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Abstract 

The aim of the present study was testing the solubility of macrolide antibiotics 

(azithromycin, clarithromycin and roxithromycin) in order to determine bioavailability 

using the RP HPLC method. The optimum conditions for separation and determination 

of macrolides were achieved with the mobile phase: acetonitrile/phosphate buffer pH 

= 8 in the ratio 35/65 (v/v), at a RP stationary phase and the column temperature of 30 

°C. Using defined chromatographic conditions, satisfactory separation of 

azithromycin, clarithromycin and roxithromycin was achieved. The validation of the 

chromatographic method (linearity, precision, accuracy, robustness, stability) was 

performed. Using this method, the solubility of azithromycin and roxithromycin in 

different media in the physiological range of pH values was determined, which can be 

used for the determination of bioavailability. The validated method can be used to test 

the bioavailability, as well as to determine the dissolution rate and the content of 

macrolide antibiotics in pharmaceutical dosage forms. 

Keywords: macrolides; solubility; HPLC; bioavailability. 

Introduction 

Macrolide antibiotics are a group of broad-spectrum antibiotics. They are primarily 

active against Gram-positive bacteria, while their activity against Gram-negative 

bacteria is limited to certain species such as Rickettsia, Chlamydia, Mycoplasma, and 

Haemophilus influenzae. The mechanism of action of macrolides is based on binding 

to the 50S subunit of the bacterial ribosome and the consequent inhibition of bacterial 

protein synthesis, which places them in the group of bacteriostatic antibiotics 

(Vázquez-Laslop and Mankin, 2018). 

They are mainly natural products and their semi-synthetic derivatives. Macrolide 

antibiotics consist of a lactone ring that most often contains 14, 15 or 16 atoms. 

Macrolide antibiotics whose lactone contains 14 atoms are erythromycins A, B, C, D, 

E and F, roxithromycin (RO) (Figure 1. A), dirithromycin, clarithromycin (CL) (Figure 
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1. B) and others. The most commonly used macrolide antibiotic whose lactone ring 

contains 15 atoms is azithromycin (AZ) (Figure 1. C), while josamycin, spiramycin, 

rosaramycin and mirosamycin have a 16-membered lactone. Macrolides generally 

contain one or two sugars that are linked to the main lactone structure via a glycosidic 

bond. Usually one of these sugars is an amino sugar (e.g. desosamine). Macrolides 

have the character of weak bases due to the presence of an amino group (Blondeau, 

2022; Dinos, 2017). 

   

A B C 

Figure 1. Structure of A) Roxithromycin (RO), B) Clarithromycin (CL) and C) Azithromycin 

(AZ) 

Solubility is the maximum amount of a substance that dissolves in a given volume of 

solvent at a given temperature. When it comes to substances that undergo ionization 

when the pH of the medium changes, the ionized form has a higher solubility in polar 

solvents, while the reverse is true for non-polar solvents. Solubility is also one of the 

criteria considered by the Biopharmaceutical Classification System (BCS). The BCS 

classifies drug substances into four groups based on solubility and permeability (FDA, 

2021), which is important in drug production because it directs to problems that may 

arise in drug formulation. Based on the knowledge of the pKa values of macrolides, it 

can be assumed that solubility will increase with a decrease in the pH of the polar 

medium, because the amount of the ionized form increases (Platon, 2022). Determining 

and knowing the solubility of macrolides is important from the aspect of drug 

formulation, as well as from the aspect of bioavailability during the administration of a 

given drug, which will affect the efficacy and safety of the administered drug. 

For the purposes of this research, validation of the appropriate HPLC method for the 

detection and separation of macrolide antibiotics was performed. The validated method 

was used to test the solubility of AZ and RO in media in the range of physiological pH 

values, with the aim of showing the behavior of these antibiotics in different parts of 

the gastrointestinal tract, in which the pH range ranges from 1 to 8. Based on the 

results obtained, the solubility of these antibiotics was defined, which, along with 

literature data on permeability, was used to classify AZ and RO into the appropriate 

groups according to the BCS. 
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Material and methods 

Preparation of solutions 

Preparation of phosphate buffer solutions is shown in Table 1. 

Table 1. The preparation of phosphate buffer solutions (USP, 2024) 

buffer pH * 
Weighed mass 

K2HPO4 (g) 

Volume of solution 

(ml) 

4,5 27,22 1000 

6,8 27,22 1000 

7,4 27,22 1000 

8 4,56 1000 
*The pH of the prepared solutions was adjusted with phosphoric acid or KOH to the specified 

value 

Preparation of 0.1M HCl solution: Transfer 100 ml of 1M HCl to a 1000 ml volumetric 

flask and fill the flask to the mark with water. 

Preparation of solution for assessing the linearity of the method: Weigh and transfer 10 

mg of AZ, RO and CL standards into three 10 ml volumetric flasks, add 7 ml of 

methanol, shake in an ultrasonic bath until completely dissolved and fill the flasks to 

the mark with methanol. The concentration of AZ, RO and CL in these solutions is 1 

mg/ml. 

Preparation of working dilutions for the preparation of the calibration curve: Transfer 

1000, 500, 250, 125, 62.5 and 31.25 µl of the standard stock solutions AZ, RO and CL 

into six 10 ml measuring vessels and make up to the mark with phosphate buffer pH 8. 

The concentrations of the working dilutions range from 100 to 3.125 µg/ml. 

Preparation of the solution for checking the precision of the method (repeatability and 

average precision): Transfer 250 µl of the standard stock solutions AZ, RO and CL into 

six 10 ml measuring vessels and make up to the mark with phosphate buffer pH 8. 

Preparation of the solution for determining solubility is shown in Table 2. 

Table 2 Preparation of the solution for determining solubility 

buffer pH 
Weighed mass of AZ 

(mg) 

Weighed mass of 

RO (mg) 

Volume of solution 

(ml) 

1,2 200 100 10 

4,5 200 100 10 

6,8 100 80 10 

7,4 50 30 10 

Optimal chromatographic conditions for the separation of AZ, RO and CL were: 

chromatographic column: XBridge™ C18 3.5 mμ 4.6 x 150 mm Column; mobile 

phase: acetonitrile/phosphate buffer pH 8 in a ratio of 65/35 (v/v) -flow rate: 1 ml/min; 

column temperature: 30° C; detection wavelength: 210 nm. 

To test the solubility of macrolide antibiotics, the tests were performed in duplicate in a 

water bath with a Grant LSB 18 shaker, at a temperature of 37° C (simulating 

conditions in the gastrointestinal tract), for 24 hours, as needed to establish 
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equilibrium. After 24 hours, the resulting supersaturated solutions were filtered through 

membrane filters and analyzed by a validated method. 

To determine the concentration of AZ in samples prepared in pH 1.2 medium, 1:100 

dilutions were made in the given medium. For samples in pH 4.5 medium, 1:20 

dilutions were prepared, and for samples in pH 6.8 and 7.4 medium, 1:10 dilutions 

were prepared. 

To determine the concentration of RO in samples prepared in pH 4.5 medium, 1:20 

dilutions were prepared in the given medium, while for samples in pH 6.8 and 7.4 

medium, 1:10 dilutions were made. 

Results and discussion 

Clarithromycin (CL), azithromycin (AZ) and roxithromycin (RO) are non-polar 

compounds, so RP HPLC system was chosen for their analysis, in which the stationary 

phase is silica gel modified with octadecyl groups. The compounds (Figure 1) are 

organic bases whose basicity comes from the tertiary aliphatic amino group of the 

sugar at position C-5 (cladinose), as well as the tertiary amino group in the azolide of 

AZ and the oximino group at position C-9 of RO (pKa of AZ = 8.5; pKa of RO = 9.27 

(Drugbank, 2024). In the pH range of 1.2 to 6.4, the compounds are in the ionized 

form, while the molecular form is dominant at pH values greater than 8, so a pH 8 

buffer was used as the mobile phase. Most conventional stationary phases are effective 

at pH values of 2-8, so higher pH values could lead to their destruction. The working 

pH of the buffer is therefore 8. 

During the optimization of chromatographic conditions, the composition of the mobile 

phase was modified. Acetate and phosphate buffers with a molarity of 10-20 mM and a 

pH range of 6.5 to 8 were used as the aqueous component of the mobile phase. The 

criteria for selecting the optimal chromatographic system were set: peak symmetry 

factor value between 0.8 and 1.2; the number of theoretical plates (N) greater than 

2000 and the retention factor value (k´) between 1 and 10. Under the above mentioned 

conditions, the method for determining the content of AZ and RO was validated. 

Specificity, linearity, precision, accuracy and robustness were tested. 

Specificity 

To assess the specificity of the method, the following into the chromatographic system 

were injected placebo solutions (dissolution media). There are no peaks in the placebo 

chromatograms whose retention times correspond to the retention times of RO and AZ, 

which confirms that the components of the dissolution media do not co-elute with the 

test compounds (Figure 2). 
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Figure 2. Chromatograms: A) placebo (medium 1.2; 4.5; 6.8; 7.4), B) solutions of standards AZ 

and RO 

Linearity 

The linearity of the method was assessed by constructing a calibration curve using the 

least square method. The calibration curve represents the dependence of the peak area 

of the clindamycin standard on the concentration of the standard solution. The results 

obtained are shown in Table 3 and Figure 3. 

Table 3. Data for calculating the calibration curve 

Cclindamycin 

standard 

(mg/ml) 

As1 

(mAU*s) 

(RО) 

As1 

(mAU*s) 

(CL) 

As1 

(mAU*s) 

(АZ) 

0,1 489,3 187,5 227,9 

0,05 264,55 101,5 116,15 

0,025 122,95 48,25 55,5 

0,0125 59,4 23,65 25,45 

0,00625 29,75 11,35 12,25 

0,003125 14,8 6 5,65 
1 standard peak area 

 

y = 1893x + 0.9271

R² = 0.9981
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Figure 3. Calibration curves for assessing the linearity of the method 

The parameters for the regression equations are shown in Table 4. 

Table 4. Regression Analysis Parameters 

Range of 

concentrations 

(mg/ml) 

Compound y = ax+b r tb ttab 

0,003125 - 0,1 

CL y=1893x+0,9271 0,99907 0,48 2,54 

RO y=4952,6x+0,9505 0,99904 0,19 2,54 

АZ y=2309,2x-1,955 0,99986 -2,11 2,54 

Based on the obtained data for the correlation coefficient r (≥0.9990) and the 

significance of the intercept on the ordinate (tb<ttab), it can be concluded that the degree 

of scatter of points around the ideal line is small, i.e. the method is linear for a given 

concentration range. 

Method precision 

The method precision was tested at two levels: 

1.  Repeatability of the method (intra-assay precision); 

2.  Intermediate precision. 
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To test this level of precision, solutions of the standards CL, RO and AZ were prepared 

at a concentration of 0.025 mg/ml. Based on the obtained peak area values, the RSD 

was calculated and the repeatability of the method was estimated. The results are 

shown in Table 5. 

Table 5. Data for calculating the repeatability of the method 

Injected 

concentration 

(mg/ml) 

Number of 

injections 

As1 

(mAU*s) 

(CL) 

As1 

(mAU*s) 

(RО) 

As1 

(mAU*s) 

(АZ) 

0,025 

1 49,1 120 52,5 

2 47,4 120,9 54,5 

3 47,3 119,9 53,4 

4 46,9 119,4 53,3 

5 46,6 119,7 52,7 

6 47,3 119,6 53,9 

Average value 47,43333 119,9167 53,38333 

Sd 0,871015 0,526941 0,744088 

RSD 1,836292 0,439423 1,393858 
1 clindamycin standard peak area 

Based on the obtained values for RSD (< 2%), it can be concluded that the method 

meets the requirements for repeatability. 

Intermediate precision 

Intermediate precision was estimated by a second analyst, on a second day, who 

independently prepared solutions of the CL, RO and AZ standards at a concentration of 

0.025 mg/ml. The results obtained are shown in Table 6. 

Table 6. Data for calculating mean precision 

Injected 

concentration 

(mg/ml) 

Number of 

injections 

As1 

(mAU*s) 

(CL) 

As1 

(mAU*s) 

(RО) 

As1 

(mAU*s) 

(АZ) 

0,025 

1 49,2 126,4 53,8 

2 46,6 122,2 52,6 

3 49,1 129,6 55,3 

4 49,7 129,1 55,4 

5 46,9 122 52,4 

6 49,6 129,1 55,7 

Average value 47,43333 48,51667 126,4 

Sd 0,871015 1,390563 3,516248 

RSD 1,836292 2,866156 2,781842 
1 clindamycin standard peak area 

The value for RSD is less than 3%, which meets the requirements for intermediate 

precision of the method. 



17 

Accuracy 

To test the accuracy of the method, solutions of the standards CL, RO and AZ and 

solutions of the laboratory mixture containing placebo (dissolution medium) and 

standard CL, RO and AZ in three different concentrations were prepared: 50%, 100%, 

150% relative to the working concentration of 0.025 mg/ml. The results are expressed 

as a percentage of recovery (Table 7). 

Table 7. Results of the method accuracy test 

Concentration 

(mg/ml) 

Recovery (%) 

CL RO AZ 

(50%) 100,56 100,50 100,62 

(100%) 100,45 100 100,25 

(150%) 101,83 101,625 102,04 

The obtained Recovery values for all three tested concentrations are in the interval 

from 100.23 to 101.8317%, which meets the requirements for the accuracy of the 

method intended for content determination (98-102%). 

Robustness 

In order to assess the robustness of the method, intentional minimal changes were 

made to the experimental conditions: column operating temperature; proportion of 

mobile phase component; flow rate. In order to assess the robustness, qualitative 

parameters, i.e. retention time and resolution, were monitored. The results are shown in 

Table 8. 

Table 8. Variation of chromatographic analysis conditions 

 
Organic solvent 

content 

Column 

temperature 
Flow rate 

Optimal 

conditions 
 60 70 33 27 1,2 0,8 65, 30, 1 

Resolution 

CL/RО 2,95 2,25 2,5 2,48 2,34 2,64 2,3 

RО/АZ 4,15 4,92 5,22 4,7 4,58 5,17 4,47 

Retention time 

CL 6,61 4,77 5,61 5,49 4,61 6,88 5,44 

RО 7,37 5,1 6,1 5,97 5,02 7,48 5,92 

АZ 8,57 6,1 7,25 6,98 5,92 8,81 6,97 

Based on the obtained results, it can be concluded that the method is robust for the 

following experimental conditions: column operating temperature, proportion of 

mobile phase components, mobile phase flow rate, because the obtained values do not 

deviate more than ± 5% from the optimal ones. 
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Determination of the solubility of RO and AZ 

The validated chromatographic method was used to determine the solubility of RO and 

AZ, for which the calibration curve method was used. Based on the equation y = ax + 

b, where y – peak area of RO or AZ, x – unknown concentration, a – slope of the line, 

b – intercept on the ordinate, concentrations of AZ and RO in the tested media were 

calculated. The results obtained are shown in Tables 9 and 10. 

Table 9. Determination of AZ solubility 

pH pH 1,2 pH 4,5 pH 6,8 pH 7,4 

Peak area 
40,76 81,36 92,29 33,8 

39,7 127,34 96,17 32,04 

Measured concentration 

(mg/ml) 

1,849775 0,721592 0,408128 0,154837 

1,803871 1,119825 0,424931 0,147215 

Table 10. Determination of RO solubility 

pH pH 4,5 pH 6,8 pH 7,4 

Peak area 
127,9 153,65 69,81 

104,73 155,42 56,11 

Measured concentration 

(mg/ml) 

0,512658 0,308322 0,139037 

0,419091 0,311896 0,111375 

The solubility of RO at pH 1.2 is not shown since in a strongly acidic environment, 

94% of RO was degraded, which is in accordance with literature data (Li et al., 2019). 

In an acidic environment, hydrolysis of the oxime group occurs and aldehyde is formed 

as a degradation product (Figure 4). 

 

Figure 4. RO degradation in a strongly acidic environment (pH 1.2) 

BCS classification 

The BCS classification is a classification system that classifies drugs into four groups 

based on solubility and permeability (FDA, 2021). The parameter describing solubility 

is the dose number (Dо) of the substance, which is calculated using the following 

formula: Do = Mo / Vo * Cs (Đuriš et al., 2017). 
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Do – dose number of the substance; Mo – maximum single dose of the substance; Vo = 

250ml (volume of water with which a single dose is administered); Cs – the lowest 

solubility of the substance in the physiological pH range. 

AZ: Mo = 2000 mg (Sweetman, 2009); Cs = 0.15 mg/ml; Do = 2000 mg/ 250 ml * 

0.15mg/ml = 53.33. 

CL: Mo = 300 mg (Sweetman, 2009); Cs = 0.11 mg/ml; Do = 300 mg / 250 ml * 0.11 

mg / ml = 10.91. 

Since the dose numbers (Do) >1 for both tested substances, both substances are 

classified as poorly soluble (Đuriš et al., 2017). 

The parameter defining permeability is oral bioavailability. The bioavailability of AZ 

is 37% (Fohner et al., 2017; Firth and Prathapan, 2020), and the bioavailability of RO 

is 72-85% (Dolton and D’Argenio, 2017). According to the criteria of the Food and 

Drug Administration (FDA), all drugs with permeability ≤ 85% are low-permeable 

drugs (FDA, 2021). 

Given that both AZ and RO are low-soluble and low-permeable drugs, it is concluded 

that both fall into group IV of the BCS classification system (FDA, 2021). 

Conclusion 

An HPLC method for determining the solubility of three macrolide antibiotics CL, RO 

and AZ has been developed and validated. The proposed method is rapid, efficient, 

sensitive, selective, linear (R≥0.9990) for the concentration range of 0.003125 – 0.1 

mg/ml, accurate (Recovery 98-102%) and precise (RSD<2%). The method was used to 

determine the solubility of RO and AZ in different media and, based on the 

concentrations obtained, their solubility classification according to the BCS system 

was performed. The proposed method can also be used in the quality control of 

products, as well as intermediates containing macrolide antibiotics. 
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Abstract 

Chalcones are a large group of natural, semi-synthetic and synthetic compounds that 

exhibit diverse biological activities. Chemically, chalcones are 1,3-diphenylprop-2-en-

1-ones, in which two aromatic rings are linked by an α, β-unsaturated carbonyl system. 

An important physicochemical property of each compound is its partition coefficient; 

the partition coefficient between the aqueous and non-aqueous phases. The aim of this 

work was the experimental determination of logP values of synthesized amino and 

methylsulfonyl chalcones by reversed-phase thin-layer chromatography and the 

establishment of a correlation with software-calculated logP values. Ten chalcones 

were synthesized and characterized by NMR and MS/MS spectroscopic methods. Their 

lipophilicity was determined by RP-TLC method on silica gel RP-C18 using three two-

component mobile phases - methanol/water, acetone/water and acetonitrile/water, in 

different volume ratios. Theoretical logP values were calculated using two software 

packages and then correlated with experimental values. The best correlation (r=0.85) 

was achieved with the LogP values obtained using the ChemDraw Ultra software 

package 7.0, which means that this software package could be used to calculate the 

LogP values of other newly synthesized methylsulfonyl and amino chalcones. 

Keywords: aminochalcones; methylsulfonylchalcones; logP; RP-TLC. 

Introduction 

Chalcones are natural plant products and precursors in the synthesis of flavonoids and 

isoflavonoids. Chemically, chalcones are 1,3-diphenylprop-2-en-1-ones, in which two 

aromatic rings are linked by an α, β-unsaturated carbonyl system. As secondary 

metabolites in plants, they play an important role in antioxidant protection, defense 

against microorganisms and pathogens, and also as pigments contribute to the color of 

flowers and fruits. Today, they are mostly obtained semi-synthetically or synthetically 

by the aldol condensation reaction. The process is known in the literature as the 

Claisen-Schmidt condensation and is a base-catalyzed condensation of the 

corresponding acetophenone and mono- or disubstituted benzaldehyde (Scheme 1). 

The reaction begins with the elimination of the acidic α-H atom (the H atom of the 

methyl group of acetophenone) in the presence of a base as a catalyst. This produces a 

carbanion (enolate anion) which, as a nucleophile, reacts with the electropositive 

carbon atom of the carbonyl group of mono- or disubstituted benzaldehyde and forms 

mailto:nemanja.t@ucg.ac.me
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an intermediate alkoxide. Protonation of the alkoxide produces a ketol. Dehydration of 

the ketol produces an α,β-unsaturated ketone (chalcone) (Mulugeta, 2022). 
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Scheme 1. Mechanism of Claisen-Schmidt synthesis 

The use of chalcones for medical purposes is increasingly being considered because 

they have been proven to exhibit significant biological activity: antimicrobial, antiviral, 

antiproliferative, anti-inflammatory, etc (Nowakowska, 2007; Batovska and Todorova, 

2010; Dan and Dai, 2020). 

In order for a drug to be absorbed, it must first be dissolved in body fluids and then be 

transported across biological membranes. Therefore, the distribution of a drug to its 

target site of action depends on its hydrophilic-lipophilic properties. The basic 

parameter of the distribution of a substance between lipophilic and hydrophilic 

environments is the distribution coefficient P (or partition coefficient). It is a 

quantitative descriptor that represents the ratio of the concentration of the molecular 

form of the substance in the lipophilic and hydrophilic phases. It is constant for a given 

pair of immiscible solvents. In order to make it easier and simpler to compare the 

values of partition coefficients, the logarithmic value of the partition coefficient, logP 

(1), is used: 

LogP= Log O

W

C

C
 (1) 

where Cw is the concentration of the compound in the aqueous phase, and Co is the 

concentration of the compound in the nonpolar organic solvent (Kubinyi, 1979). 

Methods for determining lipophilicity can be divided into two groups: computational 

methods (using various software packages) and experimental methods (classical 

method - shake flask and indirect methods: reversed-phase thin-layer chromatography 

(RP-TLC), reverse-phase high-performance liquid chromatography (RP-HPLC), 

micellar/microemulsion electrokinetic chromatography) (Chao and Hong-zhen, 2015). 

Today, numerous computer predictors of logP values are available, which use methods 

based on a small number of descriptors, to very sophisticated network algorithms. 

These methods are enhanced by correction factors, which makes it necessary to 

compare the results with experimentally obtained values (Mannhold et al., 2009). 



23 

Shake flask methods use a binary liqiud system consisting of n-octanol (hydrophobic 

part) and water (hydrophilic part). The procedure consists of dissolving the sample, 

shaking until equilibrium is reached, and measuring the concentration of the sample in 

each part of the binary system (Soares, 2022). Reversed-phase high-performance liquid 

chromatography is the most commonly used method, which does not directly obtain 

the partition coefficient, but rather the lipophilicity index. The RP-TLC methodology is 

based on a similar principle. Reversed-phase chromatography is a fast and simple way 

to experimentally determine LogP indirectly via the retention parameter (Rf) (2). This 

is a parameter that is calculated on the basis of migration distances of test substance 

and the mobile phase: 

Rf =
S

a
 (2) 

where a is the distance of the test substance and S is the distance of the mobile phase. 

Micellar/microemulsion electrokinetic chromatography is a chromatographic method 

in which a surfactant is added to the mobile phase at a concentration above the critical 

micelle concentration, forming micelles (Waters et al., 2012) 

In order to determine the lipophilicity parameters, it is necessary to limit the influence 

of adsorption on the retention of the compound. By replacing the polar stationary phase 

with a nonpolar one, the experimental determination of the lipophilic properties of the 

compound is enabled. In order to define the linear dependence between the 

chromatographic behavior and the chemical structure, the RM value was introduced (3): 

RM = (1-Rf)/Rf (3) 

It is the logarithmic value of the ratio of the distance between the substance zone and 

the solvent front and the path traveled by the test substance. It is directly correlated 

with the lipophilicity of the compound. The value RM
0 has also been introduced, i.e. the 

RM value extrapolated to zero concentration of the organic component, i.e. to pure 

water. The relationship between the RM value and the volume percentage of the organic 

component () can be represented by the equation (4): 

RM = RM
0 + m* (4) 

where m is the slope of the regression plot and RM
0 is the intercept value (Rutkowska et 

al., 2012). 

In this method, commercially available silica gel modified with hydrocarbon chains 

with 8 or 18 carbon atoms (C8 or C18) is used as the stationary phase. The mobile 

phase consists of a mixture of water and an organic solvent, usually methanol due to its 

good compatibility with water, or alternatively tetrahydrofuran or acetonitrile. Due to 

the great biological potential hidden in chalcones and the importance of knowing the 

LogP value, the aim of this work was to present the synthesis of differently substituted 

amino and methylsulfonyl chalcones and determine their partition coefficients as an 

important physicochemical parameter in further biological investigations. 
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Material and methods 

General procedure for the synthesis of methylsulfonyl chalcones: 

In a dry round-bottomed flask equipped with a stirring magnet (Magnetic stirrer, 

Rotamix SHP-10 scale, Zelezniki, Slovenia), transfer 240 mg of 4,-(methyl sulfonyl) 

acetophenone and 170 mg of mono- or disubstituted benzaldehyde, 3 ml of 96% 

ethanol and 2 g of 30% aqueous sodium hydroxide (Scheme 1.). During the addition of 

sodium hydroxide, the initially colorless reaction mixture acquires a volatile yellow 

color that very quickly turns into dark orange. After becoming homogeneous, the 

reaction mixture was stirred continuously at room temperature for 24 h. The course of 

the reaction was monitored by TLC on silica gel using a 24:1 mixture of chloroform 

and methanol as the mobile phase (UV lamp UV-CABINET II, Camag, Switzerland, 

TLC silica gel RP-C18, 20x20cm plates (Merck, Germany), chromatographic tubs 

(Camag, Switzerland)). 

After 24 h, 1M HCl solution is added to the reaction mixture until the pH of the 

solution is about 2-3, which is checked with universal litmus paper. A yellow 

precipitate is separated, which is filtered under vacuum and washed with ice-cold 96% 

ethanol, in small portions. The color of the precipitate changes during washing and 

becomes light yellow to white. Finally, the precipitate is washed with a little cold 

distilled water and left to dry at room temperature in a dark place. The crude chalcones 

thus obtained are purified by preparative plate chromatography using a mobile phase, 

chloroform: methanol = 24:1. After developing the chromatograms, the 

chromatographic plates are dried at room temperature and the chromatographic zones 

are detected under a UV lamp at a wavelength of λ = 254 nm. The chromatographic 

zone corresponding to the synthesized chalcone is scraped from the plate and extracted 

with acetone. The resulting solution is filtered through filter paper and evaporated in a 

vacuum evaporator (Rotary vacuum evaporator ROTAVAPOR-R, Buchi, Switzerland). 

The structure of the product is confirmed using NMR (Brucker, Billerica, 

Massachusetts, USA) and MS-MS (Thermo Fisher Scientific Inc., Madison, WI, USA) 

spectroscopy. 
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Scheme 1. Synthesis of methylsulfonyl chalcones 

General procedure for the synthesis of amino chalcones: 

Synthesis of piperazino chalcones 

In a dry 100 ml round-bottom flask equipped with a stirring magnet, 6.25 ml of 

previously prepared 10% ethanolic NaOH solution, 0.5 g of 4-piperazinoacetophenone, 

and 0.31 g of monosubstituted benzaldehyde are added (Scheme 2). The reaction 

mixture is left on a magnetic stirrer for 24 h. After 24 h, the reaction mixture is filtered, 

and the precipitate on the filter paper is washed with distilled water and left to dry in an 
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oven overnight. The reaction course is monitored by TLC with a mobile phase 

consisting of a mixture of methanol: ethyl acetate (7: 3 v/v). The crude synthesized 

compound is purified by recrystallization from ethanol. The structure is confirmed by 

NMR and MS-MS. 

Synthesis of anilino chalcones 

In a dry 100ml round-bottomed flask equipped with a stirring magnet, 0.162 g of 4-

aminoacetophenone, 0.124 g of mono- or disubstituted benzaldehyde, 2-3 ml of 96% 

ethanol and 2 ml of 30% aqueous NaOH solution are transferred (Scheme 2). The 

reaction mixture acquires a volatile orange color. After it becomes homogeneous, it is 

left on a magnetic stirrer for the next 24 h. After 24 h, ice water is added to the reaction 

mixture and the mixture is neutralized with 1M HCl solution to a pH of 3-4, which is 

checked with universal litmus paper. The resulting precipitate is filtered under vacuum 

and washed with ice water. The crude chalcone was allowed to air dry in the dark. The 

reaction was monitored by TLC on silica gel with ethyl acetate: n-cyclohexane (3.5 : 

1.5) as the mobile phase. The structure was confirmed by NMR and MS-MS. 
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Scheme 2. Synthesis of amino chalcones 

Structural analysis of synthesized substances 

NMR spectra (1H,13C) were recorded on a BRUKER 400 NMR apparatus. Samples of 

the synthesized substances were dissolved in dimethyl sulfoxide (methylsulfonyl 

chalcones) or deuterated chloroform (amino chalcones), and chemical shifts were 

determined relative to tetramethylsilane (TMS) as an internal standard. MS-MS 

fragmentation was performed on a UHPLC-MS-MS system equipped with an 

ACCELA UHPLC liquid chromatograph and a triple quadrupole MS-MS detector. 

Mass spectrometry was performed using electron spray ionization in positive or 

negative mode. 

Determination of LogP using reversed-phase thin-layer 

chromatography 

The ascending TLC technique was used in the determination of LogP. The tests were 

performed on 10 x 10 cm plates. Silica gel RP-C18 was used as the stationary phase. 

The mobile phases were two-component mixtures: methanol/water, acetone/water and 

acetonitrile/water in different volume ratios (Table 1). 
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Table 1. Chromatographic systems 

Stationary phase Mobile phase 
Volume percentage of organic 

component (%) 

RP-18 

methanol/water 90 80 70 60 

acetone/water 90 80 70 60 

acetonitrile/water 90 80 70 60 

Preparation of the solution of the substances: 2 mg of each of the synthesized 

substances are dissolved in 2 ml of acetone. Freshly prepared solutions are applied to 

the chromatographic plate with a glass capillary in a volume of about 2 μl. 

Determination procedure: Before developing the chromatogram, the chromatographic 

tanks are saturated with mobile phase vapors for 10 min at room temperature. The 

chromatograms are developed using the ascending technique. After development, the 

plates are dried at room temperature and the chromatographic zones are detected under 

a UV lamp at a wavelength of λ = 254 nm. 

Results and discussion 

The structures of the synthesized chalcones are shown in Figure 1, and the chemical 

names and spectral data are shown in Table 2. 

 

Figure 1. Structures of synthesized chalcones 
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Table 2. Spectral data of synthesized chalcones 

 Chalcones Spectral data 

1. 

(E)-1- 

(4-methylsulfonylphenyl)-3-

(2-chloro,5-

trifluoromethylphenyl) 

prop-2-en-1-one 

1H NMR: δ 3.07 (3H, s), 6.71 (1H, d, J = 15.7 Hz), 7.40 

(1H, m), 7.52-7.88 (5H, 7.58 (mHz), 7.67 (d, J = 15.7 

Hz), 7.70 (d, J = 8.6, 0.5 Hz), 7.82 (m)), 8.02 (2H, m); 
13C NMR: δ 44.3, 121.2, 123.8, 125.3, 127.3, 127.4, 

128.3-128.5, 128.4, 128.4, 128.9, 130.9-131.1, 131.0, 

134.0, 135, 137.4, 188.9. 

2. 

(E)-1- 

(4-methylsulfonylphenyl)-3-

(4-methoxyphenyl)prop-2-

en-1-one 

1H NMR: δ 3.07 (3H, s), 3.78 (3H, s), 6.70 (1H, d, J = 

15.6 Hz), 7.21 (2H, m), 7.49 (2H, m), 7.65 (1H, d, J = 

15.6 Hz), 7.81 (2H, m), 8.02 (2H, d, J = 7.9); 13C NMR: δ 

44.3 , 56.0, 114.3, 121.2, 128.4, 128.7, 128.9, 130.3, 

135.5, 137.4, 144.1, 159.8, 188.9. 

3. 

(E)-1- 

(4-methylsulfonylphenyl)-3-

(4-trifluoromethylphenyl) 

prop-2-en-1-one 

1H NMR: δ 3.07 (3H, s), 6.75 (1H, d, J = 15.7 Hz), 7.66 

(1H, d, J = 15.7 Hz), 7.74-7.93 (6H, m), 7.82-7,86 (1H, 

m), 8.03 (2H, d, J = 8.2); 13C NMR: δ 44.3 , 121.2, 123.8, 

125.7, 126.9 , 128.4, 128.9, 130.3, 135.5, 137.4, 144.1, 

188.9. 

4. 

 ((E)-1-(4-

methylsulfonylphenyl)-3-(3-

trifluoromethyl-4-

chlorophenyl) 

-prop-2-en-1-one 

1H NMR: δ 3.07 (3H, s), 6.74 (1H, d, J = 15.7 Hz), 7.49 

(1H, d, J = 7.7), 7.60-7.88 (5H, m), 7.68 (2H, m), 8.02 

(2H, m); 13C NMR: δ 44.3, 121.2, 123.0, 123.6, 126.1, 

127.3, 127.4, 128.4, 128.9, 129.9, 130.3, 135.5, 137.4, 

144.1, 188.9. 

5. 

(E)-1-(4-

methylsulfonylphenyl)-3-

(2,6-dimethoxy-phenyl)-

prop-2-en-1-one 

1H NMR: δ 3.07 (3H, s), 3.85 (6H, s), 6.46-6.68 (3H, m), 

7.33-7.54 (2H, m), 7.47 (d, J = 15.7 Hz)), 7.81 (2H, m), 

8.01 (2H, d, J = 7.9); 13C NMR: δ 44.3 , 56.0, 111.7, 

115.8 , 121.2, 128.4, 128.9, 132.2, 135.5, 137.4, 141.1, 

161.2, 188.9. 

6. 

(E)-1-(4-piperizinyl-phenyl)-

3-(4-fluoro-phenyl)-prop-2-

in-1-one 

1H NMR: δ 2.81 (4H, m), 3.06 (4H, m), 6.72 (1H, d, J = 

15.7 Hz), 6.93 (2H, m), 7.10-7.28 (2H, m), 7.35-7.68 

(3H, m), 7.79 (2H, d, J = 8.5); 13C NMR: δ 46.0, 48.3 , 

112.0 , 115.0, 115.4 , 121.2 , 127.2, 130.2, 130.6, 135.5, 

136.8 , 144.1, 148.3, 161.2, 188.9. 

7. 

(E)-1-(4-piperizinyl-phenyl)-

3-(3-fluoro-phenyl)-prop-2-

in-1-one 

1H NMR: δ 2.81 (4H, m), 3.08 (4H, m), 6.68 (1H, d, J = 

15.6 Hz), 6.93 (2H, m), 7.17 (2H, m), 7.45 (1H, d, J = 

15.6 Hz), 7.71-7.84 (4H, m); 13C NMR: δ 46.0, 48.3, 

112.0, 115.4, 121.2, 130.3, 130.4, 130.6, 135.5, 144.1, 

148.3, 162.5, 188.9. 

8. 

(E)-1-(4-amino-phenyl)-3-

(3-fluoro-phenyl)-prop-2-in-

1-one 

1H NMR: δ 6.71 (1H, d, J = 15.7 Hz), 6.90 (2H, m), 7.10-

7.28 (2H, m), 7.35-7.74 (5H, m); 13C NMR: δ 114.3, 

115.0, 115.4, 121.2, 127.2, 130.2, 130.6, 135.5, 136.8, 

144.1, 148.4, 161.2, 188.9. 

9. 

(E)-1-(4-amino-phenyl)-3-

(4-fluoro-phenyl)-prop-2-in-

1-one 

1H NMR: δ 6.67 (1H, d, J = 15.6 Hz), 6.90 (2H, m), 7.17 

(2H, d, J = 8.4), 7.43 (1H, d, J = 15.6 Hz), 7.60-7.84 (4H, 

m); 13C NMR: δ 114.3, 115.4, 121.2, 130.3, 130.4, 130.6, 

135.5, 144.1, 148.4, 162.5, 188.9. 

10. 

 (E)-1-(4-aminophenyl)-3-

(2-methyl-4-fluorophenyl)-

prop-2-en-1-one 

1H NMR: δ 2.41 (3H, s), 6.67 (1H, d, J = 15.7 Hz), 6.84-

7.15 (4H, m), 7.37-7.52 (2H, m), 7.67 (2H, m); 13C NMR: 

δ 20.0, 114.3, 115.1, 115.4, 121.2, 127.8, 128.4, 130.6, 

135.5, 136.3, 136.6, 148.4, 161.2, 188.9. 



28 

All ten synthesized morpholino chalcones were obtained by aldol condensation 

reaction (Claisen-Schmidt reaction) in yields of 50% to 85%. The synthesized 

compounds were characterized by NMR spectroscopy. The compounds were solid 

state. Due to the presence of the conjugated chromophore group phenyl-en-one, the 

chalcones were yellow to orange colored compounds. The presence of the alkenyl 

group provides the possibility of the existence of chalcones in the form of two 

geometric isomers. Based on the recorded proton spectra and the obtained values for 

the coupling constants of the hydrogen atoms of the alkenyl group (J = 15.0 to 16.0), it 

can be concluded that the synthesized chalcones were trans (E) isomers. 

After synthesis and characterization, the chromatographic behavior of the newly 

synthesized methylsulfonyl and amino chalcones was also examined under RP-TLC 

conditions. Silica gel C18, which is most commonly used in chromatographic testing 

of lipophilicity, was selected as the stationary phase. The mobile phase in RP-TLC is 

usually a two- or multi-component mixture of solvents, one of which is always water, 

and the other is an organic solvent – modifier. In order to examine the influence of the 

mobile phase on the retention of the compounds, three two-component solvent systems 

were used (methanol/water, acetonitrile/water and acetone/water). The results of the 

retention behavior of the compounds are shown in Table 3. 

Table 3. Rf values of synthesized chalcones 

Mobile 

phase 
% 1. 2. 3. 4. 5. 6. 7. 8. 9. 10. 

m
et

h
a

n
o

l 90 0,7857 0,8143 0,8571 0,7429 0,6429 0,1571 0,1714 0,6571 0,6857 0,6286 

80 0,5797 0,6812 0,6087 0,4927 0,4927 0,1286 0,1143 0,5714 0,5714 0,5000 

70 0,1714 0,3143 0,3571 0,1143 0,2286 0,0882 0,0735 0,2647 0,2941 0,2059 

60 0,0141 0,0704 0,3239 0,0563 0,1549 0,0714 0,0714 0,1000 0,1143 0,0714 

a
ce

to
n

e 

90 0,8261 0,8986 0,8986 0,8841 0,8261 0,7571 0,7643 0,8571 0,8857 0,8286 

80 0,4507 0,5915 0,4648 0,4084 0,5352 0,7714 0,7714 0,7429 0,7571 0,6929 

70 0,2899 0,4348 0,3188 0,2609 0,4058 0,6286 0,6286 0,5571 0,5714 0,5143 

60 0,0571 0,2000 0,1714 0,1571 0,3000 0,4786 0,4786 0,3857 0,4143 0,3429 

a
ce

to
n

it
ri

le
 

90 0,9136 0,9506 0,9630 0,9630 0,8642 0,8000 0,8143 0,8571 0,8571 0,8357 

80 0,7391 0,8696 0,8696 0,6957 0,6956 0,5500 0,5714 0,5714 0,5714 0,5286 

70 0,4571 0,6714 0,5286 0,4143 0,6429 0,4428 0,4571 0,4286 0,4429 0,3857 

60 0,1857 0,4000 0,4429 0,1714 0,4571 0,1000 0,1143 0,1571 0,1714 0,1286 

Based on the obtained results, RM values were calculated using formula (3) (Table 4). 

By comparing RM values, the influence of the proportion of the organic component in 

the mobile phase can be examined. Different RM values at the same volume ratios for 

different compounds, even structural analogues, can be explained by different 

interactions between the solvent and the test substance, as well as by the influence of 

the solvents used on the properties of the stationary phase. It can be seen from the 

attached table that the retention is strongest when methanol is used as the organic 

solvent, and weakest when acetonitrile, a solvent with higher elution power, is used. 
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Table 4. RM values of synthesized chalcones 

Mobile 

phase 
% 1. 2. 3. 4. 5. 6. 7. 8. 9. 10. 

m
et

h
a

n
o

l 90 -0,564 -0,642 -0,777 -0,461 -0,256 0,730 0,684 -0,282 -0,339 -0,228 

80 -0,140 -0,330 -0,192 0,013 0,013 0,831 0,889 -0,125 -0,125 0,000 

70 0,684 0,339 0,255 0,889 0,528 1,014 1,101 0,444 0,380 0,586 

60 1,845 1,121 0,320 1,224 0,737 1,114 1,114 0,954 0,889 1,114 

a
ce

to
n

e 

90 -0,676 -0,947 -0,947 -0,883 -0,676 -0,493 -0,511 -0,777 -0,889 -0,684 

80 0,086 -0,161 0,061 0,161 -0,061 -0,529 -0,527 -0,461 -0,493 -0,354 

70 0,389 0,114 0,330 0,452 0,166 -0,228 -0,228 -0,100 -0,125 -0,025 

60 1,218 0,602 0,684 0,730 0,368 0,037 0,037 0,202 0,150 0,282 

a
ce

to
n

it
ri

le
 

90 -1,022 -1,284 -1,420 -1,420 -0,804 -0,602 -0,642 -0,777 -0,777 -0,706 

80 -0,452 -0,824 -0,824 -0,360 -0,359 -0,087 -0,125 -0,125 -0,125 -0,050 

70 -0,726 -0,311 -0,050 0,150 -0,256 0,100 0,075 0,125 0,100 0,202 

60 0,642 0,176 0,100 0,684 0,075 0,954 0,889 0,730 0,684 0,831 

The calculated RM values were correlated with the percentage of organic solvent in the 

mobile phase using linear regression analysis. The equations of the lines are shown in 

Table 5. 

Table 5. Correlation of RM values with the proportion of organic solvent in the mobile phase 

Y = m*X+n (X is the proportion of organic solvent, Y are the RM values) 

Chlacones 
methanol acetone acetonitrile 

m n r m n r m n r 

1. -0,080 6,494 0,98 -0,059 4,743 0,97 -0,047 4,149 0,84 

2. -0,059 3,590 0,97 -0,049 3,593 0,98 -0,049 3,109 0,99 

3. -0,037 3,705 0,95 -0,052 3,903 0,95 -0,053 3,452 0,97 

4. -0,059 4,964 0,97 -0,051 3,962 0,94 -0,068 4,880 0,98 

5. -0,035 2,876 0,97 -0,034 2,468 0,92 -0,027 2,719 0,95 

6. -0,013 2,923 0,98 -0,019 3,115 0,93 -0,049 3,732 0,94 

7. -0,015 3,073 0,95 -0,019 3,150 0,94 -0,048 3,644 0,97 

8. -0,043 3,415 0,98 -0,039 3,190 0,99 -0,048 3,567 0,97 

9. -0,047 3,343 0,97 -0,035 3,274 0,99 -0,046 3,426 0,97 

10. -0,046 3,827 0,97 -0,032 3,225 0,99 -0,049 3,716 0,97 

The calculated value for the correlation coefficient r indicates a satisfactory correlation 

because all obtained values are greater than 0.8. The lipophilicity parameter RM
0, was 

determined by extrapolating the RM value to zero volume percentage of the organic 

component. The obtained values are shown in Table 6. 
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Table 6. RM0 values depending on the chosen solvent 

Chalcones 1. 2. 3. 4. 5. 6. 7. 8. 9. 10. 

methanol 6,494 3,59 3,705 4,964 2,876 2,923 3,073 3,415 3,343 3,827 

acetone 4,743 3,593 3,903 3,962 2,468 3,115 3,15 3,19 3,274 3,225 

acetonitrile 4,149 3,109 3,452 4,88 2,719 3,732 3,644 3,567 3,426 3,716 

LogP values (LogPMarvinSketch; LogPChemDraw) were obtained by two software packages 

(MarvinSketch; ChemDraw Ultra 7.0) and are shown in Table 7. 

Table 7. Theoretical LogP values 

Chalcones 1. 2. 3. 4. 5. 6. 7. 8. 9. 10. 

MarvinSketch 4,21 2,57 3,61 4,21 2,42 3,20 3,20 3,61 3,61 3,72 

ChemDraw 4,06 2,69 3,70 4,27 2,64 3,03 2,91 3,38 3,26 3,72 

The RM
0 parameter for each of the mobile phases was correlated with the software 

obtained LogP values and is presented in Table 8. 

Table 8. Correlation between experimentally calculated RM0 and obtained LogP values 

LogPtheoretical = m*LogPexp.+n 

Mobile phase LogPtheoretical m n r 

methanol 
LogPMarvinSketch 0,387 1,955 0,71 

LogPChemSketch 0,392 1,867 0,77 

acetone 
LogPMarvinSketch 0,679 1,084 0,70 

LogPChemSketch 0,666 1,061 0,73 

acetonitrile 
LogPMarvinSketch 0,811 0,415 0,84 

LogPChemSketch 0,880 0,232 0,85 

Conclusion 

Methylsulfonyl and amino chalcones were synthesized and characterized by NMR and 

MS/MS spectroscopic methods. The lipophilicity parameter of the synthesized 

compounds was determined by RP-TLC method and the obtained experimental values 

were correlated with the values obtained by using two software packages ChemDraw 

Ultra 7.0 and MarvinSketch. The best correlation (r=0.85) was achieved with the 

theoretically calculated values for the LogP values obtained using the software package 

ChemDraw Ultra 7.0, which means that this software package could be used for 

calculating the LogP values of newly synthesized methylsulfonyl and amino chalcones. 
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Abstract 

Insomnia is one of the most prevalent sleep disorders, affecting approximately 10–30% 

of the global population according to the World Health Organization. While 

psychological interventions such as cognitive-behavioral therapy and sleep hygiene 

education are the preferred long-term treatments, pharmacological agents—

particularly hypnotics—are often employed for their rapid onset of action. Zolpidem, a 

representative of the “Z-drugs” class, exhibits similar pharmacological properties to 

benzodiazepines and is primarily used for short-term management of insomnia. 

However, due to its increasing use and potential for abuse, acute zolpidem poisoning 

has become a significant clinical concern. Determining zolpidem concentration in 

biological matrices is critical for assessing its therapeutic and toxic effects, 

particularly in emergency toxicology settings. This study aimed to develop and validate 

a highly sensitive and specific LC-MS/MS method for quantifying zolpidem in human 

serum, particularly in patients presenting with acute intoxication. The method involved 

solid-phase extraction following protein precipitation, with chromatographic 

separation performed on a C18 column (1.7 µm, 2.1 x 100 mm) using isocratic elution. 

Validation was carried out in accordance with European Medicines Agency (EMA) 

guidelines. Statistical evaluation confirmed that the method is precise, accurate, 

selective, and rapid. The method was successfully applied to real patient samples, 

demonstrating its utility in routine clinical toxicology laboratories. 

Keywords: acute poisoning, Z-drugs, zolpidem, LC-MS/MS, substance abuse. 

Introduction 

Insomnia is one of the most prevalent sleep disorders, affecting up to 30% of the global 

population. It is more frequently observed in individuals over 65 years of age, with a 

higher prevalence among women and those with comorbid medical or psychiatric 

conditions (American Academy od Sleep Medicine, 2014; Worl Health Organization, 

2023). Pharmacological treatment is generally reserved for short-term or acute 

insomnia, whereas chronic insomnia is managed with a combination of 

pharmacological and psychological interventions. 
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Hypnotic medications are the primary pharmacological agents used to induce and 

maintain sleep. These include benzodiazepines and a newer class of agents known as 

non-benzodiazepine hypnotics or “Z-drugs” (zolpidem, zaleplon, eszopiclone) 

(Schifano and Chiappini, 2020). Both classes act on the GABA_A receptor complex, 

enhancing inhibitory neurotransmission (Riss et al., 2008). Z-drugs were developed to 

provide a rapid onset of action and shorter half-life, with fewer residual effects and a 

reduced potential for dependence compared to traditional benzodiazepines. 

 

Picture 1. Structure of the GABA receptors with possible combination of different subunits 

Zolpidem is an imidazopyridine hypnotic approved for the short-term treatment of 

insomnia. It is rapidly absorbed following oral administration, with peak plasma 

concentrations typically reached within 1.6 hours. It undergoes hepatic metabolism to 

inactive metabolites and is primarily excreted via the urine (Holm and Goa, 2000). 

Despite its favorable pharmacokinetics, zolpidem is associated with adverse effects, 

particularly when misused or combined with other central nervous system (CNS) 

depressants such as benzodiazepines, antidepressants, opioids, or alcohol (Gunja, 

2013). 
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Picture 2. Metabolism of zolpidem 

Toxic effects are generally an extension of zolpidem’s pharmacological action and 

primarily involve the CNS and cardiovascular system. Symptoms may include 

sedation, ataxia, slurred speech, hallucinations, and in severe cases, respiratory 

depression. Flumazenil, a competitive GABA receptor antagonist, may be used as an 

antidote in severe intoxications (National Library of Medicine). 

Given the growing incidence of zolpidem misuse and its role in poly-drug poisonings, 

precise and rapid quantification in biological samples is essential for patient 

management. 

This study aimed to develop and validate a robust LC-MS/MS method for the 

determination of zolpidem concentrations in the serum of patients with suspected acute 

poisoning. 

Materials and Methods 

Blood samples were collected from patients with suspected zolpidem poisoning. 

Samples were processed using solid-phase extraction (SPE) on Oasis HLB cartridges 

after the addition of zopiclone as an internal standard and protein precipitation. 

Analysis was performed using UPLC-MS/MS. Chromatographic separation was 

achieved on a C18 column (1.7 µm, 2.1 × 100 mm) using an isocratic mobile phase 

composed of 5 mmol/L ammonium acetate buffer (pH 3.5) and 0.1% acetic acid in 

acetonitrile (20:80, v/v), with a constant flow rate. 

Detection was carried out using a triple quadrupole mass spectrometer in positive 

electrospray ionization mode (ESI+). The monitored transitions were m/z 235 → 92 for 

zolpidem and m/z 245 for the internal standard. The retention times were 0.66 minutes 

for zolpidem and 0.65 minutes for zopiclone. Picture 3. shows chromatogram of serum 

spiked with zolpidem and internal standard. 
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Picture 3. Chromatogram of serum spiked with zolpidem and zopiclone in concentration of 0.1 

mg/L 

The method was validated according to EMA guidelines for bioanalytical method 

validation (EMA, 2011). Parameters assessed included linearity, accuracy, precision, 

limit of detection (LOD), limit of quantification (LOQ), extraction recovery, and 

matrix effects. 

Results 

The extraction recovery for zolpidem was approximately 82%. The method showed 

excellent linearity in the concentration range of 0.05–2.0 mg/L, with an LOD of 0.0034 

mg/L and an LOQ of 0.0114 mg/L. 

Table 1. presents the serum concentrations of zolpidem in samples collected from 

patients admitted to the National Center for Poison Control (NCTC) at the Military 

Medical Academy (MMA) in 2023. 

Table 1. Serum concentrations of zolpidem in acutely poisoned patients (NCTC, MMA, 2023) 

Number of sample 
Zolpidem concentration, 

(mg/L) 

1 1,26 

2 0,85 

3 0,75 

4 1,60 

5 1,50 

6 0,73 

7 1,0 

8 6,52 

9 0,77 
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Discussion 

According to NCTC reports, drug poisonings are a major cause of hospitalization 

among intoxicated patients (National Center for Poison Control, 2023). Psychoactive 

medications, particularly benzodiazepines, remain the leading cause of such poisonings 

in Serbia. Zolpidem was detected either alone or in combination with other CNS 

depressants in numerous cases between 2018 and 2022. 

In the majority of cases, toxic zolpidem concentrations (>0.5 mg/L) were observed, 

whereas therapeutic concentrations (0.08–0.15 mg/L) were much less frequently 

detected. Zolpidem was the single toxic agent in approximately 10% of cases, while in 

nearly 30% of hospitalized cases it contributed significantly to the severity of mixed 

drug poisonings. 

Most patients who overdosed had a history of substance abuse or psychiatric disorders. 

Zolpidem was frequently detected alongside benzodiazepines (notably bromazepam, 

diazepam, alprazolam), antidepressants, antipsychotics, and ethanol (National Center 

for Poison Control, 2023). Females and individuals with mental health disorders were 

disproportionately affected. 

The highest recorded serum zolpidem concentration was 6.52 mg/L in a 48-year-old 

male patient, significantly exceeding the reported lethal threshold (2–4 mg/L) (Isbister 

et al., 2008). This patient had also ingested toxic concentrations of quetiapine (1.88 

mg/L), diazepam (2.71 mg/L), and alprazolam (0.28 mg/L). Intensive care was 

required, but the patient ultimately recovered fully. 

Notably, there was no direct correlation between serum zolpidem concentration and 

level of consciousness, suggesting potential tolerance and chronic misuse in many 

patients. One-third of the cases exhibited severe clinical manifestations requiring 

intensive treatment, often due to the synergistic effects of multiple CNS depressants. 

Conclusion 

The increasing incidence of zolpidem-related poisonings underscores the importance of 

rapid and accurate determination of this drug in clinical toxicology. The validated LC-

MS/MS method presented here is fast, precise, and suitable for the quantification of 

both therapeutic and toxic concentrations of zolpidem in human serum. This method 

represents a valuable tool in the management of acute poisonings and supports timely 

and informed clinical decision-making. 
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Abstract 

Introduction: Acute poisonings with psychoactive substances (PAS) represent a 

significant public health concern, associated with considerable morbidity, mortality, 

and the need for urgent medical care. The aim of this study was to analyze five-year 

trends in the etiological profile, clinical severity, and outcomes of acute PAS 

poisonings in Serbia. 

Methods: A retrospective observational study was conducted based on data from the 

National Poison Control Center for the period 2019–2023. Patients over 14 years of 

age diagnosed with acute PAS poisoning were included. Substances were categorized 

into five main groups, and poisoning severity was assessed using the Poisoning 

Severity Score (PSS). 

Results: A total of 1,426 cases were recorded. Heroin was the leading agent from 2019 

to 2022, but a marked decline was observed in 2023 (from 30.9% to 17.2%). 

Simultaneously, cocaine poisonings significantly increased, reaching 32.0% in 2023. 

Amphetamine-type stimulant poisonings also showed a rising trend (from 18.7% to 

29.2%). Most cases were of mild severity (PSS 1 – 72.5%), while the overall mortality 

rate was 0.8%, with the majority of deaths linked to heroin (72.7%). 

Conclusion: The findings highlight substantial changes in the spectrum of agents 

causing acute PAS poisonings, with a growing predominance of stimulants and a 

decline in heroin-related cases. These trends underscore the need for continuous 

toxicovigilance and adaptation of preventive and therapeutic strategies in line with the 

evolving drug landscape. 

Keywords: acute poisoning; psychoactive substances; epidemiology; hospitalization; 

mortality. 

Introduction 

The misuse of psychoactive substances (PAS) remains a significant global public 

health concern, contributing substantially to morbidity, mortality, and healthcare 

burden. Acute poisonings with PAS represent the most severe clinical manifestations 

of substance use, often requiring emergency medical intervention and intensive care, 

and are frequently associated with high-risk behaviors, polydrug use, and psychiatric 

comorbidities (Darke et al., 2007; Schifano et al., 2015). 
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While global attention has historically centered on opioid-related harms, recent years 

have witnessed a diversification in the spectrum of substances implicated in acute 

toxicities. In particular, stimulants such as cocaine and amphetamine-type substances, 

as well as novel psychoactive substances (NPS), have emerged as increasingly 

prevalent agents in emergency toxicology settings across Europe and beyond 

(EMCDDA, 2023; Mounteney et al., 2015). These shifts reflect dynamic changes in 

drug markets, availability, and user preferences, underscoring the need for ongoing 

toxicovigilance and data-driven public health interventions. 

National toxicological surveillance systems are essential for monitoring trends in 

substance-related harms, guiding resource allocation, and informing harm-reduction 

policies. However, in many countries, including those in Southeast Europe, there is a 

paucity of longitudinal, population-level data on the etiologic spectrum, clinical 

severity, and outcomes of PAS poisonings. 

The aim of this study was to analyze five-year trends (2019–2023) in acute poisonings 

with psychoactive substances based on data from the National Poison Control Center 

(NPCC). Specifically, the study sought to: (1) identify the most frequently involved 

toxic agents, (2) assess changes in substance-related prevalence over time, (3) evaluate 

poisoning severity and mortality, and (4) examine risk behaviors and age-related 

patterns. The findings are intended to contribute to the understanding of local and 

regional substance use dynamics and to support the development of evidence-based 

preventive and therapeutic strategies. 

Materials and Methods 

Study Design and Data Source This retrospective observational study analyzed data on 

acute poisonings with psychoactive substances (PAS) recorded between January 1, 

2019, and December 31, 2023. All data were extracted from the centralized database of 

the Toxicology and Information Department NPCC, which systematically collects, 

stores, and monitors poisoning-related cases reported. 

The database contains standardized toxicological reports, including demographic 

details, clinical presentation, toxicological agents involved, severity assessment, and 

treatment outcomes. Data were anonymized prior to analysis. 

Inclusion and Exclusion Criteria 

The study included all cases that met the following criteria: 

• Acute poisoning due to a psychoactive substance, as reported and classified in 

the toxicological database 

• Clinical manifestation consistent with PAS intoxication 

• Sufficient documentation for etiologic classification and severity assessment 

• Patients aged 14 years and older 

Cases were excluded if they involved chronic substance use without acute intoxication, 

poisoning with non-psychoactive agents (e.g., pesticides, household chemicals), or 

lacked key data for classification. 
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Classification of Agents and Clinical Assessment Substances were grouped into five 

major categories based on clinical and/or toxicological confirmation: 

• Heroin 

• Cocaine 

• Amphetamines/methamphetamines/MDMA 

• Cannabis/marijuana 

• Unknown agents 

Where multiple substances were detected, classification was based on the presumed 

dominant clinical effect or primary agent involved. 

The Poisoning Severity Score (PSS) was used to quantify the severity of each case, as 

follows: 

• PSS 1: Mild symptoms 

• PSS 2: Moderate symptoms 

• PSS 3: Severe/life-threatening symptoms 

• PSS 4: Death 

This scoring system is internationally validated and used for comparative 

toxicovigilance analyses (Persson et al., 1998). 

Variables and Outcomes 

Collected variables included: 

• Year of poisoning 

• Age and sex 

• Identified toxic agent(s) 

• Severity score (PSS) 

• Outcome (recovery, hospitalization, death) 

• High-risk behaviors (e.g., body stuffing) 

Mortality was analyzed through case fatality rate (CFR) calculations per agent. 

Hospitalization rates and severity distributions were also assessed. 

Statistical Analysis 

Descriptive statistics were used to present the data. Frequencies and percentages were 

calculated for categorical variables, and means with standard deviations for continuous 

variables. Temporal trends across the five-year period were analyzed using chi-square 

tests for trend, and relative percentage changes were computed to assess increases or 

decreases in specific agent-related poisonings. 

All analyses were conducted using IBM SPSS Statistics version 26.0 (IBM Corp., 

Armonk, NY, USA). Statistical significance was set at p < 0.05. 

Ethical Considerations 

As the data were anonymized and collected for surveillance and research purposes 

from a national toxicological registry, individual informed consent was not required. 
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The research complies with the ethical principles outlined in the Declaration of 

Helsinki. 

Results 

Temporal Trends in Etiologic Agents of Acute PAS Poisonings (2019–2023) 

A total of 1,426 cases of acute poisonings with psychoactive substances (PAS) were 

recorded during the five-year period. Annual case distribution was as follows: 369 

cases in 2019, 269 in 2020, 325 in 2021, 333 in 2022, and 330 in 2023. 

As shown in Table 1, heroin was the leading toxic agent from 2019 through 2022, with 

the highest proportion observed in 2020 (42.7%). A significant relative decrease in 

heroin-related poisonings occurred in 2023, dropping from 30.9% in 2022 (103/333) to 

17.2% in 2023 (43/330)—a 44.3% relative decrease. 

Conversely, cocaine-related poisonings markedly increased over the study period. 

From an initial absence in 2019, cocaine cases rose to 80 in 2023, accounting for 

32.0% of all poisonings that year, indicating an absolute increase of 32 percentage 

points. 

Amphetamine-type stimulants (ATS)—including methamphetamine and MDMA—

also showed an upward trend, rising from 18.7% in 2019 (69/369) to 29.2% in 2023 

(73/330), corresponding to a 56.1% relative increase. 

Cannabis-related poisonings remained relatively stable, ranging between 11.9% and 

17.7% of total cases annually. The average annual proportion was approximately 

15.1%, with the highest rate recorded in 2022 (17.7%). 

GHB and LSD cases appeared sporadically, with the majority of GHB poisonings 

occurring in 2021–2023 (n=35), while LSD was only reported in 2022 (n=4). 

The "unknown/other substances" category, indicative of either diagnostic limitations or 

emerging novel psychoactive substances (NPS), accounted for a notable share in the 

earlier years—especially in 2019 (10.3%) and 2020 (10.4%)—but was not reported in 

2022 and 2023. 

Table 1. Annual distribution of poisonings by leading psychoactive substances (2019–2023) 

Year 
Heroin n 

(%) 

Cocaine n 

(%) 

ATS* n 

(%) 

Cannabis n 

(%) 

GHB 

n 

LSD 

n 

Unknown/Other n 

(%) 

2019 
148 

(40.1%) 

53 

(14.4%) 

69 

(18.7%) 

44  

(11.9%) 
– – 

38  

(10.3%) 

2020 
115 

(42.7%) 

35 

(13.0%) 

53 

(19.7%) 

34  

(12.6%) 
4 – 

28  

(10.4%) 

2021 
121 

(37.2%) 

31 

(9.5%) 

71 

(21.8%) 

57  

(17.5%) 
10 – 

22  

(6.8%) 

2022 
103 

(30.9%) 

61 

(18.3%) 

58 

(17.4%) 

59  

(17.7%) 
13 4 – 

2023 
43 

(17.2%) 

80 

(32.0%) 

73 

(29.2%) 

40  

(16.0%) 
12 – – 

ATS – Amphetamine-type stimulants (includes amphetamine, methamphetamine, and 

combinations) 
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Out of all cases, the distribution by Poisoning Severity Score (PSS) was as follows: 

• PSS 1 1034 cases (72,5%) 

• PSS 2: 176 cases (12,3%) 

• PSS 3: 207 cases (14,5%) 

• PSS 4: 11 cases (0,8%) 

 
Graph 1. Severity of Poisoning and PSS Trends 

Mortality and Lethality Analysis 

The overall case fatality rate (CFR) for acute poisonings with psychoactive substances 

over the five-year period was 0.8% (11 deaths out of 1,426 cases). The majority of 

fatalities were associated with heroin, which accounted for 8 out of 11 deaths (72.7%). 

In 2019, there were two heroin-related deaths, while in 2020, heroin was responsible 

for all six recorded fatalities, resulting in a case fatality rate for heroin that year of 

11.1% (6/54). No deaths were recorded in 2021. 

In 2022, there was one fatality linked to cocaine, while in 2023, two deaths were 

reported—one caused by cocaine and one by amphetamine. 

No fatalities were attributed to synthetic cannabinoids or other psychoactive agents 

during the study period. 

Hospitalization and Risk Behaviors 

Hospitalization occurred in 24 cases (3.7%), with highest annual hospitalization rate 

observed in 2021 (5.6%). Among hospitalized cases, 70.8% were classified as PSS 3 or 

4, suggesting hospital admissions were generally reserved for more severe poisonings. 

Body stuffing was documented in 4 cases, all involving cocaine or heroin. Three of 

these cases resulted in PSS 3 outcomes, indicating a high-risk profile. 

Age Group Trends 

While the majority of cases (91.2%) occurred in individuals aged 19–65, adolescents 

(≤18 years) accounted for 26 cases (4.0%), most commonly involving marijuana 

(n=16) and amphetamines (n=4). There were no fatal outcomes in this age group. 
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Discussion 

The analysis of acute poisonings with psychoactive substances (PAS) in Serbia over a 

five-year period (2019–2023) revealed several important epidemiological and clinical 

trends. The overall incidence remained relatively stable, averaging approximately 285 

cases annually, indicating persistent levels of acute PAS-related toxicities. This trend is 

consistent with European data suggesting that, despite dynamic changes in substance 

markets, overall prevalence of acute toxic exposures has reached a plateau in some 

regions (Simonsen et al., 2016). 

Heroin was the leading causative agent throughout most of the study period. However, 

its marked decline in 2023—a 47.1% reduction compared to 2022—suggests a possible 

shift in local drug supply or user preferences. Similar reductions in heroin-related 

harms have been observed in parts of Western Europe, often linked to reduced 

availability and increased competition from stimulants and synthetic substances 

(Mounteney et al., 2015; Ciccarone, 2017). In contrast, cocaine-related poisonings 

more than doubled, rising from 14.4% of all cases in 2019 to 32.0% in 2023, reflecting 

a significant increase in stimulant use. This trend corresponds with broader European 

observations of increasing cocaine purity and consumption (EMCDDA, 2023). 

Poisonings caused by amphetamine-type stimulants (including amphetamine and 

MDMA) also rose over the study period, with a 56.1% relative increase, paralleling 

data from other EU countries showing rising amphetamine use (Schifano et al., 2015). 

Conversely, cannabis-related poisonings remained relatively steady, supporting its 

lower acute toxicity and stable prevalence (Hall & Degenhardt, 2014). 

In terms of severity, heroin was again the most concerning, with 23.1% of heroin-

related cases classified as severe (PSS 3), confirming its known potential for life-

threatening respiratory depression (Darke et al., 2007). Stimulants such as cocaine 

(17.9%) and amphetamines (17.5%) were also associated with high severity profiles, 

especially in cases involving large doses or concurrent substance use (Bachi et al., 

2017). In contrast, cannabis was associated with the lowest proportion of severe 

poisonings (5.2%), reinforcing its relatively benign acute toxicological profile 

(Winstock et al., 2015). 

The overall case fatality rate (CFR) across the study was 0.8% (11 deaths among 1,426 

cases), which is within the range reported in previous studies on acute recreational drug 

poisonings (Tjaderborn et al., 2017). Heroin was implicated in 8 of the 11 deaths 

(72.7%), including 2 deaths in 2019 and 6 deaths in 2020, the latter corresponding to a 

CFR of 11.1% (6/54) for heroin in 2020. No fatalities were recorded in 2021. In 2022, 

a single fatal case was associated with cocaine, while in 2023, one death each was 

attributed to cocaine and amphetamine. These findings align with data indicating that, 

although stimulants are less commonly fatal than opioids, they can cause lethal 

outcomes through mechanisms such as hyperthermia, arrhythmias, or seizures (Henry 

et al., 1992). 

The hospitalization rate was relatively low at 3.7%, with admissions primarily reserved 

for severe poisonings (PSS 3). This suggests efficient triage and appropriate use of in-

patient care. Notably, several of the most severe cases involved individuals who had 
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engaged in body stuffing, a practice linked to high morbidity and mortality, especially 

when attempted during law enforcement encounters (Nor et al., 2012). 

Adolescents (≤18 years) constituted a small portion of the total cases (4%), primarily 

involving cannabis and amphetamine exposures, with no recorded fatalities. These 

outcomes are consistent with earlier research indicating lower severity and better 

prognosis among youth exposures (Spiller et al., 2009). Nonetheless, the presence of 

stimulant poisonings in this age group signals the need for early prevention strategies, 

particularly in light of increasing stimulant use among European adolescents (ESPAD 

Group, 2019; Wood et al., 2014). 

