ticed that head and lungs imaging were normal. In the neck
region at the height of the oropharynx, alongside the marginal
blood vessels, there was one lymph node of 7 mm in size on
both sides. Thyroid scintigraphy had shown that there was no
accumulation of radioactive iodine and above the thorax find-
ing was neat. A year later, PET/CT of the whole body was
made (from the base of the skull to the proximal parts of the
femur). Scanning of the entire body was done 60 minutes af-
ter i.v. injection of 9 mCi fluordeoxyglucose with fluorine-
18 (*8FDG). PET/CT findings indicated that there was no rest
or recurrence of the tumor.

Ultrasound of the neck was done a year after the PET/CT
scan. Right in the region of the lower half of the parotid and
lateral half of the submandibular gland, three changes were
noticed. The largest lymph gland of clear contours was hy-
poehnogenic structure, diameter 26:9 mm with a clear sepa-
ration of the cortical layer of the thin and slightly echogenic
central matrix. Another lymph gland was with oval structure
and diameter of 9:5 mm, and the third was in the parotid pa-
renchyma with diameter of 12:4 mm. In the left region of the
lateral half of the submandibular gland was the lymph gland
of diameter 15-4mm. There were no signs of recurrence in
the thyroid box region. Supraclavicular and the lateral neck
chains did not had signed lymph nodes. Taking into account
that right submandibular lymph nodes were 26 mm of diam-
eter, and MR inspection was scheduled. The results of thy-
roid hormones and antibodies were following: PTH intact-
55,4 pg/ml (15-65 pg/ml); TSH-78,629 ulU/ml (0,27-4,20
ulU/ml); TT4-0,53 nmol/l (66,0-181,0 nmol/l); TT3-
0,45nmol/l (2,7-3,87 nmol/l); Anti Tg-12,5 TU/ml (< 115
[U/ml); TG-0,538 ng/ml (1.4-78 ng/ml). TSH was elevated
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while TT4, TT3 and TG were lower than reference values.
The dose of Letrox was increased to 150 mg daily.

MR imaging after total thyroidectomy and malignant
melanoma surgery did not showed detectable recurrence of
the tumor.

DISCUSSION

This case illustrates the presentation, diagnosis, and treat-
ment of a patient with synchronous neck melanoma and pa-
pillary thyroid cancer. Literature data have shown that multi-
ple cancers of head and neck are not infrequent malignancies
and their incidence is raising (15, 16). Incidence for develop-
ment of another primary cancer after discovering of the first
malignancy, for synchronous cancers is 15 % (17). A careful
and systematic triage is thus of the great interest for these pa-
tient. Some studies pointed out that synchronous cancers can
be detected in 9-14% of patients during routine screening

(17).

Malignant melanoma is an aggressive cutaneous melano-
cytic neoplasia. Although melanoma most commonly metas-
tasizes to regional lymph nodes, mortality from melanoma is
due primarily to distant spread to visceral organs, commonly
the lungs, liver, and brain (18-20). Considering that metasta-
sis to the thyroid gland is a very rare, after pathohistological
analysis of thyroid malignanant tissue diagnosis of synchro-
nous cancers can be confirmed, as seen it this case report.

According to their primary site, melanomas are grouped
as cutaneous, ocular, mucosal, and of unknown origin; of all,
mucosal melanomas are the least frequent ones (21). Head
and neck mucosal melanomas (HNMMs) comprise 0.7% to
0.8% of all melanomas and less than 10% of all head and
neck melanomas (22). Malignant melanoma is an aggressive
cutaneous melanocytic neoplasm which often metastasizes to
regional lymph nodes but whose mortality is mainly deter-
mined by tumor dissemination to visceral organs such as the
lungs, liver, and brain. Although rare, HNMMs are very ag-
gressive malignant tumors, and their prognosis is worse than
that for cutaneous and ocular melanomas (23). However, the
occurrence of another primary tumor such as papillary thy-
roid cancer complicates the diagnostic and therapeutic ap-
proach, while the clinical signs may be asymptomatic (24).
The prevalence of synchronous non-thyroidal cancers in pa-
tients on surgical therapy of papillary thyroid cancer is ap-
proximately 14 % (25). The third most frequently associated
synchronous non-thyroidal cancers is melanoma (26). When
comparing with patients without another malignancy, those
with an non-thyroidal cancers were elderly (56.4 + 15.5
years) and had been exposed to radiation (27). Studies have
shown that pathohistological features of papillary thyroid
cancers are similar in patients with non-thyroidal cancer
compared with ones in patients without additional malig-
nancy (26, 27). Despite the fact that patients with an non-thy-
roidal cancers were detected at a more severe level of disease
than those without, additional estimation of each TNM cate-
gory have shown absence of statistical distinction in the
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primary tumor size, or the rate of nodal or distant metastases.
(27).