Overall, the findings underscore the evolving nature of psychoactive substance use and 

its toxicological consequences. The decline in heroin use, alongside the rise in 

stimulant-related poisonings, calls for adaptive public health responses, including 

toxicovigilance, enhanced clinical preparedness, and dynamic substance monitoring 

systems. Proactive measures are needed to address not only the shifting epidemiology 

but also the broader social and clinical risks posed by emerging trends in PAS abuse. 
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Abstract 

The red pepper contains (Capsicum annuum L.) of the nutritional phytochemicals, such 

as carotenoids, which are strong antioxidant agents. The present study aimed to 

determine the total carotenoid and β-carotene contents of the crushed and grounded 

red pepper as well as their aqueous and ethanol extracts. 

Keywords: Carotenoids; β-carotene; Extraction; Red Pepper. 

Introduction 

Carotenoids are polyunsaturated hydrocarbons containing 40 carbon atoms per 

molecule (C40Hx) and variable numbers of hydrogen atoms. Some carotenes are 

terminated by rings which are on one or both ends of the molecule. All are colored 

(yellow/orange/red) due to the presence of conjugated double bonds. The main sources 

of carotenoids are fruits, vegetables, algae, insects, and fungi. 

Chemically, the carotenoids are tetraterpene derivatives; they are produced from 8 

isoprene molecules (Alizadeh-Sani et al., 2020) (Figures 1 and 2). Carotenoids are 

divided into two classes according to the functional groups in the molecular chain: 1) 

the carotenes contain a parent hydrocarbon chain only, like α-carotene, β-carotene, and 

lycopene; 2) xanthophylls contain oxygen, including lutein. The carotenoids are 

pigments that have a prevention role in some diseases such as cancer, heart disease and 

cataracts, and they also perform excellent antioxidant, antimicrobial and anti-

inflammatory properties (Koop et al., 2022). 

Figure 1. Chemical structures of typical carotenes 

Maoka, 2020 
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Figure 2. Chemical structures of typical xanthophylls 

Maoka, 2020 

Carotenes can be found in plants in two primary configurations: α-carotene and β-

carotene. Carotenes are fat-soluble and thus insoluble in water. On the other hand, 

xanthophylls are hydrophilic. The carotenes are efficient antioxidant agents, which can 

scavenge the singlet oxygen and reduce oxidative stress as well to retard the growth of 

cancerous cells. 

Carotenoids, due to their nutritional characteristics and possible role in prevention and 

also in protection against degenerative diseases, draw the attention of different 

researchers. Β-carotene is known as provitamin A and is a major source of vitamin A 

for humans. The presence of vitamin A in pepper is due to the high content of carotene 

(β-carotene) and cryptoxanthin. It has also been found that ripe pepper fruits contain 

almost the same amount of vitamin A as carrots (Ivanova et al., 2023). Red peppers 

mainly contain the capsanthin and capsoroubin, together with-carotene, β-

cryptoxanthin, lutein, zeaxanthin, antheraxanthin and violaxanthin (Mohd Hassan et 

al., 2019). Profile and levels of carotenoid composition change significantly during the 

ripening red pepper. It is of crucial importance to review the role of red pepper as a 

source for natural carotenoids. The most common way of obtaining carotenoids is their 

extraction from plant material, which is based on physicochemical processes. This 

research examined the carotenoid and β-carotene contents of the red pepper: crushed 

and grounded. Also, it is necessary to develop extraction techniques to obtain higher 

quality extracts rich in the compounds of interest. Therefore, the aim of this study was 

to apply techniques to the extraction of carotenoids from red peppers by ultrasonic-

assisted methods. 

Materials and Methods 

Sample collection and extraction of red pepper 

The samples used in this study were crushed and ground red peppers from farm 

Jakovljević of Serbia. The material was purchased from a commercial organic food 

store in Serbia (Figure 3). Ground and crushed pepper is a product obtained by 

grinding the ripe fruits of the pepper plant (Capsicum annuum L.), in which the 
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pericarp and seeds are ground. Data of maturity stage fruits pepper, growing 

conditions, harvesting and post-harvest handling was not available. 

  

Figure 3. The sample of pepper hot: the red pepper crushed ground (left) and the red pepper 

ground (right) 

The extraction was performed using an ultrasonic-assisted extraction (UAE) method. 

Indirect ultrasonication was performed using an ultrasonic bath with a thermostat 

(Sonic, Niš, Serbia, power 120 W, frequency 40 kHz). The ground material was mixed 

with solvent (ethanol at concentrations of 70% (v/v) or water) at solvent-to-solid ratios 

of 10, kg kg-1, in a reflux appliance. Ultrasonic-assisted extraction was performed for 

80 min at 20 °C, and the obtained suspension was vacuum filtered. The solvent was 

removed from the filtrate in a rotary vacuum evaporator and the extract was dried at 60 

°C to constant weight. The mass extracted from dry plant material defines the 

extraction yield. Each extractive modality was repeated twice. 

Determination of carotenoids and β-carotene content 

The 1 g of pepper red or 10 cm3 extract of pepper hot was immersed in 45 cm3 of 

methanol/petroleum ether (2:1) mixture. The extraction was carried out for 30 min. The 

extract was decanted through filter paper into a separating funnel and 40 cm3 of a 30% 

solution of NaCl was added. The petroleum-ether layer was containing a mixture of 

pigments, chlorophyll forms and carotenoids (carotenes and xanthophylls). For 

determination of carotenoid content, 1 cm3 of obtained extracts was evaporated at 40 

°C. The dry extract was dissolved in acetone in a 10 cm3 volumetric flask. The 

absorbance of this solution was measured in a 1.0 cm quartz cell at 662, 644 and 440 

nm (SPECO1 VIS spectrophotometer). 

For determination of β-carotene content, dry extract obtained by evaporation of 1 cm3 

of extracts obtained according to the procedure described above at 40 °C, was 

dissolved in a mixture of acetone: hexane (4:6) in a 10 cm3 volumetric flask. The 

absorbance was measured at 663, 645, 505 and 453 nm in a 1.0 cm quartz cell 

(SPECO1 VIS spectrophotometer). 
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Results and Discussion 

The extraction conditions and extraction yield are shown in Table 1. The highest 

extraction yield was achieved when water was used, while the lowest one was obtained 

when ethanol was used. 

Particle size significantly affects the yield of red pepper. The small size of ground red 

pepper gave the high extraction yield. The yield of ground red pepper produced using 

ethanol is not significantly different from the yield of crushed red pepper produced 

using water. 

Table 1. The extraction conditions and extraction yield 

The extract 

of 

Time 

extraction,min 

Temperature 

extraction, 

oC 

Technique 

extraction 

Solvent 

extraction 

Extraction 

yield, mg 

dm-3 

crushed red 

pepper 
80 20 UAE⁎ C2H6O 24.0 

crushed red 

pepper 
80 20 UAE⁎ H2O 30.0 

ground red 

pepper 
80 20 UAE⁎ C2H6O 30.0 

ground red 

pepper 
80 20 UAE⁎ H2O 39.0 

⁎ultrasonic-assisted extraction 

In the prepared samples (section 2.2), the absorption at different wavelengths was 

measured. The measurement results are shown in Table 2. The content of carotenoids 

and β-carotene was calculated by equations 1 and 2. 

Table 2. The measured absorbance 

Sample A662 A644 A440 A663 A645 A505 A453 

The crushed red pepper / / 1.302 0.001 0.001 0.784 1.482 

Extract of crushed red 

pepper (Et) 
/ / 0.175 0.002 / 0.089 0.190 

Extract of crushed red 

pepper (H2O) 
0.003 0.004 0.250 0.001 0.002 0.155 0.295 

The ground red pepper 0.018 0.14 0.840 0.017 0.007 0.501 0.886 

Extract of ground red 

pepper (Et) 
0.005 0.003 0.053 0.005 0.002 0.019 0.048 

Extract of ground red 

pepper (H2O) 
0.001 0.001 0.156 0.002 0.001 0.090 0.165 

Concentration of carotenoids in mg dm−3 was calculated from Holm (1954) and 

Wettstein (1957) equations: 

𝑐𝑎𝑟𝑜𝑡𝑒𝑛𝑜𝑖𝑑𝑠 = 4.695 ∙ 𝐴440 − 0.268 ∙ (5.134 ∙ 𝐴662 + 20.436 ∙ 𝐴644)  (1) 

β-carotene concentration in mg dm−3 was calculated from the equation suggested by 

Nagata and Ymashita (1992): 

𝛽 − 𝑐𝑎𝑟𝑜𝑡𝑒𝑛𝑒 = 10 ∙ (0.216 ∙ 𝐴663 − 1.22 ∙ 𝐴645 − 0.304 ∙ 𝐴505 + 0.452 ∙ 𝐴453) (2) 
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Table 3. The carotenoid and β-carotene contents in samples of red pepper with the coefficients 

of extraction 

Sample 

Carotenoids β-carotene 

Content, 

mg dm-3 

Extraction 

coefficient, % 

Content, 

mg dm-3 

Extraction 

coefficient, % 

The crushed red pepper 6.113 / 4.305 / 

Extract of crushed red 

pepper (Et) 
0.822 13.4 0.930 13.8 

Extract of crushed red 

pepper (H2O) 
1.148 18.8 0.840 19.5 

The ground red pepper 3.152 / 2.433 / 

Extract of ground red 

pepper (Et) 
0.226 7.2 0.146 6.0 

Extract of ground red 

pepper (H2O) 
0.726 23.0 0.464 19.1 

The carotenoid and β-carotene contents in samples of red pepper with the coefficients 

of water and ethanol extraction are presented in Table 3. The highest carotenoid and β-

carotene content was found the crushed red pepper (Table 3). The carotenoid and β-

carotene content is reported to be lower in extracts of ground red pepper to compared 

extracts of crushed red pepper. The carotenoid and β-carotene content of aqueous 

extract of two types of pepper was higher compared to the ethanol extracts. The 

ethanol extract of ground red pepper exhibited the lowest carotenoid and β-carotene 

content. 

The ethanol and aqueous extraction coefficients of carotenoids and β-carotene were 

determined based on their contents in the red pepper samples (Section 2.2). The 

carotenoids and β-carotene had high extraction coefficient in water (Table 3). The 

carotenoids and β-carotene had somewhat higher extraction coefficient in water 

relative to ethanol for crushed red pepper (Table 3). We found a significantly lower 

extraction coefficient for carotenoids and β-carotene in ethanol relative to water for 

ground red pepper (Table 2). However, we found a similar extraction coefficient for β-

carotene in water for crushed and ground red pepper (Table 3). 



51 

 

Figure 4. Ratio of carotenoids to β-carotene 

The ratio of carotenoids to β-carotene was in the range from 1.3 to 1.6 (Figure 4). 

Extracts of ground red pepper had highest ratio of carotenoids/ β-carotene. Ilić et al. 

(2017) reported similarly that the contents of carotenoids/ β-carotene for lettuce. 

The contents of carotenoids and the composition of carotenoids in the extract are 

influenced by the starting plant material, the solvent for extraction and the types of 

extraction techniques. These factors are responsible for the amount of extracted 

carotenoids obtained and determine the composition of carotenoids (Stanišić, 1987). 

The highest yield of carotenoids and β-carotene was achieved when water was used, 

while the lowest one was obtained when 70% (v/v) ethanol was used. It is shown that 

solvent polarity plays an important role in solubility, especially when using ultrasonic-

assisted extraction, as in this study. 

The analyzed red pepper samples had the highest total carotenoid content in crushed 

(917 µg g-1) and in grounded (472.8 µg g-1) red pepper. Similar observations were 

reported by Babanovska-Milenkovska et al. (2022) for peppers products of the variety 

Horgosh (fresh, pasteurized, frozen and dried) (575.76 - 690.15 µg g-1 µg g-1). 

Grounded and crushed red peppers are both spicy ingredients that are different. 

Crushed red pepper is made by crushing dried red peppers and typically contains the 

seeds and flakes as well. A key difference between grounded and crushed red pepper is 

the texture. Grounded red pepper is a fine powder, while crushed red pepper has a 

coarse, flaky texture. This difference is a reason for the different content of bioactive 

compounds in grounded and crushed red peppers. Also, fruits of red pepper can vary 

significantly in color, shape, and size both between and within the species (Arimboor 

et al., 2015). However, reports on the detailed carotenoid composition of red pepper 

varieties and their growing conditions are limited. 
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Conclusion 

The importance of red pepper is reflected in its high nutritional and biological value. 

Carotenoids are pigments responsible for the red peppers color. They are present in 

relatively high amounts in the crushed and grounded red pepper as well as their 

extracts. Red peppers and their water extracts indicate a great potential a source of 

carotenoids. Carotenoids have been shown to have an antioxidant effect (Edge et al., 

1997) and a possible role in prevention and protection against degenerative diseases 

(Gale et al., 2003; Maoka et al., 2001; Tang et al., 2005; Voutilainen et al., 2006). 
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Abstract 

Radiopharmaceuticals employed in nuclear medicine have been designed to visualize 

physiological and pathological processes occurring within a living organism. The 

present study aimed to examine distribution of radiopharmaceuticals: 99mTc-sodium 

pertechnetate, 99mTc-dimercaptosuccinic acid and 99mTc-tin colloid in healthy Wista 

rats. 

Keywords: Distribution; Technetium-99m; Radiopharmaceutical. 

Introduction 

Nuclear medicine imaging is a method of producing images by detecting radiation 

from different parts of the body after a radioactive tracer is given to the patient. 

Doctors can track the movement of these radioactive traces using advanced cameras 

specially designed for this purpose. A radioactive tracer- radiopharmaceutical is a 

radioactive compound used for the diagnosis and therapeutic treatment of human 

diseases. Nearly 80% of radiopharmaceuticals used in nuclear medicine are 

technetium-99m (99mTc)-labeled compounds (Rajković et al., 2024). The 99mTc-based 

radiopharmaceuticals are used to diagnose disease across various tissue and organ 

systems. 

The 99mTc used in nuclear medicine is produced by radioactive decay of molybdenum-

99 (99Mo) in 99Mo/99mTc generator. 99Mo decays with about a 66 h half-life by emitting 

a beta particle (an electron). The 88% of these beta emissions results in a daughter 
99mTc in an excited nuclear state (metastable state) decays with the characteristic half-

life of 6 h. The molybdenum-99 (parent radionuclide) can be produced through neutron 

activation or induced nuclear fission processes. The scheme of 99Mo decay and produce 

of 99mTc the pathway depicted in Figure 1. 99mTc-excited daughter emits gamma rays 

(0.1405 MeV) and decays by isomeric transition to 99Tc. About 12% of the 99Mo decay 

directly produces 99Tc. 99Tc decays to stable ruthenium-99 (99Ru) emitting beta 

particles (Nawar and Türler, 2022). 
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Figure 1. The scheme of 99Mo decays 

source: https://www.researchgate.net/figure/Decay-scheme-of-99-Mo-and-99m-Tc-T-1-2-5-

half-life_fig3_233958932 

The 99mTc in clinical use is favorable physical and radiation characteristics. The 6 h 

physical half-life and the small amount of electron emission permit the administration 

of lager amounts of 99mTc radioactivity without significant radiation dose to the patient 

(Rajković et al., 2024). 

99mTc is obtained by elution of a 99Mo/99mTc generator in the form of sodium 

pertechnetate (Na99mTcO4). The Na99mTcO4 is a radiopharmaceutical diagnostic agent 

composed of an oxyanion with the chemical formula TcO4
- (Figure 2). The oxidation 

state of 99mTc in this compound is +7. Pertechnetate has a wide variety of uses within 

nuclear medicine. For other scans, a reducing agent is added to the pertechnetate 

solution to reduce the Tc(VII) to a lower oxidation state. Also, a ligand is added to 

form a stable complex with a reduced technetium-99m. The ligand is chosen based on 

its affinity for the specific organ being examined. Meso-2,3-dimercaptosuccinic acid 

(DMSA) has found application in nuclear medicine as a suitable ligand for the 

preparation of radiopharmaceuticals (Grierosu et al., 2025; Mercer et al., 2023; Vali et 

al., 2023). When labelling of DMSA is performed in acidic media, a hexacoordinated 

asymmetric biscomplex is formed in which one molecule is bound to technetium via 

two -S- bridges and one -O- bridge, while the other is bound via one -S- bridge and two 

-O- bridges, and one –SH remains unbound. This kind of structure of 99mTc-DMSA(III) 

is complete if the pH is around 3. The asymmetric complex, when injected, is taken up 

by the kidneys and remains bound owing to a ligand exchange reaction occurring 

between the DMSA ligand and the protein located in the proximal tubules of the 

kidney (Figure 3). There is a class of 99mTc-radiopharmaceutical complexes of large 

molecules, colloids or microspheres that is used to assess disease state or function in 

patients (Kim et al., 2015). Colloidal preparations are the system of solute and solvent, 

in which solute is neither soluble as in solution nor it is suspended due to its particle 

size in between 10 and 1000 nm (Ahmed and Zia, 2023). The particle size, not 

molecular composition, determines the biological fate of these molecules. The size of 

colloidal particles is an important characteristic to consider when selecting 

https://www.researchgate.net/figure/Decay-scheme-of-99-Mo-and-99m-Tc-T-1-2-5-half-life_fig3_233958932
https://www.researchgate.net/figure/Decay-scheme-of-99-Mo-and-99m-Tc-T-1-2-5-half-life_fig3_233958932
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radiopharmaceuticals for diagnostic and therapeutic purposes in nuclear medicine. 
99mTc-tin colloid is a commonly used colloidal radiopharmaceutical in human medicine 

for evaluating function and morphology of some organ. 

Pharmaceuticals labeled with radionuclides are studied at pre-clinical level before 

being used in humans. Animals are used in these studies to examine the behavior of 

radiopharmaceuticals in humans. Therefore, the present study aimed to examine uptake 

of radiopharmaceuticals per organ: Na99mTcO4, 99mTc-DMSA and 99mTc-tin colloid in 

healthy Wista rats. 

 

Figure 2. Chemical structure of Na99mTcO4 

 

Figure 3. Chemical structure of 99mTc(III)-DMSA 

Materials and Methods 

Radiopharmaceutical 

The Na99mTcO4 is obtained by elution of a 99Mo/99mTc generator (Vinca Institute of 

Nuclear Sciences, Belgrade, Serbia). Commercial kits of DMSA and tin colloid 

(Laboratory for Radioisotopes, Vinca Institute of Nuclear Sciences, Belgrade, Serbia) 

were labelled with 99mTc according to the instructions of the manufacturer. According 

to the requirements of the European Pharmacopoeia (European Pharmacopoeia, 2020), 

the radiochemical purity of all investigated radiopharmaceuticals is recommended to be 

higher than 95%. 

Animal distribution 

An animal model of healthy white Wistar rats was used. Animals were bred in 

laboratory conditions for experimental purposes (University of Belgrade, Institute for 

Biological Research "Siniša Stanković" National Institute of Republic of Serbia, 

Belgrade, Serbia). Male, 1-month-old rats weighing 89.4 ± 3.4 g were used to assess 

the organ uptake of the radiopharmaceuticals. 99mTc-radiopharmaceutical was injected 

into the tail vein (Figure 4). 
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Figure 4. Application radiopharmaceutics 

The animals were anaesthetized with Ketamine/Xylazine (100/10 mg kg-1 i.p.) 

followed by cervical dislocation at different intervals: 30 min, 2 h and 20 min after 

injection of Na99mTcO4, 99mTc-DMSA and 99mTc-tin colloid, respectively. A gamma 

counter with a NaI(Tl) detector was used to measure radioactivity in the organs of 

interest (Wizard 2480, Perkin Elmer USA). 

The experiment involving rats received approval from the ethical committee of the 

Vinča Institute of Nuclear Sciences in Belgrade, Serbia, as well as the Ministry of 

Agriculture and Environmental Protection of the Republic of Serbia. In addition, it is in 

compliance with the EU Directive 2010/63/EU and national animal welfare law 

(permission No. 323-07-10190/2020-05). 

Results and Discussion 

Na99mTcO4, 99mTc-DMSA and 99mTc-tin colloid are radioactive compounds that 

specifically bind to a certain organ or tissue. Radiopharmaceutical distribution by 

organ is determined by the ratio of the radioactivity of the organ to the total activity 

received by the whole body, calculated as 

𝑑𝑖𝑠𝑡𝑟𝑖𝑏𝑢𝑡𝑖𝑜𝑛 𝑜𝑓 𝑟𝑎𝑑𝑖𝑜𝑝ℎ𝑎𝑟𝑚𝑎𝑐𝑒𝑢𝑡𝑖𝑐𝑎𝑙𝑠(%) =
(

𝑖𝑚𝑝

𝑚𝑖𝑛
) 𝑜𝑓 𝑜𝑟𝑔𝑎𝑛 

(
𝑖𝑚𝑝

𝑚𝑖𝑛
)𝑜𝑓 𝑏𝑜𝑑𝑦 

∙ 100 (1) 

Figures 5-7 show the results of the distribution of 99mTc radiopharmaceuticals in the 

organs of white Wistar rats. A significant uptake of Na99mTcO4 was in the thyroid, 

heart, liver, lungs, kidneys, spleen, stomach, small intestine, muscle, bone, and blood 

(Figure 5). Pertechnetate is widely used in nuclear medicine due to its distribution in 

the body, which closely resembles that of iodine. This similarity in volume and charge 

between iodide and pertechnetate ions accounts for the thyroid gland’s uptake of 

pertechnetate. However, unlike iodide ions, pertechnetate ions are released unchanged 

from the thyroid. Na99mTcO4 is primarily dispersed through the vasculature and 

interstitial fluid, accumulating in the thyroid, salivary glands, stomach, and intestinal 

tract. 
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Figure 5. Distribution of Na99mTcO4 per organ. 

Our study revealed that treatment of healthy rats resulted in a significant uptake of 
99mTc-DMSA in the kidneys (Figure 6), whereas the percentage was insignificant in the 

other organs. 99mTc-DMSA is the preferred radiotracer for evaluating cortical damage, 

assessing regional renal function, and identifying renal parenchymal abnormalities due 

to its specific localization within the proximal tubules. 99mTc-DMSA binds to the 

sulfyhydryl groups present in the proximal renal tubules (Grierosu et al., 2025; Mercer 

et al., 2023; Vali et al., 2023). Therefore, 99mTc-DMSA has been the 

radiopharmaceutical of choice for high-resolution images of the renal cortex and to 

estimate the function of the renal parenchyma with better sensitivity and specificity 

than other techniques. 

 

Figure 6. Distribution of 99mTc-DMSA per organ 
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Figure 7. Distribution of 99mTc-tin colloid per organ 

The results of 99mTc-tin colloid organ uptake are presented in Figure 7. In animals 

treated with 99mTc-tin colloid, increased uptake of this radiopharmaceutical was 

observed in the liver, while its distribution remained unchanged in other organs. In 

human medicine, 99mTc-tin colloid is widely used as a colloidal radiopharmaceutical 

for assessing liver function and morphology. It is taken up by Kupffer cells, which are 

the phagocytic components of the liver’s reticuloendothelial system. This radiocolloid 

has been employed in measuring liver perfusion based on its relative uptake in 

reticuloendothelial cells of the liver and spleen (Willyard and Kalathil, 2023). 

Additionally, colloidal particle size plays a crucial role in sentinel node mapping 

during lymphoscintigraphy. 99mTc-tin colloid has proven valuable as an agent for 

scintigraphic imaging of the liver and spleen, with parameters such as uptake capacity 

and distribution aiding in the diagnosis and monitoring of hepatic diseases, as well as 

in evaluating liver function. 

However, it is proven that drugs and natural products could alter the distribution of 

radiopharmaceuticals potentially affecting their safety, scan interpretation, diagnostic 

imaging accuracy or giving rise to misleading results. Some authors have described the 

modifications in the uptakes of the radiopharmaceuticals induced by drugs (Mahendra 

et al., 2018) and extracts of medicinal plants (Rajković et al., 2024). As the medicinal 

extracts contain mixtures of various pharmacologically active compounds, we assume 

that they may have the potential to alter radiopharmaceutical distribution (Rajković et 

al., 2024). 

Conclusion 

Nuclear medicine is a specialized field of medicine that employs radioactive tracers 

(radiopharmaceuticals) to evaluate physiological functions, diagnose conditions, and 

provide targeted treatments for various diseases. Radiopharmaceuticals have been 

designed to visualize biochemical, physiological, and pathological processes within the 

body using imaging techniques such as single-photon emission computed tomography 

(SPECT) and positron emission tomography (PET). However, there are several 

problems associated with the clinical use of radiopharmaceuticals because many 
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factors, both extraneous and in vivo, can alter the normal distribution of 

radiopharmaceuticals. It is proven that synthetic drugs (Mahendra et al., 2018) and 

extracts of plants could alter the distribution of radiopharmaceuticals (Khosravian et 

al., 2019; Mousinho et al., 2015). Recognizing these influencing factors and 

understanding the mechanisms behind altered radiopharmaceutical distribution are 

crucial for ensuring accurate scan interpretation. By addressing these variables, 

healthcare professionals can minimize false-positive and false-negative results, 

reducing the risk of misdiagnosis and unnecessary repeat examinations. This approach 

also helps prevent excessive radiation exposure to patients, ultimately enhancing the 

safety and reliability of nuclear medicine diagnostics. 
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Abstract 

This work presents a comprehensive review of the literature on the evaluation of 

antioxidant properties in plant-derived compounds. It highlights the importance of 

selecting appropriate analytical methods that align with the underlying chemical 

mechanisms of antioxidant activity, such as electron and hydrogen atom transfer, and 

the reaction kinetics in various environments. The review distinguishes between 

methods suitable for antioxidants that inhibit radical chain reactions and those 

required for assessing preventive antioxidants with distinct modes of action. Over the 

past few decades, substantial progress has been made in the development of techniques 

and instrumentation for antioxidant assessment. Early methods were limited, often 

focusing on lipid oxidation as an indirect indicator of antioxidant potential. In 

contrast, modern approaches integrate advanced chemical assays and automated 

technologies capable of detecting subtle changes in antioxidant behavior. These 

developments have broadened the scope of antioxidant evaluation, enabling its 

application to diverse biological and synthetic systems including cell cultures, tissues, 

and chemical models, thereby reinforcing its relevance across multiple scientific 

disciplines. 

Keywords: FRAP assay, DPPH assay, UV-VIS spectroscopy, antioxidant potential, 

phytochemicals. 

Introduction 

Antioxidants mitigate oxidative damage by neutralizing free radicals, highly reactive 

molecules implicated in the development of numerous diseases and aging processes. 

Their mode of action typically follows two fundamental mechanisms: single electron 

transfer (SET) and hydrogen atom transfer (HAT). In SET, antioxidants donate 

electrons to unstable radicals, thereby stabilizing them. This mechanism is closely 

associated with the ionization potential (IP) of the antioxidant molecule. Conversely, 

HAT involves the donation of a hydrogen atom, with the key parameter being the bond 

dissociation enthalpy (BDE). In real systems, these mechanisms frequently co-occur, 

creating synergistic effects that complicate mechanistic distinctions. 

The practical measurement of antioxidant activity often relies on evaluating how 

antioxidants react with specific radicals or oxidizing agents. Spectrophotometric 

methods, for example, measure changes in color intensity as antioxidants interact with 

target molecules. These changes correlate with the antioxidant's ability to donate 

electrons or hydrogen atoms, allowing for quantitative and qualitative assessments of 

antioxidant strength. Furthermore, thermodynamic and kinetic data obtained from these 
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assays provide deeper insights into the nature and efficacy of antioxidant compounds 

(Table 1) (Pregiban, 2017). 

Table 1. Antioxidant determination methods in this paper 

Method name Short method name Mechanism of action 

Ferric-reducing 

antioxidant power 
FRAP Electron transfer - ET 

2,2,-Diphenyl-1-

picrylhydrazyl assay 
DPPH Electron transfer - ET 

Pregiban, 2017. 

Analytical Approaches to Antioxidant Evaluation 

Ferric Reducing Antioxidant Power (FRAP) Test 

The FRAP assay is a benchmark method for evaluating antioxidant capacity via 

electron transfer. It measures the reduction of a ferric-tripyridyltriazine (Fe3+-TPTZ) 

complex to its ferrous form (Fe2+-TPTZ) under acidic conditions, producing a blue-

colored complex detectable at 593 nm. This reaction reflects the antioxidant's reducing 

power and is directly proportional to its activity. One of the distinctive features of the 

FRAP test is its use of a low pH environment (approximately 3.6), which enhances the 

redox potential and modifies the dominant reaction pathway, ensuring greater 

solubility of iron ions and improving analytical accuracy (Figure 1) (Shahidi and 

Zhong, 2015). 

Variations of the FRAP method exist, incorporating different ligands such as ferrozine 

instead of TPTZ to evaluate reducing capacities of specific antioxidants like ascorbic 

acid. Another notable reaction pathway in the FRAP assay involves the formation of 

Prussian blue, which can result either from direct reduction of Fe3+ to Fe2+ followed by 

complexation, or from reduction of ferricyanide to ferrocyanide that then reacts with 

free iron. The method’s versatility makes it a valuable tool for exploring the redox 

behavior of diverse compounds. 

The advantages of the FRAP assay include its simplicity, low cost, rapid execution, 

and minimal need for specialized equipment. It is widely used in nutritional science, 

pharmacology, and environmental studies to assess antioxidant contents in foods, 

dietary supplements, biological fluids, and natural products. However, it also has 

limitations, such as variability in reaction times depending on the specific antioxidant 

compound, which may influence reproducibility and comparative analysis. 

The original FRAP (Ferric Reducing Antioxidant Power) assay utilizes 

tripyridyltriazine (TPTZ) as a ligand to chelate iron ions. However, alternative ligands, 

such as ferrozine, have also been employed to evaluate the reducing capacity of 

compounds like ascorbic acid. In the FRAP assay, Prussian blue is formed as the final 

measurable product, which can be quantified spectrophotometrically and serves as an 

indicator of the antioxidant's reducing power. 
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Figure 1. Presentation of the FRAP method for determining antioxidant potential. 

Galušić, 2020. 

The formation of Prussian blue can occur via two distinct pathways, both leading to the 

same outcome. Antioxidants may reduce Fe³⁺ in solution to Fe²⁺, which then reacts 

with ferricyanide to form Prussian blue. Alternatively, antioxidants can reduce 

ferricyanide to ferrocyanide, which subsequently binds with free Fe³⁺ ions in solution 

to produce Prussian blue (Figure 2). 

 

Figure 2. FRAP reaction. 

Smoljo, 2018. 

The FRAP assay is recognized for its simplicity, speed, affordability, and the fact that 

it does not demand highly specialized equipment. Despite these advantages, research 

has indicated that outcomes may vary due to the differing reaction times between 

antioxidants and Fe³⁺ ions, which can span from several minutes up to multiple hours. 

Globally, the FRAP method is widely utilized across a broad range of applications, 

such as: 

3. Evaluating the antioxidant content in food products and understanding their 

contribution to overall dietary antioxidant intake. It is also used to assess how 

various factors-like storage conditions, agricultural techniques, exposure to 

sunlight, food processing methods, genetic engineering, and pet food 

composition-impact antioxidant levels. 

4. Analyzing and comparing antioxidant concentrations in items such as food, 

pharmaceutical products, herbal remedies, spices, teas, and wines. These 
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comparisons aid in product differentiation, ensuring quality control, and 

guiding product innovation. 

Moreover, the FRAP assay has been adapted for detecting water pollutants and 

investigating the biological effects of radiation, environmental contaminants, climate 

shifts, and even space travel. Researchers have also explored the application of the Fe³⁺ 

to Fe²⁺ reduction reaction in the development of electrochemical techniques-like DC 

polarography and cyclic voltammetry-for quantifying antioxidant capacity (Pregiban, 

2017). 

The FRAP technique has also been extensively used to study the effects of: 

1. Lifestyle choices, nutritional habits, supplementation, pregnancy, age, gender, 

health conditions, and both traditional and modern treatments on the total 

antioxidant capacity in a variety of biological fluids, including plasma, urine, 

saliva, follicular and alveolar fluids, seminal and cerebrospinal fluids, tears, 

and feces. 

2. Biomonitoring and environmental health studies, incorporating research 

involving human participants, as well as animal, insect, and marine life 

samples. 

DPPH Radical Scavenging Assay 

The DPPH assay utilizes the stable radical 2,2-diphenyl-1-picrylhydrazyl (DPPH), 

which exhibits a deep violet color. Upon interaction with an antioxidant, DPPH is 

reduced, resulting in a color change that can be quantitatively measured by 

spectrophotometry. Although DPPH is synthetic and not naturally occurring, it serves 

as a useful model for studying antioxidant behavior because its reactivity resembles 

that of biologically significant radicals, such as peroxyl radicals. 

This assay has gained popularity due to its ease of use, cost-effectiveness, and 

reproducibility. It can be performed using a standard visible-light spectrophotometer or 

through amperometric detection. In the latter, a voltage is applied to generate a 

constant current, and the reduction in current correlates with antioxidant activity. 

Recent advancements have included the use of graphite pencils, platinum wires, and 

silver chloride electrodes to conduct the measurements more precisely (Figure 3). 

 

Figure 3. Inhibition of polymer chain by DPPH 

Galušić, 2020. 

In addition to measuring radical scavenging activity, the DPPH method helps 

researchers evaluate structural features of antioxidants, such as their phenolic content 

and conjugation, which influence their effectiveness. As a result, the DPPH assay 
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remains a preferred tool in natural product chemistry and food science (Pregiban, 

2017). 

UV-VIS Spectroscopy 

Ultraviolet-visible (UV-VIS) spectroscopy is a foundational technique for analyzing 

light absorption by molecules in the UV and visible ranges (Rajković, 2021). By 

comparing the intensity of light transmitted through a sample to a reference, 

researchers can deduce the presence and concentration of specific compounds (Dalton 

et al, 1999). This method is particularly useful for assessing the antioxidant content of 

plant extracts due to the distinctive absorption patterns of phenolic and flavonoid 

compounds (Figure 4). 

 

Figure 4. Spectrometric methods for measuring antioxidant potential 

Smoljo, 2018. 

The technique is capable of both qualitative and quantitative analysis, making it 

suitable for pharmaceutical and food applications. Absorption spectra reveal transitions 

of electrons between energy levels, and because different molecules have unique 

absorption profiles, UV-VIS spectroscopy provides detailed chemical insight. It is 

often used in tandem with FRAP and DPPH assays to validate and expand upon 

antioxidant activity findings. 

Overview of Antioxidant Activity in Selected Plant Species 

Diospyros abyssinica 

This species, belonging to the Ebenaceae family, is traditionally used in African herbal 

medicine. The root bark is particularly rich in triterpenoids such as betulin, betulinic 

acid, and lupeol, which have demonstrated anti-inflammatory and antioxidant effects 

lupeol (Zhong et al., 1984; Recio et al., 1995). Using 80% ethanol in a Soxhlet 

extractor, researchers obtained a high yield of antioxidant compounds-accounting for 

up to 36.7% of the dry weight (Maiga et al., 2006). The extract showed potent DPPH 

radical scavenging activity with an IC50 value of 16 µg/ml, indicating a high level of 

antioxidant potency. 
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Geranium sanguineum L. 

Native to Southeast Europe, Geranium sanguineum is known for its medicinal 

properties, especially its antioxidant and antiviral activities. Traditional uses include 

treatments for gastrointestinal and inflammatory disorders (Serkedjieva and Manolova, 

1992). The methanol extract of its root demonstrated significant antioxidant capacity in 

the DPPH assay, with an IC50 value of 13.86 µg/ml, outperforming synthetic 

antioxidants like BHT. The high phenolic content of the plant-comprising tannins, 

flavonoids, and catechins-likely contributes to its efficacy. 

Sargentodoxa cuneata 

This Chinese medicinal plant has long been valued for its therapeutic potential. 

Phytochemicals such as tyrosol, salidroside, and phenolic acids have been identified in 

its extracts (Cai et al., 2004). Employing the FRAP method, researchers recorded 

antioxidant capacities of 453.53 µmol Fe(II)/g, confirming its strong reducing power. 

The data support its potential use in functional foods and natural health products (Li et 

al., 2008). 

Polyalthia cerasoides 

Polyalthia cerasoides, a plant native to tropical Asia and parts of Africa, is used 

traditionally to treat a range of ailments including rheumatism and parasitic infections. 

The ethanol extract from the stem bark displayed robust antioxidant properties in 

various assays, including DPPH and hydroxyl radical scavenging. It showed 50% 

radical inhibition at 25 µg/ml (Ravikumar et al., 2008). The extract also contained 

0.589 g of phenolics per mg of sample, indicating a high polyphenol content. 

Teucrium polium L. 

A member of the Lamiaceae family, this plant is commonly consumed as a herbal 

infusion and is reputed for its ability to treat liver disorders, gastrointestinal issues, and 

fevers (Sharififar et al., 2009). The methanol extract of Teucrium polium exhibited 

significant antioxidant activity, nearly matching that of commercial synthetic 

antioxidants in the DPPH assay (IC50=20.1 µg/ml). Its ethanol and aqueous extracts 

also demonstrated similar efficacy, highlighting its broad utility (Ljubunčić et al., 

2006). 

Dracocephalum moldavica L. 

Dracocephalum moldavica, also known as Moldavian balm, is a perennial herb used in 

traditional medicine across Central Asia and Europe. Researchers identified flavonoids 

such as luteolin and apigenin in its extracts (Povilaitite et al., 2001, Dastmalchi et al., 

2007). The methanol extract exhibited strong DPPH scavenging activity, achieving 

89.5% inhibition, making it one of the most effective natural antioxidants among the 

species studied. 
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Table 2. Overview and comparison of antioxidant potential of plant extracts and extraction 

methods 

Type 
Extraction 

method 
Solvent 

Antioxidant 

determination 

method 

Literatura 

Diospyros 

abyssinica 

Soxhlet 

extraction 
80% ethanol 

DPPH method 

(IC50= 16 ±2 

µg/ml) 

Maiga et al., 

2006; Zhong 

et al., 1984. 

Geranium 

sanquineum L. 

Solvent 

extraction 
Methanol 

DPPH method 

IC50= 13.86 ± 

0.84 µg/ml 

Sokmen et al., 

2005; 

Ivancheva et 

al., 1992. 

Sargentodoxa 

cuneata 

Hot water 

extraction 
Methanol 

FRAP 

method: 

453.53µmol 

Fe (II) /g 

Li et al., 2008. 

Polyalthia 

cerasoides 
/ Ethanol 

DPPH method 

IC50=25 µg/ml 

Ravikumar et 

al., 2008. 

Teucrium 

polium L. 
/ Methanol 

DPPH method 

IC50= 20.1 ± 

1.7 µg/ml 

Sharififar et 

al., 2009. 

Dracocephalu

m moldavica 

L. 

Soxhlet 

extraction 
Methanol 

DPPH 

89.5± 0.2% 

Povilaityte et 

al., 2001. 

*IC50-half maximal inhibitory concentration-a measure of the effectiveness of a plant 

extract concentration to inhibit a particular free radical. 

Conclusion 

Spectrophotometric and electrochemical assays, particularly the FRAP and DPPH 

tests, offer accessible, reliable, and cost-effective methods for assessing the antioxidant 

activity of plant extracts. These tests enable scientists to explore the functional 

properties of natural compounds and compare them to synthetic standards. The data 

presented in this study demonstrate that many medicinal plants possess substantial 

antioxidant activity, often exceeding that of synthetic antioxidants in controlled 

settings. 

Nonetheless, inconsistencies in extraction techniques and assay conditions complicate 

direct comparisons of antioxidant capacity. Furthermore, the majority of available data 

derive from in vitro experiments, which may not fully reflect biological efficacy in 

vivo. To bridge this gap, comprehensive animal studies and clinical trials are necessary 

to validate the health benefits of these antioxidants. Continued research will not only 

enhance our understanding of antioxidant mechanisms but also facilitate the integration 

of plant-based antioxidants into pharmaceutical, nutraceutical, and food industries. 
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Abstract 

Hair dyeing is a practice that has been used since ancient times, for beautification, i.e. 

changes in hair color or coverage of gray or white hair. Although it used to be 

characteristic only of the female gender, more and more men are interested in coloring 

their hair. Hair dyes used today are more or less a combination of natural and 

synthetic ingredients. Dyes used for hair coloring are classified as oxidative and non-

oxidative, and according to the durability of the colors they are divided into: 

temporary, semi-permanent or permanent. Permanent hair dyes consist of three 

components: precursors (primary intermediates), coupling agents and oxidizing agents 

(mainly hydrogen peroxide in the presence of ammonia). There are also hair dyes on 

the market where ammonia is replaced by monoethanolamine. The aim of this work 

was to determine the content of ammonia both in hair dyes in which it is declared as an 

ingredient and in hair dyes that claim to be ammonia-free. The ammonia content was 

determined in 8 samples of permanent hair dyes. The sample with the claim that it is 

"ammonia-free" was declared as monoethanolamine, and in the other samples, 

ammonia was declared as ammonia hydroxide. A standard volumetric method was 

used to determine the ammonia content, and a Gerhardt distillation unit was used for 

distillation. It was experimentally confirmed that the sample, which was declared to be 

free of ammonia, does not contain ammonia, and in the samples where ammonia was 

declared, the obtained values were in the range of 2.000 to 4.242 %. This confirms that 

all tested samples met the set criteria defined by legislation for ammonia content. The 

method applied in this research showed acceptable precision and accuracy, and it also 

proved to be quite simple for routine analysis. 

Keywords: ammonia, monoethanolamine, hair dye, regulation. 

Introduction 

Hair dyeing is a practice that has been used since ancient times, for beautification, i.e. 

changes in hair color or coverage of gray or white hair. Although it used to be 

characteristic only of the female gender, more and more men are interested in coloring 

their hair. About 33% of women over the age of 18 and more than 10% of men over 

the age of 40 in Europe and the United States dye their hair (Gera et al., 2018). It is a 

trend that is applied almost everywhere in the world. 

The hair dyes used today are nothing like those used in the past. The most likely threat 

to today's hair dyes is henna. In addition to it, hibiscus, currant, rhubarb root, turmeric, 

walnut shell, indigo or coffee were also used for coloring. However, these natural 
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ingredients are limited in their action, i.e. they depend on the structure of the hair, its 

natural color and pretreatment. Also, natural-based dyes remain on the surface of the 

hair, so they do not completely cover the natural pigment. 

Hair dyes used today are more or less a combination of natural and synthetic 

ingredients. Although they also contain natural ingredients, they are mostly of 

chemical origin. Today's hair dyes usually contain: surfactants, emulsifiers, oils, nitro 

dyes, alkalizing agents, emollients, hair dye fixing compounds, perfumes, preservatives 

(Clausen et al., 2000). They are more stable compared to natural colors, primarily 

because of the way they work on the hair. With the help of ammonia, the pigments 

penetrate deeper into the paint and stay longer. Natural ingredients do not change the 

structure of the hair, while synthetic ingredients penetrate deep into the hair, i.e. the 

hair cuticle, and stay there longer. That role belongs primarily to the alkalizing agent. 

The most well-known alkalizing agent in hair dyes is ammonia. When ammonia 

dissolves in water, it forms ammonium hydroxide. When this compound comes into 

contact with the skin, it can cause skin burns, nose and eye irritation, while inhalation 

of ammonium hydroxide causes sore throat and lung irritation. Fortunately, the above-

mentioned reactions usually do not occur except in hypersensitive or 

immunosuppressed persons. The good thing about using ammonia as an alkalizing 

agent is that it evaporates after the coloring is finished, and its harmful effect lasts as 

long as it is left on the hair. Its pH is around 11, while the pH of hair is slightly acidic 

and ranges from 4 to 5.5. It is precisely the high pH of ammonia that allows the dye to 

penetrate inside the hair (Takada et al., 2003). 

There are also hair dyes on the market where ammonia is replaced by 

monoethanolamine (MEA). The role of MEA is to create an alkaline pH that causes 

less hair damage, is less aggressive, smells less harsh, and is less likely to irritate the 

skin than ammonia. (Draelos, 2022). 

Hair dyes belong to the group of cosmetic products, and therefore are regulated by the 

Rulebook on cosmetic products (Official Gazette RS 60/2019, 47/2022, 21/2023). The 

aforementioned Rulebook regulates the maximum permitted amounts of certain 

ingredients, defines limitations and conditions for certain substances, as well as a list of 

substances that are prohibited for use in cosmetic products. A very important part of 

every cosmetic product is its declaration. 

The declaration of cosmetic products must contain: 

• "name and address of the responsible person (manufacturer, or authorized 

representative, or importer, or distributor) who places the product on the 

market, as well as the country of origin; 

• net content (at the time of packaging), expressed in units of mass or volume; 

• the date until which the cosmetic product, if stored under appropriate 

conditions, fulfills its original function and remains safe. This date is stated as 

"best before" or "use by"; 

• application conditions and warnings; 

• production batch number (product control number) or reference number for 

identifying the cosmetic product; 
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• purpose of the product (if it is not clear based on the appearance of the 

product); 

• list of product ingredients. The list of ingredients must contain the word 

"ingredients" in the title. The list of ingredients is listed in descending order of 

weight at the time of addition to the cosmetic product. Ingredients present in 

amounts less than 1% may be listed in any order, after those present in 

concentrations greater than 1%" (Official Gazette RS 60/2019, 47/2022, 

21/2023). 

There are paints on the market that contain ammonia, as well as paints that do not, so it 

is necessary to determine the ammonia content in both cases. In the first case, it is 

checked whether its concentration corresponds to the legal regulation or, if the amount 

of ammonia is declared, whether the obtained concentration corresponds to the 

declared value. In the second case, i.e. when it is indicated on the product packaging 

that it does not contain ammonia, it is necessary to confirm this statement 

experimentally. 

The technique used to determine ammonia in hair dyes is volumetric titration. The 

most commonly used apparatus for nitrogen distillation and subsequent conversion as 

ammonia is the Kjeldahl one, although there are other analyzers as well. Also, the I 

method according to Dumas is applied. 

Considering that the application of hair dye is large and very common, and that there is 

a large selection of hair dyes from various manufacturers on the market, the goal of this 

work was to determine the content of ammonia both in hair dyes in which it is declared 

as an ingredient and in hair dyes that claim to be ammonia-free. And then to determine 

whether they correspond to the legal regulations. 

MATERIALS AND METHODS 

Method principle 

Distillation of ammonia into excess boric acid solution in a Kjeldahl apparatus and 

titration with hydrochloric acid to determine ammonia bound to boric acid. 

Chemicals 

Sulfuric acid 0.25 mol/L (0.5 N), Merck; Sulfuric acid 0.1 mol/L (0.2 N), Merck, Boric 

acid Centrohem; Sodium hydroxide, Centrohem, Phenolphthalein, Centrohem. 

Tryptophan: ROTH, lot: 272315574; Ammonium sulfate: Thermo Fischer Scientific, 

lot: P24L016. Ultra pure water 18.2 MΩ/cm2 or 0.055µS, freshly degassed. 

Apparatus 

Ammonia distillation apparatus according to Gerhardt VAP 003039, is a distillation 

unit that includes dilution of the sample with water, neutralization with a base and 

distillation. 
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Preparation of samples 

Before weighing, it is necessary to homogenize the sample. Since the sample is in a 

liquid or semi-solid state, a glass stick can be used for homogenization. 

Determination of ammonia content 

Pour 20 mL of 0.25 M H2SO4 into a glass Kjeldahl cuvette. Then weigh the sample. 

Use a plastic syringe to measure the sample. A syringe filled with 1 to 1.5 g of sample 

is placed on the balance and the balance is tare (Figure 1a). After introducing the 

sample from the syringe into the glass cuvette, the syringe is again placed on the scale 

and the value from the scale is entered (Figure 1b). The difference is the mass of the 

sample contained in the glass cuvette. Add a few drops of phenolphthalein to the glass 

cuvette. 

H2SO4 reacts with free NH3 to form (NH4)2SО4. 

 

Slika 1. (1a): Measuring the mass of the syringe with the sample, (1b): Measuring the mass of 

the syringe after introducing the sample into the cuvette 

(Downloaded from: BUCHI Application Note No. 117/2013) 

The Kjeldahl apparatus is used to determine the total nitrogen converted to ammonia. 

At the same time, the device software is set to add 10 mL of water and 10 mL of 32% 

NaOH to the glass cuvette. Add 20 mL of 2% boric acid to the Erlenmeyer flask in 

which the distillate is collected. 

The distillation time is 240 seconds. After the distillation is completed, the distillate is 

titrated with 0.1 mol/L H2SO4. 

Calculation 

WN = ((Vsample – Vblank) * z * c * f * MN)/msample * 1000 

%N= WN * 1000 
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%NH3=%N * 1,2158875 

WN: weight fraction of nitrogen 

Vsample: amount of titrant for the sample [mL] 

Vblank: mean amount of titrant for the blank [mL] 

z: molar valence factor (2 for H2SO4) 

c: titrant concentration, [mol/L] 

f: titrant factor (for commercial solutions normally 1.000) 

MN: molecular weight of nitrogen (14.007 g/mol) 

Msample: sample weight, [g] 

1000: conversion factor, [ml/L] 

%N: percentage of weight of nitrogen 

%NH3: percentage of weight of ammonia, %N multiplied with conversion factor 1.216 

The precision of the method 

The absolute difference between two independent individual test results, obtained 

using the same method, on identical test material, in the same laboratory, by the same 

analyst, using the same equipment in a short time interval, should not be greater than: 

1.9% of the mean value (for ammonia content greater than 5%; 

2.7% of the average value for ammonia content of about 1%; 

3.7% for an ammonia content of less than 0.5%. 

Method verification 

During the verification of the method, the following parameters were determined: limit 

of detection and limit of quantification; accuracy; precision and measurement range 

Limit of detection (LOD) of an analytical method indicates the lowest concentration of 

an analyte detectable by the method (European Commision, 2002); 

LOD=Xmean+3*Sw,blank 

Limit of quantification (LOQ); LOQ=Xmean+10*Sw,blank 

The achieved limits were confirmed by analyzes in ten independent tests at LOD and 

LOQ concentrations. 

Xmean = 0.132; Sd = 0.017. 

XLOD = 0.083%; XLOQ = 0.169%. 

Accuracy and precision 

Accuracy represents the closeness of agreement between the value accepted as either 

the conventional true value or the accepted true value and the value found. 
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The accuracy was tested on a reference matrix, representative of the area of application 

of the method and of the nature of the samples being tested. Tryptophan and 

ammonium sulfate were used to check the accuracy criteria. Accuracy was also 

confirmed by participating in an interlaboratory comparative test. 

By participating in inter-laboratory comparative tests (proficiency testing, PT), the 

entire performance check of the laboratory (method, equipment, personnel...) is carried 

out. A z-score <2 is considered acceptable. 

The laboratory participated in interlaboratory comparative tests held in the period June 

- August 2019. The hair dye was the subject of an interlaboratory comparison test 

organized by the Center for Interlaboratory Comparisons, Faculty of Pharmacy, 

University of Belgrade (Report MIFF 1-2019, code of our laboratory 32). The obtained 

results are presented in Table 1. 

Table 1. Ammonia content in the hair dye sample 

Number of repetitions Ammonia, % 

1 2.779 

2 2.784 

3 2.826 

4 2.802 

5 2.802 

6 2.824 

7 2.871 

8 2.811 

9 2.793 

Mean value 2.805 

Standard deviation 0.333 

Relative standard deviation 1.2 

True value 2.77 

z-score (acceptable range) 2.69-2.84 

Table 2. Ammonia content in the reference material (tryptophan, ammonium sulfate) 

Number of repetitions 

Tryptophan 

content, 

% 

Recovery, 

% 

Ammonium 

sulfate 

content, % 

Recovery, 

% 

1 13.17 98.5 20.86 99.3 

2 13.25 99.1 20.84 99.2 

3 13.30 99.5 20.89 99.5 

4 13.29 99.4 20.80 99.0 

5 13.28 99.3 20.88 99.4 

6 13.48 100.8 20.85 99.3 

True value 13.37 21.00 

z-score (acceptable 

range) 
13.10 – 13.50 20.79 – 21.21 

Tryptophan: ROTH, lot: 272315574; Ammonium sulfate: Thermo Fischer Scientific, 

lot: P24L016. 
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The precision of the analytical procedure expresses the closeness of agreement (degree 

of dispersion) between the values of a series of measurements obtained from multiple 

sampling of the same homogeneous sample under prescribed conditions. 

Principle: A real sample with the content of the target analyte was determined in two 

days in a series of six repetitions. 

The results of the verification parameters carried out and presented in this paper show 

the validity and adequacy of the method for the intended purpose. 

Samples 

In 8 samples of hair dye, the nitrogen content was determined, from which the 

ammonia content was recalculated. 

Analyzed: 

1. Hair dye (MIFF 1-2019), 111 ash blue; 

2. Hair dye PROFESSIONAL COLOR with jojoba oil, 7.1 medium ash blue; 

3. Hair dye STILL set, 11.1 ice blue; 

4. Hair dye KEUNE TINTA COLOR, 1517 super ash - violet blue; 

5. Hair dye Syoss oleo intense permanent oil-based hair dye" without ammonia 

spiked with (NH4)2SO4; 

6. Hair dye Previa, 7.1 medium blonde; 

7. Hair dye Syoss professional performance, natural medium blue 7-1; 

8. Hair color Gliss care and moisture color with hyaluronic acid 8-1; 

All tested samples were purchased in wholesale drugstores located in the territory of 

the city of Belgrade. 

All samples were analyzed in duplicate. 

Results and discussion 

Today, hair dyeing is very popular, and the market offers a large selection and variety 

of hair dyes. Dyes used for hair coloring are classified as oxidative and non-oxidative, 

and according to color persistence they are divided into: temporary (8-12 washes), 

semi-permanent (∼24 washes) or permanent (until the hair grows back) ((Takada et al., 

2003; Hedberg et al., 2018). Temporary hair dyes consist of acidic and basic water-

soluble dyes that contain azo or anthraquinone groups. They are generally considered 

safe because are deposited on the hair surface and do not penetrate into the hair cortex. 

Non-oxidative compounds are used for the direct dyeing of natural hair (Hedberg et al., 

2018). 

Permanent hair dyes consist of three components: precursors, i.e. primary 

intermediates (ortho-(o-) and para-(p-) aromatic amines substituted with amino groups 

and/or hydroxides); coupling agents (m-phenylenediamines, resorcinol, naphthol) and 

oxidizing agents in alkaline environments, mainly hydrogen peroxide in the presence 

of ammonia. 

Whether oxidizing or non-oxidizing chemicals will be safe to use in hair dyes depends 

on the concentration of the compounds found in the hair dye. There is an expert 

committee for the cosmetic ingredients review (CIR) to assess safety. There are 
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numerous studies in the literature that have tracked the existence/absence of side 

effects of hair dye. 

Exposure to hair dyes has been proven to cause several types of toxicity and side 

effects, including allergic contact dermatitis (Towle et al., 2020), angioedema 

(Ngwanya et al., 2018) and hair loss (Ishida et al., 2011). 

In this work, all the samples in which the ammonia content was determined were 

declared as permanent hair dyes, and the sample with the claim that it was "ammonia-

free" was declared to contain monoethanolamine. In other samples, ammonia was 

declared as ammonia hydroxide. 

In addition to checking whether ammonia or some other alkalizer was declared in the 

ingredients, the content of the entire declaration of the tested samples was checked. 

First of all, it was checked whether the packaging contains data on the date of 

production, expiration date, manufacturer or supplier and country of origin, purpose, 

warnings, as well as declared ingredients. Based on the data from the declaration, a 

check was made as to whether the product is safe and recommended for use. It was 

established that all tested samples were in adequate, original packaging, that they were 

within the valid expiration date, and that the declared ingredients were allowed. 

It was experimentally confirmed that the sample that was labeled as ammonia-free does 

not contain ammonia. In the samples where ammonia was declared, its presence was 

experimentally confirmed, and the values obtained were in the range from 2.000 to 

4.242 %. Based on the obtained concentrations for ammonia presented in Table 3, it is 

clearly seen that the most common hair dyes contain ammonia between 2.0 and 2.8%. 

Table 3: Results of ammonia determination in the tested samples 

This means that the mentioned samples meet the requirements for the defined 

parameter ie. for ammonia content. According to the Rulebook on cosmetic products 

(Official Gazette RS 60/2019, 47/2022, 21/2023) and Annex 3 ("Substances that 

cosmetic products must not contain except under the specified restrictions and 

conditions"), the maximum permitted amount of ammonia expressed as NH3 can be 

6%, and if the ammonia content is greater than 2%, a warning must be written: 

contains ammonia. 

Sample name 

Number of 

repetitions 

The difference 

between two 

comparative 

determinations 

Mean value of two 

determinations, % 

X1, 

% 

X2, 

% 
  

MIFF 1-2019 2.802 2.824 0.022 2.813 

Professional color 2.443 2.401 0.042 2.422 

Still set 2.677 2.663 0.014 2.670 

Keune tinta color 4.242 4.214 0.028 4.228 

Syoss oleo <0.2 <0.2 - - 

Previa 2.043 2.000 0.043 2.022 

Syoss professional 2.567 2.529 0.038 2.548 

Gliss color 2.765 2.713 0.052 2.739 
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In none of the tested samples, the hair dye manufacturers did not specify the exact 

values for the added amounts of ammonia, but the Rulebook does not require that the 

exact amount of ammonia be indicated on the packaging, but only that it be listed in 

the ingredients in descending order in relation to the other ingredients. The tested 

samples met the requirements of the Rulebook, because the experimentally obtained 

value for ammonia was less than 6%. 

Other authors also determined the ammonia content in hair dyes. As a confirmation of 

our research, the results published by Ali et al., (2022) from their research, which 

included 6 different hair dyes, and the obtained concentrations were in the range of 

2.493 to 5.868%. 

Conclusion 

The standard volumetric method, after distillation in a Gerhardt distillation unit, was 

applied for the determination of ammonia in hair dyes. 

It was experimentally confirmed that the sample on which it was written that it does 

not contain ammonia does not contain ammonia, and in the samples where ammonia 

was declared, the obtained values were in the range of 2.000 to 4.242 %. 

The results obtained in the verification/validation procedure confirm the adequacy of 

the method for the required purposes and its reliability. 

Based on the obtained results, we concluded that all tested samples met the criteria 

defined by the Rulebook for ammonia content. 
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Abstract 

Using natural ingredients in dermocosmetics is gaining increasing importance, 

particularly in hair and scalp care. Traditional dandruff treatments, which rely on 

synthetic drugs and chemicals, are often associated with numerous side effects, leading 

to growing interest in plant-based alternatives. Essential oils and herbal extracts are 

increasingly being investigated for their antimicrobial, anti-inflammatory, and 

antioxidant properties. This paper provides an overview of the most commonly used 

essential oils in hair cosmetics—including chamomile, rosemary, lavender, rose, and 

bergamot—and analyses their chemical composition and biological activity. Special 

emphasis is placed on their role in preventing and treating dandruff, highlighting 

studies demonstrating the efficacy of tea tree oil, thyme, and Aloe vera. Although 

preliminary data show great potential, further clinical research is required to confirm 

these natural compounds' long-term safety and therapeutic value. 

Keywords: essential oils, plant extracts, dandruff, natural cosmetics, antifungal 

activity, hair care. 

Introduction 

Hair treatments encompass the use of cosmetic and dermatological products designed 

for both the hair and scalp. In recent years, there has been a growing interest among 

consumers and within the scientific community in formulations that include bioactive 

and natural ingredients. This trend is partly driven by increasing concerns about the 

potential adverse effects of the cumulative exposure to synthetic chemicals on human 

health (Price and Price, 2007; Reichling et al, 2006). In modern hair care products, 

consumers increasingly value the presence of natural and plant-based ingredients and 

formulations free from salts, sulfates, silicones, parabens, and other components 

perceived as harmful. Essential oils are often positioned as natural, organic, and vegan 

ingredients, even though there is no universal definition or official classification 

established by independent regulatory authorities. Numerous international certification 

bodies have established strict criteria for awarding quality labels to maintain consumer 

trust. Manufacturers must comply with clearly defined standards, which include 

monitoring the use of raw materials, ensuring traceability within the supply chain, and 

promoting the sustainable use of packaging and resources during production. 

Consequently, raw material suppliers and formulators of finished products must align 
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their understanding of these concepts and implement appropriate controls at every 

stage of the production process to ensure socially and environmentally responsible 

manufacturing. The use of fragrances is present in nearly all cultures and represents a 

universal phenomenon. Throughout history, various scents and aromas have become 

part of everyday life, found in food, beverages, and personal care items such as soaps, 

toothpaste, mouthwash, deodorants, body lotions, and shampoos, as well as in 

perfumes, cosmetics, and pharmaceutical formulations. The addition of fragrance is 

often intended to enhance product appeal or to mask undesirable properties. The trend 

toward "green" consumption and a return to natural solutions has recently contributed 

to the growth of plant-based products, particularly in industries focused on beauty and 

health (Abelan et al, 2022; Sharmeen et al, 2021). Essential oils of natural origin are 

characterised by the absence of chemical and synthetic additives (Fonseca-Santos et al, 

2015). Essential oils have found widespread application in cosmetics, where they are 

used as active ingredients or effect enhancers, perfumery as fragrance sources, and 

aromatherapy. In addition, they are attracting growing interest in the broader context of 

health preservation, particularly in trichology—the science concerned with the health 

of the hair and scalp. Essential oils are distinguished by their intense and characteristic 

aromas, derived from the plants they are extracted from, and are used in various 

therapies, including massages, inhalations, and baths. They are also commonly 

incorporated into cosmetic and dermocosmetic formulations. Thanks to their pleasant 

and natural scents, essential oils offer an excellent alternative to the unpleasant odours 

often associated with anti-dandruff shampoos, enhancing the sensory quality of 

products with subtle, fresh, and natural notes (Abelan et al, 2022). 

Essential oils can influence skin cell function following topical application, exhibiting 

antibacterial, antifungal, anti-inflammatory, and antioxidant effects on the scalp. These 

effects contribute to increased hair density, cleansing of hair follicles, and 

strengthening of the entire hair bulb and shaft system (Benson et al., 2019; 

Vangipuram et al, 2017). Numerous studies have highlighted the diverse properties of 

essential oils, emphasising that each oil possesses a specific set of potential therapeutic 

effects directly linked to its chemical composition (Price and Price, 2007). 

Methodology 

We used various online databases for the literature search, including PubMed, 

ScienceDirect, and others. 

Characteristics and Dermocosmetic Application of Selected Essential Oils in Hair 

and Scalp Care 

Matricaria chamomilla L., fam. Asteraceae 

Chamomile oil is well known for its antioxidant activity, which is primarily attributed 

to the sesquiterpene compound chamazulene. Additionally, due to its richness in 

flavonoids—particularly polyphenols—it exhibits strong anti-inflammatory properties 

(Abdoul-Latif et al., 2011). 

Polyphenolic compounds possess antioxidant properties, meaning they can neutralise 

the harmful effects of reactive oxygen species (ROS), which are generated during 
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normal cellular metabolic processes and through exposure to external factors such as 

UV radiation and environmental pollutants (Kadam et al., 2013). 

Chamomile oil is considered safe for skin care formulations, exhibiting soothing, anti-

inflammatory, anti-erythemic, and antipruritic effects. Its chemical composition 

includes compounds such as farnesene, α-bisabolol, as well as oxygenated 

sesquiterpenes, including bisabolone oxide A and bisabolol oxides A and B (Abdoul-

Latif et al, 2011). 

Rosmarinus officinalis L. fam. Lamiaceae 

Rosemary essential oil is a valuable raw material not only in medicine but also in 

aromatherapy. Its chemical composition varies depending on geographical origin and 

seasonal conditions, and it typically contains moderate concentrations of 1,8-cineole 

(12–61%), camphor (5.8–24%), α-pinene (0.4–14.2%), verbenone (4.4–45.2%), and 

borneol (1.6–8.3%). Due to its distinct biological properties, rosemary oil is frequently 

used for its ability to reduce microbial contamination in aqueous emulsions. It acts as a 

vasodilator, stimulating circulation within the hair follicle, and also exhibits 

antibacterial, antioxidant, cytotoxic, antimutagenic, anti-inflammatory, and 

chemopreventive effects, making it beneficial in both traditional medicine and 

cosmetic formulations (Celiktas et al, 2007). 

However, the use of this oil is not recommended during pregnancy due to its potential 

abortifacient effects. Additionally, because of its high camphor content (6.4–30%), it 

may exhibit neurotoxic properties and is not suitable for individuals with epilepsy. 

Caution is also advised for individuals with primary hypertension and diabetes (Price 

and Price, 2007). 

Rosa damascena Mill. Fam. Rosaceae 

Rose essential oil is among the most ancient and highly regarded natural ingredients 

used in the fragrance industry. It is renowned for its rich floral notes. In perfumery, it is 

often used as an absolute, which, when combined with hydrosol, provides an intense 

and sophisticated fragrance profile. This combination enhances the depth and longevity 

of fragrance formulations. 

Historically, rose water has had many applications, from flavouring tobacco products 

to limited use in the food industry, particularly in beverages and liqueurs. However, 

beyond its aromatic value, rose essential oil is prominent in cosmetics, aromatherapy, 

and traditional medicine. It exhibits anti-inflammatory effects, helps alleviate 

symptoms of rheumatic diseases, arthritis, and gout, and aids in relieving muscle 

spasms. It is especially appreciated for its impact on the skin, improving tone, 

lightening scars and blemishes, removing toxins, and demonstrating strong 

antibacterial and antiseptic properties (Gunther, 1952). 

Lavandula angustifolia fam. Lamiaceae 

The species Lavandula angustifolia (also known as Lavandula officinalis) is rich in 

monoterpenes such as cineole, borneol, and geraniol, as well as organic acids, 

coumarins, mineral salts, and tannins—compounds that contribute to its 
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pharmacological effects. The main components of lavender essential oil have been 

identified as linalyl acetate (43.1%) and linalool (32.7%), which are responsible for 

most of the oil’s biological and aromatic characteristics (Evandri et al., 2005; Sabara 

and Kunicka-Styczynska, 2009). In addition to its pleasant fragrance profile, lavender 

oil possesses strong soothing and anti-inflammatory properties, making it suitable for 

treating scalp irritations and sensitive skin. Linalool, one of its key constituents, acts on 

the central nervous system and exhibits mild sedative effects, further contributing to 

relaxation and scalp balance in stress-related dermatological conditions (Cavanagh and 

Wilkinson, 2002). 

In vitro and in vivo studies have also demonstrated lavender oil's antimicrobial and 

antifungal activity against various pathogens, including Candida albicans and strains 

from the Staphylococcus genus. This is particularly relevant in the context of treating 

dandruff and seborrheic dermatitis. Regularly using lavender oil formulations may help 

reduce scalp microbial imbalance and alleviate symptoms such as itching, redness, and 

flaking (Lis-Balchin and Hart, 1999). 

Citrus bergamia fam. Rutaceae 

Bergamot oil contains numerous bioactive compounds that can be divided into two 

main fractions: a volatile fraction (93–96%) and a non-volatile fraction (4–7%). The 

volatile component mainly consists of the monoterpene limonene, which makes up 25–

53% of the total, along with significant levels of oxygenated compounds like linalool 

(2–20%), linalyl acetate (15–40%), γ-terpinene, and β-pinene (Dugo et al., 2013; 

Mondello et al., 1998). Limonene has shown effectiveness as a transdermal absorption 

enhancer—it increases skin permeability and shortens the onset time of active 

ingredients. The non-volatile fraction contains pigments, waxes, coumarins, psoralens, 

and bergapten. Limonene exhibits antimicrobial, anti-inflammatory, antiproliferative, 

and analgesic properties, and its effects on the cardiovascular and central nervous 

systems have been observed, along with potential applications in diabetes therapy and 

the regulation of bone and skin metabolism. 

However, due to photosensitising compounds, topical application of bergamot oil 

requires caution—it is most commonly used in combination with carrier oils. 

Interestingly, some studies have shown promising results for using bergamot oil to 

treat psoriasis and promote hair growth (Abelan et al., 2022). 

Promising Essential Oils in the Prevention and Treatment of Dandruff 

Pathogenesis 

Topical treatments and synthetic drugs traditionally used for managing dandruff are 

often associated with a range of side effects, including burning sensations at the 

application site, itching, erythema, dizziness, headache, depressed mood, 

gastrointestinal discomfort (nausea, abdominal pain, vomiting), visual disturbances, 

scalp dryness or excessive oiliness, hair discoloration, and increased hair shedding. As 

a result, plant-derived oils and botanical extracts have emerged as potential alternatives 

for preventing and treating dandruff. Microbiological analyses of the scalp across 

various populations have indicated a link between dandruff and a microbial community 

composed of species such as Staphylococcus, Propionibacterium, Malassezia, and 
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Candida. First-line therapies typically include topical antifungals—most commonly 

azoles such as clotrimazole (1%), ketoconazole (2%), and miconazole (2%). Other 

conventional treatments include benzoyl peroxide, tar, glycerol, zinc pyrithione, 

lithium succinate/gluconate, salicylic acid, selenium disulfide, sodium sulfacetamide, 

and others. 

First-line treatments usually consist of topical antifungals, with azoles like clotrimazole 

(1%), ketoconazole (2%), and miconazole (2%) being the most prevalent. Other 

standard therapies include glycerol, benzoyl peroxide, tar, zinc pyrithione, lithium 

succinate/gluconate, selenium disulfide, salicylic acid, sodium sulfacetamide, among 

others. 

However, many of these substances can cause adverse reactions. Alternative 

therapies—such as tea tree oil, thyme (Thymus vulgaris), Aloe vera, and peppermint—

have shown antifungal potential by inhibiting microorganisms implicated in the 

development of dandruff. According to a systematic review by Kumari et al. (2022), 

numerous essential oils and plant extracts have demonstrated potential to act on the 

etiological factors involved in dandruff pathogenesis. They can be considered 

promising agents for the development of natural anti-dandruff formulations. 

Nevertheless, the authors emphasise the need for further preclinical and clinical studies 

to confirm their safety, efficacy, and mechanisms of action in humans. 

Tea tree oil is one of the most extensively studied natural ingredients for its 

antimicrobial and anti-inflammatory effects in dandruff therapy (Melaleuca 

alternifolia). Its active compounds, including terpinen-4-ol, exhibit activity against 

various strains of Malassezia, a genus of fungi considered central to developing 

seborrheic dermatitis and dandruff. Clinical trials have shown that shampoos 

containing 5% tea tree oil significantly reduce scalp itching, flaking, and oiliness after 

just four weeks of use (Satchell et al., 2002). 

In addition to tea tree oil, thyme oil (Thymus vulgaris) has also shown promising 

effects. It is rich in thymol and carvacrol, compounds with potent fungistatic and 

fungicidal properties. In vitro studies have confirmed that thyme oil effectively inhibits 

the growth of Malassezia furfur and further contributes to the reduction of skin 

inflammation, which is especially important in treating dandruff with pronounced 

irritative components (Nostro et al., 2004). 

Another natural agent explored for dandruff therapy is Aloe vera extract, known for its 

soothing, anti-inflammatory, and moisturising properties. Research has shown that the 

plant’s bioactive components, including glycoproteins and polysaccharides, restore the 

damaged skin barrier and reduce flaking and itching. In a double-blind study, Aloe 

vera gel significantly improved dandruff symptoms in most participants (Vardy et al., 

1999). In addition to the aforementioned plants, peppermint oil (Mentha piperita) is 

increasingly being investigated for its beneficial effects in the care of dandruff-prone 

scalps. Its main active component, menthol, exhibits local analgesic and refreshing 

effects, reduces itching and irritation, and also possesses mild antiseptic and antifungal 

properties. Menthol may also contribute to sebum regulation, which is particularly 

relevant for oily scalps that promote the growth of Malassezia fungi (McKay and 

Blumberg, 2006). Furthermore, growing interest surrounds propolis, a natural resinous 
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substance produced by bees and rich in flavonoids. Research has shown that propolis 

has antibacterial and antifungal properties, which can help regulate the microbial 

balance of the scalp. When combined with plant oils, propolis is used in natural 

shampoos and lotions for the treatment of seborrheic dermatitis and dandruff, 

contributing to symptom reduction and skin regeneration (Castaldo and Capasso, 

2002). 

Conclusion 

Thanks to their wide range of biological activities and natural origin, plant extracts and 

essential oils represent a growing segment in scalp and hair care formulations. Their 

use is increasingly recognised as a potentially effective and safer alternative to 

conventional anti-dandruff agents, which are often associated with undesirable side 

effects. Oils derived from chamomile, rosemary, lavender, rose, and bergamot have 

demonstrated strong antimicrobial and anti-inflammatory properties, making them 

particularly promising for further exploration in the field of dermocosmetics. However, 

despite encouraging results from in vitro and in vivo studies, additional well-controlled 

clinical trials are necessary to confirm their long-term efficacy and safety. 

The growing consumer interest in natural products paves the way for innovation in 

formulating preparations that combine effectiveness with the beneficial effects of 

botanical components. The standardisation of extracts and proper quality assessment 

are critical steps toward broader clinical and cosmetic application. Moreover, 

incorporating such active substances may help reduce exposure to synthetic 

compounds with potential toxic effects. An added advantage lies in the possibility of 

formulating personalised hair care approaches tailored to the individual needs of users. 

In light of all the above, further multidisciplinary efforts that bridge pharmacy, 

cosmetology, and clinical practice will be essential for validating and implementing 

plant-based solutions for dandruff treatment. 
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Abstract 

Aloes leaves have a high water content (99%) in which active substances in which 

glucomannans, amino acids, lipids, sterols and vitamins are dissolved. Among the 

beneficial effects that have been documented in numerous studies, in addition to the 

laxative effect, aloe exhibits an immunomodulatory and anti-inflammatory effect, an 

epithelizing effect in the healing of wounds and burns, a hypoglycemic, gastro 

protective and anticancer effect, as well as a hepatoprotective effect. The European 

Medical Agency gives recommendation for aloe use as a laxative (antraqhinones). In 

this study 0,0% patients do not use aloe as a laxative. Also, in this study patients use 

aloe 71,42%, mostly aloe alone, not in the combination with other preparations or 

medicines (66,67%). It s important due to evaluation of the effects. In this case study, 

25% (p=0.00001830, Fisher's test) of patients said that aloes help them partially. The 

patients used aloe in external therapy in the percent 63,63%. But as a cosmetic product 

they used aloe in the percent 76, 16%. The different study documented that the 

hormone gibberellin (GAs), synergistically with acemannan and glucomannan 

contributes to fibroblast proliferation and protein synthesis during the wound healing 

process. Further studies have to investigate real reasons for the use of aloe 

preparations and they efficacy. Also future research has to look at the type and 

representation of aloe preparations in pharmacies. 

Keywords: aloe gel and juice, aloes indications, aloe gel phytotherapy efficacy. 

Introduction 

The cultivation of aloe and the production of its preparations is extremely common 

today, primarily the production of aloe extract. It is also profitable from an economic 

point of view, the production of alcoholic beverages from aloe, due to its intense bitter 

taste - aloe fernet. Aloe is a plant that survives in extremely harsh climatic conditions, 

in a dry climate and at high temperatures. When a leaf is harvested, the plant 

intensively produces a gel and thus heals the resulting damage (Ledvon, 2007). 

Aloe is a plant from the Aloaceae family. It originates from South and East Africa, and 

from the Mediterranean basin. Aloe mainly grows in subtropical areas. It is a perennial 

succulent and bushy plant with green leaves. The leaves have a high water-holding 

capacity, which allows the plant to survive in an extremely dry climate (Maan et al., 

2018). 
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Aloe, Aloe barbadensis Miller (Aloaceae), it is a species of aloe, originally from 

Africa. The plant can grow 60 to 90 centimeters, leaves up to 50 centimeters long, 

edged with sharp spines. The main feature of this type of aloe is the high percent of 

gel, which is used for the production of numerous pharmaceutical and cosmetic 

preparations. However, the concentration of active substances is much lower than in 

another variety, woody aloe (Aloe arborescens), which is most widespread in Russia 

and Japan and does not produce a large amount of gel. A variety of aloe, Aloe ferox, 

from the Asphodelaceae family, is better known as bitter aloe. The main ingredients of 

the gel are vitamins and salts present in high concentration. The gel is used for the 

production of cosmetic preparations (Ledvon, 2007; Tucakov, 2010). 

The aloe ingredients and properties 

Aloe is a plant with a high water content (99-99.5%), where the dry matter content is 

between 0.5-1%. An aloe leaf has three layers: gel, latex and bark. The gel is the inner 

layer of the leaf consisting of soft, clear, moist and mucilaginous tissues with large 

parenchyma cells. The gel consists of water (99%), in which glucomannans, amino 

acids, lipids, sterols and vitamins are dissolved. Latex is the middle layer containing 

anthraquinones, bitter yellow juice and glycosides. The bark is the outer thickened 

layer consisting of 15 to 20 layers of cells that produce carbohydrates and proteins and 

protect the inner layers of the leaf. The bark makes up 20-30% of the mass of the leaf, 

while the gel makes up 70-80% of the mass of the whole leaf (Ledvon, 2007; 

Kovačević, 2004). 

In the form of dry matter, the gel consists of 55% polysaccharides, 17% sugar, 7% 

protein, 4% lipids, 16% minerals, 1% phenolic compounds, the rest is made up of 

different kind of vitamins. Fresh aloe gel is deposited in the parenchyma cells of the 

leaf and is protected by a tough skin. Aloe gel is very unstable and oxidizes easy in 

contact with air and light, thereby losing a significant part of its therapeutic properties. 

Drying aloe is the most common form of gel processing. The percentage of water is 

thereby reduced to 10%. The gel obtained from the plant is stable for several days, 

provided it is stored in a cool, dark place (the temperature of the environment must not 

exceed 35ºC, cause enzymes stability) (Ledvon, 2007). 

Of the carbohydrates in aloe, the most important are glucomannans. The mineral salts 

that aloe contains (more than 20), are of essential importance as micro- and 

oligoelements in human metabolism. Potassium and chloride ion are present in large 

amount. Of the anthraquinones, aloin A and aloin B are the most abundant (Maan et 

al., 2018). All anthraquinones and their derivatives are antimicrobial and analgesic 

agents. They also have a laxative effect. Aloin A is present in the bark of the aloe plant 

(Ledvon, 2007). In addition to aloin A and B, many other anthraquinones are present 

which give the laxative effect to aloe gel comparable to the effect of other 

anthraquinones (EMA, 2016), (barbaloin, isobarbaloin, aloic acid, cinnamic acid) 

(Kumar et al., 2017.). The Committee on Herbal Medicine Products (HMPC) 

concluded that aloe preparations can be used short-term to treat occasional 

constipation. Aloe medicines should only be used in adults and adolescents over the 

age of 12 years and should not be taken for longer than 1 week (EMA, 2016). 
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Aloe contains about 20 amino acids, seven of which are essential amino acids: 

phenylalanine, isoleucine, leucine, lysine, methionine, threonine and valine. Secondary 

amino acids are also present in a significant percentage. Also there are vitamins A, C 

and E, as well as group of B vitamins. Choline is a phospholipid present in aloe and 

participates in the synthesis of acetylcholine, which is necessary in the metabolism of 

triglycerides and cholesterol. Also, phospholipids are present in the erythrocytes cell 

membrane where they improve the elasticity of the erythrocyte membrane, thereby 

enabling better functionality in the exchange of substances, primarily oxygen in the 

capillaries (Ledvon, 2007). 

Aloe gel also contains the polysaccharides cellulose and acemannan (carizin). 

Acemannan is a mucopolysaccharide, which according to the findings of some studies 

has an important role in wound healing, due to the stimulation of cellular activity and 

protein production (Suganya et al., 2014). The yellowish color of aloe is given by 

lignin, which is responsible for the firm structure of the tissue. Saponin is also present 

in aloe and gives it strong antiseptic properties. Applying aloe gel locally produces an 

analgesic effect and a soothing effect on redness thanks to herbal steroids. Cinnamon 

and salicylic acid exhibit antiseptic and analgesic effects (Ledvon, 2007; Suganya et 

al., 2014). 

The complex composition of aloe gives it very strong therapeutic potential. Among the 

beneficial effects that have been documented in numerous studies, in addition to the 

laxative effect, aloe exhibits an immunomodulatory and anti-inflammatory effect, an 

epithelizing effect in the healing of wounds and burns, a hypoglycemic, gastro 

protective and anticancer effect, as well as a hepatoprotective effect (Akaberi et al., 

2016). 

In addition to therapeutic purposes, aloe is widely used for the production of cosmetics 

and preparations for maintaining skin health and personal hygiene (soaps, shampoos, 

toothpastes, sun protection preparations, creams, etc.). Shampoo based on aloe extract 

is used in the treatment of dandruff, because it has a pH value close to the pH value of 

the scalp. Also, massaging the top of the head with aloe juice is an excellent prevention 

against hair loss (Ledvon, 2007; Savić et al., 2009). 

The Objective of the Paper 

The goal of this study is to assess the frequency of application and knowledge of the 

healing effects of the aloe plant and its extracts and the importance of the correct 

application and use of pharmaceutical preparations of this plant in the population of 

several age groups of users of pharmaceutical services. 

The Methodology 

The research is a demographic-epidemiological cross-sectional study. The examination 

was carried out with the help of a survey questionnaire on the topic of knowledge of 

the effects, types and reasons for the use of aloe preparations in the period from 1. 8. 

2024. until 31. 8. 2024. in the Lilly pharmacy, Bijeljina. The questionnaire was 

originally prepared for this research, it contains open and closed questions. The criteria 

of questionary were that patients used aloe in therapy, as it is or in the combination 
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with other preparations. The questionnaire is anonymous, and the patients were signed 

an informed approval on the use of the obtained results for scientific and educational 

purposes. 

The obtained results are presented in tabular form, and where the samples allowed, 

they were processed with statistical tests Chi-square and Fisher's test. 

The Results 

The number of patients in this study was 84 (44 women, 40 men). 

From this number there is 63,63 % patients which use aloe for external use, other 

37,37% used aloe for internal reasons. 

The patients had no side effects of aloe preparations (100%). 

The question about the source of the informations about aloe effects and use in this 

study patients answered: 

• pharmacist 40%, 

• medical doctor 13,33%, 

• different kind of media 23,33%, 

• friends and relatives 23,33%. 

In here in the table 1. are shown results of percentage of use aloe preparation between 

men and women. 

Table 1. The percentage of use aloe preparations between men and women 

Answer Men Women Summary 

YES 39,28% 32,14% 71,42% 

NO 8,34% 20,24% 28,58% 
Fisher`s test p=0,025; χ2 test p=0,019 

There is no statistical significance between use the aloe preparations in group of men 

and women. 

Table 2. The distribution of answers due to usage of aloe cosmetic preparations 

Answer Men Women Summary 

YES 29,76% 46,4% 76,16% 

NO 17,86% 5,95% 23,81% 

Table 3. Most frequent reasons for usage Aloe cosmetic preparations 

Indication % 

Hidratation and skincare 45,31 

Skin regeneration 9,37 

Skin health 9,37 

Wrinkle loss 7,8 

Antinflamatory effects to gingiva 7,8 

Urinary desinfection 6,25 

Antimicrobial effects 6,25 
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Table 4. The distribution among patients of use the pharmaceutical preparations with aloe pure 

gel or in the combination with other medicine 

 Percentage 
  

Aloe gel as it is  66,67% 
Aloe gel in 

combination with 

panthenol 

13,8% 

33,23% 

Aloe gel in 

combination with 

corticostheroids 

11,1% 

Aloe gel in 

combination with 

theea tree oil and 

vitamin E  

8,33% 

Table 5. The most frequent indications for use of aloe and the type of pharmaceutical aloe 

preparations 

INDICATIONS 
% PHARMACEUTICAL 

PREPARATION 

% 

Dermatological 71,4 Aloe juice 22,91 

Glucose regulation 4,8 Crushed Aloe leaf  18,75 

Immunity 9,5 Dried Aloe leaf 6,25 

Urinary infections 4,8 Aloe gel 22,91 

Detoxification 9,5 Aloe shampoo 12,52 

Laxative 0 Aloe cream 6,25 

In the table 5. are percentage of answers in what kind of indications patients used aloe 

preparations. Also in the second column are the pharmaceutical preparations of aloe 

which are most frequently in use. 

Table 6. The distribution of answers does the aloe preparations were effective for its use 

Answer Men Women Summary 

YES 17,86% 34,5% 52,36% 

NO 4,76% 14,29% 19,05% 

PARTIALLY 25% 3,57% 28,57% 
Fisher`s test p=0,00001830 

There is statisticaly significance due to answers in men`s group for they think that aloe 

helped them partially in very high percent 25%. 

Discussion 

Contraindication for use and side effects of aloes preparations 

During pregnancy laxative properties of aloe could cause the uterine contraction and 

miscarriage. The use of aloe`s products before any kind of chirurgical intervention is 

contraindicated two weeks before. The reason for this precaution is possibilities for 

increase bleeding (Ledvon, 2007; Maan et al., 2018), probably due to content of phenyl 

carbonic acids (salicylic acid, cinamic acid). Long-term use of aloes medicines may 

lead to water and salt imbalance and may result in albumin (a protein) and blood in the 

urine. Yellow or red-brown discolouration of urine may occur during treatment (EMA, 

2016.). In this study, the participants had no any aloe`s side effects (100%). 
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Phitotherapy of skin conditions 

Aloe is used in various products in the form of juice, concentrate and powder. The 

latest technological innovations enable efficiency in the use of the therapeutic potential 

of aloe applied in various pharmaceutical and cosmetic forms. According to the results 

of our cross-sectional study, 71.42% of patients use some kind of products of aloe 

(Maan et al., 2018). 

Certain studies indicate that aloe stimulates collagen production, which is the main 

reason for the application of aloe in the cosmetic industry. The skin reflects the general 

state of the organism, therefore any change in its appearance is caused by certain 

changes in its functions (Ledvon, 2007; Savić et al., 2009). In our study, 76.16% of 

respondents use cosmetic preparations based on aloe, of which for skin hydration and 

care, 45.3%; skin regeneration, 9.37%; wrinkle reduction, 7.8%; skin health, 9.37%. 

In the case of inflammation of the sebaceous glands, in the form of acne, aloe can be 

very useful. Local application of aloe involves application in the form of soap and 

other preparations with the addition of aloe gel. In our study, 13.8% of respondents 

answered that they use panthenol gel with added aloe, 8.3% use aloe gel in 

combination with essential tea tree oil and vitamin E for the treatment of 

dermatological conditions. One of the most common skin changes is eczema, 

especially vascular eczema, where during the time scab develops. When the scab falls 

off, the thin and highly sensitive skin remains. Application of pure aloe gel is 

recommended for faster wound healing and to prevent scarring (Ledvon, 2007; 

Capasso et al., 2005). This is the most common way of applying aloe among our 

respondents, 66.67% use pure aloe, and 63.63% use aloe for external application. 

Urticaria is the result of an allergic reaction. Red or pale-reddish fluid-filled papules 

appear. Along with the papules, there is a very intense itching, which worsens the 

condition by scratching. Classic pharmaceutical treatment is based on the local 

application of antihistamines and corticosteroids. In our study, 11.1% of patients 

indicated that they use a combination of corticosteroids and aloe gel in these cases. It is 

believed that the mechanism of action consists in changing the bacterial flora (Ledvon, 

2007; Lipozenčić, 1999). 

Phitotherapy of gastrointestinal disorders 

Daily application of aloe can contribute to the reduction of cholesterol levels and the 

proper functioning of the liver in the process of fat metabolism. In order to improve the 

flow of liquidthrough the bile ducts, for all disorders of their functions, treatment with 

aloe involves the application of aloe three times a day (Ledvon, 2007). There are more 

than 50 viruses that can cause viral hepatitis. The most active viruses are A, B and C, 

while D and E are rarer. With diet reduction and strict bans on alcohol and fatty foods; 

medical plants as a remedies such as aloe vera may be useful in treatment 

(Sahebnasagh et al., 2020). In our study, 36.36% of respondents answered that they use 

aloe orally, of which 9.5% use it for liver detoxification. 

Insufficient work of the liver is reflected in the disruption of all functions, including 

the detoxification of metabolic waste. Thus, the detoxification effect of aloe 

polysaccharide, propolis and a mixture of aloe polysaccharide and propolis on urinary 

excretion of carcinogens from tobacco, benzo(a)pyrene and their metabolites was 
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investigated. The subjects were divided into three groups, of which one group received 

600 mg/day of acemanan for four weeks, the second group received 600 mg/day of a 

mixture (420 mg of acemanan and 120 mg of propolis), and the third group received 

600 mg/day of propolis. The levels of creatinine, glucose and total bilirubin decreased 

in a time-dependent manner after supplementation with aloe polysaccharide 

(creatinine, 15.24%; glucose, 40.22%; total bilirubin, 48.82%), but also with propolis 

and a mixture of aloe and propolis. These results suggest that supplementation with 

aloe, propolis, or a mixture could reduce the risk of smoking-related diseases (Jung 

Koo et al., 2019). 

Inadequate nutrition results in an organism more prone to allergies and more 

susceptible to various diseases, which include a decline in immunity. Symptoms in 

adults that indicate altered intestinal flora are diarrhea and flatulence (Ledvon, 2007). 

9.5% of our interviewees cited the improvement of immunity as a reason for using 

aloe. 

Various studies indicate that long-term exposure to antidepressants, e.g. fluoxetine, 

leads to resistance of the intestinal microbiome to an increasing number of 

antimicrobial drugs. In one of the studies, aloe extract was co-cultured with 

Escherichia coli and fluoxetine. Aqueous extract of aloe showed the potential to reduce 

the number of fluoxetine-mediated colony-forming units, as aloe inhibited genetic 

mutation in Escherichia coli induced by fluoxetine culture. The results of this study 

suggest that aloe vera extract could be an adjuvant in the treatment of bacterial 

infections that occur during fluoxetine treatment (Wu et al., 2022). 

Daily consumption of fresh aloe gel can also help with glycemic control. Eight studies 

that included 470 patients (235 each with prediabetes and type 2 diabetes) indicated the 

possibility of positive effects of aloe application in these conditions. In prediabetes, 

aloe vera stabilized plasma glucose without affecting glycosylated hemoglobin HbA1c. 

Aloe vera can improve glycemic control in type 2 diabetes, with a slight increase in 

plasma glucose levels and significant stabilization of HbA1c. Given the limitations of 

available results and the high heterogeneity of studies, randomized controlled trials 

with standardized preparations are needed to quantify and validate any positive effects 

on glycemic control (Suksomboon et al., 2016; Dick et al., 2016; Najafian et al., 2019). 

In our study as well, respondents cited glycemic control as a reason for using aloe 

(4.8%). 

Reproductive health 

Aloe vera may be beneficial for certain disorders related to the reproductive organs in 

both sexes. Taking two tablespoons of fresh aloe vera juice daily, which is rich in 

mineral salts, it is a useful prevention of disorders that occur in premenopause. In the 

case of dysmenorrhea, taking two tablespoons of aloe vera juice in the days before the 

cycle and during menstrual bleeding is useful for maintaining hormonal balance 

(Ledvon, 2007; Capasso et al., 2005). 

Cystitis is a urinary tract infection and is a common condition in women in their 

sixties. The main advice for treating cystitis is to drink as much water as possible and 

practice local hygiene. Aloe vera juice treatment has been shown to be beneficial in 

alleviating symptoms and improving the condition. The respondents in our study stated 
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that urinary tract infection was the reason for using aloe vera in 4.8% of cases (Ledvon, 

2007; Capasso et al., 2005). 

During a study of 30 menopausal patients with atrophic vaginitis, the effects of a 

vaginal cream with aloe and an estrogen vaginal cream were compared. After the study 

was completed, surface cells increased significantly after the application of both 

preparations, leading to the conclusion that a vaginal cream with aloe may be equally 

effective as an estrogen vaginal cream (Vardanjani, 2021). 

The various indications  

The use of aloe vera gel in combination with standard medical therapy in patients with 

systolic heart failure may have a positive therapeutic effect. In a study conducted on 42 

patients divided into two groups, one group received 150 mg of standardized aloe vera 

gel twice daily for 8 weeks, while the other group was treated with placebo; the results 

showed that the group receiving aloe vera gel improved symptoms of obstructive sleep 

apnea and reduced the occurrence of insomnia (Soltani et al., 2023). 

A study examining the effect of phonophoresis of aloe vera gel on pain intensity in 

patients with knee osteoarthritis included 51 patients, aged 45 to 70 years. One group 

of patients was treated with a therapeutic gel, and the other group was treated with a 

2% aloe vera gel. Pain intensity and functional status in patients with knee 

osteoarthritis improved significantly after treatment in both groups, with no significant 

differences between groups. These results suggest that aloe vera has significant 

therapeutic potential in this indication (Haghighat et al., 2022). 

In cases such as mosquito bites, stomatitis, red eyes, cracked skin, blisters, aloe gel 

applied as a salve, for general oral hygiene, is particularly effective in cases of 

gingivitis. The respondents in our study declared that they use aloe for the purpose of 

treating inflamed gums (7.8%). A meta-analysis was conducted to confirm the efficacy 

and safety of the clinical applicability of natural products in the prevention and 

treatment of oral mucositis caused by chemotherapy and/or radiotherapy. A total of 

3075 participants underwent some therapy with natural products for the oral mucosa. 

The results of this meta-analysis indicate a positive effect of honey and aloe vera in 

reducing mucosal inflammation in patients undergoing therapeutic protocols for the 

treatment of malignant diseases (Ledvon, 2007; Guedes da Silva Lima et al., 2021). 

Aloe gel also contains cellulose polysaccharides and acemannan (carizin). Acemannan 

is a mucopolysaccharide, which according to the findings of some studies stimulates 

DNA synthesis and then increases the proliferation of gingival fibroblasts, which play 

an important role in wound healing, because it participates in the synthesis of the 

extracellular matrix and the secretion of growth factors into the extracellular matrix. 

The hormone gibberellin (GAs), synergistically with acemannan and glucomannan 

contributes to fibroblast proliferation and protein synthesis during the wound healing 

process (Suganya et al., 2014). 

Conclusions 

Aloe gel and its preparations are recognized as useful auxiliary medicinal agents in 

various indications thanks to the complexity of the composition and content of aloe gel 

components. For the patients in our study, the main source of information about the 
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method of application and the expected effects of aloe and its preparations is, in most 

cases, the pharmacist at the pharmacy, 40%. However, the percentage of 23.33% that 

goes to the media and friends, in the same ratio, as the main source of information is 

not negligible either. We can assume that these sources of information influenced a 

high percentage of patients who believe that aloe preparations helped them only 

partially in the treatment (25%, with a value of p=0.00001830, Fisher's test), precisely 

because of an inadequate recommendation. Most frequent reason for ude of aloe 

preparation is dermatological use (71,4%). The preparations which are most frequently 

used are aloe juice and aloe pure gel at the same percent (22,91%). 

Although the European Medical Agency in its report recommended aloe gel for 

therapeutic use as a laxative, none of the patients reported using aloe for that purpose 

(0%). Such results point to the need to comprehensively examine standardized 

preparations in controlled double-blind studies in subsequent studies that would clearly 

indicate the effectiveness of aloe preparations in specific indications. 

The task of future research to look at the type and representation of aloe preparations in 

pharmacies, but also to point out the real reasons for their use. 
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Abstract 

Nausea during pregnancy affects up to 80% of all pregnant women, and although it is 

most common in early pregnancy, it is present in about 10% of pregnant women until 

delivery. The pharmacological modalities that can be used to relieve these symptoms, 

which can be so severe that they pose a risk to both the child and the mother, are 

significantly limited. Ginger, Zinigber officinale, is a widely used spice that has a 

strong antiemetic effect and its use in pregnancy has been well studied. A study on the 

use of ginger for the relief of nausea during pregnancy was conducted in which 129 

pregnant women aged 19 to 43 years participated. Only 13.2% of pregnant women did 

not have nausea, 55.8% had nausea only in the first trimester, 11.6% in the second and 

third trimesters, and 19.4% of them throughout the pregnancy. Despite this, only 

41.1% of pregnant women used ginger and an additional 18.6% were aware of the 

effects of ginger but did not use it. Pregnant women who had nausea only in the 1st 

trimester experienced the greatest improvement in nausea after using ginger, while 

pregnant women who had nausea throughout their pregnancy experienced the least 

improvement. Interestingly, 26.4% of pregnant women without symptoms stated their 

willingness to try ginger if their symptoms improved. Despite the large number of 

preparations on the market, pregnant women mostly choose fresh ginger or ginger tea, 

in which the concentrations of bioactive compounds are variable. The results indicate 

the need for pharmacists to educate pregnant women about the possibilities of using 

ginger and its safety for use during pregnancy. 

Keywords: pregnancy, Zinigber officinale, nausea in pregnancy. 

Introduction 

Herbal remedies are considered safe and natural by people, which explain their 

popularity and continued growth in sales (Stanisiere et al., 2018). It is estimated that 

almost 25% of the world's population relies on traditional herbal remedies for various 

aspects of health care (Banjari et al., 2019). Pregnancy is a period in which 

pharmacotherapeutic procedures and the use of herbal remedies are always considered 

with special care. Nausea (and vomiting) in pregnancy is one of the physiological 

manifestations that affects up to 80% of all pregnant women and is particularly 

pronounced in early pregnancy (peaking between the 9th and 16th weeks of pregnancy) 

and generally weakens and disappears by the 22nd week of pregnancy (Bustos et al., 

2017). However, about 10% of pregnant women experience nausea throughout their 

entire pregnancy. The exact cause is not fully understood, but a number of metabolic, 
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neuromuscular, genetic and endocrine factors have been identified as involved in the 

pathophysiology of this condition (Lee and Saha, 2011). The severity of symptoms can 

range from mild to moderate, to pathological cases of women with a severe disorder 

called hyperemesis gravidarum (HG) and often requires hospitalization of the pregnant 

woman (Jennings and Mahdy, 2023). 

Ginger (Zingiber officinale Roscoe) is a popular spice consumed as a food, beverage, 

or supplement. It is rich in various chemical compounds and is known for its numerous 

health benefits, the most studied of which is its antiemetic effect, especially in 

pregnancy and oncology. 

Ginger contains numerous active components that form two groups of chemical 

compounds: volatile oils (1-3% of the plant) and phenolic compounds (Stoner, 2013). 

The volatile oil components consist of sesquiterpene compounds, mainly zingiberene, 

curcumene, farnesene, and zerumbone, and they contribute to the taste and aroma of 

ginger, and zerumbone has anticancer effects (Stoner, 2013). β-phelladrene, cineole, 

citral, camphene, geraniol, limonene, borneol, and β-bisabolene have also been 

identified (Ghosh et al., 2011). The phenolic compounds are mainly gingerols, 

shogaols and paradols, and in fresh ginger the main polyphenols are gingerols (6-

gingerol, 8-gingerol and 10-gingerol). During the preparation of dried ginger, gingerols 

are converted to the corresponding shogaols, of which 6-shogaol is the most common 

dehydration product and its concentration can be increased by drying and extraction at 

higher temperatures (Ok and Jeong, 2012). Gingerols, shogaols and paradols give 

ginger its “hot” mouthfeel and appear to be responsible for most of its anticancer 

effects (Stoner, 2013). Other compounds present in ginger include quercetin, 

zingerone, gingerone-A, amadaldehyde, methylgingediol, gingediacetates, 

methylgingediacetate (Ghosh et al., 2011). 

The composition and content vary depending on the type, variety, agronomic 

conditions, but also on whether it is fresh or powdered ginger rhizome, or the drying 

method and storage conditions (Ghosh et al., 2011). The exact concentrations of active 

compounds are often not stated on supplements containing ginger. Some of them state 

that they contain dry rhizome extract standardized to 5% gingerol, while the 

concentrations of other active compounds are not declared, which was confirmed by 

the analysis of then available commercial ginger preparations conducted by Schwertner 

et al. (2006). 

The aim of this study was to examine whether and to what extent pregnant women, 

especially those with nausea during pregnancy, are familiar with the use of ginger to 

relieve these symptoms. 

Subjects and methods 

A single observational study was conducted on pregnant women aged 19 to 43 years, 

who were at least 6 weeks pregnant at the time of the study. A survey was designed for 

the study, which included general and sociodemographic questions, questions about 

pregnancy and the presence of nausea during pregnancy, and questions about ginger 

preparations (note: the survey is available upon request). The survey was available 
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online and shared on social networks, namely through closed groups of pregnant 

women on Facebook. 

Results and discussion 

The survey was completed by 129 pregnant women, of whom 17 (13.2%) had no 

nausea, 72 (55.8%) had nausea in the 1st trimester, 15 (11.6%) in the 2nd and 3rd 

trimester, and 25 (19.4%) throughout the pregnancy. Their characteristics are shown in 

table 1. 

Table 1. General characteristics of pregnant women according to the presence of nausea during 

pregnancy 

 
No difficulty 

(n=17) 

1st trimester 

(n=72) 

2nd and 3rd 

trimester 

(n=15) 

The entire 

pregnancy 

(n=25) 

Age (years) 33 ± 4 31 ± 5 33 ± 5 31 ± 4 

Gestation 

(weeks) 

22 

(16 – 37) 

25 

(17,5 – 34,5) 

32 

(28 – 37) 

29 

(21 – 36) 

Weight gain 

during 

pregnancy (kg) 

5,0  

(2,0 – 9,0) 

5,5  

(3,0 – 9,0) 

10,0  

(7,0 – 14,0) 

7,0  

(4,0 – 11,0) 

BMI – body mass index; NV – nausea and vomiting 

Nausea and vomiting during pregnancy can halve the intake of nutrients (Birkeland et 

al., 2015) that are necessary for normal fetal growth and development and cause 

serious complications in the pregnant woman. The most severe form of nausea and 

vomiting, HG, can result in inadequate weight gain during pregnancy and serious 

consequences for the child (Poursharif et al., 2007), and thus a total weight gain during 

pregnancy of less than 7 kg is associated with an increased risk of preterm birth and 

birth of a child small for gestational age (Dodds et al., 2006). This study included 

pregnant women at different stages of gestation, so weight gain in the context of 

nausea, especially if it lasts the entire pregnancy, cannot be commented on given the 

possible risks to the mother and/or child. 

As previously mentioned, the antiemetic effect of ginger is attributed to the compounds 

6-shogaol, 6-gingerol, zingerone and galanolactone, and the effect is manifested within 

the gastrointestinal tract, through an increase in gastric tone and motility due to 

anticholinergic and antiserotonergic effects, resulting in accelerated gastric emptying 

(Lete and Allué, 2016). An analysis of 12 randomized controlled clinical trials 

involving 1278 pregnant women showed that ginger significantly reduces nausea 

symptoms compared to placebo (Viljoen et al., 2014). Some studies have found that 

ginger is a more effective antiemetic than vitamin B6 (Chittumma et al., 2007). 

Although the antiemetic effect of ginger during pregnancy has been scientifically 

proven and well documented, this study found that 40.3% of pregnant women had not 

tried it, 18.6% were aware of the effects of ginger but did not use it, while 41.1% of 

pregnant women used it (Graph 1). 
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Graph 1. Knowledge of the use of ginger as an antiemetic in pregnancy 

In general, pregnant women mostly have a positive attitude towards ginger (Graph 2), 

which was expected considering that research conducted in other countries also 

recorded significant use of ginger among pregnant women and the attitude that it is 

safe for use during pregnancy (Al Essa et al., 2018; Kennedy et al., 2013; Durmaz and 

Gun Kakasci, 2024). Ginger most helped pregnant women with nausea in the 1st 

trimester; 68.2% of them stated that ginger eased their discomfort, however, a higher 

percentage of pregnant women who had nausea throughout their pregnancy tried ginger 

and it did not help them (41.4% tried it and it did not ease their discomfort, in 9.1% it 

did ease the discomfort). 26.4% of women without complaints are willing to try ginger. 

 

Graph 2. The attitude of pregnant women towards ginger with regard to the presence of nausea 

during pregnancy 

Pregnant women who were familiar with the antiemetic effect of ginger and its safety 

for use during pregnancy most often received advice on its use from a doctor or 

pharmacist, and only then did they receive information on the Internet and social 

networks and through advertisements, and they mainly used it in the form of tea or 

fresh. 

It should not be ignored that in sensitive individuals, ginger can cause heartburn 

(Stanisiere et al., 2018). According to limited clinical evidence, ginger is not 
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recommended for pregnant women who are at term and those who have had a history 

of miscarriages, vaginal bleeding, and blood clotting disorders (Lindblad and Koppula, 

2016). Although ginger has only mild adverse effects, caution should be exercised if 

consumed in large doses (Qiu et al., 2015). 

What is less commonly discussed is the fact that women who experienced severe 

nausea (and vomiting) during pregnancy had a poorer quality of life, which also 

negatively affected their desire to become pregnant again (Heitmann et al., 2017). Our 

results also confirmed a lower quality of life in pregnant women who experienced 

nausea, regardless of when the symptoms occurred, compared to women without 

symptoms (Table 2). Pregnant women rated their quality of life with respect to nausea 

symptoms on a Likert scale from 1 to 7, with higher scores indicating poorer quality of 

life. 

Table 2. Subjective assessment of quality of life in relation to the presence of nausea during 

pregnancy 

 
No difficulty 

(n=17) 

1st trimester 

(n=72) 

2nd and 3rd 

trimester 

(n=15) 

The entire 

pregnancy 

(n=25) 

Quality of life 0 (0 – 0) 
4 (3 – 5) 3 (2 – 5) 4 (4 – 6) 

<0,001* <0,001* <0,001* 
*difference between pregnant women without complaints and pregnant women with NV 

complaints 

Conclusion 

Pregnant women have a positive attitude towards ginger, but few pregnant women use 

it to relieve nausea. Pregnant women with nausea in the first trimester have felt the 

benefits of ginger in relieving symptoms to the greatest extent, and pregnant women 

who have nausea throughout their pregnancy have felt the least. Although a large 

number of preparations are available on the market, pregnant women most often 

choose fresh ginger or ginger tea, in which the content of bioactive compounds 

responsible for its antiemetic effect is variable. The safety of ginger use during 

pregnancy has been well researched and documented, and it is necessary to increase 

awareness of the need to use standardized pharmaceutical-quality products to relieve 

the above-mentioned symptoms through activities at the level of pharmacies and other 

health institutions. 
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Abstract 

This study presents a comparative analysis of the chemical composition, biological 

properties, and potential medical applications of the Igalo and Ulcinj peloids, using 

principles of personalized medicine and modern pharmaceutical technology. While the 

Igalo peloid is characterized by a rich organic profile with pronounced regenerative 

potential, the Ulcinj peloid shows significant mineral content and antimicrobial 

activity. The results suggest complementary possibilities for the application of both 

peloids in modern balneotherapy and dermocosmetics, with a special emphasis on the 

development of personalized formulations. 

Keywords: peloid, personalized medicine, balneotherapy, dermocosmetics, Igalo, 

Ulcinj, bioactive composition. 

Introduction 

The modern concept of personalized medicine represents a significant advancement in 

adapting therapeutic approaches to the specific needs of individuals based on genetic, 

biochemical, and physiological characteristics. In this context, natural therapeutic 

materials such as peloids are increasingly gaining importance as locally available, 

multifunctional resources that enable the development of personalized therapeutic 

strategies, especially in dermatological and rheumatological conditions (Gomes et al., 

2013; Maria and Carolina, 2021). 

Peloids are defined as heterogeneous mixtures of mineral water with organic and 

inorganic components formed under geological and biological processes (Gomez et al., 

2015). Their composition includes mineral fractions (kaolinite, quartz, halite), humic 

and fulvic acids, saturated and unsaturated fatty acids, essential amino acids, and 

various microelements (Zn, Mg, Fe, Ca), which together exert anti-inflammatory, 

regenerative, analgesic, and antiseptic effects (Carretero, 2002; Purenivic et al., 2021). 

Over the last decade, the interest in the application of peloids in the formulation of 

topical preparations has significantly increased. Thanks to their high heat retention 

capacity, plasticity, and adsorptive properties, peloids are used as carriers of bioactive 

molecules as well as therapeutic agents per se, especially in balneotherapy centers 

across Europe (Veniale et al., 2007). Through the combination of modern analytical 

chemistry and biopharmaceutics, it is possible to profile the chemical composition and 

therapeutic potential of peloids in accordance with the specific clinical picture of the 
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patient, opening a new dimension of their application within personalized 

pharmacotherapy. 

The aim of this paper is to provide a scientific basis for the contemporary medical 

valorization of two geographically and chemically distinct peloids from Montenegro 

(Igalo and Ulcinj) and to encourage the integration of traditional therapeutic 

knowledge into modern personalized treatment approaches. 

Materials and Methods 

Samples of peloids from Igalo and Ulcinj were collected during the summer season 

from natural deposits. The Igalo sample was taken from the coastal mud area near the 

Institute “Dr Simo Milošević”, while the Ulcinj sample was obtained from the 

evaporation basins of the Ulcinj Saltworks. The samples were collected at a depth of 

1–2 meters using clean tools and stored in sterile containers at 4°C until analysis. 

The pH and water content were measured using standard methods: pH in a 1% 

suspension using a calibrated pH meter (ISO 10523:2008), and water content by drying 

at 105°C to constant weight. Total organic carbon (TOC) was estimated by ignition at 

550°C and calculated using the standard formula (Schumascher, US EPA Method 

415.1). 

The fatty acid profile was analyzed after lipid extraction with petroleum ether using 

Soxhlet apparatus, followed by gas chromatography with a flame ionization detector 

(GC-FID) according to Christie (2003). Amino acids were quantified by HPLC after 

acid hydrolysis of the sample (Jajić et al., 2013). Carbohydrates were analyzed by 

HPLC with a refractive index detector (Vukojević et al., 2015). 

The mineral content was determined by inductively coupled plasma optical emission 

spectrometry (ICP-OES) following microwave digestion. Spectroscopic techniques 

including FTIR and ¹H NMR were used to confirm the presence of functional groups 

and specific molecular structures (Kögel-Knabner, 1997). 

Antimicrobial activity was assessed using the disc diffusion method against Candida 

albicans and Klebsiella pneumoniae, as per CLSI M100 guidelines. Presence of 

beneficial algae was confirmed by microscopy following cultivation under controlled 

light and temperature conditions (Andersen, 2005). 

Results 

In this section, the physicochemical and bioactive properties of the Igalo and Ulcinj 

peloids are presented through comparative tables and diagrams that reflect their unique 

therapeutic profiles. These results were derived from comprehensive laboratory 

analyses as outlined in the methodology. 

Physicochemical Characteristics 

Ulcinj peloid showed a higher moisture content (46.03%) compared to the Igalo peloid 

(39.7%). The pH values were mildly acidic in both samples (Ulcinj 6.68; Igalo 6.23), 
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aligning with the physiological pH of the skin, making them suitable for dermal 

applications (Table 1). 

Table 1. Physicochemical Properties of Igalo and Ulcinj Peloids 

Parameter Igalo Ulcinj 

pH 6.23 6.68 

Water Content (%) 39.7 46.03 

Total Organic Carbon (%) 5.1 3.4 

Organic Composition and Mineral Composition 

The Igalo peloid demonstrated a significant presence of saturated and unsaturated fatty 

acids (Fig.1), including palmitic acid (46%), oleic acid (19%), and stearic acid (11%), 

which are linked to epidermal regeneration and anti-inflammatory properties (Yamane 

et al., 2018; Solano, 2020). The Ulcinj peloid primarily contained triglycerides with 

unsaturated fatty acids, confirmed through NMR spectroscopy. Amino acids such as 

alanine, leucine, histidine, and proline were detected in the Igalo samples (tab.2), 

contributing to collagen synthesis and skin healing (Szoka et al., 2017). 

 

Figure 1. Fatty acid composition in Igalo peloid based on GC-FID analysis. Source: Bigovic et 

al., 2019. 
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Table 2. Comparative Bioactive Composition of Peloids 

Component Igalo Ulcinj 

Fatty Acids Palmitic, Oleic, Stearic 
Triglycerides with 

unsaturated FA 

Amino Acids 
Alanine, Leucine, 

Histidine, Proline 

Histidine, Methionine 

(from algae) 

Minerals K, Na, Ca, Mg, Zn K, Na, Ca, Fe, Mg, Zn 

Antimicrobial Activity Not detected 
Active against Candida 

albicans 

Ulcinj peloid contained higher concentrations of bioavailable minerals including Na, 

Mg, Ca, Fe, and Zn (Tab.2), consistent with previous findings (Potpara et al., 2017). 

These elements are essential for cellular metabolism and epithelial regeneration, with 

zinc particularly known for its antiseptic and sebostatic effects (Carretero et al., 2002). 

Antimicrobial Activity 

The Ulcinj peloid exhibited notable antimicrobial activity against Candida albicans, 

with inhibition zones of 23 mm (100 mg/ml) and 26 mm (200 mg/ml) (Fig.2), while no 

activity was observed against Klebsiella pneumoniae. The Igalo peloid does not have 

an antimicrobial effect because it has not been tested, which will be the subject of 

further research. 

 

Figure 2. Antimicrobial Activity of Ulcinj Peloid on Candida albicans. Disc diffusion method 

shows inhibition zone diameter (mm) of Ulcinj peloid at two concentrations against Candida 

albicans 

Source: Potpara et al., 2017. 
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Discussion 

The comparative analysis reveals that both the Igalo and Ulcinj peloids possess distinct 

yet complementary properties that are valuable in the context of balneotherapy and 

dermocosmetic applications. The Igalo peloid is particularly rich in saturated and 

unsaturated fatty acids, such as palmitic, oleic, and stearic acids, which play important 

roles in modulating inflammation and supporting skin regeneration (Yamane et al., 

2018; Cekic et al., 2020; Solano,2020). Its notable amino acid profile, including. 

The presence of beneficial diatomaceous algae in the Ulcinj peloid further adds to its 

dermocosmetic relevance. Algal metabolites have demonstrated photoprotective, 

antioxidant, and anti-inflammatory effects, which support the use of peloids as base 

materials in topical formulations (Andersen, 2005; Gomez et al., 2013). Additionally, 

the physicochemical properties of Ulcinj peloid, particularly its higher moisture 

retention and slightly higher pH, align with the skin's natural acidity and hydration de. 

These findings align with recent perspectives advocating the incorporation of natural, 

site-specific peloids into integrative medicine and personalized care protocols (Maria 

and Carolina, 2021; Carretero, 2020). Moreover, the Ulcinj peloid's proven 

antimicrobial activity, especially against Candida albicans, supports its formulation 

into antifungal dermal treatments, a therapeutic niche that remains underdeveloped in 

natural products research (Potpara et al., 2017; CLSI, 2020). These clinical findings 

support the expansion of peloid use into integrative rehabilitative programs, especially 

in specialized institutions such as the Institute “Dr Simo Milošević” in Igalo, where 

protocols have combined peloid therapy with kinesiotherapy and electrotherapy for 

over five decades (Pantovic et al., 2025). 

Conclusion 

The results reinforce that these peloids are not merely passive thermal agents but 

bioactive materials with targeted molecular effects but also are viable candidates for 

incorporation into both standard and complementary medical protocols.The study 

confirms that the Igalo and Ulcinj peloids, owing to their unique chemical and 

biological compositions, hold significant potential for application in personalized 

balneotherapy and dermocosmetic solutions. While the Igalo peloid excels in 

regenerative and anti-inflammatory properties due to its rich organic content, the Ulcinj 

peloid stands out for its mineral composition and antimicrobial efficacy. These 

properties enable targeted therapeutic applications depending on the pathology of the 

disease. 

Study Limitations 

This study was limited by its experimental scope and the lack of in vivo clinical 

validation of the therapeutic effects observed in vitro. Additionally, seasonal variations 

in peloid composition were not addressed, which may influence reproducibility. 

Further research involving controlled clinical trials, extended sampling periods, and 
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patient-centered assessments is needed to confirm the personalized applicability of 

these peloids in medical practice. 
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Abstract 

Advances in tissue engineering brought the development of improved cultured skin 

tissue substitutes, the type of bioengineered products still with limitations for 

therapeutical use. Techniques that allow growth of autologous keratinocytes in cell 

culture conditions from a small skin biopsy into the sheets of stratified squamous 

epithelium with keratinization was a good solution that helped with the problem of 

insufficient donor site for extensive burns, but still, many clinical burn units use a skin 

allografts as intermediate wound coverage after burn excision. Full thickness skin or 

epidermal sheets alternatives provided by tissue-engineering still have to meet 

emergency demand in order to be used successfully. On the other hand, available 

commercial skin products, with the similar characteristics suffer from the problems of 

high cost, defective skin microstructure and inconsistent success, especially in full 

thickness burns. Clinical practice for burn treatment in recent years evolved to 

incorporate these tissue-engineered epidermal substitutes, but mostly as an addition to 

classic methods. This helped to speed up epithelization for wound closure and/or to 

improve quality of patient life. We seek to explain the epithelial tissue engineering 

procedures and utilization from its beginnings till present day practice. 

Keywords: wounds, tissue engineering, cultured epithelial sheets. 

Introduction 

The skin is the largest organ of the body with the barrier function, mainly preventing 

the passage of water and pathogens. Epidermis belongs to the stratified squamous 

epithelia with keratinization and is dominantly (95%) build from highly specialized 

epithelial cells called keratinocytes. Langerhans' cells, melanocytes and Merkel cells, 

all with specific function in the skin, can also be verified in a small percentage. During 

the treatment of wounds, the main event responsible for the good outcome is re-

epithelization process in which the keratinocytes play a key role (Gallico et al., 1984; 

Paddle-Ledinek et al., 1997; Sood et al., 2010; Atiyeh and Costagliola, 2007; 

Rheinwald and Green, 1975). If only epidermal defects occurs, epithelialization from 

proliferated keratinocytes that originate from the wound edge or skin appendages 

niches will lead to healing scarring. Subsequently, by virtue of differentiation process, 

epithelial cells will form a full thickness epidermis with mechanical and biological 

barrier as formation of a keratinized layer of cells occurs (Li and Maitz, 2018; 

Verbraecken et al., 2006; Green et al., 1979; Matsumura et al., 2016). But sometimes, 

when the degree and dimensions of the damaged epidermis are very large, usual 

epithelization processes can be hampered and long-lasting with scaring formation as 

mailto:zormil67@gmail.com
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well. In these cases, utilization of cultivated epidermal sheets can prevent unwanted 

outcomes (Hickerson et al., 2019; Puck and Marcus, 1955). 

Cultivation procedures 

Autologous keratinocyte sheets constitute an important component of the burn wound 

treatment toolbox available to a surgeon and can be considered a life‐saving procedure 

for patients with severe burns over 50% of their total body surface area. Primary 

Human Epidermal Keratinocytes can be isolated from the human skin biopsy. The 

procedure for primary isolation and single cell suspension is somewhat complicated 

but in brief, full-thickness skin sample should be trimmed with scissors and razor 

blades to remove excess fat and deeper dermal structures. Specimen will then be 

exposed to dispase II enzyme treatment overnight. After the digestion epidermal sheet 

can be easily removed with the forceps and transfer red in to trypsin/EDTA solution in 

order to obtain single cell suspension of keratinocytes. After enzymatic dissociation, 

inhibitor of enzyme activity was added to prevent damage of the cells. Cells were 

seeded in keratinocyte growth media (KGM) that contains DMEM and Ham F12 

mixture (3:1), supplemented with growth factors and hormones as follows: EGF 

5ng/ml, in sulin 5µg/ml, transferrin 5µg/ml, hydrocortisone 0,4µg/ml an adenine 

24,3µg/ml. Cultivation media should have usual quantities of antibiotic/antimycotic 

solution for infection prevention. In the beginning e.g. until the confluence of the cells 

reach approximately 80%, low calcium, serum-free media should be used and then, in 

order to obtain stratification of the cells high calcium media is added. Final product is 

transparent sheet of stratified keratinocytes ready to be grafted onto wounds. The 

product should be used in a short period of time or otherwise stored in a liquid nitrogen 

canisters for delayed utilization. Figure 1 presents basic procedures and some 

variations in the process of keratinocyte cultivation. 

 

Figure 1. Basic procedures and some variations in the process of keratinocyte cultivation 
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Histological and immunochemical characterization 

Because of potential transplantation procedures of cultivated keratinocyte sheets, 

histological as well as immunochemical characterization are necessary because the 

structural similarities with normal epidermis must be confirmed for each sheet of 

keratinocyte that will be used in the treatment of the wounds (Roy et al., 2001; Roh et 

al., 2008; De Corte et al., 2012; Victoria et al., 2010; Tekkatte et al, 2011). Samples 

should be fixed with 3% formalin for an hour at room temperature, followed by 

stepwise dehydration through a series of graded alcohols. Paraffin embedding and 

subsequent tissue sectioning into 5 μm thin sections are the next steps. For assessing 

the tissue composition of the keratinocyte sheets, Hematoxylin/Eosin staining should 

be performed. After assessment of tissue structure and cellular organization of the 

keratinocyte sheets, immunochemical characterization should be performed in order to 

evaluate if they express specific markers of differentiation and keratinization. Keratin 

K5 and K8 are analyzed in order to confirm keratinocyte cell identity, but also 

desmoglein as a marker of the early differentiation as well as protein filaggrin as a 

marker of the late or full cellular differentiation (Victoria et al., 2010; Wappler et al., 

2013; Chase et al., 2010; Furue et al., 2008; Tjin et al., 2018). All previously 

mentioned procedures can represent the workload but are absolutely necessary because 

cultivated keratinocyte sheets are used to treat wounds and one must be convinced that 

all important biological features of the normal human epidermis such as water-

resistance and pathogen-resistance is fulfilled (Aasen and Izpisua Belmonte, 2010; 

Attico et al., 2018). 

Final product 

As mentioned before, the “fate” of cultivated keratinocyte sheets can be either 

immediately usage for the treatment of the patient or cryopreservation for later use. 

Most often both outcomes exists together. Sheets are used for the treatment and the 

excess cultivated tissue is preserved because the treatment of wounds with keratinocyte 

sheets needs subsequent utilization on the same place, sometimes 3 or 4 times, every 

week or two in order to achieve the wanted results (Attico et al., 2018; Purtle et al. 

2022, Lumb and Ambler, 2013; Zheng et al., 2006). Figure 2 shows another dilemma 

amongst researchers: when cryopreservation is in stake, should the single cell 

suspension or ready-to-be-used keratinocyte sheets be preserved (Sun et al., 2004). 

This is very important fact because during the cryopreservation, cells are exposed to a 

variety of chemical compounds that can be harmful to them. The storage in cryo-

medium can last for several weeks or even months, so the damaging effects of DMSO, 

for instance, is accumulating over time (Roy et al., 2001; Sun et al., 2004; Tjin et al., 

2018). 

Having in mind all previously stated, it is clear that, even today, almost 50 years after 

Rheinwald and Green (Green et al., 1979) started keratinocyte cultivation we still have 

a difficulties to implement the fruits of their hard work, to offer the treatment of the 

wounds on the biological level without the need for donors and complicated surgical 

procedures. Many attempts have been made in Europe and USA research institutions 

and clinics, but still there is nowhere to be found the one facility that can offer 

complete procedures from primary isolation of the epidermal cells through verification 
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of the structural and biological characteristics of the cultivated tissue up to utilization 

by the clinicians. 

 

Figure 2. Manufacturing Process 

Conclusion 

Optimizing autologous keratinocyte sheet cultivation in a small, Institute-like facility 

related to the wound treatment clinics could increase access to this life‐saving 

technology for major burn wound victims. That implies forming of a team of 

researchers and clinicians that can work together to achieve the highest level of wound 

treatment that exists today. 
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Abstract 

Objective: To present the results of the treatment of patients with a rare, fatal infection 

of the skin and soft tissues of various localizations. Introduction: The most common 

skin and soft tissue infections are phlegmon, necrotizing fasciitis, abscess, erysipelas 

and infection. This infection is characterized by infectious thrombosis of blood vessels 

connecting the skin with deep circulation, which leads to extensive necrosis of the skin 

and subcutaneous tissue without muscle involvement. 

Patients and methods: From January 2000 to January 2025, 46 patients with skin and 

soft tissue infections were treated at the Department of Surgery of the Public Health 

Institution Hospital "Sveti Vračevi" in Bijeljina. All patients were treated intensively. 

We analyzed the factors of prognosis and prognosis. 

Results: The age of the patients is 45.3 +/- 6.7 years. The majority of patients are men. 

All patients were diagnosed based on clinical examination, laboratory and 

microbiological analyses. Twenty patients had diabetes, 14 were chronic alcoholics. 

Four patients died in a state of severe septic shock. The following were isolated: 

Streptococcus in 34 patients, Staphylococcus in 28, Enterobacteria in 16, Escherichia 

coli in 15, Bacteroides in 5. In 15 patients, the source of infection was perianal 

abscesses and in one abscess of the ischiorectal fossa. The average duration of 

treatment was 23 days. 

Conclusion: The presence of sepsis, involvement of the perineum, scrotum and pelvis, 

low hematocrit, high urea and creatinine levels, low albumin are poor prognostic 

factors. Rapid recognition, urgent incision, administration of antibiotics, intensive care 

are good prognostic factors. 

Keywords: febrile neutropenia, malignant diseases. 

Introduction 

Severe soft tissue infections (STIs) are serious conditions that involve deep bacterial 

infections of the soft tissues and can quickly lead to complications if not treated 

promptly. These infections encompass a wide range of diseases that can affect the skin, 

muscles, fat, ligaments, tendons, blood vessels, and other soft tissue components. 

Severe soft tissue infections are usually manifested by a rapidly progressing infection, 

with potentially serious consequences for the patient’s health, including sepsis, 

multiple organ failure, and death. Here are some key types of severe soft tissue 

infections. 
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Phlegmon: is a diffuse, disorganized bacterial infection of the soft tissues that spreads 

through the tissues, without the formation of a clearly defined abscess. It is most often 

caused by streptococci and staphylococci, and symptoms include redness, swelling, 

pain, fever, and in some cases, spread of the infection to surrounding tissues. 

Necrotizing fasciitis: A severe, rare, but very serious bacterial infection that rapidly 

destroys tissues, including skin, fat, and fascia (the membrane that surrounds muscles). 

It is most often caused by bacteria such as Clostridium and Streptococcus. 

Abscesses are localized, pus-filled cavities that develop due to infection. They can be 

superficial (on the skin) or deep (in muscles, internal organs). The infection usually 

begins as a localized bacterial infection, but if left untreated, it can progress to a more 

severe form with swelling, pain, redness, fever, and pus formation. Deep abscesses 

may require surgery and drainage (Alai et al.,2021). 

Erysipelas is a superficial skin infection that most often affects the lower extremities or 

face and is usually caused by streptococci (especially Streptococcus pyogenic). 

Symptoms include: sharply defined, red, painful lesions, fever, enlarged lymph nodes, 

and possible formation of watery blisters. While erysipelas is usually less serious than 

other severe soft tissue infections, in some cases it can cause serious complications 

such as sepsis, especially in people with weak immune systems or diabetes (Feger et 

al., 2025). 

Infected wounds: Injuries that become infected due to contact with contaminated 

objects or clumsy wound care. Bacteria such as Staphylococcus aureus and 

Pseudomonas can cause wound infections (Hurlow et al., 2022). 

Risk factors for the development of severe soft tissue infections: diabetes, weakened 

circulation increases the risk of infections, infected wounds or cuts, weakened immune 

system (e.g. in people on chemotherapy or with HIV), poor hygiene (Huang et al., 

2023). 

Symptoms of severe soft tissue infections: redness, swelling and warmth at the site of 

infection, pain and tenderness, elevated temperature and fever, discharge (pus) from a 

wound or lesion, fatigue and general malaise (Iqba et al., 2022). 

Treatment of severe soft tissue infections: depends on the type of infection and the 

severity of the condition. The following are used in the treatment: Antibiotics: In most 

cases, bacterial infections are treated with antibiotics. In severe cases, intravenous 

antibiotics may be used. 

Drainage: If an abscess is present, drainage is often necessary to remove the pus. 

Surgery: For serious infections such as necrotizing fasciitis or in the case of deep 

abscesses, surgery may be necessary. Immune system support: People with weakened 

immune systems may require additional support and treatment (Wang et al., 2024). 

Patient and methods 

From January 2000 to January 2025, 46 patients with severe soft tissue infections were 

treated at the Department of Surgery of the Public Health Institution of the Hospital 
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"Sveti Vračevi" in Bijeljina. All patients were intensively treated under the continuous 

supervision of a surgeon and a clinical pharmacologist. 

All patients were bathed with warm water and soap before being admitted to the 

hospital room. They underwent skin cleansing and first a wide incision, followed by 

debridement and narcotization. The patients were bandaged three to four times within 

24 hours. All patients were bandaged under conditions of analgesic sedation. Wound 

cleansing was performed by extensive washing with 3% hydrogen peroxide solution, 

saline solution and povidone iodine solution. The wounds were promptly and 

abundantly washed with opening of pockets and individual abscess cavities and torn 

tissue necrotic bridges were connected by digitalis. 

In order for the physician to assess the patient's life expectancy and/or treatment to be 

as accurate as possible, prognostic and predictive factors are used. Prognostic factors 

are used to define the basic prognosis at the time of diagnosis of the disease, which 

predict the biological potential of the disease. There are several prognostic indicators 

of the evolution of the disease. 

We use prediction factors in cases where we assess the quantitative or qualitative 

difference in the response to a specific treatment, which allows us to apply the most 

effective treatment. 

Results 

In our study, we analyzed patients with severe soft tissue infections: phlegmon, 

necrotizing fasciitis, abscesses of the perianal region. 

Soft tissue phlegmon was present in 20 patients. This inflammation affects the soft 

tissues and is most often caused by bacteria: streptococci (especially type A), 

staphylococci (especially Staphylococcus aureus), and enterobacteria. The most 

common bacteria isolated in our patients were staphylococci (8 patients) and 

streptococci type A (7 patients) and enterobacteria (5 patients). Co-infection with 

staphylococci and enterobacteria was present in (3 patients). 

Necrotizing fasciitis is caused by polymicrobial (type I) or monomicrobial (type II) 

infection. It is always caused by mixed aerobic and anaerobic bacteria and this type of 

infection is also associated with diabetes mellitus. In our study, there were 6 patients 

with necrotizing fasciitis. The age of the patients was 45.3 +/- 6.7 years. All patients 

were male. All patients were diagnosed based on clinical examination, laboratory and 

microbiological analyses. Two patients had diabetes, four were chronic alcoholics. We 

most often diagnosed the disease based on clinical signs and symptoms and by taking 

material for microbiological examination. The following were isolated: Streptococcus 

in 34 patients, Staphylococcus in 28, Enterobacteria in 16, Escherichia coli in 15, 

Bacteroides in 5. In 15 patients, the source of infection was perianal abscesses and in 

one patient, an abscess of the ischiorectal fossa. 

Perianal abscesses are painful infections that occur in the area around the anus. They 

occur when there is a blockage and infection of the anal glands located near the anus. If 

the infection is not treated, an abscess can form - a pus-filled space under the skin or in 

deeper tissues. In our clinical study, there were 14 patients with perianal abscesses. The 
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most common cause of perianal abscesses is infection with bacteria from the genus 

Enterobacteriaceae (especially Escherichia coli) (12 patients) and/or anaerobic bacteria 

(2 patients). 

The average duration of treatment is 23 days. The main concept of treatment of 

patients with severe soft tissue infection is carried out in three directions: 

First - Hemodynamic stabilization. All measures of intensive care and resuscitation 

must be taken, especially in patients with signs of systemic intoxication or septic 

shock. 

Second - Parenteral administration of antibiotics, after taking material for 

microbiological examination, intensive administration of antibiotics (triple therapy) 

must be taken. We prescribed Cephtriaxone amp. 2g/12 hours to all patients. 

Crystalline Penicillin 4,000,000 IU/4 hours and Metronidazole amp. 500 mg/8 hours. 

Third - Urgent surgical procedure. All measures for generous incision, debridement 

and aggressive excision are taken. Debridement of deep fascia and muscles is not 

always taken, because they are rarely affected. It is very difficult to judge the limits of 

tissue debridement, especially in extensive infections. After extensive surgical 

procedures, local treatment measures are taken for the newly formed wound. We 

necessarily washed the wounds with 3% Hydrogen peroxide, 0.9% NaCl, Povidone – 

Iodine. All patients were under analgo sedation to prevent pain during washing, 

incision and debridement. Such procedures were repeated several times during the day, 

and extensively after 24 hours. (Figures 1, 2, 3, 4, 5 and 6.) 

  
Figure 1. Phlegmon of the right axillary 

region 

Figure 2. Appearance of the skin of the 

perineum 
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Figure 3. Necrosis of the scrotal fascia Figure 4. Incisions in the perineum 

 

  
Figure 5. Recovery Figure 6. Finished treatment 

Four patients died in a state of severe septic shock. Survival according to the Kaplan-

Meier curve is shown in chart 1. 

 

Chart 1. Survival of patients with severe soft tissue infection 
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Discussion 

The term “infection” implies the harmful penetration and multiplication of a biological 

agent - a microorganism into the body of a host - a macroorganism. It originates from 

the Latin word. ‘infiere’ to stain, to spoil. This term dates back to ancient times when 

describing a disease. As a term, it has been in use since the 14th century. World 

literature, in its guides, points to some of the most common severe infections of the 

skin and soft tissues that are current in the third millennium and represent an everyday 

enigma for the purpose of their therapy (Rongish et al., 2022). 

Severe soft tissue infections represent a significant medical problem that hospitals have 

been facing for decades. Due to their expansion, in the 1990s, a new chapter of interest 

and research opens as a problem in the field of hospital and community-acquired 

infections. Despite improvements in diagnostic modalities and advances in medical 

care, mortality in 43 studies that included 2742 patients in the period from 1995 to 

2008 is 24.5% (Stieferman et al., 2022). 

As with other infectious processes, early death is due to septic shock, while late deaths 

are usually due to progressive multiorgan failure. In our study, the mortality rate of 

patients was 5%. Improvements in outcome require early diagnosis, early 

hemodynamic stabilization, early and aggressive surgical treatment, and administration 

of appropriate antibiotics, adequate supportive therapy, and optimization of treatment 

of comorbidities (Zhou et al., 2024). 

The literature has extensively documented factors that increase mortality, with delayed 

surgical intervention being cited as the strongest negative prognostic factor. A delay in 

surgical treatment of more than 12 hours is associated with an increased number of 

surgical debridement, a higher incidence of septic shock, acute renal failure, and 

consequently higher mortality [6]. Older age is another strong negative predictive 

factor. One study reported a five-fold higher mortality in people older than 60 years 

compared with a younger population [8]. Other factors that have a negative impact on 

mortality include the presence of diabetes mellitus and chronic alcoholism and obesity 

(Ohnishi et al., 2023). 