Having in mind that clinical signs of patients with papil-
lary thyroid cancer are similar to those without accessorial
non-thyroidal cancers, they thus must be managed equiva-
lently. Furthermore, surgeons should rise attention of the in-
cidence of synchronous papillary thyroid cancer with these
types of cancers and take into account assessment of the neck
during thyroidal cancer diagnosis.

Treatment of thyroid malignancies is primarily surgical,
but the decision to operate on the patients will depend on their
clinical condition, the primary site of the original tumor,
presence of other metastases, the degree of dissemination,
and symptoms caused by the thyroid mass (25, 26). Surgery
may also be important as a palliative treatment to relieve
symptoms, particularly those associated with airway com-
pression. No consensus exists on the extent of the surgery,
and most authors recommend that isthmectomy and lobec-
tomy be performed in cases with isolated nodules, whereas
total or near-total thyroidectomy should be performed in
cases with multifocal disease (28).

CONCLUSION

The message from this case report is that when diagnos-
ing and treating thyroid cancer, the observed changes in the
neck lymph nodes also indicate cancers of non-thyroid pa-
thology such as malignant melanoma.

Surgeons should rise attention of the incidence of syn-
chronous papillary thyroid cancer with neck melanoma and
take into account assessment of the neck during thyroidal
cancer diagnosis. This approach will therefore strongly con-
tribute to the prolonged survival in these patients and preven-
tion of rapid onset of life-threatening complications.
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improvements in their manuscript. Authors will be asked to resubmit the revised

manuscript within a suitable time frame, and the revised version will be returned to

the reviewer for further comments.

e Reject - the manuscript is rejected for two reasons: 1. it has serious flaws, and/or
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All reviewer comments should be responded point-by-point in a separate document
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reviewers should be from different institutions than the authors.

Upon editor’s approval, after received positive manuscript reviews, the manuscript is
accepted in the system, and the corresponding author receives information about the
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undergo professional copy-editing, English editing, proofreading by the authors, pagination
and publication. The Editorial board reserves the right to correct the English language after
proofreading by the authors.
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RESEARCH AND PUBLICATION ETHICS

Research Involving Human Subjects

When reporting on research that involves human subjects, human material, human
tissues, or human data, authors must declare that the investigation was carried out following
the rules of the Declaration of Helsinki of 1975 (https://www.wma.net/what-we-do/medical-
ethics/declaration-of-helsinki/), revised in 2013. As a minimum, a statement including
number of approval and name of the ethics committee must be stated in Section ‘Statement of
Human Rights’ of the article. In addition, the protection of privacy is a legal right that must
not be breached without individual informed consent. In cases where the identification of
personal information is necessary for scientific reasons, authors should obtain full
documentation of informed consent, including written permission from the patient prior to
inclusion in the study.

Example of Statement of Human Rights: “The study was conducted in accordance
with the Declaration of Helsinki, and the protocol was approved by the Ethics Committee of
Name of the Institution (No. number of approval).”

Example of Statement of Informed Consent: “All subjects gave their informed consent
for inclusion before they participated in the study”.

For non-interventional studies (e.g. surveys, questionnaires, social media research),
all participants must be fully informed if the anonymity is assured, why the research is being
conducted, how their data will be used and if there are any risks associated. As with all
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research involving humans, ethical approval from an appropriate ethics committee must be
obtained prior to conducting the study.

Research involving Animals

When reporting on research that involves animal subjects, animal material or animal
tissues, authors must declare that the investigation was carried out following the rules of the
European Directive for the welfare of laboratory animals (No. 2010/63/EU) and national and
institutional regulations. As a minimum, a statement including number of approval and name
of the ethics committee must be stated in Section ‘Statement of Animal Rights’ of the article.
Statements on animal welfare should confirm that the study complied with all relevant
legislation. Also, authors must include details on housing, husbandry and pain management
in their manuscript (section Materials and methods).

Example of Statement of Animal Rights: “All research procedures were carried out in
strict accordance with the European Union Directive for the welfare of laboratory animals
(No. 2010/63/EU) and approved by the Ethics Committee of Name of the Institution (No.
number of approval).”
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