Necrotizing fasciitis is the result of an aggressive synergistic infection of gram-

negative bacilli and cocci, and bacteroids and anaerobic streptococci of the collariform 

group are also encountered. The infection continues as a complication in the intestinal 

and urinary tract. Initially, the separation of necrotic fascia is clinically observed, while 

the inflammatory reaction on the skin is quite scarce. In addition to pain and 

lymphedema, necrosis progresses along the fascial plane, blisters with gangrenous skin 

patches appear on the skin, as a result of thrombosis of the skin blood vessels. 

Systemic reactions are very violent, accompanied by signs of toxemia, high 

temperature, and hemolysis. A large amount of water and plasma is lost through the 

necrotic space. The most common localization of necrotizing fasciitis is the pubic area 

and the perineum area (Huang, 2021). Usually the infection begins with cellulitis, 

crepitation are observed on palpation. Toxemia develops before fever. Greenish or dark 

brownish contents are secreted from the wound. In the treatment of these patients, the 

following measures must be taken: first – hemodynamic stabilization, second – 

parenteral administration of antibiotics, third – urgent surgical debridement. Surgical 
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treatment consists of radical dissections of necrotic fascia with wide incisions and 

excisions of necrotic skin areas. The wounds remain open with irrigation of the wound 

area. Repeated excisions and incisions are necessary when new necrosis appears and/or 

to prevent the formation of new ones (Kobayashi et al., 2023). 

Despite the implemented intensive care and treatment measures, a large percentage of 

3 - 40% of patients end up fatal. The most common complications in these patients are. 

Acute renal failure, ARDS and pneumonia, gastrointestinal bleeding, cardiac damage 

and hypocalcemia (Ohnishi, 2023). 

Conclusions 

Poor prognostic factors in patients with necrotizing fasciitis are: age, female sex, 

sample from the anorectal region, number of organ systems in dysfunction, late 

diagnosis and treatment, diabetes and HIV. Prognostic factors are often analyzed 

together. The most significant prognostic factors are: cause from the anorectal region, 

the number of organ systems in dysfunction, late diagnosis and treatment, diabetes and 

HIV. 

Once infection control is achieved, large skin defects can be covered with skin grafts. 
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Abstract 

Objective: Show results in treated patients with febrile neutropenia as most common 

complication after chemotherapy. 

Introduction: Neutropenia is defined as a neutrophil count of 0.5x10/9/l and fever is 

defined as a single oral temperature of >38 °C. Management of febrile neutropenic 

patients requires careful assessment and treatment most common type micro 

organisms, frequency occurence and the antibiotic regimen. 

Patients and methods: From January 2000 to December 2024 at the Department 

oncology General hospital „Sveti Vracevi“ in Bijeljina were analyzed 1794 patients 

with different malignancy. We analyzed 367 (20,5%) patients with febrile neutropenia. 

Results: Most number patients who have to chemotherapy because breast cancer 109, 

86 who have to chemotherapy because digestive cancer, 61 who have to chemotherapy 

because ginecology localisation, and 59 who have to chemotherapy because pulomnal 

cancer and 52 who have to chemotherapy because urolgycal cancer. Cultures were 

positive in only 38 patients (10,3%). Most common were isolated: Staphilococcus 

epidermidis in 17 patients, Staphilococcuus aureus in 12, Enterococcus faecalis in 11, 

E. colli in 11, Acinetobacter in 1, Serratia spp. in 1, Pseudomonas aeroginosa in 2, 

Candida albicans in 2 patients. Two patients were deth in sepsis. 

Conclusion: The treatment of febrile neutropenic patients request carefully approach 

cosistent especially patients, specific infection, susceptibility analyzis of isolated 

microorganisms and expected time of rtecovery. 

Keywords: febrile neutropenia, malignant diseases. 

Introduction 

Neutropenia is a decrease in the number of neutrophils when their number falls below 

2×10/9/l. These patients are particularly susceptible to the development of infections. 

The number of neutrophils in the blood is less than 0.5x10/9/l and an increase in body 

temperature above 380 C is referred to as febrile neutropenia. Febrile neutropenia is the 

main complication of chemotherapy. The treatment of febrile neutropenia in patients 

with malignant tumors must be based on knowledge of the most common types of 

microorganisms, the frequency of occurrence and antibiotic sensitivity of isolated 

bacterial strains (Blayney, 2022). 

Patients with a low risk of infectious complications can be treated on an outpatient 

basis with oral antibiotic combinations whenever possible. In patients with neutropenia 
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of the 3rd and 4th degree, when neutrophils are less than 1 x 10/9/l, parenteral 

antibiotic therapy is undertaken in hospital conditions. This is a condition that directly 

threatens the patient's life and represents an absolute indication for emergency hospital 

treatment (Bachlitzanaki, 2023). 

Factors that determine the level of risk for developing infectious complications were 

presented in a recent international collaborative study of 1139 patients receiving 

chemotherapy and febrile neutropenia. In this study, criteria were established for 

patients with a low risk of complications: Patients with a low risk of complications 

were: younger than 60 years of age (children were not included), disease in partial or 

complete remission, normal chest X-ray, no hypotension, respiratory rate less than 

24/min, no chronic lung disease, no diabetes, no confusion or other mental alterations, 

no bleeding, no dehydration, no history of fungal infection or that the patient had not 

received antifungal therapy in the 6 months prior to the onset of fever (Boccia, 2022). 

Febrile neutropenia is associated with the development of life-threatening infections, 

delayed chemotherapy, impaired quality of life and increased treatment costs, all of 

which together affect the final outcome of treatment (Moreau, 2009). 

Therefore, it is of great importance to identify risk factors that lead to febrile 

neutropenia, during and before the initiation of specific hematological treatment. The 

most important factor is the type of chemotherapy, although a standard scoring system 

for comparing the aggressiveness of different chemotherapeutic agents has not yet been 

established. The second most important factor is the underlying disease, although this 

information is rarely reported in studies because some hematological malignancies, 

unlike solid tumors, involve neutropenia per se [4]. In the literature, risk factors for the 

occurrence of febrile neutropenia include body surface area, bone marrow infiltration, 

age at diagnosis, initial or post-cycle monocyte and lymphocyte counts, and 

hemoglobin levels (Silber, 1998). 

Patient and methods 

From January 2000 to December 2024, 1794 patients with various malignancies were 

treated in the Oncology Department of the General Hospital "Sveti Veračevi" in 

Bijeljina. We analyzed 367 (20.5%) patients with febrile neutropenia. All patients were 

clinically examined, laboratory tests were performed, including determination of blood 

cell counts, serum urea, creatinine and transaminase levels. All patients underwent 

routine chest X-rays before chemotherapy. Abdominal CT was performed in patients 

with suspicious collections in the abdominal organs or retroperitoneum. Thirty-eight 

(10.3%) had isolated microorganisms in cultures. 

For the description of numerical data, depending on the data distribution, arithmetic 

mean ± standard deviation or median (range: min – max) were used, while categorical 

data were presented as frequencies, i.e. number of subjects (percentage). The t-test, 

Mann-Whitney test and Chi-square test were used to test the significance of the 

difference between the studied patient groups. The observed clinical and laboratory 

parameters that were statistically significant at the p < 0.01 level were included in the 

multiple regression analysis model in order to assess predictors of the development of 

febrile neutropenia. The criterion for statistical significance was p < 0.05 and the SPSS 
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Statistics 22 software program (SPSS Inc., Chicago, IL, USA) was used for statistical 

data processing. 

Results 

The largest number of patients, 109 received chemotherapy for breast cancer, 86 

patients received chemotherapy for digestive tract cancer, 61 patients received 

chemotherapy for gynecological tumors, 59 patients received chemotherapy for lung 

tumors and 52 patients received chemotherapy for uro-tract tumors and. Thirty-eight 

(10.3%) had isolated microorganisms in cultures. The most frequently isolated were: 

Staphilococcus epidermidis in 17 patients, Staphilococcuus aureus in 12, Enterococcus 

faecalis in 11, E. coli in 11, Acinetobacter 1, Serratia spp. 1, Pseudomonas aeroginosa 

in 2, Candida albicans in 2 patients. Neutropenia occurred on average 9.5 days after 

chemotherapy, with 14 patients (41%) experiencing it after cycles I and II, while the 

others experienced it after cycles III and VI of chemotherapy. The mean absolute 

neutrophil count was 0.43x10/9/l. Anemia occurred in 128 patients (78.5%), and 

thrombocytopenia in 85 (52.1%). Eighty-one patients (49.7%) had pancytopenia. 

Antibiotic therapy for patients at low risk of complications consisted of oral 

ciprofloxacin plus amoxicillin-clavulanate. Intravenous antibiotic therapy was 

administered to patients at high risk of complications according to three protocols: (1) 

monotherapy (cefepime or ceftazidime, or imipenem or meropenem; (2) Combination 

of two antibiotics (aminoglycosides plus antipseudomonas penicillin, cephalosporin 

(cefepime or ceftazidime), or carbapenem. (3) Glycopeptide therapy (vancomycin) plus 

(1) or (2). Patients in whom: the neutrophil count was greater than 0.5 x 10/9/l for two 

days, the culture was not positive, and the patient was afebrile for more than 48 hours, 

antibiotic therapy was discontinued. If the neutrophil count was less than 0.5 x 10/9/l 

and the patient was initially at low risk for complications, antibiotic therapy was 

discontinued if the patient was afebrile for more than 5-7 days. If the patient was 

initially at high risk for complications, antibiotic therapy was administered 

continuously. Antiviral drugs and granulocyte transfusions were not undertaken. 

routine. Antibiotic prophylaxis is not routinely used except for trimethoprim-

sulfamethoxazole for the prevention of Pneumocystis carinii pneumonitis. Antifungal 

and antiviral prophylaxis with fluconazole and acyclovir or ganciclovir is not routinely 

used. 

Laboratory parameters were also compared between patients with and without febrile 

neutropenia and only C-reactive protein (CRP) values showed a significant difference 

with higher values in patients who developed FN (7.2% vs. 3.3%; p = 0.012). Other 

parameters: hemoglobin (Hb), (p = 0.449), MCV (mean corpuscular volume), (p = 

0.237), leukocytes (Le), (p = 0.602), platelets (Tr), (p = 0.981), ANC (absoulte 

neutrophil count), (p = 0.430) and AMC (absolute monocyte count), (p = 0.960), did 

not differ significantly in relation to the development of febrile neutropenia (Table 1). 
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Table 1. Laboratory parameters according to the presence of febrile neutropenia 

Febrile neutropenia 

Total number (%) 
No  

275 (74,93%) 

Yes  

92 (25,06%) 
p 

Hb (g/l) 117.4 ± 24.3 112.9 ± 23.7 0.449 

WBC (x10e9/l) 5.5 (2.2 – 233.0) 
5.8 (1.9 – 

116.0) 
0.602 

PLT (x10e9/l) 
206.5 (10.0 – 

520.0) 

199.0 (51.0 – 

503.0) 
0.981 

ANC (x10e9/l) 3.1 (0.7 – 12.4) 3.7 (0.8 – 13.7) 0.430 

AMC (x10e9/l) 0.4 (0.0 – 12.2) 0.5 (0.0 – 1.1) 0.960 

CRP (mg/l) 3.3 (0.1 – 116.0) 
7.2 (0.1 – 

116.0) 
0.012 

Legend: Hb – hemoglobin, MCV– mean corpuscular volume, WBC – white blood cell count, 

PLT –platelet count, ANC– absolute neutrophil count, AMC – absolute monocyte count, CRP – 

C reactive protein 

Numerical data, depending on the normality of data distribution, are presented as the 

arithmetic mean ± standard deviation or as the median (min-max), and categorical data 

are presented as the number of patients and percentage, n (%). 

Discussion 

Our study demonstrated a statistically significant difference in the occurrence of febrile 

neutropenia in patients who had previously received chemotherapy, which is in 

accordance with available literature data. Addition of monoclonal antibodies to 

chemotherapy protocols increases the risk of febrile neutropenia. 

Patients receiving chemotherapy are susceptible to bacteria, fungi, viruses, and 

protozoa. They are chronically myelo- and immunosuppressed, and during severe 

myelosuppression as a result of chemotherapy, they are at increased risk of nosocomial 

infections. Most of these patients have venous catheters and mucosal membrane 

damage as a result of chemotherapy, which compromises the integrity of the defense 

barrier (Carmona-Bayonas, 2019). 

Malnutrition plays a significant role in susceptibility to infections. Infection 

prophylaxis is one of the most important measures of supportive care for patients with 

tumors, as it reduces mortality and morbidity from infections (Salifu, 2024). 

General measures include avoiding large crowds, wearing masks, washing hands, 

eating well, and practicing good dental and perianal hygiene. Before the use of empiric 

antibiotics, bacteremia had a mortality rate of >80% in neutropenic patients. The 

frequency and severity of infection correlate with the degree of neutropenia (Atun, 

2020). 

The incidence is highest when the absolute neutrophil count is less than 0.5 x 10/9/L. 

Empiric use of broad-spectrum antibiotics has significantly reduced mortality and 

morbidity in these patients. The choice of empiric antibiotic is not easy. It depends on 
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the experience of the hospital, the incidence of specific infections, and the type of 

resistance (Joseph, 2023). 

There is also the problem of what to do when a patient remains febrile despite first-line 

empiric antibiotic therapy and has negative blood cultures. Most hospitals have their 

own protocols for changing antibiotic therapy that include better "coverage" of G + 

microorganisms. It is important to remember that the patient needs to be re-examined, 

blood cultures taken again, and radiological work-up is often necessary. If there is no 

response after a further 48 h, in high-risk patients, it is necessary to introduce 

antimycotics (Foley, 2023). 

The aforementioned risk factors for the development of febrile neutropenia, such as 

age, performance status, myelosuppressive effect of therapy, i.e. choice of 

chemotherapeutic agent, degree of neutropenia, and decline in other blood parameters, 

are key in timely recognition of the need for G-CSF administration. Some of these 

factors are included in the ASCO CSF recommendations (American Society of Clinical 

Oncology – ASCO CSF guidelines) for the prophylactic use of colony-stimulating 

factors (Wilson-Royalty, 2001). 

Pneumocystis carini infection is a great danger in immunosuppressed persons, and it is 

necessary to carry out prophylaxis with trimethoprim-sulfamethoxazole (Condo, 2019). 

A predictive model for the development of neutropenia, dose reduction and treatment 

delay has been described in the literature, based on hematological parameters of the 

blood count during the first cycle of chemotherapy (Rolston, 2019). 

The model estimates the risk of the need for dose reduction due to myelosuppression 

and ranks patients into groups with intermediate and high risk of developing 

neutropenia in subsequent cycles of treatment (Smith, 2024). 

Accordingly, this division allows for timely administration of G-CSF, prevention of 

febrile neutropenia and subsequent adequate dose of chemotherapy, without the need 

for reduction (Crafword, 2017). 

It has been proven that patients with the highest degree of neutropenia develop febrile 

neutropenia more often (Klasterski, 2016). 

In our study, grade 3 and 4 neutropenia in the group of those who developed febrile 

neutropenia was observed in more than two thirds of patients (Martin, 2024). 

Conclussions 

Our study showed that the development of febrile neutropenia was influenced by the 

greater number of applied therapeutic lines and cycles of immunochemotherapy, the 

clinical stage of the disease, the presence of a bulky tumor mass at the time of 

diagnosis, as well as the degree of aggressiveness of the lymphoma type. Frequent 

infections in these patients and the greater need for the use of G-CSF and antibiotics 

emphasize the need for further research in this field, in order to improve the quality of 

treatment. Also, it is necessary to focus attention on more precise identification of risk 

factors that lead to febrile neutropenia, in order to implement timely prophylaxis and 

achieve greater success in the treatment of patients with hematological malignancies. 
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Abstract 

Introduction: Soil-transmitted helminthiases are a group of parasitic diseases caused 

by intestinal nematodes and the hookworms. They are most prevalent in the areas with 

inadequate sanitation and water supply. The important highrisk group are children. 

The aim of this study was to monitor the occurrence of soil transmitted helminth 

infections in hospitalized children at whom an additional parasitological examinations 

were performed. 

Methods: Totally, 513 stool samples were processed by formalin – ethyl acetate 

sedimentation and microscopically examined. 

Results: The helminth eggs were detected in 12.67 % of examined children, at which 

only Ascaris lumbricoides (12.47 %) and Trichuris trichiura (1.36 %) eggs were found. 

Soil-transmitted helminths were not seen in children living out of Roma (Gypsy) 

settlements. Helminth ova were present in 21.03 % of stool samples from children 

living in Roma (Gypsy) settlements. 

Conclusion: Soil-transmitted helminths infections still represent an actual health 

threat, especially for children. 

Keywords: soil transmitted helminths, infection, hospitalized children, Slovakia. 

Introduction 

Soil-transmitted helminthiases are a group of parasitic diseases caused by intestinal 

nematodes (Ascaris lumbricoides, Trichuris trichiura) and the hookworms 

(Ancylostoma duodenale and Necator americanus). They are transmitted to humans by 

faecally-contaminated soil and are included in the World Health Organization list of 

Neglected Tropical Diseases (Hall et al., 2008; Brooker, 2010; Weaver et al., 2010; 

WHO, 2013; Safi et al., 2019). Soil-transmitted helminthiases collectively cause the 

highest global burden of parasitic disease after malaria and are most prevalent in the 

poorest communities and in areas where sanitation is inadequate and water supply is 

unsafe (Strunz et al., 2014; Safi et al., 2019). The impact that these infections have on 

health varies depending on the intensity of infection and the species, but soil-

transmitted helminthiases are regarded as the most important cause of physical and 

intellectual growth impairment (Bethony et al., 2006). School-age children are an 

important highrisk group for soil-transmittel helminth infections. Soil-transmitted 

helminth impede physical growth and cognitive development of children. For this 
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reason, school attendance and performance are affecting (Ahmed et al., 2012; Liu et 

al., 2015; Pasaribu et al., 2019; Safi et al., 2019). 

The prevalence of soil-transmittel helminth infections is due to its geographical 

location and good hygiene conditions relatively low in Slovakia. However, it may be 

easily dispensable in socially disadvantaged groups of people. Primarily these diseases 

occur in the population of marginalised communities, which as consequence of various 

factors are distinct by complete social exclusion. In Slovakia, according to the 

performed studies and governmentally released strategy papers, the group most at risk 

and living in poverty which is socially excluded and discriminated is represented by 

the Roma people. This is a very specific and the most numerous marginalised group in 

Slovakia (Filadelfiová et al., 2007). 

The aim of this study was to monitor the occurrence of the most important helminth 

infections in children hospitalized in hospitals at whom an additional parasitological 

examinations were performed. 

Methods 

In total, 513 paediatric hospitalized patients aged between 0-18 years (average age 7 

years) were examined coprologically during one year study. This study was performed 

in three counties: Košice (297 children), Prešov (160 children) and Banská Bystrica 

(56 children). Hospitalized children were also divided according to the environment in 

which thay live – inside and out of Roma settlements. For the analysis of the helminth 

infections children were examined according the environment in which thay live. 

Morning stool was collected by hospital staff to the plastic containers (about 10-15g) 

after an informed consent was signed by parents and legal guardians. Containers were 

stored without any conservation in refrigerator and transferred to the laboratory at the 

Institute of Parasitology Slovak Academy of Sciences in Košice (IP SAS) for 

a diagnostics which was performed within 24-48 h. Samples were processed by 

formalin – ethyl acetate sedimentation using a commercially available kit (Paraprep L, 

Mondial, France) with subsequent microscopy. Significance of differences between 

groups of children were determined using Student t-test at the levels of significance 

0.05 (Statistica 6.0). 

Results and discussion 

Totally 513 stool samples of hospitalized children were examined for the helminth 

eggs presence. The overall prevalence of soil-transmitted helminths was 12.67 %. Only 

Ascaris lumbricoides (12.47 %) and Trichuris trichiura (1.36 %) eggs were found in 

the stool. The overall infection prevalence in hospitalized children was as follows: 

14.81% in Košice County, 6.88% in Prešov County and 17.86% in Banská Bystrica 

County (Table 1). Similarly, Königová et al. (2010) examined hospitalized children by 

ovoscopic analyses and confirmed the occurrence of Ascaris lumbricoides and 

Trichuris trichiura in 46 patients (2.55 %). The autors refer that the most common 

clinical symptoms in hospitalized children were anaemia, bronchopneumonia, colitis 

and gastritis. Juriš et al. (2014) provided faeces examination of hospitalised paediatric 

patients with respiratory diseases (recurrent and chronic bronchitis, bronchial asthma, 

contact with TBC, active TBC, rhi-nopharyngitis, bronchitis, pneumonia, cystic 
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fibrosis, fluidothorax, pleuropneumonia. The total prevalence of endoparasites of 19.85 

%, out of which the prevalence of helminth was 7.35 % (A. lumbricoides, T. trichiura, 

Hymenolepis spp.). In contrast to our study the prevalence of A. lumbricoides was only 

4.41%. 

Hospitalized children live inside and out of Roma settlements. Many of these 

settlements have the same characteristics - polluted environment, low standard of 

personal and communal hygiene, lack of sanitation, waste pits or landfills, and 

remaining over occupancy in a small area where residents share their household with 

pets (Juriš and Papajová, 2012). Pipiková et al. (2017b) studied the occurrence of 

parasitic infections among the children, dogs and its association with soil 

contamination in two villages with different hygiene level standards. Infections were 

present in both examined localities, but in the village with higher living standard, a 

better personal and communal hygiene level and better dogs care a lower occurrence of 

parasitic germs in soil was detected. High prevalence of protozoa and helminths was 

observed not only within canine population but also in children throughout the year in 

the village with lower hygiene and socio-economic standard. The soil samples 

collected near dwellings were highly contaminated. Similarly Rudohradská et al. 

(2012) reported that the faecal pollution of the environment represents for children 

patients a significant health risk. 

In our study, no children living out of Roma settlements were found to be positive for 

the presence of soil-transmitted helminths. The infection prevalence among children 

from the Roma settlements was 21.03%. This difference was significant at the level 

0.001 (Table 2). In those children, the most prevalent helminths were A. lumbricoides. 

Ascarid eggs were found in 13.92% of the stool samples from children hospitalized in 

Košice County, 3.56% of samples from Prešov County and 3.24% of samples from 

Banská Bystrica County. T. trichiura eggs were observed less often (2.26%). Our 

results corresponded with those of Pipiková et al. (2017a) which studied the occurrence 

of intestinal helminth infections among the children living two Eastern Slovakia 

Counties (Košice and Prešov). The overall infection prevalence was 16.90% and the 

most prevalent species was Ascaris lumbricoides (14.32%). This was followed by 

Trichuris trichiura (3.76%), Hymenolepis nana (0.94%) and Hymenolepis diminuta 

(0.23%). They detected also large number of Enterobius vermicularis eggs in the stool 

samples. Helminth infections caused by Enterobius vermicularis have a cosmopolitan 

character and most often affect the paediatric pre-school and school age population. 

Dudlová et al. (2018) determined the prevalence of E. vermicularis in children in the 

Eastern Slovakia. The analyzed set consisted of 218 girls and 172 boys, divided by age 

into three groups – aged from 5 months to 2 years, aged from 3 to 6 years, and aged 

from 7 to 15 years. Investigation of perianal scotch tapes of children for the presence of 

E. vermicularis eggs revealed the prevalence of E. vermicularis was 3.59 %. 

Depending on the incidence of E. vermicularis infection, they detected no statistically 

significant difference. The prevalence of E. vermicularis in boys was 4.07 %, and in 

girls 3.21 %. The highest prevalence of E. vermicularis was recorded in the group of 

children aged from 3 to 6 years (5.03 %). 

In our hospitalized children the prevalence of helminths was high. It can be due to the 

weakened immune system because helminths often belong among the opportune 
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pathogens that attack the organisms of patients with serious respiratory disease (Shuji 

et al., 2006). Kalu et al. (2013) and Juriš et al. (2014) reported that children suffering 

from various respiratory diseases connected with immunodeficient status are often 

positive to some opportune helminth infections. Larval stages of tissue helminthoses of 

the genera Ascaris and Toxocara after migration through the pulmonary tissue within 

entero-hepato-pulmonary migration can cause so-called eosinophilic pneumonitis. The 

clinical picture of the acute phase is accompanied with fever, asthmatic attacks of 

cough. In 30 % of infected patients, there are pulmonary infiltrates, slight hepatopathy, 

lymphadenopathy and urticaria. In the blood picture there is leucocytosis, eosinophilia 

ranges from 10 to 90 %; as well, immunoglobulins above all, of the class IgE and IgG 

could be elevated (Beneš et al., 2009). According to Kinčeková et al. (2008) we can 

state that the increased levels of reference values of IgE, Eo, Lym, CRP could also 

direct attention to the diagnostics of some species of tissue helminthoses (e.g. 

Ancylostoma, Necator, Strongyloides;) in pulmonary tissue at their entero-hepato-

pulmonary migration. Several studies have dealt with the serum concentration of IgE in 

the patients infected with helminths or protozoa. The increased concentration of IgE 

antibodies was found especially in the patients with helminth infections (Perlmann et 

al., 1994). Occasionally, there are increased levels of IgE also at some protozoal 

infections (giardiosis). The levels of total serum IgE could be increased in case of 

atopic diseases, tumorous diseases, immunodeficient states, viral infections (Juriš et al., 

2014). Kennedy (2000) confirmed thah the value of total IgE in the serum of children 

infected with G. intestinalis and E. vermicularis was significantly higher compared to 

the control group of healthy children. 

Dudlová et al. (2016) monitored the stool samples for the presence of pathogenic 

endoparasites (e.g. Ascaris lumbricoides, Trichuris trichiura, Enterobius vermicularis, 

Giardia intestinalis). Individual species of non-pathogenic protozoa found in the 

human population examined were also identified separately in co-infection with other 

species of pro-tozoa (Blastocystis hominiswith Entamoeba coli, or Endolimax nana) 

and coinfection with helminths (Ascaris lumbricoides and Trichuris trichiura). The 

protozoa of Entamoeba coli, Blastocystis hominis and Endolimax nana were 

observedmost frequently in combination with helminthic infection of Ascaris 

lumbricoides. Endolimax nana was in one case co-infection with Giardia intestinalis. 

Conclusion 

Based on our results we can conclude that the soil-transmitted helminth infections still 

represent an actual health threat, especially for children, and thus eradication and 

public health programmes addressing hygiene standards need to be implemented by 

local governmental authorities. 

  



138 

Table 1 Number of samples with the occurrence of soil-transmitted helminths in hospitalized 

children 

County Positive Total Prevalence (%) 

Košice  44 297 14.81 

Prešov 11 160 6.88 

Banská Bystrica  10 56 17.86 

Table 2 Number of samples with the occurrence of soil-transmitted helminths in hospitalized 

children according to environment 

Roma settlement Positive Total Prevalence (%) 

Inside 65 309 21.03* 

Out of settlement 0 204 0 
* Significance at the level P<0.001 
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Abstract 

The use of medicines by patients is the final part of their therapy and at the same time, 

a cornerstone obstacle to successful treatment. Irregular use of medications is one of 

the biggest problems in current pharmacotherapy. Adherence (compliance) refers to 

terms that mean the regularity of the use of medications and the degree of adherence to 

health professionals' instructions for taking them. The results of studies clearly show 

that adherence is low, particularly in chronic diseases like arterial hypertension, 

diabetes mellitus, and that it does not depend on the age of the patients. The reasons 

for irregular administration are different- deliberate not taking, not taking due to 

prejudice, ignorance, forgetfulness, or adverse effects. The role of all healthcare 

workers- doctors, pharmacists, and nurses in improving medication use is therefore 

extremely important. What is most important is education, which begins within the 

framework of secondary prevention to prevent the development of disease 

complications but also to reduce the economic costs of treatment end increase patients’ 

quality of life. Only through comprehensive action can the level of adherence be 

improved, which will, in addition to improving health and quality of life, enable 

significant savings for society. 

Keywords: drug adherence, health, quality of life, non-adherence. 

Introduction 

The worldwide population is getting old thanks to a better quality of life, nutrition, and 

environment, but also better health care, which enables earlier detection of disease, 

earlier and much more efficient treatment, and longer patient survival. Between 1974 

and 2024, the worldwide share of people aged 65 years almost doubled – increasing 

from 5.5% to 10.3% (UNFPA, 2025). Europe with Asia are the continents with the 

fastest population aging. On January 1st, 2024, the EU population was estimated at 

449.3 million people and more than one-fifth (21.6%) of it was aged 65 years and over. 

During the last 10 years increased from 18 to 22,4 %. On 1 January 2024, the median 

age of the EU's population reached 44.7 years (EUROSTAT, 2024). In Serbia, the 

situation is similar - the percentage of people older than 65 years is 22% (Statistical 

Office of the Republic of Serbia 2023). It is estimated that by 2040 that percentage will 

increase to 25%. 

At the same time, civilization factors (lifestyle and diet) but also hereditary factors 

cause and affect the increase of civilization diseases - obesity, diabetes, high blood 

pressure, arteriosclerosis, heart attack, cancer, and drug addiction. Civilization diseases 
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were diseases of 21 century and continue to be today. Civilization diseases are 

estimated to be responsible for more than 80% of deaths worldwide (Kitajewska et al, 

2022, Śledzik et al, 2023). The number of people with civilizational diseases is 

constantly increasing, and thanks to efficient drugs, their lifespan is much larger than 

before, and with many diseases, very similar to the lifespan of healthy people. In 2023 

Śledzik et al added COVID-19 in the group of civilization diseases due to people’s 

high mobility as reason and long-term complications that require chronic therapy as 

consequence of the disease. In a recent postcode study (Gallo et al, 2023) in a total of 

2007 subjects in Italy, at follow-up, a significant increase, concerning baseline, was 

reported in the total median number of chronic medications and in specific ATC-group 

drugs involving the alimentary, blood, cardiovascular, genitourinary, muscle-skeletal, 

nervous and respiratory systems. An increase in the share of the elderly population as 

well as the population with civilizational diseases inevitably leads to and increased use 

of drugs. 

In polypharmacy and in general in pharmacotherapy, regular medication intake is one 

of the biggest problems. The extent to which the patient's behavior coincides with 

medical or health advice" was called compliance (Haynes, 1979). According to Sackett 

(1979), a pioneer in medication adherence testing, compliance is a stumbling block to 

successful therapy. The doctor can dispose of the most modern diagnostic means, can 

properly diagnose the disease, and prescribe the best medicine, if the patient does not 

take it regularly, the whole treatment falls into the water. Later the term adherence was 

introduced. While compliance is defined as the extent to which the patient's behavior 

matches the prescriber's recommendations, adherence is "the extent to which the 

patient's behavior matches the agreed recommendations from the prescriber". 

"Adherence is an active choice of patients to follow through with the prescribed 

treatment while taking responsibility for their well-being while compliance is a passive 

behavior in which a patient is following a list of instructions from the doctor" 

(Chakrabarti et al, 2014). Adherence relates to more positive and proactive behavior 

whose result is a lifestyle change. Patients must follow daily regimen and take 

medications or do exercise daily. Compliance presents behavior exhibited by a patient 

who is "doing as (he or she is) told" or follows doctors instructions (Mir, 2023). The 

third term for defining regular medication use is concordance. Finally persistence in 

taking medication refers to the continuity of taking medication for the prescribed 

period. It can be defined as the length of time from the beginning to the end of therapy. 

For acute therapy, 100% persistence would mean continuous taking of the drug for as 

many days as prescribed by the doctor. For chronic therapy, for example for arterial 

hypertension, 100% persistence means lifelong regular intake of the drug if the doctor 

says so. 

Numerous compliance/adherence/persistence trials have significantly helped to address 

this problem in taking medication. After Haynes and Sacket, many authors began 

researching the degree of adherence to the doctor's instructions in taking medication, 

also in our region (Culig, 1982; Sabo-Stanulović, 1988; Stanulović, 1980; Tomas et al, 

2016; Horvat et al, 2022; Vasović et al, 2023). The methodology is different - most 

often indirect methods were used, such as simple questionnaires with the question: Do 

you regularly take medicines, or with a set of several questions. Another method is 

counting the tablets in the medicine package, where based on the number of tablets that 
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have been consumed from the box after a certain number of days, and by comparing 

them with the prescription, it is possible to calculate the extent to which the patient 

adheres to the medication instructions in treatment. Compliance was also determined 

by comparing the number of drugs prescribed through prescriptions during the year 

with the assumed number of drugs that should have been taken. Today, newer methods 

include monitoring tablet intake with intelligent devices (Choudhry, 2021). Measuring 

the concentration of drugs or their metabolites in blood and body fluids as the only 

direct method for determining compliance/adherence could also be used. Some of these 

methods were only suitable for short-term monitoring of compliance, such as 

determination in blood and body fluids, others for slightly longer monitoring, such as 

pill counting, while monitoring the number of prescribed or picked-up drug packages 

during the year was used for long-term compliance determination. Each of these 

methods had shortcomings - the questions that were asked to the patient about the 

regularity of taking medicines were subjective for several reasons - the patients did not 

know exactly what it means to take medicines regularly - some believed that medicines 

should only be taken when symptoms of the disease appear, others that they should be 

taken regularly only when they are available to patients, so they answered accordingly. 

Often patients, depending on their relationship with the examiner, gave subjective 

answers. Counting pills is a much more accurate method, with the fact that it only 

represents a picture of taking during a short period when the patient takes the drugs 

available to him. If he does not regularly take out the medicine from the pharmacy for 

any reason - he does not have the opportunity to go to the doctor, to the pharmacy, he 

is not at home, he does not have enough cash - he will not take the medicine during 

that period. And when he has the medicine available, he will take it regularly until he 

wears it out. The third method - monitoring the number of drugs taken from the 

pharmacy is the best for a long period, and it gives an overall picture of the drugs 

taken. Differences depending on the method of determining adherence can be 

significant. Thus, in one study, as many as 74% of patients reported taking the 

medicines regularly. By counting the pills, this percentage amounted to 46%, while the 

compliance based on the one-year intake the minimum therapeutic dose from 

pharmacy was only 38.86% (Sabo, Stanulović 1988). 

The reasons for suboptimal use of medicines 

Worldwide, non-adherence is a major obstacle to the effective delivery of health care. 

Estimates from the WHO (2003) indicated that about 50% of patients who have 

chronic diseases in developed countries follow recommendations for treatment with 

particularly low rates of adherence to therapies for asthma, diabetes, and hypertension. 

50-60% of patients who have chronic illnesses misses prescribed doses or take the 

wrong ones, or drop off treatment during the first year. The adherence in developing 

countries is similar, with different main reasons for low adherence: the meta-analysis 

performed by Dhar et al, (2017) revealed a range of factors that can influence 

adherence. Low household income, socioeconomic status, avoiding side effects of 

medications, knowledge and beliefs of hypertension and its management, medication 

cost, use of herbal products, absence of symptoms, irregular follow-up and treatment 

dissatisfaction and dissatisfaction with provided health services are included. The 

numbers are similar for persistence. In a study performed by Degli - Esposti et al, 
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(2002), a total of 57.9% of hypertensive patients continued their initial treatment 

during the 3-year follow-up period. 

Major barriers to compliance are numerous and mostly unintentional. They include the 

complexity of medication regimens, unsatisfied health literacy and not understanding 

treatment benefits, prescription medicine cost, forgetting to take medicine, lack of 

attention on medication schedule, feeling better after taking medication so stopped, 

cognitive impairment, and poor communication or lack of trust between a patient and 

his or her health-care provider (Brown at Bussell, 2011). Less often, the nonadherence 

is intentional. In this case patients make a rational decision not to take medicine. Fear 

of possible adverse effects, or experience with existing side effects is one of the most 

common reasons for low adherence (Molloy et al, 2014). In the nursing home studies 

in Novi Sad, Serbia, (Sabo et al, 2023), almost 42% of respondents had voluntarily 

stopped taking medication or had voluntarily reduced the dose due to side effects of the 

medication. Side effects occur both due to the effects of the drugs themselves and due 

to pharmacological interactions when taking multiple drugs. Seniors most often take 

between 3-5 drugs. Tomić and Sabo (2022) have found that all taken drugs in a sample 

of seniors have potential interactions that can result in side effects. As many as 30% of 

these interactions were serious or moderately serious. 

Economic crises adversely affect medication adherence in patients with non-

communicable and communicable diseases (Agh, 2023). During the 2010-14 

Portuguese financial crisis it was estimated that almost 15% of older patients started to 

save money by increasing the inter-dose interval of their medication. Around 13% of 

them stopped taking medication entirely (DaCosta et al, 2017). During the Greek debt 

crisis in the period between 2009 and 2017, patients who had financial difficulties were 

less likely to adhere to their medication regimens in comparison with those who did not 

experienced financial hardship. Around 12% of patients reduced the frequency or dose 

of their medication because of its cost (Monokroussou et al, 2020). Among 2005 

participants in the US, from who more than 40.4% were 75 years or older, cost-related 

medication nonadherence was reported by 20.2% of participants. Some respondents 

used extreme forms of cost-coping, including foregoing basic needs (8.5%) or going 

into debt (4.8%) to afford medications (Dusetzina et al, 2023). 

Consequences of nonadherence 

Medication nonadherence leads to inadequate control of the disease, exacerbation of 

symptoms. It also increases risk of complications, even death, ultimately diminishing 

the quality of life. In some diseases nonadherence can also accelerate cognitive decline 

and shows negative impact to individual’s ability to perform daily tasks. In 

nonadherent patients with hypertension, suboptimal blood pressure, complications, all‐

cause hospitalization, and all‐cause mortality are more frequent than in patients 

adhering to therapy (Lee et al, 2022). Nonadherence can account for up to 50% of 

treatment failures. According to Wals et al (2019), medication non‐adherence may be 

significantly associated with all‐cause hospitalization and mortality in older people. 

Good adherence is shown to be associated with a 21% reduction in long‐term mortality 

risk in comparison to medication non‐adherence. 
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The economic consequences of noncompliance are considerable because every year 

medication non-adherence in the EU is associated with almost 200 000 deaths and also 

with costs between €80–125 billion (Van Boven et al, 2021). The annual cost in the 

UK of non-adherence is more than £800 million. This includes £300 million attributed 

to unused medications and additional £500 million which are spent on managing side 

effects caused by non-adherence (National Health Service, 2011). Additionally, 10% of 

hospitalizations in older adults are attributed to medication non-adherence (Sokol et al, 

2005). In diabetes, the estimated cost savings associated with improving medication 

non-adherence would be from $661 million to $1.16 billion (Egede et al, 2012). Non-

adherence is thus a critical clinical and economic problem (WHO, 2003). 

Nonadherence and quality of life 

Regular medication is the basis for curing both acute and chronic diseases. In acute 

diseases, primarily communicable, low adherence affects the longer duration of the 

disease, longer absence from daily activities, and often the development of 

complications, and hospitalization, which significantly worsens the quality of life for a 

shorter period. Irregularly taking medication for acute communicable diseases can 

increase the possibility of developing chronic complications, as was the case with the 

COVID-19 pandemic, which significantly worsens the quality of life for a long period. 

Chronic diseases require long-term medication. Adherence to medication is extremely 

important for the control of disease and for prevention of complications. Poor 

adherence to therapies which are long-term severely compromises the treatment 

effectiveness (WHO, 2003). Non-compliance may lead to worsening of the disease, 

which may affect patients' quality of life (Religioni, 2025). The risk of hospitalization, 

disability, and other serious complications in some trials was twice as high in patients 

with diabetes, hypercholesterolemia, hypertension, or congestive heart failure who did 

not regularly take prescribed therapy compared to the general population (Beena and 

Jose, 2011). 

Khayyat et al (2019) evaluated the association between adherence to medication and 

quality of life (QoL) of patients with diabetes and/or hypertension who attend to 

primary care clinics. After adjusting for socioeconomic characteristics, multiple linear 

regression analysis found that adherent patients had significantly higher mean overall 

perception of QoL and health scores by 14.6 (P = 0.001) and 17.2 (P = 0.001) points, 

respectively, in comparison to non-adherent patients. In addition, irrespective of the 

type of long-term condition, adherence status was found to be an independent predictor 

of all QoL domains (Khayyat et al, 2019). In a similar study, 31.65% of participants 

were medication non-adherent. The final adjusted multiple regression model showed 

medication non-adherence has a significant negative influence on life quality, 

association with physical domain (beta = - 4.42, p < 0.001), psychological (beta = - 

4.49, p < 0.001), social relationships (beta = - 2.29, p < 0.001) and environmental 

domains (beta = - 4.95, p < 0.001) was found. Medication non-adherence, duration of 

the treatment, comorbid physical illness and tobacco use have a statistically significant 

association with the overall quality of life (Desalegn et al, 2020; Rupakheti et al, 

2024). 
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Improving of adherence 

Social support provided by health workers, community pharmacists and nurses can 

promote adherence to medications. Factors positively related to adherence were a good 

therapeutic relationship with the health worker and a perception of the benefits of 

medication (Higashi et al, 2013). Also, regular, frequent contact with patients by 

telephone promotes regimen adherence (Milosavljević et al, 2018). Trust between a 

healthcare professional, whether a doctor, nurse, or pharmacist, is extremely important 

for the patient. Trust is built over time, and is based on getting objective facts about 

health. 

When prescribing drugs, whenever possible, it is necessary to involve the patient in 

deciding which drug (considering side effects) and how to take it (match the dynamics 

during the day with the dosing interval). Thus, the patient will feel like part of the team 

and will feel more responsible for taking it. Choosing a drug with acceptable side 

effects will increase the possibility of taking the drug regularly. For example, if a 

patient works standing all day and his/her legs swell, giving calcium blockers is likely 

to increase leg swelling and he/she will avoid taking this drug. If the patient has 

constipation, calcium blockers are likely to make it worse. Such patients should be 

prescribed a drug that does not affect intestinal motility. If the patient has a dynamic 

job, he/she should be given a medicine that is taken once a day, so that with one dose 

he/she will have adequate therapy, and will not have to think about the therapy during 

the day. 

It is also important to inform the patients about the correct intake of medicines, and 

about the significance of timely and regular intake. In the US, about 35% of the adult 

population has low health literacy and is unable to understand well the written 

instructions about the dosing. In a study performed in Serbia, however, health literacy 

and knowledge of drugs are satisfactory (Vasović et al, 2023). Yet the adherence to the 

prescribing regimen is still not satisfying (Srebro et al, 2024). 

The way of explaining, the communication between the healthcare provider and the 

patient is very important. As the biggest users of medicines are seniors, when 

explaining, it is necessary to pay attention to possible limitations in communication - 

whether the patient can hear well, whether it is necessary to speak more slowly, 

establish eye contact when speaking, whether there are memory problems, in which 

case it is necessary to write the dosing schedule - all this contributes to both better 

understanding and increased trust in the health worker, which increases the degree of 

adherence. 

Education is one of the most important ways to improve adherence. Education, whether 

individual or group, helps patients to acquire knowledge about the importance of 

regular medication intake, about techniques to remember to take medication properly if 

forgetfulness is a factor in irregular intake. Moreover, for education, it is important to 

be repeated after certain time. Studies have shown that education significantly 

improves medication adherence (Dash et al, 2015; Ernawati et al, 2024). 

Reducing the frequency of taking medication during the day is important for 

adherence. Increasing the frequency just once during the day reduces adherence by 

10% (Osterberg and Blaschke, 2005). The patient should be given medicines that are 
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best taken once a day. If they must be taken more often, it is good to recommend a 

medicine dispenser, in which the medicines will be distributed (picture 1). 

Unfortunately, this is still not present enough in our country. Even medicine boxes in a 

study on geriatric patients in Serbia are used at home by only 56% of respondents 

(Sabo, Bakoš 2023). 

 

Picture 1. Drug dispensers. 

Available at: https://www.amazon.com/Best-Sellers-Personal-Pill-Dispensers 

By careful selection of drugs, it is necessary to reduce the number of drugs that patients 

take, covering whenever possible more indications with one drug. In addition to 

making it easier to take medications, reducing the number of medications also reduces 

pharmacological interactions that are often clinically significant (eg, taking beta 

blockers and verapamil at the same time). In a study of seniors in Serbia, most of them 

took between 3-5 drugs for cardiovascular diseases, and potentially significant 

interactions were found in all of them. Of these, more than 30 are serious or 

moderately serious (Tomić and Sabo, 2022). If the number of drugs cannot be reduced, 

polypills can be recommended, fixed combinations of drugs in one tablet, which makes 

it easier for the patient to take the drugs (Picture 2). 

 

Picture 2. Fix drug combinations. 

Availabe at: https://thesynapse.net/new-study-confirms-polypill-alone-and-with-aspirin-lowers-

heart-disease-risk/ 
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For seniors, who often have a memory problem and have difficulty taking multiple 

medications at different times, using various aids as reminders to facilitate taking 

medications also helps to increase adherence. Bottle caps - medication reminders - are 

available at market. The cups are connected to mobile devices, with the goal of 

improving adherence and medication management. When the lid is opened, the app 

knows a dose has been taken. So, the smart closures can alert people when they miss a 

dose and maintain a rich history of their adherence (Mobile devices remind the patient 

vocally or in writing form of the pills taken during the day and which should be taken, 

in order to reduce the possibility of irregular medication intake (picture 3, 4). Apart 

from them, there are smart pill dispensers for 7 days with an alarm, which at the same 

time report the pill intake and measures adherence (picture 5). 

 

Picture 3. Smart bottles with drugs, and applications’-connections with internet 

 

Picture 3a. Smart cup with light alerts for patient 

Available at http://www.smartvials.com/ 
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Picture 4. Glow cap: The GlowCap system works with a smart cap that attaches to a medication 

bottle and mobile devices or comj.and sends alerts to patients when to take their next dose (e.g., 

audible alerts and the cap lid will change colors). 

Available at: https://www.thedigitalapothecary.com/smart-pill-bottles#google_vignette 

 

Picture 5. Small 7 days Bluetooth pill 

dispenser. Remote control and notification. 

four alarms. 

Weekly electronic pill dispenser. 

Available at https://www.medcontrol.eu/ 

Conclusion 

Taking medication regularly is a stumbling block to successful treatment. Regardless 

of the type of disease for which they are used, the sociodemographic characteristics of 

the patients, adherence, and persistence amount to only about 50%. In recent years, 

therefore, extensive studies have been carried out, the aim of which is to examine the 

frequency of regular intake, but primarily the factors that could increase it and thus 

improve health outcomes, reduce costs, and improve the quality of life of patients. The 

existing possibilities show that for the patient, the relationship with the healthcare staff, 

trust in them, participation in the choice of medicine, and education about the aspects 
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of regular medication intake are extremely important. Additions that are used more in 

developed countries, such as smart drug closures, can also significantly contribute to 

improving adherence. 
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Abstract 

Introduction: Safety in the use of medicines can be understood as preventing damage 

to the patient's health by a medicinal substance. The administration and storage of 

medicines by nurses is a competence with a high degree of professional responsibility. 

It requires knowledge of pharmacology, the ability to make decisions and have clinical 

judgment. Nurses should be able to predict and evaluate drug interactions. Medication 

errors are among the most common incidents in clinical practice. They are considered 

an adverse event that results in a deterioration of the patient's health or even 

unnecessary death. An adverse event can occur at various stages of the medication use 

process, including prescribing, dispensing, administration and use of medicines. Most 

errors in the storage and administration of medicines can be prevented. It is important 

to realize the importance of early detection of weaknesses in the processes that 

determine overall patient safety. 

Aim: To assess the perception of minimum safety requirements for storing and 

administering medications. 

Methods: We used a self-constructed questionnaire consisting of 7 subscales to collect 

data. The responses of the respondents were expressed on a five-point Likert scale. We 

expressed demographic variables in absolute (N) and relative abundance (NR). The 

substantive significance of the results of statistical tests was assessed using Cohen's W 

(chi-squared goodness-of-fit tests), correlation coefficient (rs), Kendall's W 

(Friedman's analysis of variance), and Eta squared (Kruskal-Wallis analysis of 

variance). Statistical significance of perception was assessed at a significance level of 

p < .001. 

Results: Nurses' (n=411) perception is highly positive (94.4%) in the requirement of an 

elaborate procedure for determining the conditions for the use of medication 

administration. The question of the list of stored medicines remains debatable. 11.2% 

were undecided in fulfilling this minimum requirement. 

Conclusion: Healthcare safety is a key area in healthcare delivery from several 

aspects. Its main objective is first and foremost to protect patients from harm and the 

potential consequences of misconduct. Health and human life is a fundamental value of 

every human being. 

Keywords: Safety, Medicines, Preparation, Administration, Perception, Nurses, 

Preservation. 

Introduction 

Safety of drug use, errors in pharmacotherapy are a worldwide issue. They consider it 

to be the main cause of unfortunate events. WHO (2017) published that the global cost 
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of medication errors is estimated at 42 billion US dollars, which represents 0.7% of the 

total health expenditure. In 2018, the prevalence of medication errors in Great Britain 

reported the occurrence of 237 million medication errors in all stages of administration. 

Nurses play a key role in the prevention of adverse events in patients (Afaya, Konlan, 

Kin, 2021; Tsegaye, 2020). This opinion was published by Hansonová, Haddad (2021). 

According their opinion, alhough the pharmacists dispense the medicines, the nurses 

are the last person who controls the drug before administration. They concluded that 

medication administration errors are one of the main problems of patient safety. They 

are the cause of damage to the patient and the loss of the patient's trust in the health 

care system. Sometimes they are the cause of prolonged hospitalization, the emergence 

of additional and unplanned costs. They can even lead to the death of the patient 

(Tsegaye et al., 2020). The results of research by experts (Bengtsson et al., 2021; 

Spinewine et al., 2021; Vinther et al., 2021) showed that errors in the administration of 

drugs are also common in social services facilities. According to the study of the 

American Association of Pensioners in 2017, up to 25% of patients received incorrect 

doses of drugs or incorrect drugs (Kilíková, Bošňáková, 2024). Brabcová et al. (2015) 

introduce that the preparation and administration of medicines is a set of several 

interventions. In every step of the intervention, errors in drug taken may occur. 

 

Figure 1. The main reasons of errors in medication 

Source: Bengtsson, 2021 

When administering drugs, it is important to follow the existing rules that keep and 

provide patient safety. Karoľová (2024) and a group of other authors (Marx, 2016, 

Hansonová, Haddad 2021, Tsegaye et al., 2020, Kilíková et al., 2020) state that there 

are several strategies that can help increase the safety of drug administration. They are: 

• Patient identification. Before drug administration, the identity of patient shoul 

be verified in several ways, in order to prevent the change of the patients and 

administration to wrong patient. 

• Improvement of communication between health workers. Interpersonal 

communication between doctors, nurses and pharmacists can help minimize 

medical errors. 

• The use of dosing systems for drug aministration can help minimize errors 

when administering medications. 
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• Cyclic education of health workers. All regulated professionss should be 

repeatedly educated about about adverse effects of medicines. 

• Monitoring of side effects can help to avoid dangerous situations and minimize 

risk of negative effects. 

• The use of information technology, such as electronic health records or online 

platforms for information exchange, can help minimize medication errors. 

Educating patients about the correct use of prescription drugs minimizes the risk of 

adverse effects. We are of the opinion that it is possible to improve the safety of the 

drugs by the identification of negative events, by learning from them and trying to 

prevent them. The health care provider would have introduced a small security system 

to improve processes. Identified errors should be perceived like problems which should 

be solved. Prevention has a high priority. The problem is also the low rate of reporting 

of adverse events, which indicates the absence of cultural security. 

Various procedures and technologies to reduce the risk of errors were investigated. 

One of the tested technologies was bar code medication administration technology 

(BCMA) in hospitalized patients. The use of this technology was evaluated as a 

method that increases the safety of medication administration. Electronic medication 

administration records (eMAR) use technológiu of line codes to send prescriptions, 

using scanners. The information contains information about the drug and is linked to 

the medical department. Truitt et al. (2016) conducted a study focused on the impact of 

the implementation of BCMA and eMAR on adverse events. They compared reported 

adverse events in the period before and after the introduction of theBCMA and eMAR 

for a period of 5 months, to find out whether adverse events were reduced after 

implelentation. Their study showed that after the implementation of BCMA and eMAR 

technologies, the drug administration mistakes were lowered for 20 %. Kilíková et al. 

(2020) appeal for compliance with minimum safety requirements in the area of 

preparation and administration of medicines in accordance with applicable legislation. 

In Slovakia, the criteria of the internal patient safety evaluation system in this area are 

established. The criterion is keeping a list of stored drugs, establishing a procedure for 

safe storage of drugs, determining conditions for the use and application of drugs, and 

developing a procedure for eliminating existing deficiencies. There is a process that 

providers of health care experience as administrative burden. At the same time, there 

are no existing data that would verify or correct the correctness of the appropriate 

security measures. 

The goal of the study 

The research was aimed at assessing the sensitivity of nurses' perceptions in the area of 

safe preparation and administration of medications. 

Characteristics of the sample and research methodology 

The research sample consisted of 411 purposefully selected nurses (Table 1). The 

inclusion criterion was the performance of the profession of a registered nurse. We 

used an anonymous questionnaire of our own design to collect data. The respondents' 

answers were expressed on a five-point Likert scale. We expressed demographic 

indicators in absolute (N) and relative frequency (NR). We assessed the significance of 
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the results using Cohen's W (chi-square goodness-of-fit tests), correlation coefficient 

(rs), Kendall's W (Friedman's analysis of variance) and Eta squared (Kruskal-Wallis 

analysis of variance). We assessed the statistical significance of perception at a 

significance level of p < .001. 

Table 1. Variable and categories expressed in absolute and relative frequency 

Variable Categories N NR 

Age 

18-25 years 39 9,5 

26-35 years 91 22,1 

36-50 years 154 37,5 

51-60 years 96 23,4 

More than 60 years 31 7,5 

Duration of 

praxis in health 

facility 

1-5 years 79 19,2 

6-10 years 76 18,5 

11-20 years 79 19,2 

More than 20 years 177 43,1 

Department 

DSS, DOS, ZOS 7 1,7 

Ambulance 18 4,4 

Operations department 6 1,5 

Gynecology department 47 11,4 

Surgcal department 41 10,0 

Internal department 67 16,3 

Neonatology department 20 4,9 

Neurology department 25 6,1 

JIS/OAIM 48 11,7 

Chronic ill patients department 36 8,8 

Emergency Department 14 3,4 

Orthopedic Department 14 3,4 

Pediatric Department 29 7,1 

Psychiatric Department 10 2,4 

ORL 7 1,7 

Rehabilitation department, FRO/ KLR 12 2,9 

Cardiology department 5 1,2 

Burns / KPaRCH 2 0,5 

Clinical oncology department 1 0,2 

RDO 1 0,2 

Emergency medical service 1 0,2 
Legend: N-absolute number, NR –relative number, DSS-social services home, DOS-nursing 

care home, ZOS-nursing care facility JIS-intensive care unit, OAIM-department of 

anesthesiology and intensive care medicine, ORL- otorhinolaryngology FRO-Physical 

Rehabilitation Department, KLR-Clinic of Therapeutic Rehabilitation, KPaRCH-Clinic of 

Pulmonary and Respiratory Diseases, RDO-Radio Diagnostic Department 
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Results 

Perception is the acquisition of perceptions in consciousness through the senses. 

Perception expresses how nurses perceive the implementation of minimum safety 

requirements in the use and storage of medications. 

Table. 2 Perception of minimum requirements for the use and storage of medicines 

Minimum requirements Perception N NR 

A list of medicines stored in the 

department has been prepared. 

Strongly disagree 5 1,2 

Disagree 29 7,1 

Both agree and disagree 46 11,2 

Agree 181 44,0 

Strongly agree 150 36,5 

Developed procedure for safe 

storage of medicines 

Strongly disagree 2 0,5 

Disagree 28 6,8 

Both agree and disagree 50 12,2 

Agree 199 48,4 

Strongly agree 132 32,1 

Developed procedure for 

determining conditions for use and 

application of medicines 

Strongly disagree 1 0,2 

Disagree 2 0,5 

Both agree and disagree 20 4,9 

Agree 202 49,1 

Strongly agree 186 45,3 

Developed procedure for measures 

to eliminate identified deficiencies 

Strongly disagree 2 0,5 

Disagree 20 4,9 

Both agree and disagree 16 3,9 

Agree 175 42,6 

Strongly agree 198 48,2 

Legend: N – absoute number, NR – relative number 

80.5% of nurses (n=411) perceive the developed list of stored medicines in the 

department as definitely agreeing and agreeing. 11.2% of nurses were undecided and 

8.3% disagreed with the statement that the list of stored medicines is developed, which 

means that the minimum safety requirements are not met. 80.5% of nurses perceive the 

developed procedure for safe storage of medicines positively. The nurses' perception of 

the requirement for a developed procedure for determining the conditions for using and 

applying medicines is highly positive (94.4%). 90.8% (n=411) of nurses valued the 

measures to eliminate of the identified shortcomings mistaked in the use and storage of 

medicines as agreeing and definitely agreeing. 
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Table. 3 The impact of selected minimum safety requirements on nurses' perception sensitivity 

Chi-square goodness-of-fit test 

Question Answers N NR χ2 P W 

Adherence to 

minimum 

requirements for 

the use and storage 

of medications is 

the prevention of 

adverse events. 

Strongly Disagree 7 1,7% 

447,844 <,001 1,044 

Disagree 7 1,7% 

Both Agree and 

Disagree 
23 5,6% 

Agree 183 44,5% 

Strongly Agree 191 46,5% 

Safe use and 

storage of 

medications equals 

quality nursing 

care 

Strongly Disagree 5 1,2% 

330,496 <,001 0,897 

Disagree 27 6,6% 

Both Agree and 

Disagree 
38 9,2% 

Agree 188 45,7% 

Strongly Agree 153 37,2% 

N – absolute frequency, NR – relative frequency, χ² - Chi-square goodness-of-fit test, p 

–level of statistical significance, w – indicator of substantive significance 

Compliance with the minimum requirements for the use and storage of medicines is 

perceived by nurses (n=411) as the prevention of adverse events or harm to the patient 

(Tab.3). The described differences in the choice of answers were highly statistically 

significant (χ2=447.844, p < .001). They reached a very high level of substantive 

significance (w=1.044). In the question "Safe use and storage of medicines equals 

quality nursing care", the differences in the choice of answers were statistically highly 

significant (χ2 = 330.496, p < .001), and reached a very high level of substantive 

significance (w = 0.897). 

Discussion 

Tsegaye et al., (2020), Hansonová, Haddad (2021), appeal to compliance with rules 

and setting processes regarding the safety of administering and storing medications. In 

our sample (n=411), an excellent level of reliability was demonstrated. Cronbach's 

alpha was at the level of 0.840, which demonstrates a highly positive perception. 

Bošňáková (2023) is of the opinion that a higher number of medications increases the 

risk of adverse events. The same results were also obtained in the research by Tomić 

and Sabo (2023). This risk can be prevented by standardizing the medication 

administration process. According to Marx and Vlček (2013), only a precisely 

developed procedure guarantees that the medication will be administered at the 

prescribed time and in accordance with the medical prescription. The content of the 

developed procedure should include a minimum requirement of triple control of the 

delivered medication. The authors recommend that the patient be involved in the 

process of safe use and storage of the medication. He should be in the role of 
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"controller" of the entire process. In our sample (n=411) we confirmed a positive 

perception (94.4%). Respecting the minimum requirements in the area of drug safety 

refutes the claim of Al – Jumaili, Doucette (2017), Sheridan et al., 2020. The authors 

published the opinion that the absence of safety in the use of drugs results in damage to 

the patient's health. We confirmed the statistical significance of compliance with the 

minimum requirements (p < .001). In practice, this means that there is a way to 

eliminate the risks and errors identified by Al – Jumaili, Doucette (2017) in the form of 

administering the drug at the wrong time (43%), omitting the drug (30%), 

administering the wrong dose of the drug (17%) and unauthorized administration of the 

drug (7%). Bengtsson et al. (2021) state that the cause of errors in the preparation and 

administration of drugs is the human factor and poor process management. 

The results of our survey with a positive perception of the minimum safety 

requirements in the use and storage of medicines predict good management with a low 

risk of errors. According to Balogová and Trnková (2020, 2015), this is also true in the 

case of treatment of persons with specific health deficits. The authors state that 

adherence to the minimum requirements for the use of medicines in pre-hospital care in 

the hyperacute stage of stroke increases the chance of patient survival. Adherence to 

the minimum requirements in terms of knowledge about medicines and adherence to 

taking medicines is especially important in outpatient settings, where patients have 

much more independence in taking medicines, which leads to frequent skipping of 

taking medicines, especially in the elderly (Sabo – Bakoš, 2023). Nurses in such cases 

have to control and educate patients. We agree with the opinion of Wagner et al. 

(2013), that interdisciplinary cooperation is a tool for increasing awareness of the 

safety of drug therapy. Optimization of cooperation between experts has a preventable 

character. Kilíková, Hulková, Kalafutová (2023) examined the perception of nurses in 

the field of safe healthcare. In a group of nurses (n=260) they revealed that the dosage 

and application of medicines, storage of medicines, are perceived as indefinite 

interventions in the process of safe care. The level of sensitivity in the perception of 

safe healthcare with respect to the education of the respondents was statistically 

significantly different. Nurses with higher education had a higher level of sensitivity in 

perception than nurses without higher education (mean 2.1848 and 2.1898, p-

value<0.05). The lowest level of sensitivity in the perception of safe healthcare was in 

nurses with higher vocational education (mean=2.4573). 

Conclusion 

The safe use and storage of medicines should be a priority domain in the modern 

healthcare system. Understanding the perceptions of experts responsible for these 

processes is of strategic importance. The results of the research are productive in nature 

and can lead to the reduction of errors and mistakes. There are many unexplored 

problems in this topic that should be the subject of further research. For the needs of 

nursing practice, we recommend that standardized processes for the use and storage of 

medicines be regularly audited. 
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Abstract 

Advanced Therapy Medicinal Products (ATMPs) are transforming the field of 

orthopaedics by offering regenerative solutions for musculoskeletal disorders, bone 

defects, cartilage injuries, and tendon/ligament damage. ATMPs represent a rapidly 

evolving class of biopharmaceuticals that utilize gene therapy, cell therapy, and tissue 

engineering to treat or even cure complex diseases. The Hospital Exemption (HE) is a 

regulatory pathway under EU Regulation that allows hospitals to use ATMPs on a 

case-by-case basis, without requiring full marketing authorization. While HE provides 

flexibility for innovative treatments, concerns remain about consistency in oversight, 

safety monitoring, and long-term clinical data collection. These therapies go beyond 

traditional pharmaceuticals by harnessing living cells, genetic modifications, or 

engineered tissues to restore, replace, or regenerate damaged tissues and organs. They 

provide alternatives to traditional surgical procedures by promoting natural tissue 

repair, reducing inflammation, and improving long-term functionality. This paper 

addresses some latest developments in cell-based therapies and tissue-engineered 

products, highlighting their clinical applications, manufacturing challenges, and 

regulatory landscape. 

Keywords: regenerative medicine, orthopaedics, cell therapies, advanced therapy 

medicinal products, cell therapies. 

Introduction 

Degenerative diseases in orthopaedics have become a significant global public health 

issue with the aging of the population worldwide. Regenerative medicine in 

orthopaedics aims to restore damaged musculoskeletal tissues using cell-based 

therapies, biomaterials, and bioengineering technologies. Unlike traditional treatments 

such as joint replacements or grafting, regenerative approaches enhance the body’s 

natural healing to improve function and durability. Regenerative medicine offers 

minimally invasive, long-term solutions for conditions like osteoarthritis (Householder 

et al., 2023; Im, 2021), non-union fractures (Kaspiris et al., 2022), and tendon injuries 

(Dec et al., 2024). 

The success of regenerative medicine in diverse clinical applications largely depends 

on the appropriate selection of the mesenchymal stem cell (MSC) source, as well as the 

quality and quantity of the MSCs. These cells influence the production of growth 

factors, cytokines, extracellular vesicles, and other bioactive components within the 
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regenerative milieu, thereby affecting the overall clinical outcome (Costela‐Ruiz et al., 

2022). 

Regenerative approaches in orthopaedics 

Regenerative approaches aim to stimulate tissue’s own capacity to regain proper 

function which in case of skeletal tissues means mainly adequate biomechanical 

properties. There are several different approaches developed and researched to 

stimulate regeneration of skeletal tissues. 

Over the past two decades, the use of naturally derived preparations, known as 

orthobiologics, has gained increasing popularity for the treatment of various orthopedic 

conditions, including knee osteoarthritis (OA). These therapies aim to improve or 

regenerate musculoskeletal tissues through the use of biomaterials (e.g., hyaluronic 

acid [HA]), stem cells, and growth factors (e.g., platelet-rich plasma [PRP]) (Sherman 

et al., 2019; Pereira et al, 2018). 

Cell-Based Therapies relay on different cell sources, mainly (a) Autologous 

Chondrocyte Implantation (ACI/MACI) that were first more widely used mesenchymal 

cell source, used for tissue regeneration purposes. Patient’s own chondrocytes are 

cultured and implanted to repair cartilage defects (Flanigan et al., 2021). (b) 

Mesenchymal Stem Cells (MSCs) that are used for cartilage, bone, and tendon 

regeneration. (c) Bone Marrow Aspirate Concentrate (BMAC) as a main source of 

stem cells and growth factors for fracture healing and osteoarthritis treatment. (d) 

Adipose tissue-derived stem cells (ADSCs) are a type of mesenchymal stem cell 

(MSC) isolated from fat tissue. They are increasingly used in orthopaedics due to their 

abundance, ease of harvest (e.g., via liposuction), and strong regenerative potential 

(Costela‐Ruiz et al., 2022). 

Tissue Engineering and Scaffold-Based Regeneration uses biodegradable scaffolds that 

can be supplemented with stem cells to facilitate population of the scaffold and tissue 

formation (Fröhlich et al., 2010; Veber et al., 2020). 

Growth Factors such as Bone Morphogenetic Proteins (BMPs) can be added to scaffold 

materials stimulate bone formation in fractures and spinal fusion (Zhan et al., 2025). 

As a rich source of growth factors, platelet rich plasma is also widely used in different 

orthopaedic indications. Concentrated platelets that release growth factors to accelerate 

tissue repair (Grzelak et al., 2024; Kotlier et al., 2024). 

Gene therapy is also under investigation for its potential applications in orthopaedics. 

While originally conceptualized for the treatment of rare genetic disorders, gene 

therapy holds promise for broader use in managing common, complex, and acquired 

conditions. In orthopaedics, this approach may be applied to diseases such as arthritis, 

as well as to the regeneration of bone, cartilage, meniscus, and other musculoskeletal 

tissues. Gene therapy in orthopaedics mostly aims to modifying cells to express TGF-

β, BMP-2, or IL-1Ra to promote cartilage repair and prevent osteoarthritis progression 

(Evans et al., 2021). 

In recent years also exosome-based strategy is widely investigated as strategy to 

address degenerative diseasees in orthopedics. Exosome-based therapy is superior in 
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terms of anti-senescence and anti-inflammatory effects and has a lower risk of 

tumorigenicity and immune rejection compared to stem cell–based therapy. Exosome-

based therapy is considered an ideal alternative to stem cell–based therapy and 

promises "cell-free" tissue regeneration (Wu et al., 2022). 

In terms of development of regenerative approaches in orthopaedics, some of the most 

important milestones that shaped the ATMP field—particularly those relevant to 

orthopaedics and regenerative medicine: 

1990s - Birth of Regenerative Orthopaedics 

• Early applications of autologous chondrocyte implantation (ACI) began, 

introducing the concept of using cultured cells for cartilage repair. In 1994 

Brittberg et al. Published their work with description of autologous 

chondrocyte implantation method (Brittberg et al, 1994). This application has 

spread worldwide and was also accepted as a regular treatment strategy of 

osteoart5hritis in Slovenia (Martinčič et al, 2014). In a 2022 review of 

publications on Clinical Trials.gov, 46 clinical trials on autologous 

chondrocytes were reviewed, conducted in Europe (41%), Korea (20%) and the 

USA (17%). The largest proportion of indications were for the knee (37/46, 

80%), followed by the ankle or hip joints. The main endpoints used to evaluate 

the effectiveness of ACs were measures of functional improvement and pain. 

Observational studies were conducted to confirm the long-term safety of these 

products (Kim et al., 2022). 

• The concept of tissue engineering—the combination of cells, scaffolds, and 

bioactive molecules—emerged. A new field in biomedical science has been 

established, where cell biologists, engineers, and surgeons collaborated within 

a team in development of artificial connective, epithelial, or neuronal tissues 

using living cells and different kinds of biomaterials. Numerous companies and 

laboratories emerged as a result of dynamic developments in this field. 

Prognoses predicted that, at the beginning of the coming century, the industry 

of tissue engineering will reach the importance of the present genetic 

technology (Minuth et al., 1998). 

1995 - First clinical application of mesenchymal stem cells 

• Lazarus and Caplan et al., described ex vivo expansion and subsequent 

infusion of human bone marrow-derived stromal progenitor cells 

(mesenchymal progenitor cells): implications for therapeutic use (Lazarus et 

al., 1995). In next years more clinical studies using mesenchymal stem cells 

(MSCs) for orthopaedic conditions were published, particularly in bone repair 

and cartilage regeneration. 

1999 - Mesenchymal stem cells and multipotency definition 

• First proof of multipotent differentiation of bone marrow derived stem cell 

culture. Pittenger et al. (1999) demonstrated adipogenic, chondrogenic and 

osteogenic differentiation capacity of same mesenchymal stem cell culture. 

2009 - The first human clinical trial using embryonic stem cells 
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• The first human clinical trial using embryonic stem cells was approved by the 

U.S. Food and Drug Administration (FDA) in January 2009. This trial, 

conducted by Geron Corporation, aimed to assess the safety of a treatment for 

spinal cord injuries derived from human embryonic stem cells. Although the 

trial was terminated after involving four patients, it marked a significant 

milestone in the application of stem cell therapies in humans (Bretzner et al., 

2011). 

Research in field of regenerative medicine 

The major research breaktrhougs, important for development of regenerative medicine 

were linked to pioner clinical applications and research of cell differentiation. Also 

several Nobel Prizes have been awarded for discoveries that form the foundation of 

regenerative medicine, although there isn't a specific Nobel Prize for regenerative 

medicine per se. Instead, these awards recognize breakthroughs in stem cell biology, 

cellular reprogramming, tissue engineering, and molecular biology — all critical pillars 

of the field. The most relevant ones are (https://www.nobelprize.org/prizes/lists/all-

nobel-prizes/): 

• Nobel prize for medicine 2007: Mario Capecchi, Martin Evans in Oliver 

Smithies "for their discoveries of principles for introducing specific gene 

modifications in mice by the use of embryonic stem cells". 

• Nobel prize for medicine 2012: John B. Gurdon ,Shinya Yamanaka "for the 

discovery that mature cells can be reprogrammed to become pluripotent". 

• Nobel Prize in Physiology or Medicine 2019 – William G. Kaelin Jr., Sir Peter 

J. Ratcliffe & Gregg L. Semenza Discovery: How cells sense and adapt to 

oxygen availability (hypoxia pathways). 

• Nobel Prize in Chemistry 2020: Awarded to: Emmanuelle Charpentier & 

Jennifer A. Doudna for the discovery: CRISPR-Cas9 genome editing. 

Basic and clinical research related to regenerative medicine and ATMPs spread widely 

in last decades. As shown in table 1, from 2015 to 2025 ammount of publications with 

key words relevant for ATMPs ate multiplied. Also, in the registry of clinical trials 

Clinicaltrials.gov enormous growth of number of clinical trials can be observed. 

However, several clinical trials in the registry are terminated or their status is not 

known, especially in cases of clinical trials that are conducted in other parts of world. 

The numbers in Table 1 are however not limited to field of orthopaedics, but wider 

field of cell technologies and related basic and applicative research, not limited to any 

field of klinical application or even human medicine. 

  

http://sl.wikipedia.org/wiki/Nobelova_nagrada_za_fiziologijo_ali_medicino
http://sl.wikipedia.org/wiki/Nobelova_nagrada_za_fiziologijo_ali_medicino
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Table 1: Trend of growth in clinical and basic research related to regenerative medicine in last 

decade 

 
PubMed 

(No. of articles) 

Clinicaltrials.gov 

(No. of trials – key word under 

intervention search category) 

Year/ 

Key word 
2015 2025 2015 2025 

2025 

recruiting/not 

yet recruiting 

"advanced therapy 

medicinal product" 
13 29.235 1 4.026 927 

"tissue engineering" 

OR "tissue 

engineered" 

37.604 309.015 62 182 47 

"cell therapy“ 13.141 1.388.222 641 22.628 5.325 

"gene therapy“ 43.604 534.219 448 2.872 723 

"stem cells" 169.666 478.929 4725 7.487 1.491 

"mesenchymal stem 

cells" 
20.157 98.867 462 1.566 267 

"hematopoietic stem 

cells" 
41.625 97.629 2187 2.813 633 

"cord blood stem 

cells“ 

"cord blood" 

354 

22.259 

16.655 

169.306 

57 

553 

341 

1.033 

48 

188 

"embryonic stem 

cells" 
21.543 169.306 24 68 0 

Source of data: PubMed, Clinicaltrials.gov 

Advanced therapy medicinal products 

Advanced therapy medicinal products (ATMPs) can be classified into three main types 

(European Medicines Agency, b.d.): 

• - Somatic cell therapy medicines: They contain cells or tissues that have been 

manipulated to change their biological properties, or cells or tissues that are not 

intended for the same essential functions in the body. They can be used to cure, 

diagnose or prevent diseases. 

• - Tissue-engineered medicinal products: They contain cells or tissues that have 

been modified so that they can be used to repair, regenerate or replace human 

tissue. 

• - Gene therapy medicinal products: They contain genes that lead to a 

therapeutic, prophylactic or diagnostic effect. They work by introducing 

'recombinant' genes into the body, usually to treat a variety of diseases, 

including genetic disorders, cancer or long-term illnesses. A recombinant gene 

is a segment of DNA that is produced in the laboratory by bringing together 

DNA from different sources. 

In addition, some ATMPs may contain one or more medical devices as an integral part 

of the medicine, which are referred to as combined ATMPs. An example of this is cells 

embedded in a biodegradable matrix or scaffold. 
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Following the developments in field of cell therapies and tissue engineering, regulatory 

framework has been established. Regulation (EC) No 1394/2007 provides the general 

framework for ATMPs. The Regulation established the Committee for Advanced 

Therapies (CAT) as a multidisciplinary committee whose main task is to assess the 

quality, safety and efficacy of ATMPs and to monitor scientific developments in this 

field. Since June 2009, the CAT has been issuing scientific recommendations on the 

classification of ATMPs. 

In 2009 the first ATMP was approved by EMA and aligned with research and 

development history in the field of regenerative medicine, this was the product for 

treatment of degenerated cartilage tissue. ChondroCelect (autologous chondrocyte 

product for cartilage repair) became the first ATMP approved in the EU and 

showcased the potential of cell-based regenerative approaches in orthopaedics. 

Despite of very dynamic research and development in the field, there was very slow 

progress in approvals of ATMP at EMA. By 2015, there were only four ATMPs 

registered at EMA: 

• ChondroCelect: characterised viable autologous cartilage cells expanded ex 

vivo expressing specific marker proteins for cartilage repair (European cell 

therapy company TiGenix). 

• Provenge: autologous peripheral-blood mononuclear cells including a 

minimum of 50 million autologous CD54+ cells activated with prostatic acid 

phosphatase granulocyte-macrophage colony-stimulating factor for treatment/ 

immunotherapy of Prostatic Neoplasms (US company Dendreon). 

• MACI, autologous cartilage cells expanded ex vivo for cartilage repair, 

(Genzyme Europe B.V, technology developed by US company Genzyme). 

• Glybera, gene therapy product - treatment of LPL deficiency. The active 

substance in Glybera, is derived from a virus that has been modified so it can 

carry the lipoprotein lipase gene into the body’s cells. This was first gene 

therapy product registered in EU (uniQure biopharma B.V., Netherlands). 

Marketing authosrisation of all four products was redrawn or was not renewed. 

Diaz Solano et al. (2024) reported that fifteen ATMPs, two related to bone and 13 

related to cartilage, have received regulatory approval and marketing authorization in 

US. However, four ATMPs were withdrawn from the market for various reasons. 

Since 2015, 23 additional ATMPs were registered at EMA, among these three cell 

therapy medicinal products, 2 tissue engineered products and 18 gene therapy products 

(Figure 1) (European medicine agency, 2025). 

In last 10 years, only Spherox, a tissue engineered product has been registered for 

applications in orthopaedics. Spherox is a medicinal product used to treat cartilage 

damage in the knee for patients experiencing symptoms such as pain and limited 

mobility. It is indicated when the affected cartilage area does not exceed 10 cm². The 

treatment consists of spheroids—spherical aggregates of chondrocytes, which are cells 

naturally found in healthy cartilage—cultured from the patient’s own tissue. 
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Figure 1: ATMPs approved by EMA in last 10 years 

Source: https://www.ema.europa.eu/en/documents/committee-report/cat-quarterly-highlights-

approved-atmps-february-2025_en.pdf 

Hospital exemptions 

Hospital Exemption was introduced to allow case-by-case, non-commercial use under 

strict oversight of national authorities and represent a workable alternative for 

translation of advanced therapies into clinical practice. 

The Hospital Exemption Clause was introduced in the European ATMP Regulation 

EC1394/2007 (Article 28) [2] to allow the manufacture of ATMPs outside the 

standardized centralized marketing authorization procedure under the following 

conditions:“ATMP is prepared on a non-routine basis according to specific quality 

standards, and used within the same Member State in a hospital under the exclusive 

professional responsibility of a medical practitioner, in order to comply with an 

individual medical prescription for a custom-made product for an individual patient” 

and “Manufacturing of these products shall be authorized by the competent authority 

of the Member State. Member States shall ensure that national traceability and 

pharmacovigilance requirements as well as the specific quality standards at 

Community level in respect of advanced therapy medicinal products for which 

authorization is required pursuant to Regulation”. 

It is relevant to stress that products administered throughout Hospital Exemption are 

under the oversight of the corresponding national competent authority of each Member 

State after careful risk-benefit analysis of the medicinal product (Sanchez-Guijo et al., 

2023). 

The hospital exemption represents a unique opportunity for a partnership between the 

scientific community and the pharmaceutical industry for the benefit of patients and is 

one of the most important tools in the European Union to make these highly innovative 

and breakthrough therapies accessible to our national healthcare systems (Sanchez-

Guijo et al., 2023). 

https://www.ema.europa.eu/en/documents/committee-report/cat-quarterly-highlights-approved-atmps-february-2025_en.pdf
https://www.ema.europa.eu/en/documents/committee-report/cat-quarterly-highlights-approved-atmps-february-2025_en.pdf
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Conclusion 

Although tissue engineered bone and cartilage products represent a promising and 

alternative approach with the potential to overcome limitations of other treatment 

strategies in orthopaedics, further development of these products within regulation of 

Advanced Therapy Medicinal Products (ATMPs) such as TE products was limited. 

This namely requires the knowledge of diverse regulation and an extensive 

communication with the national/international authorities (Confalonieri et al., 2018). 

Although cell-based therapy holds great promise for patients with very limited 

treatment options, there remain several limitations to its widespread use in clinical 

settings, including limited indications, highly complex manufacturing processes, high 

production costs, the lability of cell products over time, and the potential safety 

concerns associated with the intrinsic properties of living cells (Bellino et al., 2023). 

While challenges remain in standardization, regulatory approval, and cost, 

advancements in biofabrication, tissue engineering, and personalized medicine are 

pushing the field toward wider clinical adoption. 

The research and development achievements in field of cell therapies and other ATMP 

have not only expanded therapeutic options but also shifted the clinical paradigm in 

orthopaedics—from mechanical repair toward biological restoration. 
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Abstract 

Reablement is an approach in healthcare that improves user functionality through 

intensive work with the user. Using the SPPB scale allows for accurate assessment of 

motor skills and progress tracking, helping identify the risk of decreased functionality 

and the ability to perform daily activities. 

Keywords: reablement, SPPB, physical functionality, elderly individuals, daily 

activities. 

Introduction 

The Norwegian Association of Occupational Therapists, in collaboration with the 

Association of Physiotherapists and the Nursing Association, introduced reablement in 

2011 as an approach to home-based healthcare. 

Reablement involves intensive, time-limited work with the user, with the goal of 

restoring a level of functional ability as close as possible to what the user had before 

the onset of illness or disability. This approach supports individuals in achieving their 

goals through participation in daily activities, adaptation of the environment, use of 

assistive medical devices, and involvement of their family and the community 

(Gustafsson, 2019). 

The goals and activities are set by the user themselves and should be meaningful and 

important to the user—not to the reablement team (Askheim, 2020). 

In addition to benefiting the user, one of the goals of the reablement team is to reduce 

the need for long-term and costly healthcare and to simultaneously ease the burden on 

family members (Lageland, 2016; Langeland, 2019). Furthermore, achieving personal 

goals significantly improves the quality of life of patients (Sabo et al., 2022). 

Reablement is suitable for users regardless of age, physical capacity, functional level, 

diagnosis, or environment. However, lack of motivation, the absence of rehabilitative 

potential due to underlying illness, or progression of cognitive decline such as 

dementia are exclusion criteria for this approach (Metzelthin et al., 2020). 

Similar to salutogenesis—a medical approach focused on the factors that support 

health and well-being rather than the causes of disease (pathogenesis)—reablement, as 

opposed to compensatory care, focuses on the user's remaining resources rather than on 

their limitations and illness (Lindström, 2015). 
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Reablement also promotes a health-enhancing mindset, helping users maintain their 

functional capacity for as long as possible and live active, independent lives. This 

reduces the need for support from healthcare professionals while preserving autonomy 

and identity—both of which are key to quality of life (Tuntland, 2015). 

The need for a multidisciplinary approach to promote self-sufficiency and health is 

emphasized by Kilikova and Nagiova (2018), who state that maintaining and protecting 

health is financially less demanding than treating diagnosed illness. 

This multidisciplinary process integrates knowledge from social work, health law, 

community care, health education, epidemiology, social marketing, and political 

science. In nursing, it is well known that the role of nurses is to actively participate in 

the sustainability of good health and thus improve quality of life. 

Use of Scales in Reablement 

In the reablement approach, the use of assessment scales is recommended to describe 

the user's level of functioning, identify their goals, and measure changes over time. 

Recommended assessment tools include the Short Physical Performance Battery 

(SPPB), the Canadian Occupational Performance Measure (COPM), and scales for 

assessing Activities of Daily Living (ADL) through individual care and user care 

statistics (IPLOS) (Fürst, 2014). 

Research has shown that problems with motor function, such as walking and balance, 

are associated with reduced ability to perform daily activities such as PADL and IADL 

(Cho et al., 1998), and that decreased walking speed can predict a decline in ADL 

functioning (Idland et al., 2013). Due to this connection between motor function and 

ADL ability, it is important to monitor motor function within reablement. Testing 

physical functions, such as walking speed, can help identify older adults who are at 

higher risk (Clegg et al., 2013). 

Therefore, the Short Physical Performance Battery (SPPB) is a key tool in reablement. 

This test is used to assess three different areas and then provides more precise 

information that can support further planning of the reablement process (Tuntland and 

Ness, 2021). 

Aim 

To demonstrate how the use of the SPPB contributes to the assessment of users' 

physical functionality and the effectiveness of the reablement process. 

Methodology 

This paper applies a qualitative method, specifically a literature review and a case 

study. The aim of qualitative methods is to gather opinions and experiences that cannot 

be measured or quantified (Dalland, 2007). The paper is based on research articles, 

literature, and experiential knowledge. The selected articles highlight the importance of 

assessing and monitoring older adults using the SPPB test. In addition, the planning, 

implementation, and reflection on the SPPB test are described. 
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Through an example, the paper illustrates the use of the SPPB test before and after the 

intervention period carried out by the reablement team. 

SPPB 

Before using any instrument or scale in reablement, it is important to ensure that the 

test has been scientifically validated and is of high quality in terms of validity, 

reliability, responsiveness, and generalizability (Romsland, 2015). 

The Short Physical Performance Battery (SPPB) is a screening test for balance, 

walking function, and lower limb muscle strength. It is a standardized test used to 

measure physical function in older adults (Romsland, 2015). 

The SPPB consists of three components. Each part is scored based on the time taken, 

and time is converted into points. Scores range from 0 to 4 for each part, with 4 being 

the best score. The total score ranges from 0 to 12, where 12 represents the highest 

level of functional ability. Results are recorded in a designated form. Walking aids may 

be used during the test. A score below 10 indicates an increased risk of functional 

decline, while a score below 8 suggests the onset of loss in ADL functions. A change 

of 1 point in the total score is considered clinically significant (Romsland, 2015). 

The balance test includes standing with feet together, in semi-tandem, and in tandem 

stance. The scores are as follows: 

• Feet together and semi-tandem: ≥ 10 seconds = 1 point, < 10 seconds = 0 

points 

• Tandem stance: ≥ 10 seconds = 2 points, 3–9 seconds = 1 point, < 3 seconds = 

0 points 

The maximum score for the balance test is 4. If a participant does not attempt or fails 

the test, the reason must be documented. 

Repeated Chair Stands 

The sit-to-stand task, performed five times in rapid succession, is scored as follows: 

• Participant unable to complete or took more than 60 seconds = 0 points 

• ≥16.7 seconds = 1 point 

• 13.7–16.69 seconds = 2 points 

• 11.20–13.69 seconds = 3 points 

• ≤11.19 seconds = 4 points 

A pre-test is conducted first to determine whether the participant is capable of 

performing the exercise. If not, the test is discontinued. If the participant is able, the 

test proceeds. If the participant did not attempt or failed to complete the test, the reason 

must be documented. 

When testing frail populations, it is recommended to add an additional element to the 

original test: the recorded time for performing five sit-to-stand movements using 

armrests, in cases where the participant cannot stand up without support. The seat 

height must be recorded to ensure consistency during repeated tests. 
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Scoring for the 4-Meter Gait Speed Test (Part of SPPB) 

The test of walking 4 meters at a usual pace (gait speed) is scored as follows: 

• Participant unable to perform = 0 points 

• 8.7 seconds = 1 point 

• 6.21–8.70 seconds = 2 points 

• 4.82–6.20 seconds = 3 points 

• < 4.82 seconds = 4 points 

It must be documented whether the participant walks without aid or uses crutches, a 

cane, walker, etc. Gait speed can also be used as an independent test. Gait speed 

measurements have shown consistency across examiners, situations, and time (Abellan 

van Kan et al., 2009). 

A gait speed of less than 0.6 m/s indicates a need for assistance in ADL functions and 

an increased risk of hospitalization and institutionalization. A gait speed between 0.6 

and 1.0 m/s indicates a risk of functional decline and the need for preventive measures. 

A gait speed above 1.0 m/s is not associated with an increased risk of functional loss or 

poor health (Fritz and Lusardi, 2009). 

A change of 0.1 m/s represents a clinically relevant change, which has been 

documented across various diagnoses and levels of functioning (Studenski et al., 2011). 

Scoring for 3-Meter Distance (if 4-Meter Test Cannot Be Performed) 

• Participant unable to perform = 0 points 

• 6.52 seconds = 1 point 

• 4.66–6.52 seconds = 2 points 

• 3.62–4.65 seconds = 3 points 

• < 3.62 seconds = 4 points 

This test realistically assesses whether a user achieves shorter times in functional 

activities after completing a period of daily rehabilitation and provides a concrete goal 

for evaluating whether the user is improving their functional performance in various 

activities (Romsland, 2015). 

Case 

An 82-year-old woman sustained spinal fractures (Th 11) after a fall. She has 

experienced several falls in the past six months. She lives in an apartment on the 

second floor. She drove a car until last spring and wishes to drive again, but has 

difficulty independently going up and down stairs. She wants to walk without a walker 

inside her apartment. The SPPB test was conducted in her home. The participant was 

guided throughout the test and was able to follow the instructions. 

The SPPB showed the following physical function before and after a 4-week 

intervention period, which focused on stair safety, balance training, and walking 

exercises without assistive devices. 
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Table 1. Display of SPPB test results before and after working with the reablement team 

SPPB 
Before working with the 

reablement team. 

After 4 weeks of working with the 

reablement team. 

Balanse   

Feet together 15 seconds, 1 point 
More than 15 seconds,  

1 point. 

Sami-tandem 15 seconds, 1 point 
More than 15 seconds, 

 1 point. 

Tandem 
Cannot stand in this 

position.0 point 
Stands for 5 seconds, 1 point 

Scor for balanse 2/4 point 3/ 4 point 

Test 4 metra hoda 

First attempt with a walker: 

6,94 sec. 

Second attempt without a 

walker 7,22 sekundi 

First attempt: 6.51 seconds 

Second attempt: 6.12 seconds 

Both attempts without a walker. 

Scoring for the 4-

Meter Gait Speed 

Test 

2/4 point 3/4 point 

Stand/sit without 

using hands. 
22,69 sek. 13,39 sek 

Scor for Stand/sit 

without using 

hands. 

1/4 point 3/4 point 

Totalscor 5 /12 point 9/12 point 

 

After the first SPPB test, the total score was 5/12 points. This is a low result indicating 

early loss of ADL functions. Walking speed shows that the person falls into the red 

zone (frail individual), indicating an increased risk of falls, loss of functionality, and 

decreased internal and external mobility. After the intervention period of 4 weeks 

working with the reablement team, the SPPB score was 9/12 points. Walking speed, 

without aids, shows that the individual falls into the yellow zone (early loss of 

functionality). The user achieved their goals: walking without a walker inside the 

home, independently climbing and descending stairs, driving a car, and having 

improved balance. The improvement was very evident in the user with the help of the 

SPPB test. 

Discussion 

The SPPB can be used for all diagnostic groups and age categories. The test is easy to 

use and can be applied by different healthcare professionals. It is also not time-

consuming and can provide useful information for all involved (Tuntland and Ness, 

2021). 

In the case of our user, the test clearly indicated severely impaired balance, weakness 

in the lower extremities, and walking function. The results of the test helped the user 

better direct their goals, and enabled the reablement team to formulate the 

rehabilitation direction so that the user could achieve their goals. 
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It is well-documented that the SPPB identifies older adults at risk of losing 

functionality and recognizes changes in physical function (Guralnik et al., 2000). Our 

user wanted to move around without using a walker in their home and to be able to 

climb up to their apartment, which was a challenge according to the initial results of 

the SPPB test. However, after a four-week period working with the reablement team 

and retesting, there was a noticeable improvement and a better outlook for performing 

the desired activities independently. 

Empowerment is a key concept in reablement work. It involves strengthening the 

user’s ability and control over the factors affecting their lifestyle and health (Slettebø, 

2000). The literature describes empowerment as having two key dimensions. The first 

dimension is raising awareness, where the individual becomes more aware of their 

resources, experiences increased ability to cope with challenges, and becomes more 

capable of controlling their life. The second dimension refers to cooperation and 

communication between healthcare professionals and the user. An important element 

of empowerment is the transfer of power from the "expert" — healthcare professionals 

— to the users (Vågan et al., 2018). 

Motivation theories can help the reablement team recognize aspects of their 

communication that may contribute to strengthening or weakening the user’s intrinsic 

motivation. The self-determination theory is a motivational theory that assumes a 

person has natural intrinsic motivation for learning and overcoming new challenges. 

This theory relates to the ability to cope with challenges related to health. According to 

this theory, all individuals have three basic psychological needs: autonomy, 

relatedness, and a sense of achievement (Eide and Ide, 2019). 

The driving force is maintained through a dynamic interaction between external and 

internal motivation. Internal motivation is reinforced through autonomy, personal 

responsibility, and self-determination, while external motivation is reinforced through 

cooperation, encouragement, and positive feedback from the reablement team (Hjelle 

et al., 2016; Ryan and Deci, 2000). 

The SPPB test clearly encourages motivation, both for the user and the reablement 

team. The test is quick to perform, requires minimal equipment (stopwatch, measuring 

tape, adhesive tape, and a chair), and takes up little space (3-4 meters), and it can be 

performed at the user's home. The SPPB allows for the monitoring of older users 

throughout the intervention process and helps improve information exchange and 

interprofessional cooperation. Walking speed gives the SPPB an advantage over other 

physical function tests. The limitation of the SPPB test is that it does not provide 

objective results when testing older individuals with very low functional levels 

(Tuntland, 2015). 

Conclusion 

Physical function is a strong indicator of biological age and a biomarker for health and 

quality of life in older adults. Assessing physical function among older adults is crucial 

because it allows for the early detection of functional decline and provides the 

opportunity for intervention to reverse or prevent further physical function loss and 

potential loss of independence. The SPPB is an important tool in reablement because it 



180 

effectively shows changes in physical function, which can lead to the implementation 

of appropriate care and rehabilitation measures, and provides objective results for 

reablement. It is also an important tool in preventive work, as it shows early functional 

decline and enables the prompt initiation of measures that can prevent loss of function 

and injuries. 
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Abstract 

Case management is an integrated approach to providing health and social care, 

which plays a key role for people with complex needs. This article focuses on the 

importance of case management in the Czech home care environment and analyzes its 

benefits based on foreign studies that demonstrate the positive effects of this approach 

on the quality of life of patients and the effectiveness of care. At the same time, it points 

to the dismal state of the Czech system, which faces a growing demand for complex 

services and insufficient coordination between health and social service providers. The 

article also examines the use of the Omaha system as an effective tool for planning 

care and monitoring results, which could contribute to making home care more 

effective and improving the overall quality of life of patients in the Czech Republic. 

Keywords: case management, home care, Omaha system, care efficiency, 

multidisciplinary teams. 

Introduction 

The demographic changes that the Czech Republic is currently facing have a 

significant impact on field health and social services. The aging of the population is 

one of the most significant trends that increases the need for quality care provided 

directly in the home environment. With the growing number of seniors, there is also an 

increase in people suffering from chronic and incurable diseases, such as 

cardiovascular diseases, cancer, dementia and other serious health conditions, which 

often require long-term and coordinated care. Increasing life expectancy brings with it 

not only more years, but also higher expectations regarding the quality of these years. 

People today expect that even in old age and in the event of a serious illness, they will 

have access to care that not only alleviates pain and other symptoms, but also allows 

them to live at home with dignity. Field services, especially home care, play a key role 

here, because it is in the home environment that care can often be most effective and 

beneficial. Home care in the Czech Republic includes a wide range of health services 

that are provided directly in patients' homes. These services include nursing care, 

rehabilitation and health supervision. According to Act No. 372/2011 Coll., on health 

services and conditions for their provision, the aim of home care is to ensure that 

patients can remain in their natural environment while receiving quality health care that 

meets their individual needs. 

This trend represents a significant challenge for field health and social services, which 

must respond to the growing demand for comprehensive and long-term services. This 

includes not only increasing the number of qualified workers, but also developing and 

mailto:kalatovad@seznam.cz
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implementing innovative approaches such as multidisciplinary teams and case 

management, which ensure effective coordination of care between health and social 

workers. These approaches are essential to ensure seamless care that responds to both 

the health and social needs of clients. 

The growing demands on health and social care in the Czech Republic reveal serious 

shortcomings 

in the current care system, which is often unable to adequately respond to the needs of 

an aging population. This situation is a result of the fragmentation of services, 

insufficient coordination between individual providers and limited availability of 

resources. At the same time, the number of older patients requiring long-term and 

complex care is increasing, and the health system is under constant pressure. 

According to the Health System Review 2023 study from the European Observatory on 

Health Systems and Policies, population aging is one of the main challenges for the 

Czech health system. A significant increase in the elderly population is expected by 

2030, which will lead to increased demands on home care and long-term care for the 

elderly. This demographic shift is putting pressure on the healthcare system, which is 

facing staff shortages and the need for greater integration of health and social services. 

Insufficient coordination of care often leads to unnecessary hospitalisations, increased 

costs and a lower quality of life for patients. The current situation requires fundamental 

changes in the way services are provided. 

One possible solution to improve this situation is the introduction of case management. 

Case management is a system that includes a comprehensive and individual assessment 

of the patient's needs, subsequent care planning and its continuous evaluation. This 

model enables the effective connection of health, social and other services, which is 

key to ensuring high-quality and sustainable care for patients in the home environment. 

According to the publication Case Management Methodology by People in Need 

(Tísni, 2017), case management is a key tool for effective care delivery in social 

services. 

The main goal of case management is to ensure that all involved services work together 

for the benefit of the patient, which leads to improved care outcomes, reduced 

hospitalizations, and optimized use of available resources. Case management has 

already proven itself in a number of countries as an effective model for improving the 

quality and efficiency of care, which provides hope that its implementation can 

significantly contribute to solving problems in the Czech healthcare system as well. 

According to the article Cost-effectiveness of Case Management: A Systematic Review 

in the American Journal of Managed Carez (Tísni, 2022), case management has been 

successfully implemented in several countries, such as the United States of America, 

Canada, the United Kingdom, Germany, the Netherlands, Sweden, and Denmark. 

These countries have applied case management primarily to improve the coordination 

of care for patients with chronic diseases and in the context of an aging population, 

thereby improving the quality of life of patients and reducing healthcare costs. 
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Definition and role of case management in field services 

Case management is a comprehensive and integrated approach to human care that 

includes disciplines such as social work, nursing and medicine, while taking into 

account legal and economic aspects that are necessary for effective planning and 

coordination of care. Case management plays a crucial role in ensuring effective 

coordination and communication between different service providers, its main goal is 

to ensure comprehensive support for clients who often face complex and long-term 

problems. The key function of case management is to identify client needs, plan for 

care provision and coordinate services across all actors. The case manager acts as a 

coordinator who connects individual service providers, ensures the smooth flow of care 

and constantly monitors its effectiveness. 

This approach requires the creation of a wide portfolio of cooperating actors, including 

health professionals (doctors, nurses, physiotherapists), social workers, psychologists 

and other specialists who can provide comprehensive and individually tailored care 

within a multidisciplinary team. In the context of outreach services, this collaboration 

is crucial because it allows responding not only to the health needs of clients, but also 

to their social and psychosocial needs, which significantly influence each other. 

Effective case management also involves continuous assessment and adaptation of the 

care provided according to the current needs of clients. This ensures that each step in 

care is coordinated and brings the desired result. This holistic approach allows for 

better use of resources, minimizes duplication of service provision, and ensures that 

client care is always timely, effective, and focused on their individual needs. 

Fundamental principles of Case Management 

Case management is a comprehensive and integrated approach to caring for a person or 

community that goes beyond the framework of individual professional disciplines, 

such as social work, nursing, medical science, or economic and legal services. 

• The main goal of case management is to ensure coordination and supervision 

of various services and interventions in order to achieve optimal care and 

support for the client. 

• The case manager does not manage individual professionals, but rather acts as 

a mediator and coordinator, ensuring that all necessary services and expertise 

work together effectively and for the benefit of the client. 

• The case manager ensures a portfolio of actors (providers, informal caregivers, 

institutions) and mediates them for the needs of clients. 

• The case manager collects feedback from clients and the services involved and 

ensures ongoing evaluation of the effectiveness of care. 

• Individual disciplines and experts involved in cooperation with the case 

manager also benefit from this cooperation because they have feedback from 

other disciplines and a comprehensive picture of assistance, which allows them 

to better connect and synergize for the benefit of the client. 
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The importance of case management for home care 

Foreign studies, such as the "Effects of Case Management in Community Aged Care 

on Client and Carer Outcomes: A Systematic Review of Randomized Trials and 

Comparative Observational Studies" (Kringos and Boerma, 2012), show that this 

approach is of fundamental importance for improving the quality of life of patients. 

This systematic review assessed the effects of case management on outcomes for 

clients and carers and found that most studies demonstrated positive effects, such as 

increased satisfaction with care and improved functional status of clients. Case 

management has also been shown to significantly improve service coordination and 

reduce hospital admissions, which is essential for effective care for older patients. By 

ensuring seamless collaboration between health and social services, it eliminates 

duplication of care provision and minimises unnecessary hospital admissions. This 

leads to better use of available resources, faster responses to patients' needs and an 

overall improvement in the quality of care, which is crucial for maintaining their 

independence and improving their living conditions. 

Further evidence of the benefits of case management is the study Cost-effectiveness of 

Case Management: A Systematic Review, published in the American Journal of 

Managed Care (Krause et al., 2022). This systematic review confirms that case 

management not only reduces healthcare costs, but also significantly improves health 

outcomes, especially for older patients and the chronically ill. Effective patient 

navigation through the healthcare system ensures better continuity of care and 

strengthens patients’ self-management skills, which improves quality of life and care 

efficiency. 

These results suggest that the implementation of case management in home care in the 

Czech Republic could significantly contribute to improving the quality of life of both 

patients and informal caregivers. However, it should be considered that the success of 

case management depends on adaptation to local conditions, including the specifics of 

the Czech health and social system, the availability of resources, and the readiness of 

personnel. In order for case management to bring similar results as abroad, it will be 

necessary to conduct an analysis and critical assessment of the necessary adjustments 

that would allow the effective implementation of this approach. There have been no 

large-scale efforts to implement case management into the home care system in the 

Czech Republic so far. 

It is clear that the home care system varies significantly from country to country. The 

publication Home Care Across Europe highlights that home care models are influenced 

by cultural, economic and political conditions. While in Northern Europe home care is 

integrated into the wider healthcare system, in Southern Europe it relies more on 

family support and informal carers. According to the publication Home Care Across 

Europe, the Czech Republic has developed a Home Care Concept, which focuses on 

integrating home care into the wider healthcare system and supports multidisciplinary 

cooperation between doctors and home care providers. Approximately 70% of care 

allowance recipients rely on family carers, but the division of health and social care 

between two ministries complicates the integration of services. Case management 

could help to keep seniors in their home environment and ensure comprehensive care 

(Genet et al., 2013). 
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In the Czech healthcare system, case management remains an underused tool, although 

it is already being applied in some areas, such as mobile specialized palliative care, 

where it helps coordinate care for terminally ill patients. Some organizations, such as 

People in Need or Sue Ryder, also use case management to coordinate comprehensive 

care for their clients. People in Need uses case management, for example, in programs 

aimed at helping socially disadvantaged people, where key workers focus on ensuring 

effective cooperation between health and social services (People in Need, 2022). In 

addition to caring for the elderly, the Sue Ryder organization also focuses intensively 

on helping people with dementia. Case management here includes mapping clients' 

needs, creating individual care plans, and connecting clients with health and social 

services. This approach allows for comprehensive care that supports clients with 

dementia and other chronic diseases so that they can live with dignity in their own 

home or in nursing homes. In this way, Sue Ryder effectively supports seniors and 

people with dementia in achieving the best possible quality of life, even in the 

advanced stages of the disease (Ryder, 2024). 

For wider use of case management, it would be appropriate to extend its 

implementation to primary and community care, thereby improving the coordination of 

health and social services. 

The publication Effects of Case Management in Community Aged Care on Client and 

Carer Outcomes: A Systematic Review of Randomized Trials and Comparative 

Observational Studies (Kringos and Boerma, 2012) shows that the role of case 

manager may not be limited to health professionals with a medical education. The 

study confirms that case management can also be effectively carried out by non-

medical and non-health professionals, such as social workers or other specialists. Key 

skills for effective case management include empathy, communication and 

organizational skills - skills that can also be developed in these professionals. In the 

context of the Czech Republic, the involvement of non-medical professionals, 

especially general nurses and social workers, would bring new opportunities for the 

provision of comprehensive care for the elderly in the home environment, while these 

professionals would become an integral part of a multidisciplinary team focused on 

improving the quality of life of patients and increasing the efficiency of the care 

provided. 

In the Czech healthcare system, the responsibility for the indication of home care is 

transferred to general practitioners, who are obliged to assess the patient's health status 

and provide him with appropriate health care in the home environment. However, 

general practitioners often lack the time and capacity to coordinate other necessary 

services, especially social care, in addition to the medical part of care. This social 

component is absolutely crucial for patients with complex needs, especially the elderly 

and chronically ill. General practitioners are thus left to primarily provide the medical 

part of care, while services such as social support or solving financial difficulties 

remain beyond their reach, which leads to fragmentation of care and insufficient 

integration of necessary services. 

This model is inefficient and does not meet the needs of patients who require 

comprehensive care that includes both health and social aspects. Therefore, it is a 



187 

logical step to transfer the role of care coordinator to a case manager from non-medical 

professions, such as general nurses or social workers. These professionals can 

effectively link health and social services, thereby relieving general practitioners of 

unnecessary responsibilities that are not directly related to patient treatment. 

The case manager can analyze the patient’s social situation, living conditions and 

financial difficulties and provide appropriate interventions. This allows general 

practitioners to focus on their main task – providing quality health care. The 

cooperation between the case manager and the general practitioner thus creates a 

holistic approach to the patient that takes into account all aspects of their life and 

significantly improves the overall quality of care provided. 

The Omaha System as a Tool in Case Management 

One of the key tools used abroad to improve the quality of case management is the 

Omaha System. This system, developed by Karen S. Martin, provides a structured 

framework for assessing patient needs, planning care, and monitoring outcomes. The 

Omaha System is a methodological approach that integrates various aspects of patient 

care, including diagnosis, intervention, and evaluation of care effectiveness. In her 

publication The Omaha System: A Key to Practice, Documentation, and Information 

Management, Martin emphasizes that documentation and correct information are 

essential for effective care management (Martin, 2005). The Omaha System allows for 

a better understanding of individual patient needs and tailoring care to their specific 

situations. 

Implementing the Omaha System in the Czech environment would improve 

coordination between different service providers and ensure that clients receive 

comprehensive and personalized care. This system enables this by standardizing the 

assessment of patient needs and clearly defining the roles of individual professionals, 

which leads to more effective information sharing and consistent care. The Omaha 

system supports collaboration between healthcare professionals, social workers and 

informal caregivers by creating a common language and framework for 

communication, which facilitates the coordination of interventions and ensures 

continuity of care. In this way, the Omaha system can make home care more efficient 

and improve the quality of life of patients, which is crucial in view of the increasing 

demand for these services due to the aging population. 

Conclusion 

In conclusion, it can be said that case management is a key tool for increasing the 

quality and efficiency of home care, especially in the context of an aging population 

and increasing demands on the healthcare system. Foreign studies clearly confirm that 

this approach not only improves patient satisfaction, but also significantly reduces the 

costs associated with hospitalizations and long-term care, thanks to better coordination 

and integration of services. The implementation of systems such as Omaha, which 

enable structured monitoring and evaluation of care, could increase the transparency 

and efficiency of the services provided in the Czech environment. 



188 

Based on these studies and experience from abroad, it is clear that the future 

development of case management in the Czech Republic requires that this system be 

included in the reimbursement mechanisms of health insurance companies. However, 

the implementation of case management in home care requires fundamental changes in 

the reimbursement system and legislation. For this reason, it is necessary for health 

insurance companies, together with the Ministry of Health of the Czech Republic, to 

proceed with a pilot verification of the results of foreign studies in the Czech 

environment. At the same time, it is necessary to introduce policies tailored to the 

needs of the aging population that will support comprehensive and effective care in the 

home environment. 
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Absrtact 

By definition, resistant hypertension is an elevated blood pressure above 140/90 

mmHg, despite the use of optimal or maximally tolerated doses of a combination of 

three drugs, including a diuretic. In order to make a diagnosis of resistant 

hypertension, it is necessary to exclude various forms of pseudoresistant hypertension. 

Resistant hypertension is associated with the interaction of a number of factors, which 

primarily include increased sympathetic activity, i.e. a disorder at the level of various 

vasoactive substances, with the interaction of behavioral factors. Adequate treatment 

of resistant hypertension represents a great challenge, and includes changes in 

lifestyle, optimization of current pharmacological therapy, as well as renal 

denervation as an additional treatment option. 

Keywords: resistant hypertension, blood pressure, control. 

Introduction 

Hypertension is one of the most common chronic non-communicable diseases. Despite 

the availability and possibility of applying a large number of different groups of 

antihypertensive drugs, up to 20% of patients still have unregulated blood pressure 

(McEvoy et al, 2024; Carey et al, 2019) due to resistance to therapy. Resistant 

hypertension is defined as resistant, when a therapeutic regimen that includes 

appropriate lifestyle measures and treatment with maximal or maximally tolerated 

doses of three antihypertensive drugs, one of which is a diuretic, fails to lower systolic 

and diastolic BP to <140 mmHg and/or <90 mmHg. In order to make the correct 

diagnosis, it is necessary to rule out pseudoresistance, which primarily refers to white 

coat hypertension and poor adherence and persistence in treatment (McEvoy et al, 

2024). In the literature, the term controlled resistant hypertension can also be found, 

which refers to blood pressure that is effectively controlled with four or more 

antihypertensive agents (Whelton et al, 2017). 

The main problem with patients who have resistant, and therefore uncontrolled, 

hypertension is that these patients have a worse prognosis due to increased 

cardiovascular risk, which includes the risk of myocardial infarction, stroke, and also 

end-stage renal disease. 
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Methodology 

The paper was designed as a review article, and by reviewing the current literature, our 

goal was to examine potential causes that can lead to the occurrence of resistant 

hypertension, to examine the mechanism of their action, and to determine new 

therapeutic possibilities in the treatment of patients with resistant hypertension. 

A comprehensive literature review was conducted in the PubMed database (from 2000 

to present) using the following keywords: resistant hypertension, blood pressure, 

control. 

Etiopathogenesis 

The pathophysiological mechanism of resistant hypertension is complex. It is 

considered that, it is caused by the interaction of various neurohumoral factors that 

include increased sympathetic tone, increased levels of aldosterone, endothelin-1, atrial 

natriuretic peptide and vasopressin (Dudenbostel et al, 2015; Calhoun, 2013; Velasco 

et al, 2018). Disorders at the level of vasoconstrictor and vasodilator substances result 

in an overload of sodium and volume, endothelial dysfunction and vascular remodeling 

and an increase in peripheral vascular resistance. In addition, the favoring of these 

pathophysiological mechanisms can be enhanced by certain behavioral factors, which 

include physical overweight/obesity, inactivity, excess daily sodium in the diet, 

excessive habitual alcohol consumption, etc. 

Obesity is evidently one of the most important factors associated with poor blood 

pressure control and the emergence of resistant hypertension, where it was found that 

about 8% of people with resistant hypertension are obese (Haddadin et al, 2019). A 

special role is attributed to visceral adiposity, which in interaction with the activation 

of the sympathetic nervous system, hyperinsulinemia, vascular dysfunction and the 

renin-angiotensin-aldosterone system (RAAS) leads to a dysmetabolic state and 

consequent hypertension (Mathieu et al, 2009).In support of the impact of body mass 

and BMI index on blood pressure regulation, data from a recent retrospective study 

showed that with a BMI index of 40 kg/m2, a mean weight loss of 13% was 

accompanied by a 22% lower relative risk of hypertension (Haase et al, 2021). Also, 

the combination of weight loss, regular physical activity, reduced salt intake and 

adequate nutrition can additionally reduce blood pressure values and affect better 

control of tension. 

When it comes to alcohol consumption, data from the literature indicate a causal 

relationship between alcohol consumption and the risk of hypertension, especially 

above an alcohol intake of 12 g/d (Cecchini et al, 2024). 

The connection between sleep apnea and the occurrence of hypertension is well 

known, so sleep apnea is considered an independent predictor of the development of 

hypertension, and the severity of sleep apnea can be one of the main prognostic signs 

of successful blood pressure control (Tsioufis et al, 2010). 

Several groups of drugs (nonsteroidal anti-inflammatory agents, oral contraceptives, 

drugs, steroids, immunosuppressive and antineoplastic…), environmental factors 

(mental or physical stressors, air pollution…), genetic polymorphisms (in the renin-
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angiotensin system for example) can also be associated with resistant hypertension. 

(Figure 1.) 

It is important to note the association of resistant hypertension with various forms of 

secondary hypertension, where secondary hypertension is often detected due to 

resistance to antihypertensive therapy and end-organ dysfunction. 

 

Figure 1. Factors associated with resistant hypertension 

Therapeutic options 

Lifestyle changes 

Treatment of resistant hypertension represents a great challenge for doctors and 

pharmacists, given the fact that a considerable number of patients, despite the use of 

various classes of antihypertensive drugs, still have elevated blood pressure. It is 

known that in addition to pharmacological agents, an equally important role in the 

treatment of hypertension is played by an appropriate lifestyle, which primarily 

includes adequate nutrition and weight reduction, regular physical activity, reduced salt 

and alcohol intake, stress control, etc. Therefore, these recommendations are included 

in the official guidelines of the American Heart Association as one of the treatment 

modalities for patients with hypertension (Whelton et al, 2017). 

The results of two large studies, in which the Mediterranean (Toledo, et al, 2013) and 

DASH (Saneei, et al, 2014) diets were applied (based on a diet with a limited intake of 

saturated fatty acids and processed foods, as well as rich in fruits, vegetables, and low-

fat dairy products) showed significant effects in the treatment of patients with resistant 

hypertension. Additionally, with every kilogram of weight loss, blood pressure can be 

reduced by about 1 mmHg (Neter et al, 2003). Also, data from numerous studies show 

that physical activity has a beneficial effect on reducing both systolic and diastolic 

blood pressure, both in patients with normal blood pressure and in those with 

prehypertension, hypertension and resistant hypertension (Pescatello et al, 2019; Pires 

eta la, 2020). 
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Pharmacological possibilities 

Pharmacological interventions in patients with resistant hypertension are the subject of 

a large number of studies. According to the latest guidelines, treatment with 

combinations of drugs in a single pill is recommended to reduce the burden of 

administering multiple drugs, which certainly increases compliance (McEvoy et al, 

2024). 

For a large number of patients with resistant hypertension, additional drugs other than 

first-line antihypertensives are necessary, among which mineralocorticoid receptor 

antagonists stand out, such as spironolactone and eplerenone. Low doses of 

spironolactone (25-50mg) in accordance with the PATHWAY-2 trial and other studies 

may be recommended as the fourth drug of choice in the treatment of patients with 

resistant hypertension, considering among all comparators, spironolactone had the 

highest ranking probability and was considered the most effective treatment to reduce 

office systolic blood pressure (-13.30 mmHg) and 24 h systolic blood pressure (-8.46 

mmHg) ( Williams et al, 2015; Chen et al, 2020; Tian et al, 2024). In patients in whom 

spironolactone is contraindicated due to its side effects, the drug of choice is 

eplerenone at a dose of 50-200 mg, as doses of 25 mg have not proven to be 

sufficiently effective (Tam et al, 2017). Although the effectiveness of beta blockers is 

lower than spirolactone, certain authors recommend their use if they were not 

previously part of antihypertensive therapy. The use of α-1 antagonists may be 

associated with adverse outcomes, such as orthostatic hypotension, syncope, and falls, 

while the use of doxazosin carries a risk of heart failure. Direct vasodilators, 

hydralazine or minoxidil, can cause severe fluid retention and cause tachycardia 

through reflex sympathetic activation, and should be prescribed with caution (Buso et 

al, 2024). 

There are high expectations for trials of new antihypertensive drugs which should act 

at the level of blocking certain pathophysiological mechanisms responsible for the 

development of hypertension, like endothelin 1 and endothelin receptor agonists, as 

well as drugs that would reduce the level of hepatic angiotensinogen, drugs that would 

reduce the level of aldosterone independently of the level of renin and etc. 
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Figure 2. Menagement of restistance hypertension 

McEvoy et al, 2024 

Renal denervation 

Renal denervation is a minimally invasive procedure recommended for patients who 

cannot achieve satisfactory blood pressure control. It is known that the kidneys play a 

key role in blood pressure regulation, and that nerve impulses from the kidneys can 

affect salt and volume retention, or vascular resistance. It is assumed that interrupting 

these nerve signals can reduce blood pressure. A catheter is used to access the renal 

artery, where radiofrequency ablation is performed, which aims to cause reduced 

sympathetic activity, renin activity, and increased blood flow in the kidney. This 

method has found its place in the new recommendations with a class of evidence Iib. 

 

 



194 

Conclusion 

This paper presents current knowledge related to resistant hypertension, with a special 

focus on the pathophysiological aspect, risk factors that contribute to its occurrence, as 

well as therapeutic options in the treatment of this condition. 

Resistant hypertension is a challenging clinical problem, given the clear and proven 

association between uncontrolled hypertension and cardiovascular morbidity and 

mortality, primarily. 

Various non-pharmacological measures (lifestyle modification), along with the use of 

pharmacological agents and renal denervation, and certain therapeutic modalities that 

are still being investigated, have promising potential in achieving more effective blood 

pressure control. 
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Abstract 

Poliomyelitis is an infectious disease caused by the Poliovirus. Nowadays, this disease 

is very rare, thanks to systemic active immunization. In Serbia, the Pentaxim vaccine is 

used. 

The aim of this research work is to examine whether mandatory systemic immunization 

against polio is applied according to the vaccination calendar at the level of primary 

health care for the territory of the municipality of Negotin (Serbia) in the period 2018-

2022. Based on statistically processed data (SPSS statistic 20), it is noted that in the 

period from 1. 1. 2018. until 31. 12. 2022. successful immunization against polio was 

carried out in the territory of the municipality of Negotin. 

Revaccination was most successfully carried out in 14th years of life in the same 

period of time, where it is 100% of children were scheduled to be vaccinated, but in 

2020 it was observed that the immunization coverage was lower than usual, 

presumably because of COVID-19 pandemic. 

Keywords: immunization, poliomyelitis, education, vaccination calendar, Pentaxim. 

Introduction 

Acute Poliomyelitis or Poliomyelitis in Children is an infectious disease caused by the 

poliovirus. There are three types of polioviruses. The virus is not strictly neurotropic, 

and neurological manifestations occur in only 1–2% of patients (Pavlović and 

Todorović, 1981). Nearly 95–99% of infected individuals show no clinical 

manifestations of the disease or display only symptoms of general infection, without 

signs of nervous system involvement. Individuals with inapparent infection are the 

most important virus reservoirs and the main source of infection for others (Muir and 

Von Loon, 1997). Among every 1,000 newborns, two are affected by poliomyelitis. 

The disease most commonly affects children between the ages of two and five, with 

boys being more frequently affected than girls. It can also appear in epidemic form. 

Infected children must be isolated for six weeks. In a very small number of infected 

individuals, the central nervous system is affected. The infection primarily involves the 

anterior horns of the spinal cord, but changes may also occur in the hypothalamus and 

cerebral cortex. Ganglionic cells in the anterior horns are affected. Involvement of the 

brainstem and other parts of the brain is extremely rare (Pavlović and Todorović, 

1981). Brain damage is a permanent and significant indicator of motor impairment. 
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However, such damage is not progressive, which means that symptoms can be 

alleviated. 

The incubation period lasts 1–2 weeks, sometimes up to 5 weeks (Paul and Horstem, 

1955), but most commonly 3–20 days. The infection can occur without any symptoms, 

as a general infection, as meningitis, or with paralysis. There are two main forms of 

poliomyelitis: paralytic and non-paralytic. An abortive form is also frequently 

mentioned, in which no clinical disease develops, although the individual is infected 

with the virus. In the pre-paralytic stage, symptoms of general infection appear first 

fatigue, a sore throat or discomfort, gastrointestinal symptoms, and a mildly elevated 

temperature that lasts three to four days. During this stage, meningeal signs, as well as 

limb and spinal pain, may be present (Muir and Von Loon, 1997). As the fever 

subsides, the second stage of the disease begins the paralytic stage. In the paralytic 

phase, symptoms include headache, fasciculations, and muscle weakness. Affected 

muscles become extremely sensitive to pressure. Paralysis may be widespread or 

limited to a single limb (Muir and Von Loon, 1997). Paralysis is typically asymmetric 

and may be localized or widespread. It can progress in an ascending manner, affecting 

respiratory muscles and the muscles of the head. Some affected muscles may remain 

permanently paralyzed and undergo atrophy (Rueckert, 1996). All of these 

manifestations do not have to appear simultaneously. Poliomyelitis is a non-

progressive type of disability, with changes influenced by the maturation of the central 

nervous system. The recovery phase begins at the end of the first or start of the second 

week, when paralyses begin to subside. Recovery is still possible for at least one year 

after the onset of illness (Muir and Von Loon, 1997). During this stage, muscle 

contractures may develop (Muir and Von Loon, 1997). Paralysis that persists beyond 

18 months is typically considered permanent. Motor impairment may be accompanied 

by cognitive difficulties, behavioral issues, communication disorders, sensory 

impairments, and epileptic seizures. However, not all of these symptoms necessarily 

appear together. 

Clinical Forms of Poliomyelitis 

Paralytic poliomyelitis occurs in only 0.1–1% of infected individuals. Spinal paralytic 

poliomyelitis is the most common clinical form, appearing in 50–80% of all paralytic 

cases. The resulting paralysis is flaccid, accompanied by areflexia and hypotonia, 

asymmetrical, and irregularly distributed. Proximal muscles of the limbs are more 

commonly affected than distal ones, legs more often than arms, and large muscle 

groups more than small ones. The severity of the disease can range from mild 

weakness of individual muscles to complete quadriplegia (Melnick, 1996). 

If the nerves innervating the diaphragm and intercostal muscles are affected, acute 

respiratory insufficiency (ARI) may develop, representing the most severe form of 

poliomyelitis (Paul and Horstem, 1955). 

The bulbar form is the most serious form of the disease (Melnick, 1996). It occurs due 

to impairment of the motor neurons in the brainstem, most commonly the medulla 

oblongata and pons. Due to involvement of the nuclei of the cranial nerves that 

innervate the pharyngeal muscles (IX and X), paralysis of these muscles can occur, 

preventing the patient from swallowing, which may lead to aspiration and the risk of 
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choking (Paul and Horstem, 1955). Paralysis may also involve the muscles of the 

pharynx, soft palate, and larynx. These paralyses manifest as dysphagia, nasal speech, 

and dyspnea. Respiratory failure may result from aspiration of secretions pooling in the 

hypopharynx, less commonly from glottic or laryngeal spasm. Circulatory collapse or 

cranial nerve lesions may also occur. 

The encephalitic form is primarily characterized by altered consciousness, often 

accompanied by convulsions, and is mainly observed in children (Melnick, 1996). 

Mixed forms represent a combination of the above-mentioned paralytic types 

(Melnick, 1996). Risk factors for the development of paralytic poliomyelitis include 

various immunodeficiency syndromes, childhood age, male gender, tonsillectomy, and 

others. 

Post-vaccinal poliomyelitis differs from the classical form in that it occurs 10 to 120 

days after vaccination and may manifest as chronic meningitis or various types of 

neurological dysfunction. The regression of paralysis begins early—usually as the 

fever subsides. The muscles affected last tend to recover first, as the inflammatory 

process was shortest in duration. Paralyzed limbs may atrophy, and contractures and 

skeletal deformities may develop (Melnick, 1996). 

Poliomyelitis Immunization 

Poliovirus infection is asymptomatic or presents as a mild intestinal infection in 95% 

of cases. In the remaining approximately 5%, it may progress to paralytic disease, 

ranging from mild to severe and even fatal forms. Children are vaccinated against 

poliomyelitis during their first year of life. Thanks to systematic active immunization 

an exceptional preventive measure achieved through the administration of a live 

attenuated oral vaccine the disease has become very rare today. Due to vaccination 

with the poliovirus vaccine in our country and globally, this disease is on the verge of 

elimination, with eradication predicted within the next decade (Šašić, 2010). Multiple 

doses of the vaccine provide lifelong protection (Aylward et al., 2000). 

Five types of vaccines are available: the inactivated poliovirus vaccine (IPV) and four 

live oral vaccines: trivalent (OPV), bivalent (bOPV), and two monovalent (mOPV1 

and mOPV3). IPV is used for primary vaccination during the first year of life, followed 

by OPV for revaccination. The protective value of the Salk vaccine (IPV) is now 98–

100% and is often referred to as enhanced inactivated vaccine (eIPV) (Heymann et al., 

2006). The WHO still does not recommend complete reliance on IPV for both primary 

and revaccination. IPV may be administered as a single or combined vaccine (Salk et 

al., 1954) and is only used in specific cases, such as children with confirmed 

immunodeficiencies. This is done to prevent post-vaccination paralytic side effects, 

which rarely occur with OPV. IPV is given intramuscularly in a 0.5 ml dose into the 

deltoid muscle. It should not be frozen. In case of outbreaks, OPV may be given to 

children up to 18 years of age, while older individuals receive only the inactivated IPV. 

Depending on age, IPV is administered intramuscularly (preferable to subcutaneous) 

into the thigh or upper arm (Mohammed et al., 2010). The interval between doses 

should be at least four weeks. In high-risk areas, OPV at birth is justified. 

Contraindications for IPV include severe allergic reactions to a previous dose or its 
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components (neomycin, streptomycin, polymyxin B, or phenoxyethanol). 

Breastfeeding and diarrhea are not contraindications. Vaccination is delayed only in the 

case of illness (Abbotts and Osborne, 1993). Thanks to the implementation of this 

vaccine in Serbia, the disease was eradicated in 2002. After the third dose, up to 95% 

protection is achieved, lasting a lifetime. OPV (Sabin’s live attenuated oral polio 

vaccine) is produced from all three types of poliovirus (Sabin et al., 1960). It has been 

used in this region since 1961. This vaccine mimics the natural route of infection. 

When a child takes the vaccine orally, it also provides indirect community 

immunization, making it effective in epidemic situations (Sabin, 1959). The live oral 

polio vaccine is produced at the Torlak Institute (Belgrade), following Sabin’s original 

strains and guidelines. The volume per dose is 0.1 ml, or more conveniently, two 

drops. It is packaged in 1 or 2 ml vials (10 or 20 doses). The shelf life is six months in 

liquid form and up to two years frozen. After opening the original OPV vial, it must be 

used within eight hours. OPV is administered from two months up to 14 years of age. 

Primary immunization involves three doses spaced six weeks apart, with boosters 

given at ages two, seven, and fourteen, according to the 1997 national immunization 

schedule. The rationale is based on recent findings showing that interference among 

poliovirus types is not absolute. Two or even all three types may colonize the intestinal 

mucosa, which gives an advantage in achieving faster immunity sometimes even two 

doses are enough for complete protection. However, to ensure coverage and optimal 

immune response, three doses are still recommended. If a child did not receive OPV in 

the first year, vaccination should be done at any age up to 14, with at least two doses of 

trivalent vaccine (OPV). 

The advantage of OPV is that by inducing both humoral and intestinal immunity, it 

prevents circulation of the wild virus. It is affordable, easy to administer, and indirectly 

protects unvaccinated individuals. The only drawback is the rare risk of vaccine-

associated paralytic poliomyelitis (VAPP). OPV should not be given to individuals on 

long-term steroids or immunosuppressants, those with cancer or undergoing 

chemotherapy, individuals with AIDS or HIV, or those with other significant 

immunodeficiencies, especially if they previously had a severe allergic reaction to 

OPV. OPV should also not be given to children in close contact with such individuals. 

Pentaxim is a registered pentavalent vaccine against diphtheria, tetanus, pertussis, 

poliomyelitis, and invasive infections caused by *Haemophilus influenzae* type b 

(such as meningitis, septicemia, cellulitis, arthritis, epiglottitis, etc.). It is used for 

primary vaccination starting from the third month of infancy and for boosters in the 

second year of life and at ages 7 and 14 (Roberts, 2009). 

Objective and Research Tasks 

The aim of this study is to examine whether mandatory systemic immunization 

(vaccination and revaccination) against poliomyelitis is being carried out in accordance 

with the vaccination schedule at the level of primary healthcare (health centers) in the 

municipality of Negotin, Serbia, during the period 2018–2022. 
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Research Methodology 

All results are presented in tabular form for the period from January 1, 2018, to 

December 31, 2022, concerning children vaccinated with the Pentaxim pentavalent 

vaccine (DTaP-IPV-HiB) and revaccinated with the same vaccine in the second, 

seventh, and fourteenth year of life. 

Table1: Report on Poliomyelitis Immunization in the Municipality of Negotin from January 1, 

2018, to December 31, 2018. 

Vaccination with Pentaxim Pentavalent Vaccine (DTaP-IPV-Hib) 

Number Planned Number Vaccinated % 

176 166 94 

Revaccination with Pentaxim Pentavalent Vaccine (DTaP-IPV-Hib) in the 2nd year of 

life 

Number Planned Number Vaccinated % 

177 170 96 

Revaccination with bOPV at Age 7 

Number Planned Number Vaccinated % 

209 208 100 

Revaccination with bOPV at Age 14 

Number Planned Number Vaccinated % 

267 267 100 

Source: Authors 

In the column “Vaccination with Pentaxim Pentavalent Vaccine (DTaP-IPV-Hib)”, the 

“number vaccinated” refers to the number of children who were fully vaccinated with 

the Pentaxim pentavalent vaccine. The “number planned” indicates the number of 

children from that birth cohort who were scheduled for immunization with the 

Pentaxim pentavalent vaccine. The columns include data on children vaccinated with 

the Pentaxim vaccine, revaccinated with the same in the second year of life, and those 

revaccinated with the bOPV vaccine at ages seven and fourteen.Based on Table 1, it is 

observed that successful immunization against poliomyelitis was carried out in the 

municipality of Negotin during the period from January 1 to December 31, 2018. It can 

be seen that out of the total number of live births in 2018 (176 children), 166 were 

vaccinated, which accounts for 94%. 

Considering the revaccination with the Pentaxim pentavalent vaccine in the second 

year of life, the number of children planned (177) compared to the number 

revaccinated (170) in the municipality of Negotin in 2018 indicates that revaccination 

was successfully conducted for that year, with a coverage rate of 96%.Revaccination 

was most successfully carried out at the ages of seven and fourteen within the same 

time frame, reaching 100% of the planned number of children for bOPV revaccination. 

This result demonstrates a more than satisfactory outcome for bOPV revaccination in 

the municipality of Negotin. 
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Table 2: Report on Poliomyelitis Immunization in the Municipality of Negotin for the period 

from January 1 to December 31, 2019. 

Vaccination with Pentaxim Pentavalent Vaccine (DTaP-IPV-Hib) 

Number Planned Number Vaccinated % 

195 190 97 

Revaccination with Pentaxim Pentavalent Vaccine (DTaP-IPV-Hib) in the 2nd year of 

life 

Number Planned Number Vaccinated % 

174 170 98 

Revaccination with bOPV at Age 7 

Number Planned Number Vaccinated % 

201 199 99 

Revaccination with bOPV at Age 14 

Number Planned Number Vaccinated % 

227 227 100 

Source: Authors 

Based on Table 2, it can be observed that during the period from January 1 to 

December 31, 2019, successful vaccination against poliomyelitis with the Pentaxim 

pentavalent vaccine was carried out in the municipality of Negotin, as the number of 

live births (195) was only slightly higher than the number of vaccinated children (190), 

resulting in a vaccination coverage of 97%. 

It is noted that in the second year of life, the number of children planned for 

revaccination (174) compared to the number of children actually revaccinated (170) 

with the Pentaxim pentavalent vaccine in 2019 shows a coverage rate of 98%. 

Revaccination was most successfully performed at the ages of seven and fourteen, 

during the same time period in the municipality of Negotin. At age seven, 99% of 

children planned for revaccination received the bOPV vaccine, and at age fourteen, 

100% of planned children were revaccinated with the bOPV vaccine. These results 

represent a highly satisfactory level of revaccination coverage, confirming that 

successful immunization was conducted in the municipality of Negotin for the stated 

year. 
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Table 3: Report on Poliomyelitis Immunization in the Municipality of Negotin for the period 

from January 1 to December 31, 2020. 

Vaccination with Pentaxim Pentavalent Vaccine (DTaP-IPV-Hib) 

Number Planned Number Vaccinated % 

151 149 99 

Revaccination with Pentaxim Pentavalent Vaccine (DTaP-IPV-Hib) in the 2nd year of 

life 

Number Planned Number Vaccinated % 

186 175 94 

Revaccination with bOPV at Age 7 

Number Planned Number Vaccinated % 

207 207 100 

Revaccination with bOPV at Age 14 

Number Planned Number Vaccinated % 

234 232 99 

Source: Authors 

Based on Table 3, it can be observed that during the period from January 1 to 

December 31, 2020, successful immunization against poliomyelitis was conducted in 

the municipality of Negotin. Out of the total number of live births in 2020, which was 

151 children, 149 were vaccinated, resulting in a 99% coverage rate. 

Considering the revaccination with the Pentaxim pentavalent vaccine in the second 

year of life, the number of planned children (186) compared to the number of 

revaccinated children (175) in the municipality of Negotin in 2020 indicates that 

revaccination was successfully carried out, with a coverage rate of 94%. 

Revaccination was most successfully performed at the ages of seven and fourteen 

within the same period, with 100% of planned children receiving the bOPV vaccine at 

age seven, and 99% at age fourteen. These figures represent more than satisfactory 

outcomes of bOPV revaccination at both age groups and confirm that immunization 

was successfully implemented in the municipality of Negotin during the stated period. 
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Table 4: Report on Poliomyelitis Immunization in the Municipality of Negotin for the period 

from January 1 to December 31, 2021. 

Vaccination with Pentaxim Pentavalent Vaccine (DTaP-IPV-Hib) 

Number Planned Number Vaccinated % 

159 154 97 

Revaccination with Pentaxim Pentavalent Vaccine (DTaP-IPV-Hib) in the 2nd year of 

life 

Number Planned Number Vaccinated % 

155 148 95 

Revaccination with bOPV at Age 7 

Number Planned Number Vaccinated % 

200 199 100 

Revaccination with bOPV at Age 14 

Number Planned Number Vaccinated % 

0 0 0 

Sourse: Authors 

Based on Table 4, it can be observed that during the period from January 1 to 

December 31, 2021, successful vaccination against poliomyelitis with the Pentaxim 

pentavalent vaccine was conducted in the municipality of Negotin, as the number of 

live births (159) was slightly higher than the number of vaccinated children (154), 

resulting in a 97% vaccination coverage. 

It is noted that in the second year of life, the number of children planned for 

revaccination (155) compared to the number of revaccinated children (148) with the 

Pentaxim pentavalent vaccine in 2021 resulted in a 95% coverage rate. 

Revaccination was particularly successfully implemented at the age of seven within the 

same time frame in the municipality of Negotin, where nearly 100% of planned 

children received the bOPV vaccine. This represents a more than satisfactory result for 

bOPV revaccination in the municipality of Negotin for the given year. 

  



205 

Table 5: Report on Poliomyelitis Immunization in the Municipality of Negotin for the period 

from January 1 to December 31, 2022. 

Vaccination with Pentaxim Pentavalent Vaccine (DTaP-IPV-Hib) 

Number Planned Number Vaccinated % 

167 162 97 

Revaccination with Pentaxim Pentavalent Vaccine (DTaP-IPV-Hib) in the 2nd year of 

life 

Number Planned Number Vaccinated % 

219 205 94 

Revaccination with bOPV at Age 7 

Number Planned Number Vaccinated % 

167 162 97 

Revaccination with bOPV at Age 14 

Number Planned Number Vaccinated % 

219 205 94 

 

The columns contain data on children vaccinated with the Pentaxim pentavalent 

vaccine and revaccinated with the same in the second year of life, as well as 

revaccination with the Tetraxim vaccine (DTaP-IPV) in the seventh year of life, and dT 

revaccination in the fourteenth year of life, all within the framework of combined 

DTaP-IPV-HiB vaccines.Based on Table 5, it can be observed that successful 

immunization against poliomyelitis was carried out in the municipality of Negotin 

during the period from January 1 to December 31, 2022. Out of a total of 167 live 

births in 2022, 162 children were vaccinated, which represents a 97% vaccination rate. 

Taking into account revaccination with the Pentaxim pentavalent vaccine in the second 

year of life, the number of planned children (219) compared to the number of 

revaccinated children (205) in the municipality of Negotin in 2022. results in a 

revaccination rate of 94%. 

Revaccination was successfully carried out in the seventh year of life with the 

Tetraxim vaccine (DTaP-IPV) during the same period, achieving 97% of the planned 

children. Revaccination with dT in the fourteenth year of life reached 94%, 

representing 219 planned and 205 revaccinated children in the municipality of Negotin 

in 2022. 

Vaccination is an effective tool for the prevention and control of many diseases. It is 

considered a reliable key to success in the eradication of one or more diseases (Jončić 

et al., 2002). 

Conclusion 

Prevention through regular systemic health check-ups and timely immunization 

according to the official vaccination schedule is not only a legal obligation but also a 

moral and public health imperative. In modern healthcare systems, vaccination remains 
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one of the most effective and cost-efficient measures for controlling and eliminating 

infectious diseases. The data presented in this study provide a clear and comprehensive 

insight into the successful implementation of poliomyelitis vaccination in the 

municipality Negotin. The consistency and reliability of high vaccination coverage 

from 2018 to 2022 demonstrate the strength of public health initiatives and the trust 

placed in healthcare providers. 

Each year analyzed in this study shows that the municipality of Negotin achieved or 

came very close to achieving the recommended immunization targets.It is worth noting 

that the combination vaccines used Pentaxim, Tetraxim, and bOPV played a key role in 

streamlining the vaccination process. 

Additionally, the use of real-time digital records and follow-up mechanisms allowed 

healthcare workers to identify gaps in coverage quickly and respond in a timely 

manner. The importance of this infrastructure became even more pronounced during 

the COVID-19 pandemic, which overlapped with part of the analyzed period. 

Furthermore, the integration of education campaigns targeting parents and guardians 

ensured a better understanding of the importance of vaccines. Transparent 

communication and counseling by pediatricians and nurses built a climate of trust and 

mitigated vaccine hesitancy. These strategies are particularly important in rural and 

semi-urban settings, where misinformation and lack of access to reliable health 

education can affect decision-making. 

From a public health perspective, these results confirm that vaccination programs, 

when well-planned and properly executed, can significantly reduce the risk of 

outbreaks and protect entire communities. The data also show that revaccination rates, 

especially in adolescence, have reached optimal levels, contributing to the long-term 

immunity of the population. In conclusion, the five-year analysis of poliomyelitis 

immunization in the municipality of Negotin is a testament to successful health policy 

implementation, professional competence, and civic responsibility. It underscores the 

importance of cooperation between health institutions, local authorities, educators, and 

the general population. 

Future public health strategies should focus on further integrating immunization 

services with broader primary healthcare programs, improving outreach among 

vulnerable groups, and maintaining public awareness through continuous education. As 

the global community edges closer to eradicating poliomyelitis, it is local efforts like 

these that will ultimately determine the success of that mission. 
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Abstract 

The emergence of the Zika virus (ZIKV) as a pathogen associated with severe 

congenital neuropathologies (Congenital Zika Syndrome) and autoimmune disorders 

(Guillain-Barré Syndrome) has created an urgent global health imperative for the 

development of effective prophylactic vaccines. This review synthesizes significant 

advancements achieved through the application of in silico methodologies in the 

design and optimization of ZIKV vaccine candidates. The analysis is based on a 

comprehensive literature review utilizing prominent online scientific repositories, 

including PubMed, Google Scholar, as well as databases from the World Health 

Organization (WHO), the Centers for Disease Control and Prevention (CDC), and the 

Immune Epitope Database (IEDB). The focus is on leveraging computational 

approaches such as immunoinformatics, structural bioinformatics, molecular 

modeling, artificial intelligence (AI), and machine learning (ML) for the accelerated 

identification of immunodominant antigens (primarily the envelope glycoprotein E and 

non-structural proteins), prediction and mapping of B-cell and T-cell epitopes, and the 

rational design of various vaccine platforms (mRNA, DNA, synthetic multi-epitope 

peptide vaccines, recombinant subunit vaccines, and virus-like particles - VLPs). At the 

same time, this paper critically examines the inherent biosafety implications and dual-

use research concerns (DURC) arising from the proliferation and accessibility of these 

powerful technologies, including the potential for malicious reconfiguration of 

synthetic biology and AI tools to engineer pathogens with enhanced virulence or 

immune evasion capabilities. Strategies for mitigating these risks are addressed 

through improved regulatory frameworks, ethical oversight, responsible data sharing, 

and international collaboration. Finally, future trajectories are discussed, emphasizing 

the necessity of bridging the translational gap between computational predictions and 

empirical validation, the potential integration of multi-omics data, and the 

development of precision vaccinology paradigms, while maintaining a delicate balance 

between innovation and biosafety principles. 

Keywords: Zika Virus (ZIKV), In Silico Design, Immunoinformatics, Biosafety, Dual-

Use Research (DURC). 

Introduction 

Zika virus (ZIKV), an arbovirus from the Flavivirus genus, is transmitted by 

hematophagous vectors of the Aedes genus (A. aegypti, A. albopictus) and poses a 
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significant threat to global public health, particularly following its pandemic expansion 

across the Americas in 2015–2016 (Ahmadzadeh et al., 2020; Ciota et al., 2017). 

Infection with this neurotropic virus is associated with severe neuropathological 

complications, including Congenital Zika Syndrome (CZS) in fetuses and newborns, as 

well as Guillain-Barré Syndrome (GBS) in adults. Despite extensive research and the 

development of preventive strategies, there is still no regulatory-approved vaccine with 

proven long-term protection, highlighting the urgent need for innovative 

immunoprophylactic solutions (Ganji et al., 2023). One of the most promising 

approaches in modern vaccinology is in silico vaccine design, which relies on 

bioinformatics methods and computational algorithms for the prediction and 

optimization of immunogenic determinants (Antonelli et al., 2023). This approach 

enables the rational design of vaccine antigens through epitope mapping, molecular 

docking, neoantigen structuring, and immunogenicity modeling using artificial 

intelligence (AI) and machine learning (ML) (Ganji et al., 2023). By integrating 

structural bioinformatics, proteomics, genomics, and transcriptomics, it is possible to 

precisely select and optimize viral antigen-presenting domains, significantly 

accelerating vaccine formulation development before experimental and clinical 

validation. Despite these technological advancements, several key challenges remain 

(Bhardwaj et al., 2023). First, the biological validation of computational model 

predictions remains a critical step, as the immunogenicity of in silico designed antigens 

may vary in real experimental conditions. Second, translating in silico data into clinical 

applications requires rigorous immunological, pharmacokinetic, and pharmacodynamic 

analyses, as well as adaptation to regulatory standards (Hunter, 2024; Zhang et al., 

2024). Third, the accessibility of bioinformatics tools and synthetic biology 

technologies presents biosafety challenges, as there is a potential for dual-use research 

that could enable the engineering of more pathogenic ZIKV strains or the bioterrorist 

misuse of synthetic pathogens (Safaeian, 2024; Tin et al., 2022). This paper analyzes 

recent advancements in in silico vaccine design against ZIKV, discusses key 

methodological and regulatory obstacles, and examines potential biosafety implications 

related to the misuse of synthetic biology. By balancing innovation with ethical 

regulations, computationally assisted vaccinology has the potential to significantly 

enhance immunoprophylactic strategies against emerging arboviral infections while 

ensuring global health security. 

Methodology 

The analysis is predicted based on a comprehensive literature review using prominent 

online scientific repositories, including PubMed, Google Scholar, Elsevier as well as 

databases of the World Health Organization (WHO), the Centers for Disease Control 

and Prevention (CDC), and the Immune Epitope Database (IEDB), along with other 

available online sources. 

The Role of In Silico Methods in Vaccine Development 

Advancements in in silico methods have radically transformed immunoprophylactic 

strategies by applying sophisticated computational algorithms and bioinformatics tools 

for predicting immunogenic determinants, optimizing vaccine formulations, and 

modeling immune responses (Martinelli, 2022). Unlike conventional vaccinology 
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approaches, which rely on time-consuming preclinical and clinical evaluations, in 

silico design enables rapid and precise virogenome analysis, selective epitope 

targeting, and rational immunogenic profiling. This significantly shortens the 

development timeline and reduces research costs, which are otherwise substantial 

(Bahrami et al., 2019). 

Overview of In Silico Vaccine Design 

In silico vaccine design involves the use of computational modeling, molecular 

simulations, and immunoinformatics to develop potential vaccine candidates before 

laboratory validation, which remains essential. This methodology integrates multiple 

bioinformatics disciplines, including reverse vaccinology, molecular docking, 

structural bioinformatics, artificial intelligence (AI), and machine learning (ML), 

allowing for high-precision profiling of immunogenic structures (Kardani et al., 2020; 

Saldanha et al., 2023). Viral genome analysis, epitope mapping of viral proteins, and 

antigen-presentation simulations facilitate the rational design of vaccines with 

optimized adjuvant potential, reduced undesired immune responses, and enhanced 

antigenic specificity (Parvizpour et al., 2020). 

Implementation of In Silico Vaccinology 

The implementation of in silico vaccinology relies on a wide range of bioinformatics 

tools and methodologies. Below, we highlight some of the most currently relevant 

ones: 

• Reverse Vaccinology (RV): Analysis of pathogenic genomes to identify 

immunogenic proteins. Tools such as Vaxign, NERVE, and RaptorX enable 

precise selection of vaccine candidates based on evolutionary conservation and 

predictive immunogenicity (Mushtaq et al., 2022; Ong et al., 2020, 2021). 

• Epitope Prediction: Immunoinformatics algorithms such as NetMHC, IEDB, 

TepiTool, and Ellipro use sequence-based, structural, and affinity-based 

models to predict T-cell and B-cell epitopes based on HLA restrictions (Arya 

and Arora, 2021; Paul et al., 2020; Wei et al., 2025). 

• Molecular Docking and Structural Modeling: Software platforms like 

AutoDock, SwissDock, Molecular Operating Environment (MOE), and Rosetta 

facilitate the simulation of antigen-presenting complexes (MHC-I/MHC-II) and 

vaccine antigen interactions with key immune response components (Basmenj 

et al., 2025; Manvani et al., 2024; Ubi et al., 2022). 

• AI and Deep Learning in Immunoinformatics: Advanced machine learning 

(ML) models, including generative adversarial networks (GANs) and 

convolutional neural networks (CNNs), enable automated classification of 

immunogenic sequences and prediction of protein interactions for optimizing 

vaccine design (Castro et al., 2022; Thomas et al., 2021). 

Application of In Silico Methods in Zika Virus Vaccine Development 

Significant progress in immunoprophylactic strategies against the Zika virus (ZIKV) 

has been achieved through the synergistic integration of a broad spectrum of in silico 
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methodologies. Abraham and Wood precisely mapped immunodominant epitope 

determinants within the envelope glycoprotein (E) and non-structural (NS) proteins 

(NS1, NS3, NS5), which play crucial roles in viral replication, assembly, and 

modulation/evasion of the host immune response (Figure 1) (Abraham and Wood, 

2022). 

Using computational models and algorithms, vaccine constructs based on multi-epitope 

peptides, messenger RNA (mRNA), and recombinant subunit protein vaccines have 

been designed (Antonelli et al., 2023; Ganji et al., 2023; Sumadi et al., 2022). The 

primary goal of these approaches is to optimize antigen structural stability, enhance 

binding affinity to Major Histocompatibility Complex (MHC class I and II) molecules, 

and promote the induction of a robust T-lymphocyte cellular immune response 

(Alharbi et al., 2024). 

 

Figure 1. Structure of the Zika Virus and Genome 

Source:Singh et al., 2016 

Through the synergistic integration of computational vaccinology and empirical 

validation, significant optimization and acceleration of the pipeline for identifying and 

selecting vaccine candidates with favorable safety and efficacy profiles have been 

achieved (A. C. B. Antonelli et al., 2022). The attrition rate in the preclinical 

development phase has been significantly reduced, demonstrating the growing impact 

and prevalence of bioinformatics approaches in modern vaccinology. However, while 

this paradigm offers undeniable benefits, persistent challenges include the rigorous 

validation of predictive in silico models, overcoming the translational gap between 

computational predictions and demonstrated clinical efficacy, as well as addressing 

complex ethical and biosecurity dilemmas inherent to the potential malevolent 

exploitation of synthetic biology and dual-use research concerns (DURC) (Bazhan et 

al., 2019; Bologna et al., 2020; Hunter, 2024). 

Progress in the Development of Zika Virus Vaccine Candidates 

The development of potent and protective vaccines against the Zika virus (ZIKV) 

became a global health imperative following the pandemic dissemination in 2015–2016 
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(Alharbi et al., 2024; Charrel et al., 2016), which unequivocally correlated infection 

with severe neurological sequelae, including congenital Zika syndrome (CZS) and 

Guillain-Barré syndrome (GBS). Over the past decade, significant progress has been 

made in vaccine research and development (R&D), primarily through the application 

of in silico methodologies, which have enabled the accelerated identification, selection, 

and optimization of immunodominant epitopes (Ezzemani et al., 2023; Salvador et al., 

2019). 

These advances include diverse vaccine platforms such as synthetic multi-epitope 

peptide vaccines, messenger RNA (mRNA)-based vaccines, and recombinant subunit 

vaccines, whose design has been enhanced by sophisticated computational modeling 

and bioinformatics/immunoinformatics analyses (Shahid et al., 2020; Shams Moattar et 

al., 2022; Tavakoli et al., 2018). 

A fundamental aspect of ZIKV vaccine development lies in the rigorous identification 

of viral proteins with high immunogenic potential. In silico analyses have identified the 

envelope glycoprotein (E protein) as the primary immunogenic target due to its crucial 

role in viral attachment and membrane fusion (Mittal et al., 2020). Additionally, non-

structural (NS) proteins, particularly NS1, NS3, and NS5, have been evaluated for their 

pleiotropic immunomodulatory functions and their potential role in eliciting a robust T-

lymphocyte-mediated cellular immune response (CTL and Th responses) (Cimeša and 

Gabeljic, 2024; Kharisma et al., 2020). 

Sophisticated immunoinformatics tools and databases, including the Immune Epitope 

Database (IEDB), NetMHC suite, and Vaxign, have been employed for the prediction 

of B-cell (humoral) and T-cell (cellular) epitopes within these proteins, facilitating the 

rational design of vaccine candidates with optimized antigenicity and immunogenicity 

(Bhardwaj et al., 2023; Braz and Batista, 2024). 

Strategies for the Development of Multi-Epitope Peptide Vaccines 

Synthetic peptide vaccines are gaining significance in immunoprophylaxis strategies 

due to their ability to target a predefined constellation of immunogenic epitopes while 

simultaneously mitigating the risk of reactogenicity associated with conventional 

vaccine platforms (e.g., inactivated or attenuated viruses) (Antonelli et al., 2023; 

Salvador et al., 2019). By utilizing sophisticated immunoinformatics algorithms, multi-

epitope vaccine constructs against ZIKV have been designed to concomitantly induce 

humoral (B-cell) and cellular (T-cell) immune effector mechanisms (Prasasty et al., 

2019). In silico prediction and analysis of epitope binding affinity to major 

histocompatibility complex (MHC) class I and II alleles are crucial for the rational 

selection of optimal epitope determinants, while computational simulations have 

provided initial confirmation of the predicted high immunogenicity of these candidates 

(Hakami, 2024).The validation of mRNA vaccine platforms during the SARS-CoV-2 

pandemic has stimulated intense interest in translating this technological platform for 

ZIKV prevention (Ubi et al., 2022). mRNA vaccines contain synthetic messenger RNA 

sequences that encode key viral antigens, enabling efficient in vivo translation of target 

antigens and potent induction of an immune response. 
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Sophisticated bioinformatics strategies, including codon usage optimization, secondary 

structure prediction of mRNA, and AI-assisted antigen design, have significantly 

improved the stability, translational efficiency, and immunogenicity of mRNA vaccine 

candidates (Ghosh et al., 2023). Preclinical evaluation has demonstrated that mRNA 

vaccines targeting the envelope glycoprotein (E protein) can induce a potent 

neutralizing antibody titer and a robust cellular response (Liu et al., 2025; Malik et al., 

2024). 

Recombinant Subunit and Virus-Like Particle (VLP)-Based Vaccines 

Recombinant subunit vaccines utilize highly purified viral proteins produced in 

heterologous expression systems (e.g., bacterial, yeast, insect, or mammalian cells) to 

induce a specific immune response while eliminating the risk of replication or infection 

(Haque et al., 2020). Computational methods, including molecular docking and 

structural biological modeling, have facilitated the optimization of conformational 

epitope presentation for more efficient interaction with immune system components, 

particularly B-cell receptors (da Silva et al., 2023; Fadaka et al., 2021). 

Additionally, virus-like particle (VLP)-based vaccines represent an attractive 

vaccination strategy because they closely mimic the native viral architecture without 

containing infectious genetic material, making them inherently non-replicative 

(Sutriyansyah et al., 2024). In silico design and optimization of VLP assembly, 

focusing on the structural components of ZIKV, have enhanced the structural integrity, 

stability, and immunogenicity of these vaccine formulations (Cimica et al., 2021). The 

implementation of artificial intelligence (AI) and machine learning (ML) algorithms 

has revolutionized the vaccine design and optimization pipeline, enabling high-

throughput analysis of large datasets (big data) related to antigenic determinants, 

immune responses (immunomics), and viral evolution patterns (Basak et al., 2019; 

Bukhari et al., 2022). AI-driven models use deep learning algorithms to predict 

potential escape mutants/variants that evade immunity, allowing for the development 

of vaccines with a broader spectrum of protection and potentially longer-lasting 

immune responses (Bukhari et al., 2022; Gawriljuk et al., 2021). 

On the another hand, AI-based approaches have enabled the identification and 

optimization of potent immunostimulatory adjuvants that synergistically enhance the 

immunogenicity of vaccine formulations. The synergistic integration of these 

computational techniques further improves predictive accuracy regarding the safety 

profile and efficacy of vaccine candidates, reducing attrition rates in preclinical and 

clinical development phases (Mazzocco et al., 2021; Olawade et al., 2024; Russo et al., 

2020). 

Biosecurity and Dual-Use Mitigation Imperatives 

The rapid advancement of in silico methodologies in vaccine design, alongside the 

exponential increase in their efficiency and cost reduction, introduces complex 

biosecurity challenges (Berger, 2021). The potential for dual-use research of concern 

(DURC) is becoming acutely relevant. The convergence of bioinformatics, synthetic 

biology, and AI-assisted protein design, particularly in the context of 
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immunoinformatics, raises legitimate concerns about the potential dissemination and 

malicious application of these technologies (Di Euliis, 2019; Trump et al., 2021). 

DURC arises when scientific discoveries have the potential for both benevolent and 

malevolent applications (Brent et al., 2024). 

In the context of ZIKV, bioinformatics tools optimized for vaccine development can 

paradoxically be repurposed for engineering highly virulent or immune-evasive viral 

strains. De novo synthesis of infectious ZIKV variants using publicly available 

genomic data and synthetic biology tools is becoming an increasingly urgent issue. 

Malicious actors could potentially enhance viral transmissibility or its resistance to 

existing adaptive immune responses. Artificial intelligence algorithms designed to 

optimize vaccine antigen immunogenicity could also be exploited to design pathogens 

that evade immune detection through epitope masking or antigenic variation (Melin, 

2021; Soleimani Sasani, 2024). 

The democratization of computational biology has accelerated access to powerful tools 

for genetic analysis and rational vaccine design. Platforms such as the Immune Epitope 

Database (IEDB), SwissDock, HDock, and Rosetta provide free access to molecular 

modeling, molecular docking, and immunogenicity prediction (Figure 2) (Cimeša and 

Mijušković, 2024). While these platforms serve legitimate research purposes, they 

simultaneously introduce significant security implications. 

The widespread availability of CRISPR-Cas9 genome-editing technology further 

complicates biosecurity oversight, as these tools can be used to modify viral genomes 

with relative ease and efficiency (Badea and Feeney, 2024; Baer, 2024). Without an 

adequate regulatory framework, the risk of unauthorized or unethical genetic 

manipulations is increasing exponentially. 

 

Figure 3. Molecular docking of the ZIKV construct with MHC-II receptor 

Source: Cimeša and Mijušković, 2024 
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Figure 4. Molecular docking of the vaccine construct (ligand) with TLR-5 

Source: Cimeša and Mijušković, 2024 

The malicious use of synthetic biology for bioterrorism purposes represents a serious 

contemporary threat. The ability to design and synthesize pathogens with enhanced 

virulence, altered transmission dynamics, or increased resistance to conventional 

therapies could have catastrophic consequences if intentionally or accidentally released 

into the population (Evans, 2020; Sun et al., 2022). Although ZIKV has not 

traditionally been classified as a bioterrorism agent due to its vector-borne 

transmission, modifications enabling aerosolized spread or increased neurotropism 

would drastically escalate its threat level. 

Furthermore, inadequately secured laboratories conducting in silico–in vivo 

translational research increase the risk of unintentional pathogen release through 

laboratory-acquired infections (LAI) (Blacksell et al., 2020.; Chen et al., 2022; Rohden 

et al., 2022; Zavaleta-Monestel et al., 2025). 

The open-access paradigm in scientific research is crucial for accelerating vaccine 

development but simultaneously introduces complex ethical challenges related to data 

security and potential misuse (Hoffmann et al., 2023). The publication of viral genomic 

sequences, protein structures (both experimentally determined via crystallography and 

computationally modeled), and vaccine formulations in public repositories 

exponentially increases the risk of exploitation by malicious actors or anyone with 

access (Anjum et al., 2025; Millett et al., 2023). 

Balancing scientific transparency with biosecurity imperatives is essential and requires 

multilateral, international collaboration to establish guidelines for responsible data 

sharing in accordance with need-to-know and responsible data disclosure principles. 

Addressing these challenges effectively demands a multilayered approach: 

• Enhanced Regulatory Frameworks – Governments and international 

organizations must establish clear and rigorous regulations for the ethical 

application of in silico vaccine design tools, particularly in synthetic biology 

and AI-assisted research. 

• Strengthening Biosecurity Education and Awareness – Researchers should 

undergo mandatory biosecurity training to recognize and prevent potential 

misuse of their work. 

• Controlled Access to Sensitive Data – Implementing a tiered approach to 

genomic and structural data, using data encryption and access control 

mechanisms, can help mitigate unauthorized access. 
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• Ethical Oversight Committees – Institutional ethics and bioethics boards 

should be integral to assessing research proposals with potential DURC 

implications. 

• International Collaboration and Oversight – Governments, research 

institutions, and public health organizations must collaborate globally to detect 

emerging biosecurity threats and promote the responsible use of in silico 

technologies. 

Future Perspectives and Strategic Recommendations 

Strengthening Biosecurity Protocols and Ethical Oversight 

To mitigate the potential malicious exploitation of synthetic biology and computational 

tools, the implementation of robust biosecurity policies and protocols is essential (Ral 

et al., 2020). Governments and regulatory bodies must establish explicit guidelines for 

responsible data sharing, ensuring that sensitive genomic sequences, structural 

coordinates, and vaccine formulations are not accessible to unauthorized or malevolent 

actors (e.g., through controlled database access). 

Multilateral international cooperation is imperative for the proactive monitoring of 

potential dual-use research of concern (DURC) risks and the harmonization and 

implementation of global biosecurity standards (Mir et al., 2022; Subariyah et al., 

2023). Additionally, Institutional Review Boards (IRBs) and ethics committees must 

adopt a more proactive and rigorous role in evaluating research proposals involving in 

silico vaccine design and the potential synthesis of synthetic biological agents 

(Nwadiugwu and Monteiro, 2023). 

With the expansion of precision (personalized) medicine, future ZIKV vaccination 

strategies could evolve toward individualized or stratified vaccine formulations 

(Ezzemani et al., 2023; Goodswen et al., 2023). In silico platforms can facilitate the 

design of precision ZIKV vaccines by integrating host genetics data (e.g., HLA 

polymorphisms), immunological profiles (immunomics, prior immune history), and 

risk factors (e.g., comorbidities, exposome) (Mortazavi et al., 2024). This approach 

could enable highly targeted and optimized immunoprophylaxis, particularly for 

vulnerable population cohorts, such as pregnant women (due to the risk of congenital 

Zika syndrome), immunocompromised individuals, or populations in endemic regions 

with specific genetic predispositions. 

Conclusion 

In silico vaccinology holds transformative potential to revolutionize vaccine 

development paradigms, offering accelerated and precise solutions for emerging 

infectious threats such as ZIKV. By overcoming methodological and translational 

limitations, ensuring a robust ethical framework and oversight, and intensifying global 

collaboration, the future trajectory of ZIKV vaccine development can be both 

innovative and secure. As technology advances rapidly, a balanced approach that 

synergistically integrates scientific progress with biosecurity imperatives will be 

essential for maximizing the potential of computational vaccinology to enhance global 

health. 
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Abstract 

The urinary system is a very important system of our body. Through it, blood is filtered 

and the entire body is detoxified. It represents a set of secretory and elimination 

organs that enable the normal flow of all substances through the human body. The 

urinary system is located in the lower part of the abdomen and pelvis. It consists of two 

kidneys, which are connected to the urinary bladder (Vesica urinaria) by means of 

excretory channels, ureters (ureters), and from it exits the urinary tube (urethra), 

through which urine is expelled from the urinary system. The urine produced in the 

kidneys is sterile and remains sterile until it is excreted from the body. The basic 

building block of each kidney is the nephron, which is made up of renal corpuscles and 

a large number of bent blood tubules that form the core of the kidney, and renal 

corpuscles form the cortex of the kidney. In nephrons, blood is filtered. Inflammations 

and infections of the urinary tract are very common diseases. They can affect all parts 

of the urinary system or be limited to only one part of this system. Inflammation of the 

urinary bladder (Cystitis) is a fairly common disease of the urinary tract. It occurs 

more often in women at a younger age. Escherichia coli is the most common causative 

agent and causes about 80% of all urinary system infections. In the case of 

inflammation, there are very unpleasant complaints that are usually described by a 

triad of symptoms: frequent urination, dysuria (burning and pain when urinating), pain 

in the lower abdomen. An infection of the upper part of the urinary tract that develops 

in the kidney is called pyelonephritis. Glomerulopathies or glomerulonephritis are 

most often immunological, bilateral kidney diseases, with predominant damage to 

glomeruli and other structures, the eighth division of glomerulonephritis is acute GNF, 

Chronic BNF, Systemic GNF that occurs as a consequence of some systemic disease 

(multisystem diseases such as S. Lupus vasculitis, Henoch-Schonlein syndrome). Long-

term and glomerulonephritis lead to the appearance of nephrotic syndrome. 

Keywords: Kidney, urinary bladder, urinary tract, cystitis, pyelonephritis, 

glomerulonephritis, kidney failure, hemodialysis. 

Introduction 

The urinary system is extremely important for the normal functioning of the human 

body. It consists of secretory and excretory organs that enable the proper flow and 

elimination of substances from the body. The paired organs of the urinary system are 

the kidneys and the ureters. The urinary system is located in the lower part of the 

abdomen and the pelvic cavity. It is well protected by a bony framework that shields it 

from potential injuries. Also known as the excretory system, it is composed of two 

kidneys connected to the urinary bladder (vesica urinaria) by the ureters, and from the 

bladder, urine is expelled through the urethra. Urine is produced in the kidneys and 

remains sterile until it is excreted from the body. The kidneys are the main organs 

responsible for urine production, and urine is transported out of the body through the 
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urinary tract. The kidneys are situated in the lumbar region along the spine. They are 

oval-shaped, resembling a kidney bean, and adrenal glands are located on their upper 

poles. A cross-section of the kidney reveals the renal cortex and renal medulla, both 

enclosed by a fibrous capsule. The basic structural and functional unit of each kidney is 

the nephron. Each nephron consists of renal corpuscles and numerous coiled tubules. 

The renal corpuscles form the cortex, while the tubules extend into the medulla. Blood 

filtration occurs in the nephrons. After filtration, part of the filtrate is reabsorbed into 

the bloodstream, while the remaining water and waste materials that form urine are 

eliminated through the excretory ducts (ureters, bladder, and urethra). 

The ureters are paired tubes about 30 cm long and approximately 5 mm wide, which 

transport urine from the kidneys to the bladder. They do not participate in urine 

production and do not affect its quantity or composition. The urinary bladder (vesica 

urinaria) is a hollow, muscular organ located in the pelvic cavity behind the pubic bone 

(symphysis). It serves as a reservoir for urine coming from the kidneys (Stefanović et 

al., 2021). Its volume is around 400 ml, but it can expand significantly, even doubling 

in size. As the bladder fills, the urge to urinate increases. Bladder emptying is 

voluntary and controlled by a muscular ring (sphincter). 

The urethra exits the bladder and differs in length between men and women. In men, 

the urethra is 15 to 17 cm long. It also receives the ejaculatory ducts, serving both 

urinary and reproductive functions. It passes through the prostate and continues 

through the penis to the glans. Due to its anatomical course and relation to surrounding 

structures, both the physiology and pathology of the male urethra differ from that of 

the female. In women, the urethra is much shorter, measuring about 3 to 5 cm, and 

opens into the vaginal vestibule below the clitoris. Infections are more common in 

women due to the proximity of the urogenital and anal regions. Cystitis is more 

frequent in middle-aged women due to pregnancies and more frequent sexual activity. 

In men, cystitis is more common in older age, typically after the age of 55, often 

associated with prostatic hyperplasia. The most common urinary tract diseases are 

inflammatory in nature, although other conditions of various etiologies may also occur. 

Inflammation of the urinary tract 

Inflammations and infections of the urinary tract are very common conditions. They 

can affect all parts of the urinary system or be limited to just one part. A large number 

of people of all ages suffer from these conditions. The urinary tract above the proximal 

part of the urethra is normally sterile. The body’s defense mechanisms, such as 

hydrokinetic and mucosal barriers, help protect against the ascending spread of 

infections from the external urinary opening to the upper parts of the urinary system 

(bladder, ureters, and kidneys). Urinary tract infections (UTIs) most commonly occur 

due to delayed urination. Therefore, one of the most effective methods of preventing 

these infections is regular emptying of the bladder. It is important to consume 

sufficient amounts of water daily to prevent dehydration and reduce the risk of urinary 

infections. The bladder is an organ located in the pelvic cavity and serves as a reservoir 

for urine formed through the process of filtration. It consists of the apex, body, base, 

and neck. The left and right ureters empty into the bladder, while urine exits the 

bladder via the urethra. 
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Cystitis, or inflammation of the urinary bladder, is one of the most common urinary 

tract infections. It is more frequent in younger women. About 40% of women who 

have had one UTI will experience recurrent infections. Men are less frequently 

affected, although the incidence increases with age. Many microorganisms can cause 

infections, with the most common pathogens being Gram-negative bacilli, particularly 

Escherichia coli (around 80% of cases), Proteus mirabilis, and Klebsiella species. 

Other pathogens include Candida albicans, Chlamydia trachomatis, Ureaplasma 

urealyticum, Trichomonas vaginalis, and certain viruses such as herpes simplex. 

Bacterial infections can be classified as acute or chronic, and based on their location, 

they may affect the lower urinary tract (e.g., urethritis, cystitis, prostatitis). All types of 

urinary infections can lead to complications of varying severity. One of the most 

common causes of urinary tract infections is the use of urinary catheters, especially in 

cases of bladder outlet obstruction or prostate disease. Other risk factors include 

diabetes, immune disorders, benign prostatic hyperplasia (BPH), urinary incontinence, 

pregnancy, and nephrolithiasis. The frequency of these infections increases with age. 

When a large number of bacteria enter the urinary tract or multiply in the lower tract, 

the infection can ascend via the ureters and reach the kidneys, leading to 

pyelonephritis. In cases where only a small number of bacteria are present, they are 

usually neutralized by the protective mucosal layer of the bladder and the antibacterial 

properties of urine. Escherichia coli and Staphylococcus saprophyticus are the most 

common causes of cystitis in otherwise healthy women. Less common but clinically 

significant pathogens, especially in hospital-acquired infections, include Klebsiella, 

Proteus, and Enterococcus species (Stefanović et al., 2021). 

Acute cystitis is an inflammation of the urinary bladder that begins suddenly and is 

accompanied by prominent symptoms, both subjective (reported by the patient) and 

objective (identified through diagnostic tests). The most common cause of acute 

cystitis is a bacterial infection, which is why the condition is often referred to in 

practice and literature as bacterial cystitis. Cystitis affects women more frequently than 

men due to anatomical differences. Additionally, the higher pH of female urine may 

favor bacterial growth. It most often arises as a result of ascending spread of infection 

due to the proximity of the anal area, from which pathogens can easily migrate to the 

urinary tract. 

A particularly important condition is postpartum (puerperal) cystitis, which involves 

urinary disturbances in the early postpartum period. Residual urine and a short urethra 

(approximately 3 cm) facilitate ascending bacterial invasion of the bladder, increasing 

the risk of infection (Milosavljević et al., 1982). 

Symptoms of acute cystitis include: burning sensation during urination (dysuria), 

incomplete bladder emptying, false urges to urinate that result in the passage of a small 

volume of urine, post-void pain, burning, and a cramping sensation in the bladder and 

distal urethra, frequent nighttime urination (nocturia), often with an urgent need that 

cannot be postponed. 

Despite the urgency, only small amounts of urine are passed. Patients may also 

experience a persistent feeling of incomplete emptying. In men, this can be 

accompanied by hesitancy, a weak urinary stream, a sensation of pressure above the 
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pubic bone, pain in the perineum, and rectal discomfort. Urine may have a foul odor; 

appear cloudy, or even reddish if blood is present. These symptoms are often referred 

to as the "cystitis triad": frequent urination, dysuria (pain and burning during urination) 

and pain in the lower abdomen and suprapubic area. Urinalysis usually reveals a large 

number of leukocytes and bacteria, and the urine often appears turbid. In some cases, 

red blood cells are also present, indicating inflammation and the possible presence of 

hemorrhagic cystitis. Besides bacterial causes, hemorrhagic cystitis can result from 

radiation, chemotherapy, tumors, or trauma during diagnostic or therapeutic 

procedures. Diagnosis is based on clinical symptoms and patient history. One 

particularly important symptom is urinary incontinence, which may occur suddenly, 

either through the urethra or due to a urogenital fistula (Drobnjak et al., 1980). Further 

diagnostic evaluation includes: laboratory urine tests, microbiological examination and 

urine culture, ultrasound, X-ray imaging of the urinary system with contrast and 

cystoscopy. 

Treatment is primarily antibiotic-based, ideally guided by urine culture results and 

antibiotic sensitivity testing (antibiogram). Additional supportive measures include 

increased fluid intake and urogenital herbal teas. If not diagnosed or treated in a timely 

and adequate manner, acute cystitis may progress into a chronic form. 

Chronic cystitis is characterized by the same symptom triad: frequent urination, dysuria 

and pain in the lower abdomen and above the pubic bone. The diagnostic and 

therapeutic approach is similar to that of acute cystitis. However, treatment takes 

longer and the condition has a tendency to recur. Frequent monitoring is required, 

including urine tests, urine sediment analysis, and urine cultures. An antibiotic 

sensitivity test (antibiogram) is recommended for every culture, as the causative 

bacteria can vary and are often resistant to commonly used antibiotics due to frequent 

drug exposure and the bacteria’s ability to mutate. Treatment is based on appropriate 

antibiotics, and patients often report improvement within two to three days after 

starting therapy. Nevertheless, it is essential to complete the full course of antibiotics to 

prevent bacterial resurgence and recurrence of the infection. Probiotics should also be 

included during antibiotic therapy to maintain a healthy balance of the body's 

microbiota. 

Pyelonephritis 

Pyelonephritis is an infection of the upper urinary tract that develops in the kidneys. 

Urine is produced in the kidneys and travels through the ureters to the bladder, where it 

is stored until it is expelled through the urethra. Normally, the urine formed in the 

kidneys is sterile. However, most urinary tract infections occur in the lower part of the 

urinary system. These infections are significantly more common in women of 

reproductive age than in men. In men, the incidence increases with age, especially after 

the age of 50, when prostate-related problems often begin to appear. 

Acute kidney inflammation, or acute pyelonephritis, is one of the most common kidney 

diseases. In approximately 90% of urinary tract infections, the primary causative agent 

is the bacterium Escherichia coli. The second most common pathogen is 

Staphylococcus saprophyticus. Other bacteria that can cause infection include 

Klebsiella, Proteus mirabilis, Ureaplasma urealyticum, and species of Enterobacter. In 
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most cases, the source of the pathogen is the intestinal flora, which can ascend into the 

urinary tract. 

This type of infection affects the kidney tissue and can lead to the formation of scar 

tissue. The most common symptoms include flank or lower back pain, intense 

abdominal pain, fever over 38°C lasting more than two days, painful urination, 

increased urinary frequency, nocturia, cloudy urine, blood in the urine, and an 

unpleasant or strong odor. Recurrent episodes of acute kidney infection can cause 

significant kidney damage. Hematuria is common, and about 85% of patients present 

with red blood cells in the urine (Stefanović et al., 2021). Diagnosis is usually based on 

urine analysis, which often reveals the presence of leukocytes and erythrocytes. Urine 

culture typically confirms an infection caused by Gram-negative bacteria. Diagnostic 

tools for pyelonephritis include kidney ultrasound, CT scan, and sometimes a kidney 

biopsy. The main goals of treatment are to eliminate the infection and reduce 

symptoms. Before starting antibiotic therapy, a urine sample is usually collected for 

culture in order to identify the causative organism and select the appropriate antibiotic. 

The most effective approach is targeted antibiotic therapy based on culture and 

sensitivity results. Commonly prescribed antibiotics include nitrofurantoin, 

cephalosporins, amoxicillin-clavulanate (Panklav), and trimethoprim. 

Glomerulonephritis 

Glomerulopathies or glomerulonephritides are most commonly immunological, 

bilateral kidney diseases that primarily affect the glomeruli and other renal structures. 

The most frequent type is acute glomerulonephritis, which typically occurs after a 

streptococcal infection, particularly following severe lacunar tonsillitis caused by beta-

hemolytic streptococcus. It may also develop after non-streptococcal infections such as 

bacterial endocarditis, viral hepatitis, measles, or varicella (chickenpox). 

In acute glomerulonephritis, glomerular filtration is reduced, accompanied by oliguria 

and hematuria. Salt and water retention lead to hypertension, circulatory congestion, 

and edema. The decrease in filtration results from the proliferation of glomerular cells 

as an inflammatory response, reducing the filtration surface area. Circulatory 

congestion causes an increase in both pulmonary and systemic blood pressure, even 

when cardiac output remains normal. Over time, cardiac output may increase due to 

significant fluid retention. Edema is a common symptom, initially appearing around 

the eyes, and as fluid accumulates, it progresses to lower parts of the body. Fluid may 

also build up in the abdominal cavity (ascites) and the pleural space (pleural effusion). 

Swelling gradually descends, affecting the lower legs and feet, which become puffy 

and retain impressions when pressed—known as pitting edema. 

Acute glomerulonephritis often presents with significant findings in the urine analysis. 

Macroscopic hematuria is common, with a large number of erythrocytes that may 

visibly discolor the urine, often described as tea- or cola-colored. Casts are frequently 

present, and leukocyte casts suggest inflammation of the glomeruli and interstitial 

tissue. Proteinuria is also observed, ranging from 0.5 to 3 grams per day. 

Glomerulonephritis can be classified as primary or secondary, and based on 

pathogenesis, it may be caused by bacteria, viruses, fungi, parasites, or be of 

immunological origin. It may also be categorized as non-proliferative (e.g., minimal 
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change disease or focal segmental glomerulosclerosis) or proliferative, when the 

changes are diffuse, extensive, or involve most glomeruli. Depending on the structures 

predominantly affected by the proliferative process, it may be classified as 

mesangioproliferative or membranoproliferative glomerulonephritis. In chronic 

sclerosing glomerulonephritis, changes initially affect the capillary loops and 

eventually involve the entire glomerulus. Membranous glomerulonephritis primarily 

affects the glomerular basement membrane (GBM) and often has a tendency for rapid 

progression. Although proliferation is less prominent in these cases, symptoms of 

nephrotic syndrome are more pronounced. 

Different forms of glomerulonephritis may present with varied clinical pictures. To 

facilitate diagnosis and treatment, glomerulonephritis is also classified based on 

clinical course: acute, chronic, or systemic, with systemic glomerulonephritis arising 

from systemic diseases such as vasculitis, systemic lupus erythematosus, or Henoch-

Schönlein purpura. When the disease progresses rapidly, it is referred to as rapidly 

progressive glomerulonephritis (RPGN). If inflammatory or immune responses in the 

glomeruli persist for a long time or are not recognized and treated in time, they may 

lead to chronic glomerulonephritis. Even with the use of advanced therapy, failure to 

improve may result in extracapillary proliferation, marked by crescent-shaped deposits 

involving approximately 70% of glomeruli. These changes frequently progress to renal 

insufficiency. Chronic kidney disease (CKD) is a clinical syndrome characterized by 

progressive and irreversible loss of nephrons, ultimately resulting in the gradual loss of 

all kidney functions (Naumović et al., 2021). The manifestations are often severe and 

diverse, including joint and muscle pain, fever, fatigue, malaise, and a general sense of 

weakness. These conditions are typically classified under the acute nephritic syndrome. 

Nephrotic syndrome 

The key characteristics of nephrotic syndrome include proteinuria, albuminuria, 

hypoalbuminemia, edema, and dyslipidemia. Dyslipidemia occurs due to reduced 

plasma oncotic pressure, which stimulates the liver to produce lipoproteins, resulting in 

hyperlipidemia. Edema develops as a result of decreased oncotic pressure, caused by 

impaired synthesis of albumin in the liver. This drop in oncotic pressure leads to the 

transudation of intravascular fluid into the interstitial space, resulting in edema. 

It is important to note that due to metabolic disturbances, coagulation factors are also 

affected, often leading to thromboembolic events. Renal vein thrombosis is not 

uncommon. Urine sediment is typically rich, with dominant findings including 

proteinuria, hematuria, and the presence of red blood cell casts. Numerous symptoms 

may appear that are not directly related to reduced urine output but are commonly 

associated with elevated serum urea and creatinine levels. There is significant fluid 

retention in the body, resulting in generalized edema, cardiac insufficiency, and 

pulmonary edema. A nearly inevitable symptom is poorly controlled hypertension. 

Electrolyte imbalances are also common, including hyperkalemia or hypokalemia, 

metabolic acidosis, uremic breath odor, ascites, gastroenteritis, increased susceptibility 

to infections, lymphocytopenia, splenomegaly, and hemorrhagic diathesis. Pericarditis 

and cardiomyopathy are frequent complications. Pruritus often occurs due to 

inadequate filtration and excretion of toxic substances through urine. Peripheral 
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neuropathies, impaired concentration and cognition, hyperpigmentation, and pallor of 

the skin may also develop. 

Glomerular filtration is compromised, leading to azotemia. Although hypertension 

occurs, it is generally less prominent than other symptoms. Complications of 

glomerulonephritis may include encephalopathy, heart failure, acute renal failure, and 

in cases of severe proteinuria, the development of nephrotic syndrome. Treatment is 

complex and prolonged. Hospitalization is required, with daily monitoring of blood 

pressure and urine output. Monitoring glomerular filtration rate (GFR) is crucial, as it 

is typically reduced in these patients. GFR refers to the total amount of filtrate formed 

by the glomeruli of both kidneys each minute (Guyton, 1978). A diet low in salt and 

protein is recommended. Antibiotics are administered for infectious causes, while 

immunomodulatory therapy is used for systemic diseases. Treatment may include 

antihypertensives and corticosteroids. Corticosteroids may temporarily maintain a 

stable condition, but in most cases, the disease progresses to chronic renal failure. In 

the advanced stages of nephrotic syndrome, treatment may include corticosteroids, 

cytostatics, ACE inhibitors, diuretics, and human albumin. In end-stage renal disease, 

the only remaining therapeutic options are hemodialysis or kidney transplantation. 

Bladder tumors 

Bladder tumors are a fairly common occurrence. They can be benign or malignant. The 

majority of bladder tumors are of epithelial origin, with the most common being 

tumors originating from the transitional epithelium (urothelium). Benign tumors are 

most often polyps and fibromas. Recurrences of transitional cell papillomas are 

common. Unfortunately, malignant tumors are much more frequent than benign 

tumors. 

Bladder cancer begins when cells in the bladder undergo changes (mutations) that 

prevent normal cell death. These altered, abnormal cells then form a tumor. Malignant 

bladder tumors are classified into carcinomas (epithelial-origin tumors) and sarcomas 

(connective tissue-origin tumors). Carcinomas are more common, occurring in about 

96% of cases. Transitional cell carcinoma accounts for 80% of all bladder 

malignancies and is more common in men. Squamous cell carcinoma is much less 

common than the former, occurring in only 5% of cases. This type of malignancy is 

most often associated with chronic inflammation. It is twice as frequent in women 

compared to men. This type of carcinoma most often affects the lateral wall of the 

bladder or the trigone area. Sarcomas are significantly rarer than carcinomas, 

accounting for only 3-4% of all malignant bladder tumors. The most common type of 

bladder sarcoma is rhabdomyosarcoma. It has been shown that both benign and 

malignant bladder tumors frequently recur. Unfortunately, with each recurrence, the 

degree of malignancy increases. 

Bladder tumors are often multifocal and located in multiple areas of the bladder. They 

can also be associated with tumors in other parts of the urinary system, such as the 

upper urinary tract. Due to the multicentric nature of these tumors, a thorough 

examination of the entire urinary system is required. Symptoms include pain in the 

bladder region, frequent urination, weak urine flow, and retention of residual urine 

after urination, burning sensation during urination, and frequent urinary tract infections 
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accompanied by a large number of leukocytes, epithelial cells, mucus, and often blood 

in the urine—hematuria. Hematuria is frequently visible to the naked eye, in which 

case it is referred to as macrohematuria. Diagnostic tools include ultrasound (US), 

computed tomography (CT), magnetic resonance imaging (MRI), and cystoscopy 

(Hadžić et al., 1990). Treatment is surgical, involving the removal of the tumor. 

Radical surgery involves the removal of the bladder, prostate, seminal vesicles, and 

terminal parts of the ureters in men. In women, the procedure involves resection of the 

uterus, ovaries, part of the vagina, and extensive removal of lymph nodes. Recurrence 

of the tumor is common. 

Kidney tumors 

Kidney tumors are pathological growths that occur as a result of abnormal proliferation 

of qualitatively altered cells. Based on their structure and growth pattern, they can be 

benign or malignant. Benign kidney tumors are less common than malignant ones. 

Benign tumors typically occur in the renal cortex and present as small nodular changes, 

usually up to 3 cm in size. Men are affected more frequently than women, with a ratio 

of 1:2. The age of occurrence is most commonly in the fifth and sixth decades of life. 

In children, the incidence of tumors is equal between both sexes. The most common 

malignant tumor in children is of mixed nature and is known as Wilms' tumor. The 

exact causes of kidney tumors remain unclear, but some factors are associated with 

their development and frequency, such as weakened immunity, smoking, radiation 

exposure, and genetic predisposition. Benign tumors of the renal parenchyma: 

adenoma, myoma, lipoma, fibroma, angiomyolipoma, hemangioma, myxoma. 

Benign tumors originating from the renal calyx: calyceal papilloma, calyceal angioma, 

calyceal leiomyoma. A kidney cyst is a benign change in the kidney that can be 

differentiated from a tumor using ultrasound or computed tomography (CT). Cysts 

generally do not cause any symptoms and do not require surgery. They are sacs filled 

with fluid that form due to dilation of the tubules in the distal parts of the nephron or 

collecting duct. Cystic kidney diseases can be genetic (Stefanović, 2021). Malignant 

tumors of the renal parenchyma: renal cell carcinoma, fibroangiosarcoma, 

mioangiosarcoma, lipoangiosarcoma, mixed tumors (Wilms' tumor). Malignant tumors 

originating from the renal calyx: transitional cell carcinoma of the calyx, squamous cell 

carcinoma of the calyx. Renal adenocarcinoma accounts for about 2% of cancers in 

adults, and it is nearly three times more common in men than in women. According to 

global statistics, this tumor represents 83-85% of all kidney tumors, while in our 

country, it accounts for 65-70%. It originates from the nephron, is typically unifocal 

and unilateral (Marković, 1997). Symptoms of kidney tumors: In the early stages of 

kidney tumor development, symptoms may be absent. As the disease progresses, 

symptoms start to appear. These often begin with general weakness, chronic fatigue, 

weight loss, anemia, hematuria, and arterial hypertension. If metastasis has occurred in 

neighboring organs, symptoms of the affected organ will be present. Kidney tumors 

most often metastasize to the lungs and bones. 

Sometimes, the diagnosis is accidentally discovered through ultrasound (US), 

computed tomography (CT), or magnetic resonance imaging (MRI). A chest X-ray is 

necessary because lung metastases are very common. The most reliable diagnostic 

method is a pathological examination, which is conducted after a kidney biopsy. 
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Kidney biopsy is a reliable diagnostic tool for determining kidney diseases. It can be 

either percutaneous or open biopsy. Most often, it is performed percutaneously, with 

great attention to maintaining sterile conditions. The procedure is done under local 

anesthesia while the patient is conscious. A biopsy needle is used, and the procedure is 

monitored using ultrasound or X-ray. The needle is inserted into the kidney, kidney 

tissue is collected, and sent for pathological analysis. Open biopsy is typically done 

during kidney surgery, and the tissue is sent for pathological analysis. 

Kidney biopsy is indicated in cases where the cause and course of the disease cannot 

be determined through other diagnostic methods or when the disease is rapidly 

progressive. Most often, kidney biopsy is performed in cases of acute kidney failure of 

unclear origin, deterioration in kidney function following transplantation, or rapidly 

progressing glomerulonephritis. Main treatment methods for kidney tumors: Surgical 

intervention is the primary method, as kidney tumors show very little sensitivity to 

radiation and chemotherapy, making surgery the most effective treatment (Marković, 

2021). For larger tumors, a complete nephrectomy (removal of the kidney) is often 

performed. Classical surgery has shown advantages over laparotomy, as it provides 

better access and facilitates smooth tumor removal. If the tumor is smaller than 4 cm, 

partial nephrectomy is performed, but if it is larger, the entire kidney may need to be 

removed. The decision for partial or complete removal is made based on the 

pathological findings. Radical removal of the affected kidney, along with regional 

lymph node removal, is the standard treatment and provides a reasonable chance for 

longer survival or cure if the tumor has not metastasized. The five-year survival rate is 

around 70% if the tumor is confined to the kidney, and less than 5% if distant 

metastases are present. As a conservative treatment, immunotherapy and hormone 

therapy are used. After surgery, continuous monitoring of the patient's condition is 

necessary to minimize the risk of recurrence. Postoperative progress, tumor regression, 

or progression following radiation therapy, chemotherapy, or BCG therapy can be 

monitored through sonography (Kozomara, 1997). 

Kidney failure represents reduced urine output, which can be either reversible or 

irreversible. In kidney failure, the amount of urine produced is reduced to less than 400 

ml in 24 hours. This condition, known as oliguria, if not promptly recognized and 

treated, can lead to anuria, which represents severe kidney failure known as acute renal 

failure, with an increase in blood urea and creatinine levels. In such cases, uremia 

symptoms occur, and the treatment is hemodialysis. Temporary therapies for kidney 

failure: Peritoneal dialysis and hemodialysis are commonly used and serve as 

transitional therapeutic phases before the final solution, which is kidney 

transplantation. Peritoneal dialysis begins with catheter placement, and in the first 

stage, lavage is performed for two to three days, using a small amount of dialysis fluid 

(500–750 ml), which is immediately drained. After this phase, the fluid volume is 

increased to 1000–2000 ml. One dialysis session includes the drainage phase, infusion 

phase, and dwell phase. Hemodialysis is initiated when the endogenous creatinine 

clearance in terminal kidney failure drops below 10 ml/min. Indications for 

hemodialysis include resistant hypervolemia, heart failure, pericarditis, pulmonary 

edema, intoxications, severe metabolic acidosis, and acute kidney failure. Almost any 

disorder that severely impairs kidney function can lead to acute kidney failure. The 
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most common causes are acute glomerulonephritis and acute tubular injury and 

obstruction (Guyton, 1978). 

Kidney transplantation 

Kidney transplantation is currently the last option in the treatment of terminal kidney 

failure. It is performed when other therapeutic methods have not yielded results in 

improving kidney function. The low number of kidney transplants is due to the 

insufficient number of donors. The kidney that is transplanted is called a graft, and it 

can come from either a living person or a cadaver. The criteria for international 

standardization were adopted in 1991. These criteria encompass standards and 

requirements for kidney transplantation, pathological diagnostics, and rejection of 

transplanted kidneys. 

The goal of every kidney transplant is for the transplanted organ to be functional, to 

take over the role of a healthy kidney, and to avoid complications, the worst of which 

is transplant rejection. Unfortunately, transplant rejection is still a common occurrence. 

After a kidney transplant, complications may arise, such as loss of graft function, 

immune rejection of the transplant, and nephrotoxic effects of immunosuppressive 

therapy that is given after the transplant. Infections caused by bacteria or viruses may 

develop in the transplant, as well as the recurrence of glomerulonephritis, which was 

the primary cause of kidney failure leading to the need for transplantation. Rejection of 

the transplant can be acute, occurring immediately after the transplant, or chronic, 

lasting for several years after the procedure. Despite these complications, a large 

number of kidney transplants proceed successfully, and patients are able to return to a 

normal life. Kidney transplantation is considered the best therapeutic method for 

treating terminal kidney failure. The problem for more widespread kidney and organ 

transplantation is the shortage of donors. 

Obstructions of the urinary system 

The most common obstructions of the urinary tract are caused by kidney stones, which 

can be found in any part of the urinary system. Other causes of obstruction may include 

prostate hypertrophy, diverticula, and tumor changes of various origins. Obstructions 

are more common in men than in women and typically occur in the fourth or fifth 

decade of life. The exact cause of kidney stone formation is still not fully understood, 

but common factors include frequent urinary infections, racial background, hereditary 

factors, diet, and hormonal imbalances. The impact of PTH (parathyroid hormone), 

calcium (Ca), phosphorus (P), and other minerals, as well as vitamin D levels, is 

especially notable. 

When a stone is found in the renal pelvis, it is referred to as nephrolithiasis. It can 

remain unnoticed for a long time and may not cause any clinical symptoms. It is 

usually discovered during diagnostic procedures such as X-rays or ultrasounds, but 

certain symptoms may prompt the patient to undergo laboratory tests, which often 

reveal increased amounts of urinary crystals, epithelial cells, mucus, leukocytes, and 

erythrocytes. These findings do not usually cause a dramatic clinical picture; the 

symptoms are typically subtle and less painful. The greatest issue arises when the stone 

becomes mobilized, leading to intense pain, which is characterized as urinary or renal 

colic. The pain is severe and radiates toward the scapular region, either left or right, 
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depending on the location of the stone. Radiating pain towards the urinary bladder, 

femoral region, and in men, towards the scrotum, is also common. Pain in the lumbar 

region is intense. Dysuric symptoms are very prominent, with frequent urges to urinate, 

producing small amounts of urine with accompanying pain and burning. 

If the stone moves from the kidney and passes into the ureter due to ureteral 

contractions, the pain intensifies and becomes nearly unbearable. Two scenarios are 

possible: If the kidney stone is small, it may pass through the ureter into the urinary 

bladder, resulting in a decrease in the symptoms, especially the pain intensity. The 

urinary bladder, with its wider lumen, allows the stone to "float" in the urine, avoiding 

contact with the wall, thus lessening the pain. The stone may remain in the bladder for 

an extended period, which is referred to as vesical lithiasis. It is not uncommon for 

these stones to grow quite large over time, whether they have descended from the 

kidney through the ureter or, in some cases, have formed primarily in the bladder. The 

most common causes of bladder stones are frequent cystitis, certain medical 

interventions (such as cystoscopies and catheter placement), and prostate hypertrophy 

in men. If the stone is larger or irregularly shaped, which is quite common, it can 

become lodged in the ureter, resulting in ureterolithiasis. This represents a significant 

health problem and is often an acute condition that requires urgent intervention to 

prevent complications. The most common complications include the ascending dilation 

of the urinary tract. This leads to the dilation of the ascending part of the ureter and the 

expansion of the renal collecting system (pelvicalyceal system). Such a kidney 

becomes enlarged, painful, and edematous. In these cases, we refer to hydronephrosis 

or hydroureter. These changes are more common on one side but can also occur 

bilaterally. 

Several diagnostic methods are used to identify these conditions, including abdominal 

ultrasound, native and contrast-enhanced X-rays (IVU), intravenous urography, CT, 

and MRI. The first step is to conduct a physical examination, assess the clinical 

picture, and perform laboratory tests on blood and urine. The diagnosis is usually 

accurate, and further diagnostic procedures can proceed after a urine test, which 

typically shows the presence of blood and other signs of inflammation. Symptoms may 

include anuria and elevated blood pressure. The treatment must be interventionist. If 

spontaneous stone elimination through urination is not possible, either due to the size 

of the stone or advanced hydronephrosis, the stone must be removed either through 

catheterization or, if necessary, surgically, to relieve the obstruction in the urine flow. 

Antibiotic therapy and increased fluid intake are essential. The patient's condition 

should be monitored through laboratory tests, ultrasound, and other diagnostic 

methods. 

Conclusion 

The urinary system is essential for the overall health of the body. A healthy urinary 

system is a prerequisite for good general health. By avoiding bad habits, maintaining a 

proper diet, engaging in physical activity, undergoing regular check-ups, and receiving 

appropriate treatment when inflammatory processes or other conditions arise, we 

ensure a healthy urinary system. The use of the most advanced diagnostic and 

therapeutic advancements allows for effective treatment and prevention of urinary 

system diseases in many cases. 
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Abstract 

Dyslipidemia increasingly occupies a central place in clinical practice as a significant 

health problem due to its direct connection with the occurrence and development of 

serious cardiovascular diseases. This disorder is associated with lifestyle factors, such 

as unhealthy diet, reduced physical activity, smoking and excessive alcohol 

consumption. Each type of dyslipidemia carries a specific risk profile and requires an 

individualized approach to the patient. Therapeutic goals for the treatment of 

dyslipidemia generally focus on lowering LDL lipoprotein levels, often using statins as 

first-line drugs. These drugs work by inhibiting the enzyme HMG-CoA reductase, 

which is crucial for the synthesis of cholesterol in the body, thereby reducing the level 

of LDL cholesterol. Statins are highly effective in reducing cardiovascular risk. Also, 

dyslipidemia therapy is not limited to pharmacological measures only. Lifestyle 

changes, such as adopting the principles of a healthy diet, quitting smoking and 

regular physical activity, are key to achieving an optimal lipid profile and reducing the 

risk of cardiovascular disease. It is important to emphasize that patient education is a 

key factor for the success of dyslipidemia treatment. Although pharmacological 

therapy can significantly reduce the level of LDL lipoproteins, the treatment itself will 

not be effective enough without changing lifestyle habits. 

Keywords: Dyslipidemia, LDL-lipoprotein, atherosclerosis, non-pharmacological 

measures, statins. 

Introduction 

Dyslipidemia is a pathological condition characterised by an imbalance of lipid 

concentrations in the blood, including elevated levels of total and LDL cholesterol, 

triglycerides, and decreased HDL cholesterol levels. This disorder is an important risk 

factor for arteriosclerosis and cardiovascular disease. In modern society, dyslipidemia 

has become a global health problem with an increasing number of patients requiring 

effective prevention and treatment strategies (Berberich and Hegele, 2022). This 

condition means a disturbance in the concentration of fat in the blood, usually in the 

form of elevated levels of LDL cholesterol or triglycerides, but also a reduced 

concentration of HDL cholesterol, which normally has a protective function in the 

body (Kažić, 2002). LDL cholesterol, low-density lipoprotein, often referred to as 
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"bad" cholesterol, is associated with the development of atherosclerosis because it is 

deposited in excessive amounts on the walls of blood vessels, forming plaques that 

narrow the arteries and impede normal blood flow. An elevated LDL cholesterol level 

increases the likelihood of heart attacks and strokes, which is why its control is crucial 

in the treatment of dyslipidemia (Bozovich et al., 2000). 

In contrast, HDL cholesterol, a high-density lipoprotein known as "good" cholesterol, 

has a protective function by helping to transport excess cholesterol from peripheral 

tissues and the bloodstream back to the liver, where it is broken down and excreted. 

Higher levels of HDL cholesterol are associated with a reduction in the risk of 

atherosclerotic changes, as they prevent the deposition of LDL cholesterol in the 

arteries and thus reduce the likelihood of developing cardiovascular disease (Bozovich 

et al., 2000). LDL and HDL cholesterol levels are assessed in the context of individual 

cardiovascular risk. In patients with pre-existing atherosclerosis, diabetes, or other risk 

factors, it is recommended to keep LDL cholesterol levels well below normal to 

prevent further deterioration of health (Jameson et al., 2022). Higher HDL cholesterol 

levels are considered beneficial, while low HDL levels are an independent risk factor 

for the development of heart disease (Lloyd-Jones et al., 2017). The causes of 

dyslipidemia can be genetic, but can also be the result of poor lifestyle habits or 

comorbidities such as obesity, diabetes, and hormonal imbalance (Davidson et al., 

2012). However, a hereditary risk does not necessarily mean that the disease will 

inevitably develop. Early detection of genetic factors, monitoring of lipid status, and 

the use of preventive strategies can significantly mitigate its effects. 

Early detection of genetic factors, monitoring of lipid status, and application of 

preventive strategies can significantly mitigate their impact. In cases with a known 

family history, regular lipid monitoring and, if necessary, a more aggressive 

therapeutic protocol are recommended. Lifestyle factors are among the most common 

causes of dyslipidemia in the general population. An unbalanced diet, rich in saturated 

fats, trans fats, and sugars, contributes to the increase of LDL cholesterol and 

triglycerides, while simultaneously reducing the level of protective HDL cholesterol 

(Golna et al., 2023). The fast pace of modern life often encourages the choice of high-

calorie, processed foods, which results in metabolic disorders. A sedentary lifestyle 

promotes obesity and insulin resistance, which further complicates the condition of 

dyslipidemia (Rang et al., 2019). Exercise is recommended not only as a therapeutic 

measure, but also as a prevention for individuals without diagnosed lipid disorders 

(Stone et al., 2014). 

Obesity is the main focus, as excessive body mass has a direct effect on fat 

metabolism. Smoking is also recognized as a significant risk factor. Chronic excessive 

alcohol consumption can damage the liver and pancreas, which further disrupts fat 

metabolism and can lead to serious health consequences (Catapano et al., 2016). 

Diabetes mellitus, as well as chronic diseases of many vital organs, especially the 

kidneys and thyroid, form a complex risk network that influences the development and 

severity of dyslipidemia. Research shows that a significant percentage of the adult 

population is affected by some form of dyslipidemia, indicating the need for systematic 

screening and timely intervention. In this way, primary health care will provide early 

warning of circulatory problems, particularly elevated levels of triglycerides, total 
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cholesterol, and low-density lipoproteins, and the presence of dyslipidemia. This 

enables not only appropriate treatment, but also effective prevention of complications 

such as heart attack or stroke (Haffner, 2004). Regular monitoring of LDL and HDL 

cholesterol levels is the basis for evaluating the effectiveness of the therapy and 

enables timely correction of the treatment plan. This approach significantly reduces the 

risk of developing complications and helps to optimize the treatment of dyslipidemia 

(Smith et al., 2013). 

This research aims to analyze etiological factors, modern methods in the therapeutic 

approach in the treatment of dyslipidemia, with particular emphasis on the integration 

of traditional and modern methods in clinical practice. 

Methods 

The paper is designed according to the type of review paper. Systematization of 

scientific and professional works published in domestic and international medical 

journals was carried out. Based on the keywords dyslipidemia, LDL-lipoproteins, 

atherosclerosis, non-pharmacological measures, statins, electronic databases (PubMed, 

Google Scholar, Kobson, SCIndex) were searched. 

Results and discussion 

The control of dyslipidemia requires an integrated and comprehensive approach that 

includes not only the use of medication but also the introduction of non-

pharmacological measures as the basis for long-term prevention and treatment. A 

healthy lifestyle, such as a balanced diet, regular physical activity, and the elimination 

of harmful habits, can significantly influence the reduction of LDL cholesterol and 

triglyceride levels and the increase of HDL cholesterol, thus reducing the risk of 

atherosclerosis and other cardiovascular complications. Lifestyle has a direct influence 

on lipid metabolism. Therefore, diet, weight control, and habits such as smoking and 

alcohol consumption are of particular importance in the treatment plan. Research 

shows that appropriate non-pharmacological interventions can achieve similar effects 

to pharmacotherapy, especially in the earlier stages of dyslipidemia (Kažić, 2002; 

Olson and Potts, 2006). Therefore, it is important to focus on changes in daily life and 

to constantly support healthcare professionals in counseling, monitoring, and 

motivating patients. The most commonly recommended measures include reducing 

saturated fat and sugar intake, increasing fiber and healthy fat intake, regular physical 

activity, and quitting smoking and limiting alcohol consumption (Toth and Cannon, 

2016). 

The successful implementation of these changes requires the commitment of patients, 

but also consistent education and encouragement from doctors, pharmacists, and 

nutritionists. Nutritional therapy is one of the foundations for the treatment of 

dyslipidemia because proper nutrition has a direct impact on the lipid profile. Reducing 

the intake of saturated fats and replacing them with unsaturated fats from sources such 

as olive oil, nuts, and fish has been shown to have a positive effect on lowering LDL 

cholesterol (Krauss and Siri, 2004). In addition, an increased intake of soluble fiber, 

which is found in whole grains, vegetables, and fruit, helps to reduce the absorption of 

cholesterol in the intestine. Recommended foods include legumes, fish, green and 
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colorful seasonal salads, fruit, whole grains, and seeds such as flax or chia. The intake 

of omega-3 fatty acids, which are found in fatty fish (salmon, mackerel, sardines), 

walnuts, and linseed, should be particularly emphasized, as they lower triglycerides 

and have a cardioprotective effect. It is also important to reduce the consumption of 

sugar and refined carbohydrates, which contribute to increased triglyceride levels and 

obesity. A diet rich in antioxidants from vegetables and fruit helps to reduce oxidative 

stress and protect the endothelium, which is crucial for the prevention of 

atherosclerosis. Special emphasis is also placed on the way food is prepared - it is 

recommended to boil, bake, and grill rather than fry to avoid the intake of extra 

saturated fat and calories. Regular use of a personalized diet in collaboration with a 

dietitian can contribute to better adherence to therapeutic guidelines and an 

improvement in overall health. 

A healthy diet not only contributes to an improved lipid profile but also reduces the 

risk of other chronic diseases such as high blood pressure and type 2 diabetes (Mann et 

al., 2014). Smoking cessation is one of the most important non-pharmacological 

interventions in the treatment of dyslipidemia, as smoking negatively affects lipid 

metabolism and significantly increases the risk of cardiovascular disease. Nicotine and 

other pollutants contained in tobacco smoke contribute to oxidative stress and damage 

to the endothelium, which accelerates the process of atherogenesis and the formation of 

atherosclerotic plaques (Davidson et al., 2012). One of the most important 

consequences of smoking is the reduction of HDL cholesterol, the so-called "good" 

cholesterol, which directly increases the atherogenic risk. Therefore, smoking cessation 

is crucial not only for improving the lipid profile but also for reducing overall 

cardiovascular risk. Recommendations for successful smoking cessation include the 

use of various strategies such as individual counseling, cognitive behavioral therapy, 

and the use of nicotine replacement therapies - patches, gum, inhalers, and medications 

that reduce nicotine cravings. Support from healthcare professionals and regular 

monitoring of progress play an important role in overcoming addiction (Davidson et 

al., 2012). The positive effects of smoking cessation on the lipid profile are already 

evident in the first few months - there is an increase in HDL cholesterol levels, a 

reduction in oxidative stress, and an improvement in vascular function. Apart from the 

direct effects on lipids, smoking cessation significantly reduces the risk of heart attack, 

stroke, and other serious cardiovascular consequences (Varagić and Milošević, 2018). 

This measure is particularly important in patients who have other risk factors, such as 

diabetes or high blood pressure, in addition to dyslipidemia, as the synergistic effect of 

these conditions significantly increases the overall risk of complications. With proper 

education, motivation, and ongoing support, most patients can successfully quit 

smoking, which significantly improves not only their lipid profile but also their overall 

health. Weight reduction is one of the key elements in the treatment of dyslipidemia, as 

obesity is a major risk factor for lipid metabolism disorders. Excess body mass leads to 

an increase in LDL cholesterol and triglycerides and a decrease in HDL cholesterol, 

which is a major contributor to the development of atherosclerosis and other 

cardiovascular diseases (Haffner, 2004). Obesity is often associated with insulin 

resistance, which further impairs fat metabolism. Therefore, weight loss is not only 

important for improving the lipid profile, but also for reducing the risk of developing 

type 2 diabetes and other metabolic disorders. The best results are achieved by 
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combining a healthy, low-calorie diet with regular physical activity. It is recommended 

to reduce calorie intake gradually and avoid crash diets, which often do not bring 

lasting results. 

The focus should be on balanced meals rich in fiber, vegetables, fruits, whole grains, 

and unsaturated fats, while reducing the intake of sugar and saturated fats. Regular 

physical activity, such as brisk walking, running, swimming, or strength training, not 

only accelerates the weight loss process but also has a direct effect on improving the 

lipid profile - increasing HDL levels, reducing LDL and triglycerides, and improving 

insulin sensitivity. Research confirms that the combination of physical activity and 

healthy eating has a synergistic effect in controlling body weight and lipid parameters 

(Bozovich et al., 2000). Ongoing education, motivation, and support from healthcare 

professionals, including pharmacists, dietitians, and physicians, play an important role 

in maintaining patient motivation and monitoring progress. This holistic approach 

offers the greatest chance of long-term success in treating dyslipidemia and improving 

patients' overall health. 

Physical activity plays a key role in the prevention and treatment of dyslipidemia, as 

regular exercise has a positive effect on the lipid profile by increasing HDL cholesterol 

levels and lowering triglyceride levels. In addition, physical activity helps to reduce 

body weight and maintain optimal body mass, which further improves lipid 

metabolism and reduces the risk of cardiovascular disease. Research has shown that 

people who engage in regular physical activity have a significantly better lipid profile 

than those who lead a sedentary lifestyle, highlighting the importance of exercise as a 

non-pharmacological intervention in the treatment of dyslipidemia (Lloyd-Jones et al., 

2017). Physical activity recommendations for patients with dyslipidemia include at 

least 150 minutes of moderate aerobic activity per week, such as walking, cycling, or 

swimming. These activities improve blood flow and lower LDL cholesterol levels 

while increasing HDL cholesterol levels. Strength training, such as weight lifting or 

resistance training, is also beneficial as it increases muscle mass and improves 

metabolism, which has a positive effect on the lipid profile. Physical activity must be 

adapted to the patient's individual abilities and health status to avoid injury and ensure 

continuity of training. 

Patients with dyslipidemia are advised to work with health professionals to create a 

personalized physical activity plan that fits their health needs and abilities (Smith et al., 

2013). This approach allows for better control of the lipid profile and long-term 

improvement in health status. Healthcare professionals can support patients in 

developing these habits and help them maintain motivation and adhere to an exercise 

program, which is crucial for the successful treatment of dyslipidemia. 

Pharmacotherapy for dyslipidemia. Pharmacotherapy is an important part of the 

treatment of dyslipidemia, especially when non-pharmacologic measures are not 

sufficient to achieve the desired lipid profile levels. Drugs used to treat dyslipidemia 

mainly work to lower LDL cholesterol and triglycerides and increase HDL cholesterol, 

thereby reducing the risk of cardiovascular disease. These drugs generally work by 

inhibiting cholesterol synthesis, reducing cholesterol absorption, or improving 

lipoprotein exchange, which leads to an improvement in the lipid profile. The most 
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commonly used drugs in the treatment of dyslipidemia include statins, fibrates, bile 

acid-binding resins, and cholesterol absorption inhibitors. 

Each of these drug groups has a specific mechanism of action and indications for use, 

and the choice of therapy depends on the individual needs of the patient as well as the 

presence of other risk factors and comorbidities. In some cases, the administration of 

multiple drugs may be necessary to achieve an optimal lipid profile and reduce the risk 

of atherosclerosis and other cardiovascular diseases (National Institute for Health and 

Care Excellence [NICE], 2014). According to the data analyzed, the prevalence of 

dyslipidemia in the general population is around 30%, with a higher incidence in older 

people and people with unhealthy lifestyles. The most common form of dyslipidemia is 

an elevated LDL cholesterol level, while a reduced HDL cholesterol level is present in 

25% of patients. According to data from Serbia, about 50% of patients with 

dyslipidemia take statins, with atorvastatin and rosuvastatin being the most common 

drugs. In therapy, statins remain the standard drug of first choice, while alternative 

approaches such as phytotherapy and the use of omega-3 fatty acids are increasingly 

being researched. Although statins are effective in lowering LDL cholesterol levels, 

their use is not without risks, including myopathies and elevated liver enzymes. One of 

the problems is low adherence to therapy, which means that patients often do not take 

their medication as recommended by their doctors. Alternative approaches such as the 

use of red rice, garlic, artichokes, and omega-3 fatty acids are potentially effective in 

regulating the lipid profile, with minimal side effects. However, further clinical studies 

are needed to confirm their safety and efficacy in the long-term treatment of 

dyslipidemia. Education on the importance of regular lipid monitoring and the 

identification of risk factors for early detection of dyslipidemia plays a key role in 

prevention. Studies show that patients who are educated about their disease and 

therapy have a higher degree of treatment adherence, which leads to better therapeutic 

outcomes (Smith et al., 2013). 

Conclusion 

Dyslipidemia is a serious public health problem in Serbia and the world, which has a 

great impact on the development of cardiovascular diseases and is associated with a 

high level of mortality. Although statin therapy has significant benefits in reducing 

cardiovascular risk, it is important to consider the importance of lifestyle changes and 

patient education. Adherence to therapy, regular monitoring of the lipid profile and 

improvement of healthy lifestyle habits remain key factors for achieving successful 

treatment of dyslipidemia and reducing the risk of serious cardiovascular diseases. 

Through a comprehensive approach, which includes pharmacological, preventive, and 

educational measures, it is possible to significantly improve the outcome of treatment 

and the quality of life of patients with dyslipidemia. 
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Abstract 

Diabetes mellitus is one of the leading health problems in the world and represents a 

global epidemic in modern society, caused by changes in lifestyle such as reduced 

physical activity in people, consumption of fast food with a lot of calories and an 

increasing rate of obesity. According to the American Diabetes Association (ADA) 

definition, diabetes mellitus represents a group of metabolic diseases of multiple 

etiology, characterized by the appearance of hyperglycemia with a disturbance in the 

metabolism of carbohydrates, fats and proteins due to impaired insulin secretion 

and/or disturbances in its action. Data on the types of therapy in the treatment of type 

1 diabetes mellitus and the guidelines for their application were obtained by searching 

the results of randomized, controlled clinical studies, review papers and original 

scientific publications related to the pharmacotherapy of type 1 diabetes. 

Keywords: diabetes mellitus type 1, pharmacotherapy, long-acting insulin, short-

acting insulin. 

Introduction 

Diabetes mellitus type 1 (DM type 1), also known as insulin-dependent diabetes 

mellitus, is a chronic non-infectious disease characterized by a relative or absolute lack 

of insulin, resulting in hyperglycemia (Katsarou et al., 2017). Hyperglycemia occurs 

due to reduced transport of glucose into the tissues, but also due to the release of 

glucose from the liver after glycogenolysis (Kažić, 2013). This disease is also known 

as juvenile diabetes, because it most often occurs during childhood and adolescence, 

but this metabolic disorder can also develop in adults (Katsarou et al., 2017). 

DM type 1 occurs as a result of the destruction of β-cells of the pancreas, which causes 

a complete lack of insulin secretion and the development of insulin deficiency (lack of 

insulin or its presence in small amounts). In most cases, it occurs as a result of 

autoimmune destruction of β-cells, and in 85-90% of people, the presence of 

autoantibodies was observed at the time of diagnosis (Ugrešić et al., 2018). This 

disease is incurable because once the beta cells stop secreting insulin, they cannot be 

regenerated to secrete it again, so patients must be on replacement therapy for life. The 

basic prerequisite for the development of this disease is a genetic predisposition with 

the action of various factors that cause damage or destruction of pancreatic beta cells 

(Ugrešić et al., 2018). Factors that are potential triggers of the autoimmune process in 

people with a genetic predisposition are: environmental factors, lack of vitamin D, 

viruses such as coxsackie B virus and rubella, food, i.e. cow's milk proteins. In a 

smaller percentage of patients, idiopathic DM type 1 occurs, because it arises by an 

unknown mechanism and immunological markers cannot be observed (Ugrešić et al., 

2018). 
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According to the latest recommendations given by the International Expert Committee 

and the American Diabetes Association, the most important criterion for diagnosing 

diabetes is glycosylated hemoglobin - HbA1c (American Diabetes Association et al., 

2010). It is used as a standard for assessing long-term glycemic control, and the 

optimal value is ˂7% (4.0-6.0%). People with values of 5.7-6.4% are at increased risk 

of developing diabetes and cardiovascular diseases. Lowering HbA1c below 7% 

reduces microvascular complications in both types of diabetes. A reduction of 

glycosylated hemoglobin by only 1% can reduce the risk of microvascular 

complications by up to 35% (American Diabetes Association et al., 2010) (Ugrešić et 

al., 2018). 

Symptoms and characteristics of diabetes mellitus type 1 

The characteristic of DM type 1 is that it occurs in children and the population under 

30 years of age. Symptoms usually appear suddenly. Early detection and treatment of 

the disease can reduce the risk of developing diabetes complications (Spasić et al., 

2003). Although it occurs less frequently than DM type 2, it is certain that DM type 1 

represents a severe form of diabetes characterized by recognizable symptoms. The 

three most common main and characteristic symptoms are: polyuria (frequent 

urination), polydipsia (frequent thirst) and polyphagia (increased appetite). Other 

symptoms are: weight loss, acetone breath, dehydration, glycosuria (increased 

concentration of glucose in the urine), fatigue, nausea, dry mouth (Spasić et al., 2003). 

Complications of diabetes mellitus type 1 

Diabetes always leads to an increase in the concentration of glucose in the blood, to the 

excretion of excess glucose in the urine and to a reduced synthesis of lipids and 

proteins, which are broken down to produce energy, because the cells do not have 

enough glucose (Randall et al., 1997). These disorders in the metabolism of 

carbohydrates, fats and proteins cause numerous complications in different organs 

(Randall et al., 1997). Complications in patients suffering from diabetes can be acute 

and chronic. Acute complications arise suddenly and require immediate intervention, 

while chronic complications arise slowly as a result of long-term hyperglycemia, many 

are without symptoms for years but permanently damage and destroy certain organs 

(Spasić et al., 2003). Acute complications in DM type 1 are diabetic ketoacidosis 

(DKA), hypoglycemia and hyperglycemia (Severinski et al., 2016). Chronic 

complications are divided into microvascular (retinopathy, nephropathy, neuropathy) 

and macrovascular (atherosclerosis, ischemic heart disease, stroke) (Graves et al., 

2019). These complications contribute to the fact that DM is the leading cause that 

leads to the development of blindness, terminal renal failure, foot amputation as well as 

cardiovascular events that are responsible for the death of 75% of diabetics (Ugrešić et 

al., 2018). Newer studies show that complications can be delayed or prevented by 

proper glycemic control, proper nutrition, physical activity and proper individual 

pharmacological therapy (Ugrešić et al., 2018). 

The most frequent and severe acute complication of DM type 1, which is accompanied 

by a high mortality rate, is diabetic ketoacidosis (Severinski et al., 2016). It occurs due 

to an absolute or relative lack of insulin, with simultaneous increased work of 
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hormones that are insulin antagonists: glucagon, adrenaline, cortisol and growth 

hormone (Spasić et al., 2003). 

In Serbia, the highest frequency of ketoacidosis is in children under the age of three 

and the lowest in children aged 6-11 years (Milašinović, 2012). The most common 

causes of ketoacidosis in children who receive insulin are: omission of insulin 

injections, bacterial or other infections, dietary mistakes with the use of insufficient 

doses of insulin, emotional stress (Milašinović, 2012). 

Hypoglycemia is a serious side effect, and also a frequent acute complication, which 

occurs in people suffering from DM type 1 (Severinski et al., 2016). Hypoglycemia is a 

condition where blood glucose levels are below optimal reference values, and it occurs 

in both children and adults. It is the result of disproportionate application of insulin 

dose, insufficient or delayed intake of carbohydrates (time, quantity and content of 

meals) and physical activity (Severinski et al., 2016). 

Treatment of diabetes mellitus type 1 

The main goal of diabetes treatment is to eliminate symptoms related to 

hyperglycemia, reduce microvascular and macrovascular complications, which enables 

a normal lifestyle (Kažić, 2013). Treatment of diabetes is a multidisciplinary activity 

that includes teamwork, in which, in addition to medical workers, the most important 

thing is the active involvement of the patient in treatment and self-control (Kažić, 

2013). To achieve the target values in the treatment of diabetes, it is necessary to 

determine the individual level of glycemia for each patient, to provide him with 

education about the disease itself, the treatment and recognition of symptoms of 

hypoglycemia, as well as his behavior in that situation, about the correct application of 

insulin preparations. It is important to try to achieve the main goal, which is good 

glycemic control, in order to reduce or prevent the complications of the disease (Kažić, 

2013). Also, target blood pressure values and blood lipid levels should be monitored 

(Ugrešić et al., 2018). The treatment of DM type 1 requires the maximum involvement 

of the patient, including changes in lifestyle and lifestyle, from physical activity to the 

type and frequency of eating meals and taking therapy. In addition to drug therapy, the 

basis of DM type 1 treatment is a healthy diet, exercise and a healthy lifestyle, which 

requires continuous education of the patient and his family (Severinski et al., 2016). 

Insulin deficiency is difficult to treat because large variations in physiological insulin 

secretion must be mimicked at all times. Insulin replacement therapy changes or 

replaces insulin in the body, with the aim of preventing the occurrence of diabetic 

ketoacidosis and achieving normal blood sugar levels (Severinski et al., 2016). 

In DM type 1, it is important that glycemia is maintained as much as possible in values 

between 4-10 mmol/l, because higher or lower values can only be tolerated in a short 

period of time, because reference values cannot be reached due to large variations of 

glycemia during 24 hours (Kažić, 2013). Insulin is the only tool that is used to control 

the level of glucose in the blood in all forms of DM, and it is the basic treatment for the 

treatment of all DM type 1 patients (Ugrešić et al., 2018). Insulin preparations that are 

used today in the treatment of diabetes are obtained by the method of recombinant 

DNA technology (Ugrešić et al., 2018). By changing or substituting amino acids in 

human insulin, insulin analogs are obtained, which aim to improve pharmacokinetic 



248 

properties (lower mean glycemic values, better daily profile, lower postprandial 

glycemia) as well as achieving the same degree of metabolic control with fewer mild 

hypoglycemias, but they are not completely identical to endogenous insulin, they differ 

in the sequence of amino acids that make it up (Ugrešić et al., 2018). 

When insulin therapy is first started, it takes time to find the right dose for the patient, 

with the patient having to measure their blood sugar several times a day (McCulloch, 

2017). The therapeutic dose of insulin often changes during treatment and depends on 

body weight, diet, pregnancy, activity and work, which affect the amount of insulin 

needed to control blood sugar. After a while, most people independently adjust 

therapeutic doses of insulin according to their own needs (McCulloch, 2017). For 

therapeutic use, concentrations and doses of insulin are expressed in international units 

(IU) for human insulin, i.e. in units (IU) for insulin analogs (Ugrešić et al., 2018). Most 

preparations on the market contain 100 IU/ml (IU/ml) (Ugrešić et al., 2018). 

There are several types of insulin, depending on the speed and length of action, they 

can be fast and short-acting insulins, medium-acting insulins, and long-acting insulin 

analogs (Ugrešić et al., 2018). 

The most common method of insulin administration is subcutaneous (subcutaneous-

front abdominal wall, forearm, upper arm, gluteal region). Intravenous, intramuscular 

or intraperitoneal administration is rare (Ugrešić et al., 2018). If insulin is administered 

orally, there is no hypoglycemic effect because it is inactivated in the gastrointestinal 

tract (Ugrešić et al., 2018). 

Insulin can be in glass vials of 10 ml, in a strength of 100 IU/ml or in the form of pen 

syringes (pens) with carpules of 1.5 and 3 ml, which is more practical for the patient 

due to more accurate and easier dosing, transport and discreet method of administration 

(Crommelin and Sindelar, 2007). Insulin preparations should be stored in a cool place, 

at a temperature of 2-8 ºC, after the first use they can be stored at room temperature. It 

is necessary to avoid the direct influence of sunlight and elevated temperature. Insulin 

must not be frozen or used in therapy after the expiration date (Crommelin and 

Sindelar, 2007). Insulins that are in the form of a suspension, eg NPH, must be mixed 

with movements between the palms back and forth in order to obtain a homogeneous 

suspension. The patient must be informed about the method of preparation and 

administration of the preparation, because the homogeneity of the suspension affects 

the correct dosing of the preparation (Crommelin and Sindelar, 2007). The most 

common side effects that occur during insulin administration are hypoglycemia, 

lipodystrophy, weight gain and resistance to insulin preparations (Ugrešić et al., 2018). 

Another classification of insulin according to the time of administration and duration of 

action includes two groups of insulin, namely bolus and basal (CDC., 2021). 

Bolus insulins are fast-acting or short-acting insulins, which are taken immediately 

before or during a meal, and their effect begins after 15 minutes and lasts for about 5 

hours. Their role is to provide the extra amount of insulin that is needed during food 

intake, in response to increased blood glucose levels. They prevent excessive increases 

in glycemia after a meal (CDC., 2021). 
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Basal insulins are intermediate- or long-acting insulins that have the role of 

maintaining basal insulinemia. This is the concentration of insulin that should be in the 

blood for 24 hours, regardless of whether a person eats or not. These preparations work 

slowly and continuously for half a day or all day and provide a uniform level of insulin 

between meals and during the night (CDC., 2021). 

Short- and fast-acting insulins 

Standard/ classic insulins – short-acting insulins 

Short-acting human insulins are clear insulin solutions that are also called bolus 

insulins because they prevent postprandial hyperglycemia. They are usually applied 30 

minutes before meals two or three times a day, the maximum concentration is reached 

in 1-3 hours and the effect lasts for about 8 hours (Ugrešić et al., 2018). The goal of 

using these preparations is to control the increase in blood glucose after eating (Ugrešić 

et al., 2018). 

A feature of standard short-acting insulin preparations is the existence of a hexametric 

structure (Ugrešić et al., 2018). These preparations contain soluble insulin, which is a 

neutral clear solution of biosynthetic insulin, whose molecular structure is identical to 

human insulin (Ugrešić et al., 2018). Preparations in the form of solutions are always 

administered intravenously, and suspensions subcutaneously. Short-acting insulin 

preparations are suitable for use in emergency situations, during surgical operations, in 

acute infections, in patients with ketoacidosis or in childbirth because they contain 

soluble insulin that is adequate for use in the aforementioned situations, when the need 

for insulin can change quickly (Kažić, 2013). In the mentioned conditions, these 

preparations are administered intravenously and there is a rapid drop in the 

concentration of glucose in the blood, and the maximum is reached after half an hour 

(Kažić, 2013). 

Although the insulin in this formulation is in the form of a solution, the onset of action 

is delayed. The reason is the characteristic mechanism of action due to the 

aforementioned hexametric structure (Rašković, 2015). Insulin in the hexamer form is 

too large a molecule to pass into the circulation. Therefore, before resorption, it needs 

to dissociate into dimers and further into monomers, and this takes a certain amount of 

time (Rašković, 2015). With subcutaneous administration, during regular maintenance 

therapy, its effect begins after half an hour and lasts for about 8 hours (Ugrešić et al., 

2018). For this reason, it is necessary to apply these preparations at least half an hour 

before a meal, and the dosage is individual. Their effect occurs after 30-60 minutes, 

maximum 1-3 hours (Ugrešić et al., 2018). If it were to be administered at mealtime, 

there would be a faster increase in blood glucose compared to insulin concentration 

and the appearance of early postprandial hyperglycemia and the risk of later 

hyperglycemia (Ugrešić et al., 2018). The most serious side effect is hypoglycemia, 

and that is why it is important to determine the time of the snack individually for each 

patient with these drugs in order to prevent or prevent hypoglycemia (Rašković, 2015) 

(Ugrešić et al., 2018). The most important representatives on the market: human 

insulin - Actrapid Penfil, Actrapid Novolet, Actrapid Flexpen, Insuman Rapid 

Solostar.: human insulin crystal-Humulin R (Momir et al., 2019). 
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Insulin analogues - fast-acting insulins 

Insulin analogues are designed to achieve as natural a response as possible to increased 

glucose levels after a meal (postprandial) (Crommelin and Sindelar, 2007). They also 

represent a bolus of insulin that simulates normal insulin secretion similar to 

endogenous insulin, reduces the occurrence of hypoglycemia and enables better and 

faster absorption of insulin after application (Ugrešić et al., 2018). Fast-acting insulins 

lispro, aspart and glulisine represent different molecules, without proven clinically 

significant differences, which have similar dynamics of action. Compared to human 

soluble insulin, analogues act faster already 15 minutes after subcutaneous 

administration, but have a shorter duration of action (Rašković, 2015). In clinical trials 

of human soluble insulin and analogues, a lower incidence of hypoglycemia was 

recorded with equal control of blood glucose (Francetić et al., 2015). They are 

absorbed quickly, and the effect lasts for several hours, so they are used to reduce 

postprandial hyperglycemia. Due to the rapid onset of action, ultrafast-acting insulins 

should be administered immediately before a meal or if preprandial glycemia is low, it 

is recommended to administer the preparations during or immediately after a meal 

(Vugec Mihok, 2016). 

Their main characteristic and advantage compared to classic short-acting insulin 

preparations is the immediate onset of action because they are in the form of dimers or 

monomers, from which insulin is quickly released (Rašković, 2015). These are newer 

preparations, obtained by substituting the sequence of amino acids in natural insulin, 

and due to their rapid onset of action, i.e. accelerated resorption, patients can use them 

immediately before or after a meal, which is a big advantage compared to the first 

group of preparations (Ugrešić et al., 2018). As for pharmacokinetics, their action starts 

after 15 minutes and lasts about 3-5 hours (Ugrešić et al., 2018). Applied 

subcutaneously, they quickly lead to an increase in insulin concentration in the plasma 

and to the desired hypoglycemic effect. Adverse effects that may occur are local 

allergic reactions accompanied by redness, swelling or itching, edema or lipodystrophy 

(Ugrešić et al., 2018). The most important representatives on the market today are: 

lispro (Humalog), aspart (NovoRapid FlexPen, NovoRapid) and glulisine (Apidra 

Solostar) (Momir et al., 2019). 

Insulin lispro is an analogue of insulin where the name is an abbreviation of the amino 

acids’ lysine and proline. This insulin analog is identical to human insulin except in the 

B chain, where the sequence of amino acids at positions 28 and 29 has been replaced 

by two amino acids (Ugrešić et al., 2018). A common feature with human insulins is 

that insulin lispro is also available in preparations in the form of hexamers. An 

important difference compared to human insulins is that after subcutaneous injection, 

insulin lispro immediately dissociates into a monomer. It quickly passes into the blood 

and thus the onset of action starts in 5-15 minutes, with the maximum being reached in 

an hour and lasting 2-5 hours (Momir et al., 2019). Compared to human insulin, using 

insulin lispro reduces the frequency of postprandial hyperglycemia and nocturnal 

hypoglycemia by 20-30%, and glycemic control is better (Ugrešić et al., 2018). It can 

be combined with long-acting insulin preparations (Ugrešić et al., 2018). 

Insulin aspart is another fast-acting insulin analog, in which proline at position 28 has 

been substituted with aspartic acid (Raskin et al., 2000). Compared to human insulin, 
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insulin aspart has a faster onset of action, significantly lowers the blood glucose level 

and has a shorter duration of action after subcutaneous administration (Crommelin and 

Sindelar, 2007). 

The newest fast-acting insulin analog is insulin glulisine. In this analog, the amino acid 

asparagine at position B3 was replaced with lysine, and the lysine at position B29 was 

replaced with glutamic acid, which leads to its faster action (Kažić, 2013). The FDA 

has approved the use of this preparation in children over 4 years of age (Kurtzhals et 

al., 2000). Insulin glulisine has a faster onset of action and a shorter duration of action 

compared to human insulin. When glulisine is applied subcutaneously, blood glucose 

lowering begins after 10-20 minutes (Kurtzhals et al., 2000). 

Intermediate-acting insulins 

The characteristics of these preparations are the prolonged action of insulin, which is 

achieved by the gradual release of insulin from the suspension formulation and the 

maintenance of basal insulinemia (Ugrešić et al., 2018). Basal insulinemia is a constant 

concentration of insulin, which should be in the blood during the day regardless of 

food intake. The feature of these preparations is exclusively subcutaneous application 

due to their formulation, i.e. because they are in the form of a suspension (Ugrešić et 

al., 2018). They are usually given once or twice a day, and can be combined with 

human insulin and analogues of fast-acting insulin preparations (Rašković, 2015) 

(Ugrešić et al., 2018). 

Isophane insulin-NPH 

NPH insulin is in the form of a crystalline neutral suspension, which is a combination 

of human insulin with protamine, and the method of administration is subcutaneous 

(Ugrešić et al., 2018). The mechanism of action of this preparation is that insulin is 

gradually and slowly released after the proteolytic degradation of protamine, thus 

delaying the onset of action and extending the duration of the effect (Ugrešić et al., 

2018). Human insulin suspension is characterized by the onset of action 1-1.5 hours 

after administration (Ugrešić et al., 2018). Peak activity is reached after 6-12 hours, 

and the duration of action ranges from 18-24 hours (Crommelin and Sindelar, 2007) 

(Monami et al., 2009). Disadvantages include a higher risk of hypoglycemia, different 

bioavailability, and depending on the site of insulin application, changes in the 

absorption of isophane insulin may occur. These changes are conditioned by factors 

such as dose, place of insulin application, temperature and physical activity of the 

patient (Crommelin and Sindelar, 2007). It is important to shake the suspension before 

administration to avoid inaccuracy in insulin dosing (Heller, et al., 2007). The market 

has the following representatives: Insulatard Penfil, Humulin NPH, Insuman Bazal 

Solostar) (Momir et al., 2019). 

Today, preparations called biphasic or mixed insulins are used more and more in 

circulation (Kažić, 2013). These preparations are available in the form of a suspension, 

where two components are found in one formulation. One component regulates 

glycemia after a meal, and the other ensures insulin levels throughout the day. The 

formulations of these preparations contain combinations of human insulin and 

intermediate-acting crystalline isophane insulin in different ratios (Kažić, 2013). They 
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can be given during breakfast and dinner because in that case, the short-acting 

component prevents the rise in blood sugar after a meal, and the slower-release 

component maintains basal insulinemia. Human soluble insulin ensures a quick onset 

of action after half an hour to an hour, and it is available in 25, 30 or 50% and lasts 

about 4-6 hours (Kažić, 2013). Isophane insulin makes up 50, 70 or 75% of the second 

phase, and its role is to provide a longer duration of action of 5-15 or 24 hours (Momir 

et al., 2019). They are applied exclusively subcutaneously, and they are made for 

patients who give themselves insulin once or twice a day (Ugrešić et al., 2018). 

Mixed insulin analogues include a combination of soluble insulin and protamine 

insulin. They are present on the market as 30/70 or 50/50 insulin aspart with protamine 

aspart insulin-NovoMix 30 FlexPen and insuline lispro with protamin lispro insuline as 

25/75 - Humalog Mix 25 and 50/50- Humalog Mix 50 (Momir et al., 2019). They are 

most often applied two to three times a day, exclusively subcutaneously. Onset of 

action after half an hour, maximum action between 2-8 hours and duration of 15-24 

hours (Momir et al., 2019). The goal of using mixed insulin analogs is to achieve a 

combined regulation of interglycemia and postprandial glycemia (Garber et al., 2006). 

Unlike human biphasic insulins, mixed analogues can be given before all three meals 

(Garber et al., 2006). Mixed insulins also have their drawbacks: if they are 

administered once or twice a day, they may not cover the glucose peak during lunch 

and require a fixed diet. The advantages compared to biphasic human insulins are less 

frequency of nocturnal hypoglycemia, fast onset of insulin action, reduced postprandial 

hyperglycemia, and administration of preparations before meals (Evans et al., 2011). 

Long-acting insulin analogues 

In a healthy person, the pancreas secretes approximately one unit (0.035 mg) of insulin 

per hour to maintain basal glycemic control (Monami et al., 2009). One of the key 

components of diabetes mellitus therapy is achieving adequate basal insulin levels. 

Therefore, long-acting insulin preparations have been designed, which provide a 

different pharmacokinetic profile compared to insulin preparations that are indicated 

postprandially (Monami et al., 2009). 

Today, long-acting insulin analogues are most often used, the main feature of which, in 

addition to long action, is that they provide equal insulin concentration in the blood, i.e. 

maintain basal insulinemia (Ugrešić et al., 2018). They ensure that the level of insulin 

in the blood is equal, while avoiding the most common and severe side effect, which is 

hypoglycemia. Prolonged action, without peaks of maximum effect, is achieved due to 

the slow and relatively uniform dissolution of solid particles in the subcutaneous tissue 

(Crommelin and Sindelar, 2007) (Monami et al., 2009). The purpose of their use is to 

regulate fasting and interprandial glycemia, that is, to maintain a low level of insulin 

during the day but also during the night (Marušić, 2017). They are most often used 

once a day, and can be combined with fast and short-acting insulins in the form of 

basal-bolus therapy or in combination with oral hypoglycemics in the treatment of type 

2 diabetes mellitus (Marušić, 2017). They are most suitable for children because they 

can be used independently of meals and time of day, as they have a wide concentration 

plateau. The main representatives are insulin glargine, detemir and degludec (Ugrešić 

et al., 2018). In clinical trials, long-acting analogues lead to less hypoglycemia, 
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especially nocturnal hypoglycemia, and less frequent weight gain in patients, with the 

same degree of glucoregulation as opposed to isophane insulin (Holman et al., 2008). 

Insulin glargine 

Insulin glargine differs from human insulin in that at position A-21 the amino acid 

asparagine is replaced by glycine, and two arginine residues are added at the end of the 

B chain (Crommelin and Sindelar, 2007). Through genetic engineering, the molecular 

sequence of human insulin was changed, and the obtained analog has good 

pharmaceutical stability and a slower rate of absorption from the subcutaneous tissue 

(Crommelin and Sindelar, 2007). Insulin glargine is a clear acidic solution, which 

precipitates after injection into the subcutaneous tissue due to a change in the pH of the 

environment. The resulting precipitates dissolve slowly, so that a relatively constant 

rate of insulin absorption is obtained during 24 hours, without the appearance of 

sudden peaks. Thanks to this profile, dosing once a day is best in the evening, in order 

to control the basal level of insulin. Insulin glargine must not be diluted or mixed with 

any other insulin solution (Crommelin and Sindelar, 2007). The onset of action was 

recorded an hour and a half after subcutaneous administration, the maximum effect is 

achieved after 4-5 hours (Ugrešić et al., 2018). Its main feature is the formulation itself, 

because changes in the sequence of amino acids in the B chain led to a change in the 

pH value from 5.4 to pH 6.7, which is close to the neutral pH in the subcutaneous 

tissue of the human organism. As a result, the mentioned analog is dissolved in an 

acidic environment (pH 4), and precipitates at the site of application (Home, 1999). 

The stability of its hexameric structure prevents rapid absorption from the 

subcutaneous tissue, and its activity is maintained for 11-24 hours (Home, 1999). 

After injection into the subcutaneous tissue, the acidic solution is neutralized and the 

insulin forms a precipitate, which has to pass into the solution (dissociates into dimers 

and monomers), which achieves prolonged absorption in the circulation, i.e. hence 

prolonged action (Heise and Mathieu, 2017). On the market there are: Toujeo and 

Lantus Solostar (Momir et al., 2019). 

Insulin detemir is one of the newer representatives of long-acting insulin analogs. By 

binding myristic acid to the amino acid lysine in the peptide chain B at position 29 and 

omitting threonine from the B chain at position 30, the structure of a long-acting 

analog was obtained, which is the main feature of this preparation (Crommelin and 

Sindelar, 2007). Detemir binds reversibly to plasma proteins (albumin), which 

represent insulin depots. Insulin is slowly released from the site of administration 

because only the free fraction of insulin is biologically active, which achieves 

prolonged action (Home et al., 2004). 

The onset of action is 1-2 hours after application, the maximum effect is achieved in 6-

8 hours, and lasts up to 24 hours (Home et al., 2004). Compared to NPH and other 

intermediate- and long-acting insulins, detemir has a predictable profile of action, 

reduces the risk of weight gain and reduces the frequency of nocturnal hypoglycemia 

(De Leeuw et al., 2005). Studies have shown that the time of application of detemir 

does not affect clinical outcomes and thanks to this flexibility, it can be adapted to the 

individual needs of each patient (Pieber et al., 2005). In our country, there is Levemir 

FlexPen on the market (Momi et al., 2019). 
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Insulin degludec is the newest basal insulin, whose most important feature is the 

duration of action over 42 hours (Ugrešić et al., 2018). In addition to ultra-long action, 

it has a flat profile of time effect, low variability in achieved glycemia, greater 

possibility of flexible dosing (Helle et al., 2012). The improved pharmacokinetic and 

pharmacodynamic properties of this analogue contribute to better glycemic control and 

provide a better quality of life for the patient (Heller et al., 2012). 

A phase III clinical trial of degludec proved that it reduced the risk of hypoglycemia 

and nocturnal hypoglycemia by up to 25% compared to insulin glargine (Heller et al., 

2012). The action of degludec lasts more than 42 hours within the therapeutic dose and 

the effect on lowering blood glucose shows 4 times less variability from day to day 

compared to insulin glargine, which makes it possible to use this preparation once a 

day (Lajara et al., 2017). Insulin degludec forms soluble multihexamers after 

subcutaneous injection, which leads to the creation of depots from which degludec is 

continuously and slowly released into monomers, absorbed into the circulation and 

leads to a stable and uniform lowering of glucose levels (Horvath et al., 2007). Insulin 

degludec is recommended in the treatment of diabetes in children older than 1 year, 

adolescents and adults. It is applied once a day subcutaneously, at any time of the day 

(Horvath et al., 2007). It is available on the market in two strengths, 100 and 200j./ml, 

with the same characteristics, which is useful for patients receiving large doses, and the 

trademarked name is Tresiba FlexTouch (Momir et al. , 2019). 

Non-pharmacological method for the treatment of diabetes mellitus type 1 

The central place in the guidelines for the treatment of diabetes is occupied by the 

patient. Therefore, it is necessary to educate patients about the disease, its risks, diet, 

the importance of physical activity, medications and self-control of glycemia (Ugrešić 

et al., 2018). 

Guidelines for the treatment of DM type 1, before the use of medication, recommend 

the use of non-pharmacological therapy (ADA, 2019). An integral part of the therapy is 

the application of dietary regimes, i.e. correcting the daily diet. In addition to its 

general goals, dietary therapy should aim to match food intake with insulin therapy to 

avoid excessive changes in blood glucose and hypoglycemia (Alwan, 1994). It is 

important to note that the diet must be integrated into the social and economic aspects 

of life, that is, it must be adapted to each patient (ADA, 2019). The daily intake of 

nutrients must be divided into 3-5 meals where the composition of nutrients should 

contain 45-60% carbohydrates, less than 35% fat and 15-20% protein (ADA, 2019). 

The nutritional plan for patients should include a reduction in the intake of trans- and 

unsaturated fatty acids, alcohol, a reduction in protein intake and a definitive cessation 

of cigarette consumption (ADA, 2019). 

Physical activity is a very important part of non-pharmacological therapy. Multiple 

positive effects are reflected in the reduction of cardiovascular risk factors and high 

blood pressure, reduction of fat deposits and loss of body mass (Ugrešić et al., 2018). 

However, the physical activity plan should be adapted to each patient due to physical 

and cardiovascular intolerance, but also due to possible side effects manifested in the 

form of hyper- or hypoglycemia (Raveendran et al., 2018). In the case of elderly 



255 

patients, physical activity is limited to 150 minutes per week. Aerobic training in fit 

patients is limited to a time period of 75 minutes (Raveendran et al., 2018). 

Conclusion 

Correct insulin therapy and technological innovations are the basis for effective 

management of DM type 1. Individualization of therapy enables better control of the 

disease and reduction of the risk of complications. The development of new insulin 

formulations and the integration of artificial intelligence in diabetes management 

systems represent the future of treatment. 

Further research into new therapeutic approaches is necessary to further improve 

disease regulation and improve patients' quality of life. The increased availability of 

modern technologies can play a key role in improving the outcome of DM type 1 

treatment. 

The role of the pharmacist, primarily in providing information on the correct 

application, possible side effects of insulin preparations, their potential interactions 

with other drugs and the safety and effectiveness of supplements and herbal drugs that 

affect glyco-regulation, is the basis of the success of pharmacotherapy of patients with 

this disease. 
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Abstract 

Hypertension is a global public health issue with a high risk of cardiovascular 

complications. According to the World Health Organization (WHO), the number of 

untreated hypertension cases is continuously increasing, necessitating effective 

therapeutic strategies. Potassium-sparing diuretics are a group of diuretics that 

promote sodium and water excretion while minimizing potassium loss. The main 

classes of these drugs include aldosterone antagonists (spironolactone, eplerenone) 

and sodium channel blockers (amiloride, triamterene). Aldosterone antagonists inhibit 

aldosterone binding to mineralocorticoid receptors in the distal tubules and collecting 

ducts of the kidneys, reducing sodium reabsorption and potassium secretion. 

Combining potassium-sparing diuretics with other antihypertensive agents can 

mitigate adverse metabolic effects and improve blood pressure control. Although 

lowering blood pressure has been proven to reduce cardiovascular risk, questions 

regarding the long-term outcomes of different therapeutic combinations remain open. 

Potassium-sparing diuretics, including spironolactone, eplerenone, amiloride, and 

triamterene, play a crucial role in the treatment of hypertension, heart failure, liver 

cirrhosis, and other conditions associated with edema. Their primary advantage is the 

prevention of hypokalemia, particularly when used in combination with thiazide or 

loop diuretics. 

Keywords: diuretics, spironolactone, potassium. 

Introduction 

This group of very weak diuretics includes spironolactone, amiloride, and triamterene. 

Spironolactone has the chemical formula C₂₄H₃₂O₄S, and its structure is a steroidal 

lactone, specifically 17α-pregn-4-en-21,17-carbolactone, substituted with an oxo group 

at position 3 and an α-acetylsulfanyl group at position 7 (Figure 1). Its effects are most 

pronounced in conditions such as nephrotic syndrome and congestive heart failure. It is 

also used in the treatment of edema and ascites associated with liver cirrhosis, as well 

as in cases of primary hyperaldosteronism. 

Spironolactone is well absorbed from the gastrointestinal tract, and its elimination 

occurs through this route as well as through the kidneys. Hyperkalemia is its most 

potentially dangerous adverse effect. The most critical patient groups include those 

with impaired renal function and those receiving ACE inhibitors, angiotensin II 

receptor blockers, or NSAIDs. Adverse effects may also include gynecomastia in men, 

impotence, and menstrual cycle disturbances. These diuretics are indicated for the 
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treatment of edema and the prevention of hypokalemia during therapy with thiazides 

and loop diuretics. 

 

Figure 1. Structure of spirinolactone 

https://pubchem.ncbi.nlm.nih.gov, 2025 

Hypertension – A Global Health Challenge 

Hypertension is one of the most common diseases of modern times. It poses a 

significant risk for cardiovascular diseases and is among the leading causes of death. 

According to the World Health Organization (WHO), there are currently 700 million 

people worldwide with untreated hypertension. Over the past 30 years, the number of 

affected individuals has increased from 650 million to 1.28 billion, with ages ranging 

from 30 to 79 years. 

According to WHO (2021), the lowest prevalence of hypertension among women was 

recorded in Switzerland (17%), Peru (18%), Canada (20%), Taiwan (21%), and Spain 

(21%). Among men, the lowest prevalence was found in Eritrea (22%), Peru (23%), 

Bangladesh (24%), Canada (24%), and Ethiopia (25%). On the other hand, the highest 

prevalence among women was observed in Paraguay (51%), Tuvalu (51%), Dominica 

(50%), the Dominican Republic (49%), and Jamaica (48%). Among men, Paraguay 

ranked highest (62%), followed by Hungary (56%), Poland (55%), Argentina (54%), 

Lithuania (54%), with Croatia in eighth place (51%) and Serbia in tenth place (50%). 

Serbia was also mentioned in the data for the highest increase in treatment rates 

between 1990 and 2019, following countries such as South Korea, Taiwan, South 

Africa, Costa Rica, Poland, and Venezuela. 

First-Line Antihypertensive Medications (ESH/ESC 2013 Guidelines) 
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• Thiazide diuretics 

• β-blockers 

• Calcium channel blockers 

• ACE inhibitors 

• Angiotensin AT1 receptor blockers 

Second-Line Antihypertensive Medications (Ugrešić, 2021) 

• Loop diuretics and potassium-sparing diuretics 

• α-antagonists 

• Central sympatholytics 

• Direct renin inhibitors 

• Direct vasodilators 

Factors Influencing the Choice of Antihypertensive Medication 

The selection of an appropriate antihypertensive agent is individualized and depends 

on: 

3. The efficacy and tolerability of a specific drug class 

4. The presence of comorbidities in the patient 

5. Target organ damage 

6. Associated risk factors 

7. Drug interactions due to comorbidities 

8. The patient’s age 

9. Physiological conditions (e.g., pregnancy) 

10. Drug dosage regimen 

11. Drug cost 

Consequences of Untreated Hypertension 

Untreated hypertension is one of the most significant risk factors for cardiovascular 

diseases. In many patients, hypertension remains undiagnosed for years, leading to 

severe complications (Ugrešić, 2021), including: 

• Cardiac changes (heart failure, ischemic heart disease – angina pectoris, 

myocardial infarction) 

• Brain disorders (cerebrovascular diseases, stroke) 

• Kidney damage (renal insufficiency) 

• Vascular changes (atherosclerosis of peripheral arteries) 

• Ophthalmic complications (retinal lesions) 

Potassium-Sparing Diuretics 

To prevent hypokalemia, triamterene and amiloride, as direct inhibitors of Na+ 

reabsorption and K+ excretion, are usually combined with thiazides. On the other hand, 

spironolactone and eplerenone, aldosterone receptor antagonists, are used in cases of 

resistant hypertension (Ugrešić, 2021). 

Spironolactone is a mild antihypertensive agent. Its advantage lies in reducing 

mortality in hypertensive patients with heart failure. However, long-term use can lead 

to serious adverse effects such as impotence, menstrual cycle disturbances, and 
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gynecomastia. Eplerenone causes such side effects much less frequently, making it a 

preferred alternative to spironolactone. 

Registered Drugs in Bosnia and Herzegovina (Drug Registry, 2024) 

The treatment of hypertension usually begins with the use of a single drug in patients 

with mildly elevated blood pressure or a combination of drugs in patients with high 

blood pressure and high cardiovascular risk. 

Potassium-sparing diuretics belong to the C03D group of the ATC classification – 

aldosterone antagonists. 

Table 1: Registered Drugs on the Market in Bosnia and Herzegovina Used for Blood Pressure 

Reduction with Potassium-Sparing Diuretics 

Generic name Trendmark Form and strength of the drug 

Spironolakton 

Aldactone 

Coated tablet (25 mg) 

Coated tablet (50 mg) 

Hard capsule (100 mg) 

Spilak 
Film tablet (25 mg) 

Film tablet (50 mg) 

Spironolakton Galenika 
Tablet (25 mg) 

Tablet (100 mg) 

Eplerenon 

Eplecor 
Film coated tablet (25 mg) 

Film coated tablet (50 mg) 

Inspra 
Film tablet (25 mg) 

Film tablet (50 mg) 

Finerenone Kerendia 
Film coated tablet (10 mg) 

Film coated tablet (20 mg) 

 

Table 2: Potassium-Sparing Diuretics Combined with Mild Diuretics 

Generic name Trendmark Form and strength of the drug 

Amilorid, 

hidrohlortiazid 
Hemopres Tablet (5 mg +50 mg) 

 

The risk of hypokalemia can be minimized by combining thiazides with potassium-

sparing diuretics—mineralocorticoid receptor antagonists (e.g., spironolactone and 

eplerenone) or epithelial sodium channel blockers (e.g., amiloride and triamterene), 

which can also help alleviate glucose tolerance disorders associated with thiazides 

(Brown et al., 2016). However, potassium-sparing diuretics can also have some 

adverse effects, such as hyperkalemia and spironolactone-induced gynecomastia 

(Deepinder and Braunstein, 2012). 

Although the antihypertensive properties of spironolactone and eplerenone are well 

documented (Deepinder and Braunstein, 2012; White et al., 2013; Nishizaka et al., 

2003; Williams et al.; Krieger et al., 2018; Bazoukis et al., 2018), the effect of 
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amiloride and triamterene on lowering blood pressure is not as clearly established. 

According to research by Heran et al. (2012), a systematic review found no significant 

effects on blood pressure when using low doses of amiloride and triamterene. 

Conversely, in studies of Saha et al., 2005 describes evectivity of amiloride in resistant 

hypertension. It is also suggested possible stronger antihypertensive effect taking 

higher doses in hypertension which is non-resistant (Brown et al., 2016; Hood et al., 

2007). 

It is still unclear and requires further explanation whether varying clinical results 

depend on the formulation of diuretics. There is still no indications that 

hydrochlorothiazide independently lowers the risk of cardiovascular events (Kaplan, 

2011). 

Since significant clinical evidence has concluded that the intensity of blood pressure 

reduction is the main determinant of cardiovascular risk reduction in hypertensive 

patients (Law et al., 2009; Turnbull et al., 2008; Ettehad et al., 2016; Thomopoulos et 

al., 2018), the blood pressure-lowering effect of diuretics becomes a relevant surrogate 

outcome. 

Although the side effects of thiazide diuretics (T-diuretics) can be minimized with the 

addition of potassium-sparing diuretics (PS-diuretics). There are no many 

informationes about the additional effect of this combination on blood pressure 

reduction. Hypertension is a major global public health problem and the principal 

reason of cardiovascular disease. T-diuretics are registered as the first-line treatment 

for hypertension. That is because of due to their good tolerability and good efficacy in 

lowering blood pressure. However, their use may have negative impacts on 

metabolism, which can be minimized by combining thiazides with PS-diuretics. It has 

not yet been determined if different diuretics are linked to different clinical results 

(Martins et al., 2022). 

The risk of diseases caused by medications is 15 times higher in older patients than in 

younger ones. Of the total 3% of patients whose condition was caused by medication 

use, 40% belong to the age group of 60 years and older (Duraković, 2005). 

In 2023, medication-related poisoning was identified as the dominant cause of 

poisoning in 1,323 patients in the Resuscitation and Triage Department (ORT) and 395 

in the clinic, accounting for 29.8% of all recorded poisoning cases. Medications ranked 

second in poisoning cases, immediately after corrosive agents (66.1%). These 

poisonings mostly required hospitalization. The majority of hospitalized patients were 

due to medication poisoning-395 cases (75.6%), with a significantly higher percentage 

being women (61.4%), which is inversely proportional to outpatient cases (Annual 

Report of the Poison Control Center, 2023). 

Conclusion 

Potassium-sparing diuretics play a crucial role in the treatment of hypertension and 

other conditions, but their use requires careful monitoring to minimize risks. Due to 

their beneficial effects on myocardial and vascular remodeling, spironolactone and 

eplerenone are essential in the management of heart failure with reduced ejection 

fraction. Further research is focused on developing more selective aldosterone 
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antagonists to reduce side effects and optimize therapeutic outcomes. Additional 

studies are needed to determine optimal treatment regimens, particularly in cases of 

resistant hypertension and elderly patients. Educating healthcare professionals and 

patients on the proper use of these medications is essential for achieving better 

therapeutic results. Clinical experience suggests that an individualized approach, 

considering age, comorbidities, and the risk of adverse effects, is key to successful 

treatment. 
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Abstract 

Atrial fibrillation is a serious arrhythmia that significantly increases the risk of stroke. 

These strokes are often fatal, and patients who survive usually experience severe 

disabilities and are more likely to suffer another stroke. During AF, the heart does not 

function properly, allowing blood clots to form, which can travel to the brain and 

cause a stroke. Heart diseases, such as coronary artery disease, hypertension, and 

heart failure, further increase the risk in patients with AF. Older patients and those 

with multiple risk factors face a higher chance of stroke. Additionally, individuals with 

a higher CHADS2 score experience an increased mortality rate and a reduced survival 

rate, especially in the first six months after a stroke. Due to these serious 

complications, atrial fibrillation requires careful management and prevention. 

Keywords: arrhythmia, stroke, prevention, pharmacotherapy, blood clot. 

Correlation between atrial fibrillation and stroke risk 

Atrial fibrillation increases the risk of stroke by up to five times, meaning that one in 

five strokes is caused by atrial fibrillation. Ischemic strokes caused by atrial fibrillation 

are most often fatal, and patients who survive usually experience serious disabling 

consequences, as well as a much higher probability of having another stroke compared 

to patients who have had a stroke due to other causes. Therefore, the risk of death from 

stroke associated with AF is twice as high, and the cost of treatment increases by 1.5 

times (Camm et al., 2010). 

During atrial fibrillation, the heart rate can reach up to 140 beats per minute, and the 

heart contractions become so rapid that the walls of the atria quiver. Due to the 

irregular electrical activity, the atria do not contract evenly and regularly, which 

interferes with the normal functioning of the heart. In this condition, the heart struggles 

to circulate blood effectively because it doesn't have sufficient time to completely relax 

and empty before it refills with blood. This leads to stagnation and accumulation of 

blood, which increases the risk of blood clots. If a clot forms in the heart, it may be 

pushed into the bloodstream and travel to the brain, where it can block an artery that 

supplies blood to the brain, causing a stroke or transient ischemic attack. Stroke is the 

most serious clinical outcome of atrial fibrillation. 

Coronary artery disease doubles the risk of stroke, while hypertension triples it. Heart 

failure increases the risk of stroke fourfold, while atrial fibrillation increases the 

likelihood of stroke by as much as fivefold (National Institute for Health and Clinical 

Excellence (UK), 2010). The incidence of a first ischemic stroke in patients with 
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paroxysmal or permanent atrial fibrillation ranges from 21 to 25 cases per 1000 

patient-years. When recurrent strokes are taken into account, this figure rises to 26 to 

29 cases. For paroxysmal atrial fibrillation, the number of strokes in young people is 

about 5 per 1000 patient-years, while in older individuals with multiple risk factors, it 

can reach as high as 50 per 1000 patient-years (Friberg et al., 2010). 

In patients with confirmed atrial fibrillation, the five-year mortality rate increased to 

76.4 per 1000 patient-years in those with the lowest CHADS2 score (an acronym for 

congestive heart failure, hypertension, age ≥75 years, diabetes, and previous stroke or 

TIA), and 593.7 in those with the highest score. The survival rates for patients with 

atrial fibrillation and CHADS2 scores ranging from 0 to 6 were as follows: 73%, 44%, 

35%, 26%, 24%, 17%, and 10%, respectively. A decline in survival rates was observed 

in the first six months in both groups, probably as a consequence of the stroke itself 

(Henriksson et al., 2010). 

Diagnosis 

One of the main challenges in diagnosing atrial fibrillation is the difficulty of early 

recognition due to the often "silent" nature of this rhythm disorder. Around one-third of 

individuals with arrhythmia are not aware that they have what is referred to as 

"asymptomatic atrial fibrillation. Early detection of this arrhythmia could enable 

prompt treatment, safeguarding the patient from both the effects of the arrhythmia and 

its advancement to more severe forms. (Camm et al., 2010). 

Atrial fibrillation is often not detected until the patient presents with serious 

complications, such as a heart attack or heart failure. This disorder can be 

asymptomatic and is often discovered incidentally during a routine examination. It can 

also be detected during preventive screenings for people in high-risk groups, such as 

the elderly, or after the patient reports symptoms such as shortness of breath, 

palpitations, dizziness, or chest pain. 

If any of these symptoms are noticed, the doctor will palpate the pulse to determine the 

presence of AF. When an irregular pulse is detected, an ECG should be performed. 

Any arrhythmia that shows characteristics of atrial fibrillation on an ECG and lasts 

long enough to be identified by a standard 12-lead ECG, or for at least 30 seconds on a 

rhythm strip, should be managed as atrial fibrillation. If the physician suspects that AF 

is paroxysmal, they will use an “event-based” ECG or 24-hour ECG monitoring. In 

patients with AF in whom structural/functional heart disease is suspected, 

echocardiography is routinely performed (Kirchhof et al., 2007; Hobbs et al., 2005). 

Treatment 

The three main goals of treatment for paroxysmal atrial fibrillation are: 

• prevention of paroxysms of atrial fibrillation and long-term maintenance of 

normal sinus rhythm, 

• control of heart rate during paroxysms, if they occur, and 

• prevention of issues related to paroxysmal atrial fibrillation. (e.g., stroke-

induced cardiomyopathy and tachycardia) (National Collaborating Centre for 

Chronic Conditions (UK), 2006). 
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Conventional treatment for paroxysmal AF focuses on preventing paroxysms and 

restoring normal sinus rhythm. Antiarrhythmic medications can be given either as 

continuous preventive therapy or intermittently, typically during hospital treatment for 

episodes (Saborido et al., 2010). Continuous preventive treatment (daily dose) includes 

the use of beta-blockers, class Ic antiarrhythmic drugs (such as flecainide and 

propafenone), or class III drugs (such as sotalol and amiodarone). Occasional treatment 

for paroxysmal AF involves pharmacological cardioversion, which usually includes 

intravenous infusions of antiarrhythmic drugs in the hospital. If this treatment fails, 

direct current cardioversion is performed. This method is sometimes used when 

preventive treatment is not effective. The National Guide to the Management of Atrial 

Fibrillation in Primary and Secondary Care, developed by the National Collaborating 

Centre for Chronic Conditions in the United Kingdom, highlights that amiodarone, 

flecainide, propafenone, and sotalol are the most commonly prescribed medications for 

pharmacological cardioversion in the country. (National Collaborating Centre for 

Chronic Conditions (UK), 2006). 

Drugs for the treatment of atrial fibrillation have limited efficacy. Even when patients 

are carefully selected, most of them develop atrial fibrillation again within a year, 

despite careful selection of antiarrhythmic drugs (Lafuente-Lafuente C et al., 2006). 

Amiodarone is commonly prescribed to help sustain sinus rhythm, but its use is limited 

because of potential dose-related side effects, including thyroid issues and lung 

fibrosis. On the other hand, dronedarone has a reduced risk of toxicity and a shorter 

half-life. According to the ATHENA study dronedarone therapy reduces the number of 

hospitalizations for cardiovascular events and death from any cause. Dronedarone is 

linked to a notable decrease in adverse events and treatment discontinuations due to 

these events, and it also demonstrates a trend toward reduced mortality when compared 

to amiodarone (Piccini et al., 2009). 

Prevention of AF with currently available antiarrhythmic drugs is often associated with 

serious adverse effects such as arrhythmia, cardiovascular death, and/or serious non-

cardiac toxicity, which can lead to discontinuation of treatment (Hohnloser et al., 

2009). The new drug dronedarone, according to current research, offers a more 

balanced pharmacological treatment of atrial fibrillation due to its efficacy, safety, and 

economic profile. In some patients, this drug is also considered useful in the treatment 

of atrial flutter. When it is necessary to introduce an antiarrhythmic drug into therapy, 

dronedarone is used as a first-line alternative to the drugs that have been most 

commonly used so far (amiodarone, sotalol, and class Ic drugs—flecainide and 

propafenone) (National Institute for Health and Clinical Excellence (UK), 2010). 

Dronedaron 

Dronedarone belongs to the benzofuran class of antiarrhythmics, which also includes 

amiodarone. Dronedarone shares pharmacological similarities with amiodarone but 

differs in its structure due to the inclusion of a methyl sulfonamide group. This 

modification decreases its lipophilicity, which restricts its capacity to pass through the 

blood-brain barrier. (Van Beeren et al., 2003). Dronedarone prevents atrial fibrillation 

or helps restore normal sinus rhythm. It exhibits electrophysiological characteristics of 

all four Vaughan-Williams classes of antiarrhythmic drugs: 
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1. It partially blocks sodium channels (INa), which decreases the rate of 

depolarization during the action potential (class I effect). 

2. It exhibits limited non-competitive antagonism on alpha- and beta-adrenergic 

receptors (class II effect). 

3. Its primary effect is to block the outflow of potassium, which is involved in 

cardiac repolarization, thereby prolonging the duration of the action potential 

and the refractory period (class III effect), and 

4. It also reduces calcium entry (class IV effect). 

Dronedarone is extensively metabolized in the liver by the cytochrome P450 isoform 

3A4 (CYP3A4). Only 6% of the drug is eliminated through the urine Ough no studies 

have specifically investigated the safety of dronedarone in patients with severe kidney 

dysfunction, it is known that the drug’s terminal elimination half-life is around 30 

hours. When taken twice daily, steady-state drug levels are reached within 5 to 7 days 

(Penugonda et al., 2011). 

Dronedarone is recommended for use in adult patients who are clinically stable and 

have a history of or non-permanent atrial fibrillation, to help prevent AF recurrence or 

reduce the ventricular rate. The typical adult dosage is 400 mg twice a day (ALIMS 

(Multaq®), 2010). A multicenter, multinational, double-blind, randomized, placebo-

controlled study confirmed dronedarone's effectiveness in reducing the risk of 

hospitalization due to AF, regardless of its cause, in patients with AF or a history of 

AF (Hohnloser et al., 2008). The pooled data from the trial and individual studies 

demonstrated that dronedarone consistently delayed the time to the first subsequent 

AF/atrial flutter episode (primary outcome). Compared to placebo, dronedarone 

lowered the risk of the first subsequent AF/AFL episode by 25% (p=0.0007) over a 12-

month period (Singh BN et al., 2007). 

A study evaluating the effectiveness and safety of dronedarone (400 mg twice daily) 

compared to amiodarone (600 mg daily for the first 28 days, then 200 mg daily) over a 

six-month period confirmed that dronedarone was effective. (600 mg daily for the first 

28 days, followed by 200 mg daily) over a six-month period confirmed the 

effectiveness of dronedarone. The primary efficacy outcome, defined as the first 

occurrence of AF recurrence or early discontinuation of treatment due to intolerance or 

lack of effectiveness, was observed in 75% of the patients in the dronedarone group, 

compared to 59% in the amiodarone group (Le Heuzey et al., 2010). 

The National Institute for Health and Clinical Excellence conducted a cost-

effectiveness analysis to guide the use of dronedarone in treating non-permanent atrial 

fibrillation. This analysis compared dronedarone with amiodarone, sotalol, flecainide, 

propafenone, and placebo. A model was developed to include various health 

conditions, such as AF recurrence, acute coronary syndrome, stroke, congestive heart 

failure, treatment discontinuation, changes in AF status, and mortality. The analysis 

concluded that using dronedarone as an alternative to amiodarone, sotalol, or class Ic 

drugs in treating non-permanent AF is cost-effective (National Institute for Health and 

Clinical Excellence (UK), 2010). To date, no pharmacoeconomic studies have been 

published directly comparing the effectiveness and cost-effectiveness of dronedarone 

with amiodarone, propafenone, and sotalol in the treatment of atrial fibrillation. 
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Figure 1. Chemical structure of dronedarone 

National Library of Medicine, National Center for Biotechnology Information, 2005 

Amiodarone 

Amiodarone is a class III antiarrhythmic drug, and its exact mechanism of action in 

atrial fibrillation is not fully understood. It acts by blocking various ion channels, such 

as sodium, potassium, and calcium channels. In addition, amiodarone also has α-

blocker and β-blocker properties, but without a significant negative effect on cardiac 

output (inotropic effect). Its active metabolite, desethylamiodarone, also exerts similar 

effects on the body (Roden, 2000). During rapid heart rate, sodium channel blockade is 

enhanced. Amiodarone prolongs the action potential of all cardiac fibers, with minimal 

reduction in dV/dt Amiodarone functions by lengthening the refractory period across 

all cardiac tissues. It increases the refractory period without altering the resting 

membrane potential, except in automatic cells, where it decreases the slope of the 

prepotential. 

Amiodarone is used in the treatment of severe rhythm disorders that do not respond to 

other therapies or when other therapies are not applicable, such as tachyarrhythmia 

associated with Wolff-Parkinson-White (WPW) syndrome. It is also used for all types 

of paroxysmal tachyarrhythmias, including supraventricular, nodal, and ventricular 

tachycardia, as well as ventricular fibrillation, when other drugs are not applicable 

(ALIMS, Amiodaron Sandoz®, 2009). 

For amiodarone to be both effective and safe, it is essential to understand its 

pharmacokinetics, potential drug interactions, and possible side effects. Amiodarone is 

a lipophilic medication with a high volume of distribution (66L/kg body weight), 

resulting in a gradual onset of action (2 to 3 days) and a prolonged half-life (up to 6 

months). This leads to a delay in the therapeutic effects after initiating, adjusting, or 

discontinuing treatment. The drug is metabolized in the liver into desethylamiodarone, 

so it should be avoided in patients with severe liver dysfunction. Additionally, because 

amiodarone is not significantly excreted by the kidneys, renal impairment or dialysis 

does not affect the dosage requirements (Zimetbaum, 2007). 
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Figure 2. Chemical structure of amiodarone 

National Library of Medicine, National Center for Biotechnology Information, 2004. 

Studies have indicated that dronedarone results in fewer adverse events and treatment 

discontinuations compared to amiodarone. A crucial question in clinical practice is 

whether this benefit outweighs the trade-off for amiodarone's greater efficacy. 

Although dronedarone can delay the recurrence of atrial fibrillation, its impact on long-

term sinus rhythm maintenance is underwhelming (Piccini et al., 2009). 

Pharmacological management of atrial fibrillation (AF) is a key indication for 

amiodarone use. The management of AF involves various strategies depending on the 

patient and time frame, such as maintaining sinus rhythm, converting AF to sinus 

rhythm, controlling ventricular performance, and preventing AF. Multiple clinical trials 

involving amiodarone as an active comparator have demonstrated its effectiveness in 

maintaining sinus rhythm in patients with recurrent atrial fibrillation. 

Propafenone 

Propafenone belongs to the class Ic antiarrhythmics and has a certain negative 

inotropic effect, as well as β-adrenergic receptor blockade. It is used in the treatment of 

supraventricular and ventricular arrhythmias. It also has a local anesthetic effect and 

directly stabilizes the membranes of the cardiac conduction system. Propafenone 

reduces spontaneous automaticity and prolongs the refractory period, thereby 

suppressing arrhythmias and prolonging diastolic time. 

The mechanism of action of propafenone is based on binding to fast sodium channels 

with slow dissociation. It causes a voltage- and frequency-dependent blockade of the 

maximum rate of depolarization of cardiac action potentials. This property 

distinguishes it from other class I antiarrhythmics, which block sodium channels only 

when they are in an activated (e.g., quinidine) or inactivated state (e.g., mexiletine). In 

addition, propafenone acts as a β-blocker (class II antiarrhythmic) and inhibits slow 

calcium channels in the AV node, thereby acting as a calcium antagonist (class IV 
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antiarrhythmic). This further enhances its antiarrhythmic effect, broadening the 

spectrum of action compared to other class I antiarrhythmics. 

In patients with WPW syndrome, propafenone reduces the conduction velocity and 

increases the refractory period of the ascending and descending pathways of excitation 

(ALIMS Propafen®, 2008). 

Propafenone treatment should begin under careful monitoring, including ECG and 

blood pressure assessments. The usual starting dose is 150 mg taken three times a day, 

with the dose potentially increased every 3 to 4 days, up to a maximum of 300 mg 

three times daily. Dose adjustments may be required for patients weighing less than 70 

kg, older adults, and individuals with liver dysfunction. (Sweetman, 2009). 

The effectiveness of a single oral dose of propafenone for atrial fibrillation has been 

demonstrated in several placebo-controlled trials. Success rates of treatment range 

from 58% to 83%, depending on the duration of AF and the follow-up period after drug 

administration. The average time for rhythm conversion ranged from 110±59 to 

287±352 minutes A multicenter, randomized, placebo-controlled study by Boriani et 

al., involving 240 patients with newly diagnosed AF, revealed that the propafenone 

group had significantly higher conversion rates to sinus rhythm after 3 and 8 hours. 

The conversion rates were 45% and 76%, respectively, in the propafenone group, while 

in the placebo group, they were 18% and 37% (Khan, 2001). 

Sotalol 

The drug d,l-sotalol hydrochloride is a hydrophilic class III antiarrhythmic that 

strongly blocks β-receptors. The class III antiarrhythmic effect is characterized by the 

acute prolongation of the terminal phase of the monophasic action potential, without 

altering conduction velocity. This leads to an increase in the absolute refractory period. 

The β-receptor blockade, which does not involve any endogenous sympathomimetic 

activity, is associated with the levorotatory isomer and affects both β1 and β2 receptors 

equally. Depending on the activity of the sympathetic nervous system, sotalol 

decreases heart rate and myocardial contractility, slows AV conduction, and reduces 

plasma renin activity. Additionally, by inhibiting β2-receptors, it can elevate smooth 

muscle tone (ALIMS Darob® Mite, 2009). 

Sotalol is a non-cardioselective β-blocker used to manage both ventricular and 

supraventricular arrhythmias. Due to its proarrhythmic effects, it is typically reserved 

for severe, life-threatening arrhythmias and is not recommended for patients with 

asymptomatic ventricular arrhythmias. While it was previously used for its β-blocking 

effects in treating angina pectoris, hypertension, and myocardial infarction, it is no 

longer recommended for these conditions because of the risk of inducing arrhythmias 

(Sweetman, 2009). 

Conclusion 

Pharmacological treatment is crucial for preventing stroke in patients with atrial 

fibrillation (AF), as AF significantly increases the risk of this serious condition. 

Anticoagulants, such as warfarin and newer oral anticoagulants (DOACs), are effective 
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in lowering the risk of thrombosis and stroke. While warfarin offers strong protection, 

DOACs are more convenient due to their lower need for monitoring and fewer drug 

interactions. Antiarrhythmic medications, including amiodarone and dronedarone, are 

also important, with dronedarone presenting a lower toxicity risk. It is fundamental to 

personalize treatment to suit the individual needs of patients, taking into account 

potential risks and side effects, in order to achieve the best possible outcomes. A 

balanced treatment strategy that includes both medication and preventive care is vital 

for reducing stroke risk and improving patients' overall quality of life. 
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Abstract 

Children's immunity is often weakened, making them susceptible to various diseases, 

which can lead to a high mortality rate. Various strategies have been adopted to 

improve immunity in children with weakened immune systems, including a balanced 

diet, food fortification, the use of dietary supplements, and the introduction of natural 

dietary fibers, such as b-glucan, to maintain good nutritional statusA group of 

bioactive polysaccharides from yeast, mushrooms, bacteria and cereals exhibit various 

immunomodulatory effects that can enhance the host's immune system, stimulate 

numerous energy metabolic processes in the body, increase resistance to infections, 

protect against the negative effects of stress and maintain a healthy level. Here, we will 

focus on the feasibility, potential mechanisms, immunostimulatory efficacy, and 

clinically relevant evidence for the multiple health benefits of β-glucan in children. 

Although further clinical research is needed, current results confirm that beta-glucan's 

diverse abilities to modulate biological responses can significantly help children 

develop a strong immune system, thereby contributing to their overall health and well-

being. 

Keywords: children, immunity, beta glucan, nutrition. 

Introduction 

Common problems in preschool children include stunting, overweight, underweight, 

feeding delays, oral motor problems, allergies, rashes, as well as intestinal 

(constipation and diarrhea) and respiratory health problems. Also, altered feeding 

interactions, drug-nutrient interactions, altered energy and nutrient requirements, and 

decreased or increased appetite often occur (Holt et al., 2010; Michaelsen, 2000). 

There is growing evidence that malnutrition can weaken the immune system and 

impair cognitive function in children, increasing the risk of inflammation, chronic 

diarrhea, and acute upper respiratory tract infections, negatively impacting their overall 

health and well-being (Liu et al., 2003). There is growing evidence that malnutrition 

can weaken the immune system and impair cognitive function in children, increasing 

the risk of inflammation, chronic diarrhea, and acute upper respiratory tract infections, 

negatively impacting their overall health and well-being. 

In 2021, the World Health Organization (WHO) defined malnutrition as a condition 

that encompasses various forms of nutritional disorders, including weight loss, 

stunting, malnutrition, vitamin and mineral deficiencies, as well as overweight, obesity, 

and non-communicable diseases associated with poor nutrition (JME, 2021). Chronic 

malnutrition hinders the proper growth and development of children, causing 
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developmental delays that affect more than 30% of children under five years of age in 

low- and middle-income countries (Black et al., 2013). According to the World Health 

Organization, worldwide, among children under the age of five, 155 million suffer 

from stunting, 52 million are undernourished, 17 million are severely malnourished, 

while 41 million face obesity. 

Excessive calorie intake, especially from nutritionally poor foods, can lead to obesity 

or unhealthy body weight in children. Moreover, childhood obesity can lead to 

hypertension, diabetes mellitus type 2 (T2DM), and heart disease in adulthood (Sahoo, 

2015). Common infections such as tuberculosis, malaria, pneumonia, and diarrhea are 

the leading causes of death in malnourished children, as even mild malnutrition 

severely compromises immunity. Malnutrition in children results in weakened 

immunity, which increases the risk of frequent and serious infections (Bourke, 2016). 

Beta glucans 

B-glucans represent a group of active fibers or polysaccharides of natural origin, which 

have proven medical importance. It is known that b-glucans have anti-tumor, anti-

inflammatory, anti-allergic, anti-obesity, anti-osteoporotic and immunomodulatory 

properties. As natural bioactive compounds, b-glucans can be taken orally, either as a 

dietary supplement or as an integral part of the daily diet, and are considered safe for 

use. The medical importance and effectiveness of b-glucan have been confirmed both 

in vitro and through clinical research on animals and humans. Nevertheless, systematic 

studies dealing with the clinical and physiological importance of b-glucan are still rare. 

Beta-glucans are a type of dietary fiber, or polysaccharide, consisting of D-glucose 

linked by β-glycosidic bonds of the 1,3-, 1,4- or 1,6-type (Figure 1). These substances 

are naturally found in the cell wall of bacteria, fungi, algae and grains. Highly pure b-

glucans are obtained by enzymatic extraction from the cell wall of yeasts, fungi, 

seaweed or cereal seeds (Rodriguez et al., 2011; Connungham-Rundles et al., 2005; 

Keusch, 2003). The biological and physicochemical properties of b-glucan vary 

significantly depending on the source from which they are extracted (Zar and Ferkol, 

2014). Based on their physiological properties, b-glucans are usually classified as 

soluble and insoluble. 

 

Figure 1. Linear 1,3 glycosidic chain of b-d-glucose monomers linked by 1,6 glycosidic bonds 

Source: Keusch, 2003. 
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B-glucans can be obtained from cereals and non-cereals (Figure 2). Cereal β-glucan 

usually contains 1,3-1,4 glycosidic linkages, but does not contain 1,6 linkages or 

branching. These b-glucans are most commonly found in the seed cells and endospore 

cell wall of plants, such as oats, barley, wheat and rice. Non-cereal β-glucans include 

yeasts, algae, fungi and bacteria (Mejia et al., 2020). Unlike b-glucans in cereals, b-

glucans from other sources, such as those from fungi, vary in branching and 

distribution, depending on the species. The source of b-glucan obtained from yeast is 

particularly important, the best known being Saccharomyces cerevisiae, which comes 

from either baker's yeast or brewer's yeast. 

 

Figure 2. Sources of beta glucan 

Source: Dellate et al., 2001. 

Dietary fiber varies in solubility. In grains, beta-glucans with high molecular weight 

are more effective than those with lower molecular weight.The versatility of b-glucan 

allows its application in various areas, from the relief of respiratory diseases to the 

improvement of fatigue and support in the weight loss process. B-glucans from 

mushrooms and yeast have stronger immunomodulatory properties, especially in the 

fight against cancer, which makes them an important subject of research (Sletmoen and 

Stokke, 2008). Consumption of beta-glucan from cereals contributes to the stabilization 

of postprandial blood sugar and insulin, thereby reducing the risk of developing 

diabetes. Studies have shown that oat b-glucan effectively reduces insulin levels and 

glycemia (Ekström et al., 2017). 

How beta-glucan can help maintain a child's immunity 

Increased resistance to common diseases 

Beta-glucans are thought to be beneficial for increasing the activity of white blood 

cells, such as neutrophils and macrophages, which are key in fighting infections. Also, 

beta-glucans support natural killer (NK) cells, which play an important role in 

recognizing and eliminating harmful pathogens. 
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In addition, beta-glucans stimulate the production of cytokines and chemokines, 

signaling molecules that regulate immune responses. They also contribute to the 

process of antigen presentation, which is essential for the immune system. Beta-

glucans also create a favorable environment for the work of certain immune cells, such 

as Th1 lymphocytes, which are crucial in the fight against infections (Lambeau, 2017). 

Supports gut health 

Recent studies have recognized cereal beta-glucan (derived from the seeds and 

endospore cell walls of plants such as oats, rice, wheat and barley) as a bioactive 

carbohydrate with several health benefits, including acting as a potential prebiotic. This 

means that beta-glucan can serve as food for the good bacteria in their gut, potentially 

encouraging their growth and reproduction. As these good bacteria flourish, they 

produce short-chain fatty acids, such as propionate. They help maintain a healthy 

intestinal barrier, mucus production, reduce inflammation, and even reduce the risk of 

certain conditions, such as colorectal cancer (Toivonen et al., 2016). 

Adaptability in diet 

Beta-glucan is a versatile supplement to a child's diet, which can be easily obtained 

from various foods or as a health supplement. It can be conveniently paired with 

immune-supporting nutrients such as vitamin D3 and selenium, offering a 

comprehensive approach to boosting immunity. This dietary adaptability ensures that 

children can benefit from the potential immune-boosting properties of beta-glucan in a 

way that suits their dietary preferences and needs (Toivonen et al., 2016). 

Susceptibility to infections and diseases 

Malnourished children are more likely to develop bacterial infections of the digestive 

and respiratory tracts.[15] The first line of defense against these infections is the innate 

immune response, which includes the epithelial barrier and the immune response of the 

host. Protein-calorie malnutrition (PCM) severely damages the mucosal barriers in the 

respiratory, gastrointestinal, and urogenital systems.example, vitamin A deficiency can 

cause the loss of mucus-producing cells. For example, less vitamin A can lead to the 

loss of cells responsible for producing vision. When the intestinal barrier is damaged, 

larger toxins can pass through it, and damage to mucosal barriers significantly 

contributes to the occurrence of respiratory and gastrointestinal infections (Zar and 

Fekol, 2014). 

Respiratory infections 

Children aged 24 to 36 months, when their immune systems are not yet fully developed 

and when they are exposed to pathogens for the first time, most often suffer from 

respiratory infections, such as pneumonia. As a consequence of the immune response 

to respiratory infection, the need for anabolic energy increases, which can lead to poor 

nutritional status. In addition, a respiratory infection can cause the body to lose vital 

protein and energy stores. During the immune response, energy expenditure increases, 

while nutrient intake in the organism affected by the infection decreases. Also, weight 

loss, reduced food intake and nitrogen excretion during infection are associated with 
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negative nitrogen balance. After the onset of fever, there is a negative nitrogen balance 

that can last for days or even weeks after the fever phase. Therefore, repeated 

respiratory infections in young children can cause malnutrition (Nakashima et al., 

2018). 

Overall growth and development of children 

Underweight in children in underdeveloped and developing countries is often 

associated with an increased incidence of infections, including bronchitis, oral 

candidiasis, upper respiratory tract infections, cellulitis, conjunctivitis, diarrhea and 

stomatitis (Sletmoen and Stokke, 2008). Micronutrient deficiencies due to acute and 

chronic infections can negatively affect linear growth. Infectious diseases can cause 

micronutrient deficiencies in one of the following ways: 

• reduction of food intake (anorexia), 

• hindering the absorption of nutrients, 

• causing direct losses of micronutrients, 

• increase in metabolic needs or catabolic losses and 

• hindering transport to target tissues. 

Even when nutrients are absorbed, they can be lost due to a pathogenic infection that 

leads to their loss directly through stool or urine (Sletmoen and Stokke, 2008). 

Main strategies for improving the immune function and health status of children 

Nutrition and diet 

A diet that supports the functions of immune cells and allows them to effectively 

resolve pathogens, as well as rapidly eliminate pathogens when needed, while avoiding 

any chronic inflammation, is the ideal diet for optimal immune outcomes. Each phase 

of the immune response relies on the presence of different micronutrients in the body. 

Intake of sufficient nutrients through a variety of dietary sources is key to the optimal 

functioning of all cells in the body, including those of the immune system. Foods rich 

in protein, vitamins, and minerals are essential for the proper development and 

functioning of immune cells. (Brown and Gordon, 2001). Micronutrient malnutrition in 

children is best prevented by a balanced diet that ensures adequate intake of all 

necessary nutrients. 

Food supplement 

B-glucan has prebiotic activity that positively affects the growth of the gut 

microbiome, providing various health benefits, especially in pediatric health 

conditions. Beta-glucans derived from grains and mushrooms have been linked to 

numerous health benefits, including lowering cholesterol levels, improving heart 

health, and strengthening and supporting the immune system. Currently, beta-glucans 

derived from yeast (Saccharomyces cerevisiae) have been shown to have immune-

supportive properties (Chan et al., 2009). Dietary fibers like beta-glucan are soluble 

fibers found in the cell walls of bacteria, fungi (including mushrooms), yeasts, 

seaweed, and grains, such as oats, barley, and rice. These polysaccharides, which 



280 

consist of D-glucose monomers linked by glucosidic bonds, increase the fiber content 

of food products, which contributes to improving their nutritional value. 

Prebiotic effect 

B-glucan from cereals has recently been recognized as a bioactive carbohydrate with 

numerous functions and has been recommended as a potential prebiotic in recent 

research. Due to their prebiotic activity, b-glucans from cereals undergo complete 

fermentation, which helps the intestinal microbiota in proper digestion. b-Glucan, 

when administered in quantity-dependent doses, has been found to increase the number 

of beneficial bacteria that produce short-chain fatty acids, while simultaneously 

reducing the presence of harmful pathogens (Giese et al., 2015). Changes in the 

composition of the gut microbiome can lead to insulin resistance and inflammation. 

Antioxidant effect 

Oat beta-glucan with a low molecular weight has the ability to transfer hydrogen from 

molecules, thereby acting as a free radical neutralizer under physiological conditions. 

This property contributes to the reduction of oxidative stress in the spleen. Beta-glucan 

produced by Botryosphaeria rhodina may have antioxidant activity, with the hydrogen 

in the anomeric molecules acting as a free radical neutralizer (Kofuji et al., 2012; 

Baldassarre et al., 2020). Barley β-glucan also exhibits antioxidant activity, which 

fights hydroxyl radicals, and is considered more effective compared to other polymers. 

Importance of b-glucan supplementation in pediatric health 

The diverse properties of b-glucan include antioxidant activity that scavenges reactive 

oxygen species. As prebiotics, b-glucans help reduce cholesterol levels and support the 

production of short-chain fatty acids. Dietary b-glucans also possess 

immunomodulatory and antitumor properties, stimulating immune system cells 

(Richter et al., 2014). In addition, they can reduce the risk of heart disease by 

preventing the body from absorbing cholesterol from food and by stimulating the 

immune system (Figure 3). 
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Figure 3. Benefits of beta-glucan 

Source: Rami et al., 2001 

Clinical benefits in children 

Respiratory function 

A nasal spray containing resveratrol and carboxymethyl-b-glucan may have a 

beneficial effect on the clinical and socioeconomic burdens of the common cold, 

reducing nasal obstruction, runny nose, sneezing, and coughing. 

Immune function 

In children with chronic respiratory problems, short-term oral administration for 30 

days significantly increases children's immune function. 

Cognitive function 

Children with autism were given beta-glucan supplements for 90 days. These children 

showed improved sleep patterns and emotional responses compared to the control 

group. A decrease in irritability and anger was noted, as well as progress in speech and 

expressive abilities. 

Glycemic function 

Administration of b-glucan-enriched snacks can effectively lower blood glucose levels, 

but cannot prevent nocturnal low blood glucose levels. 
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Obesity/cholesterol lowering function 

In one study, children were given 3 grams of b-glucan containing grains for four 

weeks. It was found that b-glucan was successful in reducing LDL cholesterol in 

subjects with a BMI below the median (25.7 kg/m2). 

Sleep patterns 

After twenty days of administration of beta glucan from black yeast, there was an 

improvement in sleep quality and serum melatonin levels in newborns with autism 

spectrum disorder (Maki Kevin et al., 2003). 

Wound healing function 

A retrospective review was conducted on 225 children with partial burns. The data 

included children in whom b-glucan collagen was applied to the wound and secured 

with sterile tapes. The results showed that partial-thickness wounds are effectively 

treated in children with b-glucan collagen, and BGC significantly simplifies wound 

care and significantly reduces post-injury pain. 

How to properly use beta glucan for children? 

Beta glucan for children exists in liquid form, as a syrup (picture 4), which makes it 

easy to use and dose. 

The recommended daily dose of beta glucan for children is determined based on age or 

body weight, and most often 1 ml per 5 kg of body weight. Beta glucan is usually taken 

once a day, preferably in the morning and half an hour before meals. For a better effect 

and to boost immunity, liquid nutritional supplements intended for children usually 

contain vitamin C. Vitamin C is a powerful immunostimulator, and in combination 

with beta glucan it is an even better support for the immune system. Immunoglucan 

syrup can be given continuously for up to six months, depending on whether it is given 

preventively or in the case of already occurring infections, decreased immunity or 

diseases. 

Recommended daily dose according to body weight: 

Children 10-15 kg 5 ml, 15-30 kg 7.5 ml, 30-45 kg 10 ml, >45 kg 15 ml, adults >60 kg 

20 ml daily. 
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Figure 4. Beta glucan syrups on our market 

Source: https://eapoteka.ba/proizvod/salvit-beta-glukan-sirup-150ml-11-gratis dodatak-

prehrani-za-jacanje-imuniteta/. 

Conclusion 

B-glucans are biologically active fibers or polysaccharides that come from natural 

sources and have proven medical value. The clinical benefits of b-glucan in children 

are supported by numerous studies. Because of their versatility, b-glucans are applied 

in a variety of areas, including alleviating respiratory symptoms, controlling blood 

glucose levels, lowering cholesterol, accelerating wound healing, as well as improving 

sleep quality and physical endurance. It is known that b-glucans have anti-tumor, anti-

inflammatory, anti-allergic, anti-ozone, anti-osteoporotic and immunomodulatory 

properties. Their application and benefits should be further explored through clinical 

trials and extended to other areas, such as IBS, cancer, bone health and other diseases, 

especially in the pediatric population, thus paving the way for alternative therapies 

based on these polymers. 
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Abstract 

The issue of the correct use of drugs in pregnancy is an extremely relevant and current 

topic, given the increasing attention paid to the safety of pharmacotherapy in 

pregnancy and the potential risks for the fetus. An aggravating circumstance is that 

pregnant women are often excluded from clinical trials, so information on the risk and 

safety of drugs during pregnancy is still very limited, while it is even scarcer for OTC 

preparations. The main goal of the work is to present newer approaches in recognizing 

and preventing the risk of developmental disorders that may be a consequence of the 

use of drugs during pregnancy. 

Keywords: pharmacotherapy, pregnancy, adverse reactions, developmental disorders, 

prevention. 

Introduction 

Pregnancy is a special situation in every woman's life. In this period of life, numerous 

significant changes occur, and among other things, the physiological response of the 

organism changes, which can affect the metabolism of drugs and their effects. 

Although it is a generally accepted opinion that drugs should be avoided during 

pregnancy, certain conditions that occur during this period require the use of drugs, in 

order to preserve the health of either the mother or the fetus. Research conducted 

around the world shows that most pregnant women use some medicine, and the 

indications for their use are different: treatment of chronic diseases, treatment of acute 

diseases that may or may not be related to pregnancy, prevention and treatment of fetal 

diseases. However, pharmacotherapy during pregnancy requires extreme caution 

because the use of certain drugs can increase the risk of developmental disorders in the 

fetus or even affect the outcome of the pregnancy. Teratogenic effects, which include 

physical and neurological malformations, disorders in the development of organs and 

functions, can be caused by various drugs, from analgesics and antibiotics to drugs for 

mental disorders. There is a large amount of available information and research on the 

impact of certain drugs, but for many, especially newer drugs, information is scarce 

because post-marketing trials are still ongoing. Considering the complexity of this 

problem, the research of newer approaches in risk recognition and prevention becomes 

crucial. This paper investigates how pharmacotherapy during pregnancy is associated 

with the risk of developing developmental disorders, as well as the latest 

methodologies in the assessment and prevention of these risks. 
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Literature review 

This section will analyze relevant studies dealing with pharmacotherapy in pregnancy, 

including drugs known for their teratogenic effects, as well as newer approaches in 

recognizing and preventing the risk of developmental disorders. We will also mention 

studies dealing with the frequency of use of drugs in pregnancy, and for the purpose of 

better understanding and systematization, we will list the best-known classification of 

drugs according to the risks of their use in pregnancy. 

Pharmacotherapy in pregnancy represents a significant challenge, because many drugs 

can cross the placenta and affect the development of the fetus. Although some drugs 

are safe for use during pregnancy, many can cause serious developmental disorders. 

Thus, the use of drugs such as retinoids, valproic acid and ACE inhibitors is known to 

be associated with teratogenic effects (Koren et al., 2020). Retinoids, which are used in 

the treatment of acne and psoriasis, can cause malformations of the face, heart and 

CNS in fetuses, valproic acid, intended for the treatment of epilepsy, can cause 

neurological disorders and a decrease in IQ in offspring (Chamberlain et al., 2019; 

ALMBiH, 2015), and the use of benzodiazepines as drugs to relieve anxiety can lead to 

miscarriage or premature birth (Sheehy et al., 2019). 

The results of a prospective study conducted on high-risk pregnant women in a 

maternity hospital in Brazil in the period from 2012 to the beginning of 2015 showed 

that adverse drug effects occurred, but were not frequent among high-risk pregnant 

women and no adverse pregnancy outcomes were observed after them (de Oliveira-

Filho et al, 2017). In addition, a frequent topic of research conducted on pregnant 

women is the frequency of medication use in this population. Such research was also 

conducted among pregnant women from the Zagreb area in 2007 and showed that as 

many as 96.2% of pregnant women at that time used at least one drug during 

pregnancy (Leppée et al, 2007). 

For the sake of easier systematization of information, always when talking about the 

use of drugs during pregnancy, it is essential to mention the classification of risks 

associated with the use of certain drugs during pregnancy. Risk classifications 

represent general guidelines for the use of drugs that serve primarily as an aid to 

physicians and clinical pharmacists in assessing the benefit-risk ratio for a specific 

patient. The best-known and still most frequently applied is the old FDA classification 

according to which drugs are classified into one of 5 categories (A, B, C, D or X) based 

on the degree of risk of their use in pregnancy (Table 1) (Rydzak, 2022). 
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Table 1. FDA classification of drug use in pregnancy 

Category Clarification An example of a drug 

A 

Well-conducted and controlled studies have 

shown no risk to the fetus when used in the 

first trimester. 

levothyroxine, folic acid 

B 
Animal studies have not shown a risk to the 

fetus, there are no adequate human studies. 

metformin, 

hydrochlorothiazide, 

cyclobenzaprine, 

amoxicillin 

C 

Animal studies have shown unwanted effects 

on the fetus and there are no adequate studies 

on humans, but the potential benefits of using 

the drug could justify its use despite the 

potential risk. 

gabapentin, amlodipine 

D 

There is evidence of a risk to the human fetus, 

but the potential benefits of the drug may 

justify its use despite the potential risk. 

Losartan 

X 

Animal or human studies have shown an 

association of the use of the drug with fetal 

abnormalities and/or there is evidence of risks 

to the fetus based on previous experience, and 

the risks of use in pregnancy outweigh the 

potential benefits. 

atorvastatin, simvastatin, 

methotrexate 

Source: Rydzak, 2022, according to FDA, HHS, 2008 

According to data from 2010, 40% of drugs used in pregnancy had FDA C category, 

that is, there was no evidence of their safety in pregnancy (Jeong. 2010). The 

aforementioned research conducted in Zagreb in 2007 showed that most pregnant 

women, 88% of them, used drugs from FDA category B, 77% of them used drugs from 

category A, as many as 47.5% drugs from category D, 16% drugs from category C, and 

0.1% ie. one surveyed pregnant woman used an FDA X category drug (Leppée et al, 

2007). 

In December 2014, the FDA, due to the fact that most data on the safety of drugs in 

pregnancy is collected through animal studies and unsupervised human studies (such as 

post-marketing data collection), requested the abolition of the above classification, that 

is, the designation of drugs as categories A, B, C, D and X. Instead, this organization 

now requires the provision of information about a specific drug in a default format 

consisting of 3 parts: 

• Pregnancy: Information useful for the use of the drug in pregnant women (eg 

dosage, risks to the fetus) and information on whether data on the effect of the 

drug on pregnant women is collected and maintained. 

• Breastfeeding: Information on the use of the drug during breastfeeding (eg how 

much of the drug is excreted in breast milk, potential effects on the baby). 

• Reproduction: Information on how the drug affects contraception, fertility and 

pregnancy testing (FDA, HHS, 2014). 
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The described new FDA classification is still not universally applied, and of the more 

well-known classifications, the Australian classification (A, B1, B2, C, D, X) and the 

Swedish categorization of drug safety in pregnancy (A, B, C, D) are still used in the 

world, which are not harmonized with each other, so it is not uncommon to find 

different information about a particular drug in them (Rydzak, 2022). 

Considering the mentioned risks, the development of new methods for evaluating the 

safety of medicines has become crucial. Pharmacogenomics, for example, makes it 

possible to identify genetic factors that can influence the metabolism of drugs and their 

toxicity to the fetus. Also, the use of new technologies such as 3D and 4D ultrasound 

and genetic testing enables earlier recognition of developmental disorders, which can 

contribute to risk reduction (Wang et al., 2023). 

Methodology 

This paper uses a systematic review of relevant studies published in the last ten to 

twenty years dealing with pharmacotherapy in pregnancy and its impact on the risk of 

developmental disorders. Databases used include PubMed, Cochrane and Scopus. 

Studies analyzing specific drugs used during pregnancy, as well as their potential 

teratogenic effects, were selected in order to provide a comprehensive overview of the 

current state of the art in this field. Also, certain studies dealing with new methods of 

recognizing and preventing teratogenic effects, including pharmacogenomics and 

advanced diagnostic technologies, were analyzed. 

Discussion 

Although many drugs are needed for the treatment of pregnant women, their use must 

be carefully considered because of possible teratogenic effects. For example, while 

certain medications such as folic acid and calcium are safe and necessary during 

pregnancy, others, such as valproic acid, can cause serious developmental disorders 

(FDA, 2014). 

Groups of medicines whose use is often necessary during pregnancy, and for which 

there have been clear guidelines for the selection of medicines suitable for pregnant 

women for many years, are antibiotics and analgesics. Table 2 shows the distribution 

of individual drugs from these groups by FDA risk categories. If it is necessary to use 

one of these drugs, always choose one from category A or B, because their use is safe 

during pregnancy. There is insufficient evidence for the safety of use in pregnancy for 

drugs classified in risk category C and they can only be prescribed when the potential 

benefit is greater than the possible risk to the fetus. As a rule, drugs from group D are 

not used during pregnancy, unless the doctor assesses that the benefit of using the drug 

could justify the possible risk, while drugs from category X are completely 

contraindicated. 
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Table 2. Categorization of antibiotics and analgesics according to safety of use in pregnancy. 

DRUG GROUP 

CATEGORY 

A B C D X 

ANTIBIOTICS / 

penicillins, 

cephalosporins, 

aztreonam, 

clindamycin, 

metronidazole, 

nitrofurantoin, 

sulfonamides, 

erythromycin 

and 

azithromycin 

chloramphenicol, 

ciprofloxacin, 

moxifloxacin, 

ofloxacin, 

clarithromycin, 

cotrimixazole, 

trimethoprim and 

vancomycin C 

tetracyclines 

and 

aminoglycosides 
/ 

ANALGETICS / 

paracetamol 

(all 3 

trimesters - 

drug of 

choice); 

diclofenac, 

ibuprofen, 

ketoprofen, 

piroxicam and 

other NSAIDs 

(in the 1st and 

2nd trimesters) 

/ 

diclofenac, 

ibuprofen, 

ketoprofen, 

piroxicam and 

other NSAIDs 

(in the 3rd 

trimester) 

/ 

Source: Author, according to Francetić and Hujić, 2003. 

Much is also known about the treatment of hypertension. In category X, i.e. ACE 

inhibitors and AT1-receptor antagonists are absolutely contraindicated, because they 

damage the kidneys of the fetus. Some authors also discuss the safety of beta-blockers, 

Ca-antagonists and diuretics. The drug of choice in pregnancy is methyldopa (category 

B), and experts still do not fully agree on whether mild and moderate hypertension 

should be treated during pregnancy. Another group of drugs that is absolutely 

contraindicated in pregnancy and the period of pregnancy planning are retinoids, which 

are used in the treatment of acne and psoriasis, and are a frequent ingredient in face 

care creams. Due to the severe fetal malformations they cause, during treatment and 1 

month after the end of isotretinoin therapy, and even 3 years after the end of acitretin 

therapy, it is necessary to use two types of contraception. An example of drugs that 

have category D, but must be used during pregnancy, are the thyrostatics 

propylthiouracil and methimazole, because hyperthyroidism itself has a higher 

frequency of malformations than the mentioned drugs (7% and 3%) (Francetić and 

Hujić, 2003). 
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Use of valproate in pregnancy 

About 0.5% of all pregnant women are pregnant women with epilepsy, and with 

adequate health care, 95% of them experience a favorable pregnancy outcome. 

According to the FDA scale, valproate, phenytoin, carbamazepine and phenobarbitone 

have a risk category D. The risk of congenital malformations increases with the 

number of antiepileptics used (1 antiepileptic - risk 3%, 2 antiepileptics - 5% risk, 3 

antiepileptics - 10% risk, and 4 antiepileptics - risk >20%). One of the most likely 

mechanisms of this effect of the mentioned antiepileptics is the lowering of folic acid 

concentration in the serum by up to 90%. In order to prevent malformations of the 

neural tube, three months before the planned fertilization and during the first trimester 

of pregnancy, it is necessary to take folic acid in a dose of 5 mg per day (Francetić and 

Hujić, 2003). 

In 2009, the US Food and Drug Administration (FDA) informed the public about the 

increased risk of birth defects in the child population whose mothers used drugs whose 

active substance is sodium valproate, valproic acid, valproate semisodium or 

valpromide during pregnancy. The greatest risks for the fetus are: increased risks of 

neural tube defects, craniofacial defects and cardiovascular malformations. In the 

territory of the Republic of Croatia, several medicines with these active substances are 

registered: Apilepsin, DepakineChrono, DepakineChronosphere. In the same year, the 

Agency for Medicines and Medical Products of the Republic of Croatia ordered the 

implementation of revisions of the approved Summaries of the description of the 

properties of medicines and the Instructions on medicines. Also, she instructed her 

health workers to inform all patients who are in the reproductive period about the 

mentioned risks, and to consider the use of other drugs in that population, if possible. 

Prescribing valproate to patients who are in the reproductive period is justified only in 

cases where it is necessary, ie. indispensable for the treatment of their illness. Given 

that it has been proven that the risk of birth defects is particularly high during the first 

trimester, when many women do not yet know they are pregnant, it is recommended to 

use effective contraception in patients who do not plan to become pregnant. If a patient 

who is already using the mentioned drugs plans to become pregnant or finds out that 

she is pregnant, she should contact her doctor in order to determine the benefits and 

risks of the therapy. Patients must not discontinue therapy on their own, without prior 

consultation with their physician, because sudden discontinuation of valproate can 

cause serious consequences. Therefore, patients should be informed about the risks of 

their disease during pregnancy, especially untreated or inadequately controlled epilepsy 

or bipolar disorder. It is also important to educate them about the need to use folic acid 

before pregnancy and during the first trimester in order to reduce the risk of congenital 

neural tube defects, and it is also necessary to carry out prenatal diagnostics in order to 

determine possible malformations in pregnant women taking valproate (HALMED, 

2009). 

According to the current Register of Medicines of Bosnia and Herzegovina (2024), the 

following medicines containing valproic acid and/or sodium valproate are registered in 

our country: NavarinXR, Depakine and DepakineChrono (Grubiša, 2024). In 2015, the 

license holder Sanofi-Aventis d.o.o., Sarajevo, in cooperation with the European 

Medicines Agency (EMA) and the Agency for Medicines and Medical Devices 



292 

(ALMBH), sent a letter to healthcare workers, where new important information and 

reinforced warnings were provided regarding the safety of the use of medicines 

containing valproate (sodium valproate, valproic acid, valproateseminatrium and 

valpromide), and after completing the audit carried out in Europe. The conclusions and 

recommendations of the Agency for Medicines and Medical Devices of Bosnia and 

Herzegovina (ALMBH), adopted in cooperation with the European Medicines Agency 

(EMA) after a complete review in Europe, are as follows: 

• Children who were exposed to valproate in utero are at high risk (30-40% of 

cases) of severe developmental disorders, and also have a risk (10% of cases) 

of congenital malformations. 

• Valproate is prohibited to be prescribed to female children, adolescent women, 

as well as women who may become pregnant, and pregnant women, as long as 

there are other effective methods of therapy and they are well tolerated. 

• Only a doctor with experience in the treatment of bipolar disorder or epilepsy 

has the right to introduce valproate therapy and supervise it. 

• When prescribing valproate therapy for the first time, as well as during routine 

check-ups, it is necessary to carefully assess the benefit-risk ratio of the 

treatment, especially in situations when a woman enters puberty, when she 

plans to become pregnant or when pregnancy actually occurs. 

• All patients must be informed and understand: 

– The need to use effective contraception, 

– Risks of using valproate during pregnancy, 

– The need for urgent consultation with a doctor in case of planning or 

development of pregnancy, 

– The need for regular control of therapy (ALMBH, 2015). 

Unlike valproate and other antiepileptics of the older generation, which are in group D, 

newer antiepileptics do not have an antifolate effect, but there is still not enough data 

on the safety of their use in pregnancy, and they are classified in group C (Francetić 

and Hujić, 2003). 

Use of benzodiazepines during pregnancy 

A group of Canadian scientists conducted a study that looked at the outcomes of more 

than 160,000 early pregnancies and was published in 2019 in the journal JAMA 

Psychiatry. The study found that women using benzodiazepines such as diazepam, 

alprazolam and clonazepam were almost twice as likely to miscarry. Studies that 

preceded this one found that the group of benzodiazepines crosses the placenta and can 

cause certain congenital malformations of the fetus, and also linked these drugs to the 

risk of miscarriage. The aim of the research conducted by Anick Berard from the 

University of Montreal with her collaborators was to show whether all drugs from the 

mentioned group have the same risk. In order to determine the impact of certain 

benzodiazepines on pregnancy, scientists studied data on 442,066 pregnancies. The 

research included 161,454 women, of whom 27,149 had a miscarriage, and 134,305 of 

them, the control group, gave birth successfully. Of the pregnant women who 

miscarried, 375 or 1.4 percent used benzodiazepines in early pregnancy, while in the 

control group of women, 788 or 0.6 percent used any of the benzodiazepines. Scientists 
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found that women who took some of the benzodiazepines in early pregnancy had a 

1.85 times greater chance of miscarriage compared to pregnant women who did not 

take the mentioned drugs. For each drug from the group, the effect on the risk of 

miscarriage was monitored individually. The results showed that flurazepam increases 

the risk the least, 1.13 times, while diazepam increases this risk as much as 3.43 times. 

The authors of the study noted that the majority of pregnant women used the 

mentioned drugs for a period of about two weeks, at the beginning of pregnancy, and 

that they are believed to interfere with bonding and implantation when used in early 

pregnancy. The leader of the research claims that mood disorders and anxiety need to 

be treated during pregnancy, but given their frequency during pregnancy, physicians 

must evaluate the benefits and risks of using benzodiazepines, bearing in mind that 

there are also alternative, non-pharmacological methods of therapy, such as 

psychotherapy (Sheehy et al., 2019). 

In solving the psychological problems that occur during pregnancy and due to the 

hormonal imbalance that often accompanies pregnancy, psychotherapy, especially 

cognitive-behavioral therapy, is emerging as a highly suitable alternative to 

pharmacotherapy with the aforementioned benzodiazepines. The main advantage of 

psychotherapy is that it does not require the use of any chemical substances that could 

have a harmful effect on the fetus, but implies the application of specific techniques 

and strategies for the so-called "healing the psyche by psychological influence". 

Psychotherapy must be based on mutual trust between the psychotherapist and the 

pregnant woman who comes in because of a problem, and a prerequisite for a positive 

outcome is the will to cooperate (Srna, 2012). 

In recent years, several works have been published that dealt with the relationship 

between psychotherapy and pharmacotherapy. In their work, Mihajlović and Savanović 

explain the connection between the state of a person's spirit and the state of his body, 

and refute the until recently accepted assumption that pharmacotherapy and 

psychotherapy are competing forms of treatment for psychological conditions and 

diseases, recommending the mutual complementation of these two methods. In cases of 

more serious mental conditions that occur during pregnancy, e.g. after suffered trauma, 

or in pregnant women who used certain anxiolytics or antidepressants before 

conception, a combination of psychotherapy and smaller doses of certain anxiolytics is 

possible. Selective serotonin reabsorption inhibitors - SSRIs (fluoxetine, paroxetine, 

fluvoxamine...) have proven to be the safest among anxiolytics during pregnancy, 

which prolong the effect of serotonin, known as the "hormone of happiness", and to a 

lesser extent noradrenaline, which helps control general activity and mood, by slowing 

down their absorption (Mihajlović and Savanović, 2022). 

Drug research on pregnant women 

As mentioned earlier, the number of drug research carried out on pregnant women is 

still small, and most of the data from this field is of an observational nature, and this 

represents one of the main problems of pharmacotherapy in pregnancy. Research that 

dealt with the representation of clinical trials in China showed that in the period 

between 2013 and 2021, only 0.5% of clinical studies were conducted on pregnant 

women (Zhao et al, 2022). Much of the safety data comes from exposure registries that 
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contain the experiences of women who were exposed to the drug before they knew 

they were pregnant or who were assessed to have a greater risk of discontinuation than 

the risk to the fetus. The data collected in this way carry the least ethical dilemmas, but 

are insufficiently reliable for the detection of drugs with a lower teratogenic potential 

(which lead to a visible effect in less than 25% of exposed children). Due to the lack of 

data for use in pregnancy, a large number of drugs carry a warning about use in 

pregnancy, and most often fall into the FDA C category (Rydzak, 2022). 

Van der Graaf et al believe that by including a small number of pregnant women in 

every research of a new drug, not enough data will be obtained on the effectiveness and 

safety of that drug in pregnancy, so they advocate for the introduction of special 

research on pregnant women (Van der Graaf et al, 2018). The FDA has issued a 

proposal for guidelines, which first mandate the collection of sufficient data from 

preclinical and clinical research on women who are not pregnant, so if based on them 

the potential risk for the pregnant woman and the fetus is assessed as minimal, and the 

necessary information cannot be gathered in another way, research on pregnant women 

is suggested. Research in different gestational periods is suggested, with the inclusion 

of a control group - unexposed pregnant women. It is also necessary to monitor the 

impact on the offspring of individuals exposed in utero, i.e. the children of women 

whose mothers took the drug during pregnancy (Stock and Norman, 2019). An 

example of such long-term follow-up are studies that followed the consequences of the 

preventive use of diethylstilbestrol (DES), a synthetic estrogen, in order to prevent 

abortions between the 1940s and 1970s. They showed that women who were exposed 

to DES in utero have a higher risk of developing vaginal clear cell adenocarcinoma, 

breast cancer, and pancreatic cancer, but also that the consequences can affect their 

offspring. Daughters of in utero exposed mothers also have a higher risk of developing 

adenocarcinoma of the vagina and breast cancer, as well as a higher risk of infertility, 

ectopic pregnancy, spontaneous abortions, preeclampsia, and others, while sons of 

exposed mothers have a higher possibility of cryptorchidism and testicular cysts (Reed 

and Fenton, 2013). 

Another prospective study involving exclusively pregnant women was conducted in a 

teaching maternity hospital in Araçao, Brazil. However, its goal was to determine the 

prevalence of adverse reactions to drugs with an already confirmed indication in 

hospital conditions, and the results were mostly expected. Namely, the research lasted 

from August 2012 to January 2015. All pregnant women who were admitted for 

childbirth during that period and who carried a live fetus, but were diagnosed with a 

high-risk pregnancy, were invited to participate in the research. High-risk pregnancy 

means any pregnancy that threatens the life or health of the mother or her fetus, due to 

a disorder or situation that is accidental or characteristic of pregnancy (de Oliveira-

Filho et al, 2017, according to Grai, 2006). The aim of the study was to determine the 

frequency of adverse drug reactions in high-risk pregnant women after admission to the 

hospital. Data analysis lasted six months. The causes of adverse reactions were 

assessed using the Naranjo algorithm and the Korean algorithm for assessing the 

causation of adverse reactions, while their severity was assessed using the Hartwig 

severity scale. The results of the study showed that in the population of 294 examined 

patients, the frequency of side effects was 8.8%. The average age of the examined 

pregnant women was 27.14 (±7.5) years. The correlation between the patient's age and 
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the presence of adverse reactions was shown, while the occurrence of adverse events 

did not show a correlation with any adverse pregnancy outcome. Of all reported 

adverse reactions in the study, 75.9% were mild and 24.1% were moderately severe. 

No adverse effects caused by drug interactions were reported, but perhaps the most 

important finding of the study was the significant increase in blood pressure observed 

in all patients who used methyldopa and ferrous sulfate supplementation at the same 

time (de Oliveira-Filho et al, 2017). 

As far as research in our area is concerned, in 2007 a study was conducted on pregnant 

women from the Zagreb area, which dealt with the prevalence of drug use during 

pregnancy. It showed that 96.2% of the surveyed women used at least one drug during 

pregnancy. On average, 2.6 drugs were used per pregnant woman, which corresponds 

to the average consumption in the USA at the time. In contrast, a significantly higher 

use of benzodiazepines was observed (33.9% of pregnant women used diazepam) 

compared to the results of similar worldwide research. Also, significantly fewer 

women who participated in this research indicated that they used nonsteroidal anti-

inflammatory drugs (NSAIDs), antidepressants, antiepileptics, and ACE inhibitors. 

Although antacids are cited in the literature as one of the most commonly used drugs in 

pregnancy, in the mentioned research no case of their use was recorded, which, the 

authors argue, may be a consequence of a different research methodology, because the 

Zagreb research was conducted by surveying pregnant women, while in the literature, 

data were mostly collected from medical records and registers (Leppée et al, 2007). By 

analyzing this research, it can be concluded that there is a high frequency of use of 

benzodiazepines during pregnancy in some areas, which is one of the reasons why the 

consequences of their use were analyzed in the previous chapter. 

Given that pregnant women are mostly healthy women who may or may not have a 

wide range of comorbidities and diseases, the pharmaceutical industry, which bases its 

studies on a favorable ratio of investment and gain, focuses on areas with a large 

number of potential patients, i.e. users, there is not much interest in research on this 

population. Therefore, it is necessary for state regulatory agencies to be involved as 

much as possible and encourage pharmaceutical companies to research drugs for the 

pregnant population (Schenkel et al, 2022). The developed countries of the world 

invest public funds in funding research into drugs for which the industry has no 

interest, with the aim of developing drugs that would lead to significant social benefits 

for the health of the general population, such as advances in therapy and lower drug 

prices. The European Union has earmarked 80 billion euros for such research projects 

in the period from 2014 to 2020. Italy, Belgium, Great Britain and the Netherlands are 

good examples of countries investing in public interest research (HAI, 2018). 

New approaches in the treatment of pregnant women 

Recent research shows that pharmacogenomics can help personalize pharmacotherapy 

by identifying pregnant women who are at higher risk due to genetic variations in drug 

metabolism (Hernandez et al., 2024). Also, advances in technologies, such as 3D 

ultrasound and genetic testing, allow earlier recognition of fetal development disorders, 

which can help in timely risk reduction and therapy adjustments (Smith et al., 2021). 

Especially when it is known that at the beginning of pregnancy the mother 
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unknowingly, or during it for a certain reason, took potentially harmful drugs or 

alcohol, the development of the child should be monitored with frequent controls, often 

with the help of modern ultrasound technologies (Francetić and Hujić, 2003). 

New experimental techniques, such as xenografts and organoids, could be used to 

improve future preclinical drug testing in order to provide better data on the potential 

impact of drugs on humans, specifically on pregnant women. In this sense, future 

preclinical tests would be performed either on organoids - 3D structures grown from 

stem cells, which would, for example, imitated the properties of the uterus, or on 

animal models that are suitable for testing the pharmacokinetics and effects of drugs in 

pregnancy, i.e. whose placentation and length of pregnancy correspond to the human to 

the greatest extent or are adapted by incorporating appropriate human xenografts 

(Rydzak, 2022). Also, the development of medical informatics could help in the 

collection of data on drug safety originating from various registries and research. A 

system that would combine data from similar studies would help obtain a sufficient 

number of samples (Stock and Norman, 2019). 

Conclusion 

Pharmacotherapy in pregnancy is a complex challenge that requires a careful approach 

for several reasons that interpenetrate each other. In the first place, many medicinal 

substances can increase the risk of developmental disorders in the fetus, especially if 

they are used in a certain period of pregnancy when a particular organ of the fetus is 

developing. Also, during pregnancy, a woman's body is subjected to numerous changes 

that can affect the metabolism of drugs and their effects. All this points to the fact that 

pharmacotherapy in pregnancy is an issue that requires an individual approach, which 

was previously more difficult to achieve because, according to ethical codes, clinical 

trials are not carried out on pregnant women, and information on the effect of drugs on 

the fetus was mainly obtained through post-marketing monitoring of the safety of drug 

use, i.e. by monitoring reports of side effects. The value of preclinical testing of 

teratogenic effects on animals is limited, but it cannot be ignored and even with 

adequate improvement, it can provide adequate preclinical results, which would 

indicate whether a certain drug may be further tested on pregnant women or not. 

New approaches in recognizing and preventing the risk of developing developmental 

disorders in fetuses include pharmacogenomics, advanced diagnostic technologies and 

personalized pharmacotherapy, which promise to improve the safety of treatment for 

pregnant women. Introducing these novelties into clinical practice can significantly 

improve pregnancy outcomes and offspring health. Although significant progress has 

been made in this area, there is still a need for further research that will enable more 

effective and safer use of drugs in pregnancy and reduce the risk of developmental 

disorders. 
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Abstract 

Communication in pharmacy institutions represents the foundation of high-quality 

pharmaceutical care and directly influences treatment outcomes, patient satisfaction, 

and the professional image of the pharmacist. The modern healthcare system demands 

not only professional knowledge from pharmacists but also well-developed 

communication skills that enable clear, empathetic, and effective interaction with 

patients, colleagues, and other healthcare professionals. This paper explores the 

importance of verbal and nonverbal communication, active listening, assertiveness, 

and teamwork. Special attention is given to the significance of effective communication 

in the context of dispensing medications, counseling patients, and collaborating with 

other healthcare providers. By utilizing relevant literature and real-world examples, 

this paper offers a comprehensive overview of the current requirements and challenges 

faced by pharmacists in the field of communication and provides recommendations for 

improving professional competencies in this area. 

Keywords: communication, pharmacy practice, skills. 

Introduction 

Communication is a fundamental tool for every healthcare professional, and the role of 

pharmacists within the healthcare system is becoming increasingly complex. With the 

practice of pharmacy expanding beyond traditional medication dispensing roles, 

pharmacists must become competent in patient-centered communication (Kälvemark 

Sporrong et al., 2006). In pharmacy practice, communication with patients represents 

the frontline of the healthcare system, as the pharmacist is often the most accessible 

healthcare provider. 

Pharmaceutical care no longer involves only the technical act of dispensing 

medication—it also includes counseling, identifying adverse effects, providing 

therapeutic information, and promoting health. Therefore, effective communication is 

essential to ensure understanding, trust, and collaboration between patients and 

pharmacists. 

In the context of modern healthcare demands, the role of pharmacists has evolved to 

include not only expert knowledge but also the ability to communicate clearly and 

compassionately with diverse patient groups. Patients today are no longer passive 
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recipients of services; they are active participants in their own treatment process. As 

such, pharmacists must be able to address their informational and emotional needs. 

In addition to traditional counseling, pharmacists are frequently required to explain 

complex medical information, resolve patient concerns, recognize signs of uncertainty 

or fear, and do so in a manner that is understandable, empathetic, and accurate. Beyond 

direct patient interaction, pharmacists also participate in interprofessional teams, which 

necessitates additional communication skills when collaborating with physicians, 

nurses, and other healthcare professionals. This type of communication is critical for 

continuity and quality of care, as well as for patient safety. 

Communication in pharmacy practice encompasses both verbal and nonverbal 

elements from how questions are posed and answers are received, to the use of 

gestures, eye contact, and tone of voice, particularly when addressing patients with 

special needs. In this context, strong communication skills enable pharmacists to more 

effectively identify patient needs, detect barriers to understanding, and adapt their 

messages to be as clear and helpful as possible. 

Pharmacists must master both written and digital forms of communication required by 

this digital landscape, all while adhering to ethical principles, data protection laws, and 

professional standards. 

Ultimately, well-developed communication skills contribute not only to better patient 

care but also to greater professional satisfaction and reduced stress for pharmacists 

themselves. In a time when patient expectations are rapidly changing and healthcare 

systems are under growing pressure, communication is no longer a supplementary skill 

it is a core component of daily work and the quality of pharmaceutical service. 

Literature Review 

Numerous studies indicate that the quality of communication between pharmacists and 

patients directly affects treatment outcomes, adherence to prescribed therapy, and 

overall patient satisfaction. Berger (2009) emphasizes the importance of continuous 

training in communication skills for pharmacists and highlights the role of building 

trust through clear and empathetic interaction. Goleman (2000) connects emotional 

intelligence with the ability to recognize patient needs and adapt communication styles 

to specific contexts. 

The quality of pharmacist-patient communication forms the foundation for building 

trust and mutual respect. Studies have shown that patients who receive clear and 

relevant information from pharmacists are more likely to follow instructions and have 

greater confidence in their therapy (Austin and Gregory, 2007). Langley and Marriott 

(2004) underline the importance of mutual understanding and respect between 

pharmacists and service users. High-quality conversations, active listening, and well-

structured questions enable better assessment of patient needs and timely pharmacist 

responses. 

Pharmaceutical communication should not be routine or uniform, but rather tailored to 

the individual patient. This includes consideration of the patient's age, education, 

health status, social context, and language. Additional research confirms that 
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communication is what often makes the difference between good and excellent 

pharmaceutical care. Communication that includes active listening, clarity, respect, and 

empathy contributes to reducing medication errors and increases the likelihood that the 

patient will follow instructions correctly (FIP, 2020). 

The World Health Organization (WHO, 2011) also emphasizes the importance of 

communication in preventing errors and promoting safe medication handling, 

advocating for the education of healthcare professionals in this area. Brown and 

Bussell (2011) analyzed the causes of non-adherence to therapy and found that lack of 

trust and understanding between the patient and pharmacist is one of the key factors. 

Their study shows that educational communication involving comprehension checks 

encourages patients to take a more active role in their treatment. 

In the context of education, Berger (2009) remains a cornerstone reference in 

pharmacist training, while new guidelines from organizations such as the International 

Pharmaceutical Federation (FIP) promote the inclusion of standardized communication 

courses in undergraduate and postgraduate pharmacy education (FIP, 2020). Hargie 

and Dickson (2004) identify key elements of successful interaction in communication: 

credibility, message clarity, emotional support, and active listening. Their research 

suggests that pharmacists who combine expertise with interpersonal skills achieve 

better therapeutic relationships. 

Communication must also be adapted to the cultural context of patients. Among 

pharmacists in the United States, the implementation of the "teach-back" method where 

the patient explains to the pharmacist how they will use the medication significantly 

reduced the number of misinterpretations of therapeutic instructions (Ha Dinh et al., 

2016). However, many also point to the lack of time, infrastructure, and systemic 

support for developing these skills in everyday practice. 

The significance of the pharmacist's role in public health has become increasingly 

evident during global health crises. During the COVID-19 pandemic, pharmacists were 

among the most important sources of information for the public, and their ability to 

communicate clearly and calmly with patients was crucial in countering 

misinformation and directing patients to appropriate healthcare services. Modern 

means of communication and multimedia devices enable communication in a way that 

poses the risk of losing individuality, creating uniformity among people, diminishing 

natural emotional expression and sensitivity, and the disappearance of real contact with 

reality. For these reasons, the need for direct, personal communication between people 

should be given special importance (Nikitović and Vujičić, 2020). 

The review of available literature confirms that communication in pharmaceutical 

practice is essential for the quality of healthcare, therapy safety, and patient 

satisfaction. Although progress and education are on the rise, stronger institutional 

support is needed to systematically develop communication competencies and make 

them an integral part of the pharmacist's professional identity. 

The Role of Communication in Pharmacy Institutions 

The role of communication in pharmacies is multifaceted. It involves the clear and 

accurate exchange of information about medications, side effects, and drug 
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interactions, as well as providing emotional support to patients. For example, a patient 

beginning therapy for a chronic illness needs to understand how to take the medication, 

be informed about potential side effects, and receive reassurance and encouragement. 

Pharmacists must recognize patient fears and uncertainties and adapt to their 

knowledge level, language, and emotional state. Communication is not limited to the 

technical transmission of data; it also includes the psychological dimension of the 

pharmacist-patient relationship. King & Hoppe (2013) compiled best practices in 

patient-centered communication during pharmacist-patient encounters. These best 

practices are organized into six functions, each with its corresponding set of 

communication skills (Figure 1). 

 

Figure 1: Best practices for Pharmacist Provided Patient-Centered Communication a. 

Source: In Naughton (2018) Patient-Centered Communication, Communication in Pharmacy 

Practice, Printed Edition of the Special Issue Published in Pharmacy, adapted from King A, 

Hoppe RB. Best practice for patient-centered communication: A narrative review. JGME. 

2013;5(3):385–393. 

Patient satisfaction with pharmaceutical services depends on the way the pharmacist 

explains information, demonstrates understanding, and uses an empathetic tone 

(Berger, 2009). For instance, in the case of a patient using antidepressants, the 

pharmacist must clearly explain the onset period, possible side effects, and the 

importance of adherence to therapy in order to overcome initial resistance or fear. 

Studies show that patients who receive such support are more likely to stay on therapy 

and experience better treatment outcomes (Austin and Gregory, 2007). 

Pharmaceutical communication also plays a crucial role in preventing medication 

errors. Another important aspect of communication is the pharmacist’s ability to 

interact effectively with individuals who have special needs. This includes elderly 

patients with impaired hearing or vision, individuals with cognitive difficulties, or 

those who do not speak the local language. In these cases, it is important for the 
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pharmacist to use simple language, provide written instructions in large print, utilize 

visual aids, and verify understanding by asking follow-up questions. 

Communication also takes place within the context of the healthcare team, where 

pharmacists collaborate with other professionals. In team-based care, communication 

must be clear, timely, and focused on a shared goal—the well-being of the patient. 

When physicians and pharmacists maintain good communication, it results in more 

efficient therapy selection, reduced medication duplication, and improved monitoring 

of adverse effects. 

In modern pharmacy systems, electronic communication is gaining increasing 

importance. The implementation of e-prescriptions has improved the connection 

between doctors and pharmacists but has also raised new concerns regarding privacy 

and information transparency. Pharmacists must now be familiar with using digital 

platforms and capable of explaining their functions, data protection measures, and the 

relevance of digital documentation to patients. 

 

Figure 2: Communication as a Transactional Process in the Pharmacy Setting 

Source: Krajnović, D., Jocić, D. (2010). Barriers in Communication in Community Pharmacies 

and Strategies for Their Elimination. Archives for Pharmacy, 60(1), 56–71. 

In practice, a case was recorded involving a female patient who did not understand 

how to use her asthma inhaler, despite multiple contacts with healthcare professionals. 

It was only after a pharmacist demonstrated the proper use of the device and assessed 

her technique that her symptoms improved. This example highlights the importance of 

visual and educational components of communication, especially in working with 

chronic patients. 

Conclusion 

Communication is one of the pillars of modern pharmaceutical practice. Effective 

communication involves not only the exchange of information but also the building of 

trust, understanding patient needs, and the ability to provide individualized healthcare 

support. The modern pharmacist must be not only a medication expert but also a 

skilled communicator. 
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The development of communication skills should become an integral part of education 

and professional development in pharmacy, so that pharmacies can respond to the 

increasingly complex needs of users. In addition to technical knowledge, a pharmacist 

must possess emotional intelligence, the ability to actively listen and express clearly, as 

well as the readiness to recognize nonverbal cues that may indicate insecurity, concern, 

or mistrust in patients. 

In pharmacy practice, every patient interaction is an opportunity to build a relationship 

that goes beyond the formal role of counseling. Such relationships—when based on 

mutual respect and understanding—strengthen the pharmacist’s role within the local 

community and position them as an accessible and trustworthy healthcare professional. 

The importance of communication is even more pronounced when working with 

patients with chronic illnesses, the elderly, and individuals with mental health 

challenges, where a personalized and patient approach is required. The pharmacist 

must not only convey information but also ensure that it is understood, accepted, and 

correctly applied. In this process, empathy is essential—understanding the emotions 

and experiences of patients paves the way for a stronger relationship and more 

effective health outcomes. 

Furthermore, the development of digital technologies introduces a new dimension to 

pharmaceutical communication. Electronic prescriptions, online consultations, and 

mobile therapy reminder apps require pharmacists to adopt new skills and 

communication approaches. In addition to traditional communication, it is now 

necessary to provide written, digital, and multimedia support for patients. This expands 

both the scope of the pharmacist’s professional responsibility and the potential for 

service improvement. 

One of the remaining challenges is the standardization of communication practices. 

There are no universal models, as communication depends on the cultural, linguistic, 

educational, and emotional context of the patient. Nonetheless, there is a clear need to 

introduce communication protocols and guidelines that can support pharmacists in 

complex situations. Practical handbooks, training sessions, and simulations can help 

prepare pharmacists to work with diverse patients and in various situations. 

Based on insights from relevant literature and practical examples, it can be concluded 

that pharmaceutical communication must be viewed as a fundamental component of 

professional identity. Without it, even the most effective medications cannot reach 

their full therapeutic potential. Only a well-informed and motivated patient can achieve 

optimal treatment results, and the pharmacist plays an irreplaceable role in that process. 

Investing in the development of communication skills—through both formal education 

and continuous professional training—is essential for improving the healthcare system 

as a whole. 
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Abstract 

Informed consent is a key ethical and legal element in the conduct of clinical trials, 

ensuring the autonomy and protection of participants' rights. This paper presents a 

structured informed consent form intended for patients participating in clinical trials, 

with particular emphasis on clarity of language, availability of information, and the 

ability to withdraw consent without consequence. Through content analysis, the 

identification of basic elements such as the explanation of the study's objectives, 

potential risks and benefits, patients' rights and protection of data confidentiality was 

approached. The document is intended to serve as a practical model for researchers 

and medical professionals in ensuring an ethically acceptable and legally valid 

consent process. 

Keywords: Informed consent, clinical studies, ethics, patients. 

Introduction 

Subject Informed Consent (PII) is a process in which a person voluntarily and in 

writing confirms that they want to participate in a clinical trial, after all important 

details have been explained to them. According to international rules (ICH GCP), the 

participant must be given information about the risks, benefits, alternatives, costs and 

his rights. In Serbia, PII is a mandatory part of the documentation for the application of 

clinical trials of drugs, and this is regulated by a special rulebook (Rančić et al., 2023). 

PII is based on values such as respect, autonomy and concern for the safety of 

respondents. Information about the test is usually given by the doctor, and the 

participant must be able to make an independent decision. If this is not possible (e.g. 

due to illness), the decision is made by the legal representative. In urgent situations, 

when there is no time for consent, additional ethical approvals are required (Rančić et 

al., 2023) (Shah et al., 2022). 

Obtaining consent is a key part of research ethics. The consent process must be clearly 

explained in the document, who is involved in that process, and all information must be 

understandable. If the participant is not capable of giving consent, the legal 

representative takes over the role, with additional protection measures. Also, the 

participant must be subsequently provided with all new information that could 

influence his decision to participate (Rančić et al., 2023). 

In the texts accompanying the trial, it must be clearly emphasized that participation is 

voluntary, that the participant can withdraw at any time, without consequences for their 

health and treatment. Also, if a placebo is used, the participant must know that they 
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may not receive the real drug. The terminology in the texts must be precise, because 

there is a difference between "medicine" and "test product" (Rančić et al., 2023). 

 

Figure 1. Presentation of the informed consent process (Rančić et al. 2023) 

It is important that the texts intended for respondents are written simply and 

comprehensibly, without professional terminology, because they are read by people 

who often have no medical knowledge. Writing such texts is complex because complex 

procedures need to be explained in a simple way, even to health professionals from 

other fields (Rančić et al. 2023). 

New situations, such as genetic research, protection of personal data and electronic 

forms of consent, further complicate this topic. The role of medical journals is to 

promote high ethical standards and respect for international rules such as the 

Declaration of Helsinki and ICH GCP (Rančić et al. 2023)(WMA, 2013). 

Basic principles of informed consent 

Following the atrocities committed against humans in Nazi experiments during World 

War II, numerous international documents were developed to protect human rights, 

especially in the field of medical research. The first such document was the Nuremberg 

Code, which established the rule that no one may participate in research without their 

free and informed consent. It was also emphasized that researchers must be 

professional and should always act in the best interest of the participants (Rančić et al. 

2023)(Nurmberg Code, 1947). 

Later, these rules were further developed and unified through four basic ethical 

principles, first systematically described in the work "Principles of Biomedical Ethics" 

by Beecham and Childers. Among them, the most important principle is the principle 

of autonomy - the patient's right to decide for himself about his treatment or 

participation in the trial. This means that no one must be forced to participate, but must 

make a decision based on clear and comprehensible information (Rančić et al. 2023) 

(Dedić, 2015). 
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Therefore, it is the responsibility of the physician or researcher to provide the patient or 

their guardian with all the information needed to make a decision. Since most patients 

are not medical experts, all information must be written in simple and understandable 

language, without too many technical terms. If the patient does not understand what he 

is getting into, his consent cannot be considered valid (Rančić et al. 2023). 

In clinical trials, the informed consent document is a mandatory part of the 

documentation. If this document is not present during the control, the research may be 

suspended, and the responsible researcher may be fined. (Rančić et al. 2023) 

• Finally, for consent to be valid, it must meet the following conditions: (Dedić, 

2015) 

• Right of withdrawal: can withdraw at any time, without any consequences. 

Transparency: the patient must be clearly informed about the goals, methods, 

potential risks and benefits of the trial 

• Voluntary: consent must be freely given, without any coercion or manipulation 

• Understanding: the patient must understand all the information provided, 

including possible consequences 

• Withdrawal: the patient's right to withdraw consent at any time without 

negative consequences 

Legal framework for informed consent 

International laws and guidelines: 

• Declaration of Helsinki: 

This declaration requires that each research participant be fully informed about the 

aims, methods, benefits, risks and possible inconveniences of the study. However, it is 

allowed to conduct research without informed consent in specific cases - when a 

person is physically or mentally unable to give consent, and that condition is 

characteristic of the group being researched, and provided that additional ethical 

conditions are met (WMA, 2013). 

• GCP (Good Clinical Practice) guidelines: 

Adopted in 1996 by the International Conference on Harmonization, these guidelines 

ensure that data from clinical trials are recognized by regulatory bodies in the EU, 

Japan and the US. The importance of freely given informed consent is emphasized. It is 

prescribed in detail that the participants must be explained what the treatment under 

investigation entails, as well as the possibility of being randomly assigned to the 

experimental or standard treatment (Službeni glasnik RS, Br. 108/2017)(Institut za 

lijekove i medicinska sredstva Crne Gore). 

In emergency cases, when the participant cannot give consent, it is requested from the 

legal representative (if present), and the participant himself must be informed about his 

participation as soon as possible and give additional consent to continue participation 

(Službeni glasnik RS, Br. 108/2017). 
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The field of healthcare in Bosnia and Herzegovina (BiH) is under the jurisdiction of the 

Republika Srpska entity, divided into the jurisdiction of entities and cantons in the 

Federation of BiH (FBiH), and under the jurisdiction of the Brčko District of BiH. 

(Šunjić et al. 2021). Although there are no laws at the state level that regulate the legal 

protection and rights of patients, in 2003 the Council of Ministers of BiH passed the 

Decision on the procedures and procedure for the harmonization of the legislation of 

BiH with ACQUIS COMMUNAUTAIRE (harmonization of the laws of BiH with the 

laws of the European Union), and in 2010 the Decision on the adoption of the 

document of activities for the integration of the health sector of BiH into the European 

Union. (Šunjić et al. 2021). The rights, obligations and responsibilities of patients in 

FBiH are regulated by the Law on Health Care, the Law on Health Insurance, the Law 

on the Rights, Obligations and Responsibilities of Patients, and the Code of Medical 

Ethics. In the Republic of Srpska, the rights and obligations of the patient are 

prescribed by the Law on Health Care, the Law on Health Insurance and the Law on 

Patients' Rights. In the Brčko District, patients' rights are regulated by the Law on 

Health Care in the Brčko District of Bosnia and Herzegovina (Šunjić et al. 2021). 

Informed consent process 

Preparing the patient for informed consent is key to ensuring that the patient 

understands all aspects of a medical procedure or research before making a decision. 

This process is based on respect for the patient's right to information and 

understanding. (Šušić, 2022) 

The first part of the preparation includes a detailed presentation of research 

information, including: (U.S. Department of Health and Human Service, 1998) (Šušić, 

2022) 

The goal of the research and the patient's role in achieving that goal. 

• Explanation of the procedure itself, its steps, duration and technologies used. 

• Types of interventions, such as new treatments or drugs. 

• Expected results and how the data will be used. 

• Ensuring confidentiality of patient data. 

The second part refers to talking with the patient about risks, benefits and alternatives, 

which include: (U.S. Department of Health and Human Service, 1998) (Šušić, 2022) 

• Notification of possible risks, both physical and psychological. 

• Discussion of potential benefits for the patient and the wider community. 

• Information about alternative options, such as other therapies. 

• Emphasizing that participation must be completely voluntary and that the 

patient can withdraw at any time. 

Ensuring understanding includes using simple language and visuals, and plenty of time 

to ask questions. The goal is to enable the patient to make an informed decision 

without pressure or uncertainty. (Šušić, 2022) 
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Ultimately, consent documentation plays a key role in protecting the rights and well-

being of research participants by ensuring that participants make a free decision about 

participating in research. (Šušić, 2022) 

Form and content of informed consent documents 

The informed consent document (Table 1) should be clearly written, easy to understand 

and include: (JZU Klinički centar Crne Gore, 2014.) 

Table 1: Form and content of informed consent documents (JZU Klinički centar Crne Gore, 

2014.) 

Form and content of informed consent documents 

1. Introduction 

Brief presentation of the clinical trial (name of the study, main 

objectives). 

Background information about the organization conducting the trial 

(research institution, contact information). 

2. 
The purpose of the 

examination 

An explanation of why the survey is being conducted and what the 

main objectives of the survey are. 

If possible, an explanation of the scientific hypothesis that the test is 

trying to confirm or disprove. 

3. Test procedures 

A detailed description of any procedures, treatments, or 

interventions that the participant will undergo during the trial. 

The duration of the test, as well as the number of test visits that will 

be required. 

An explanation of how data will be collected (including biological 

samples, if applicable). 

4. 
Risks and side 

effects 

A detailed description of any known or potential risks associated 

with the trial, including physical, psychological or other types of 

risks. 

An explanation of possible side effects so that participants can 

make an informed decision. 

5. Potential benefits 

An explanation of any potential benefits to participants, including 

medical or scientific benefits. 

If the benefits are not certain or not direct, this should be clearly 

indicated. 

6. Alternatives 
Information about alternative treatments or procedures that exist, if 

any. This includes the possibility of not participating in the trial. 

7. 
Privacy and 

confidentiality 

An explanation of how participant privacy will be protected and 

how data will be used. 

Possible access to data (who will have access to personal data and 

how the data will be stored). 

8. 

Voluntariness and 

freedom of 

consent 

A clear explanation that participation is completely voluntary and 

that participants have the right to withdraw at any time, without 

negative consequences. 

9. 
Contact 

information 

Information on how to contact researchers, ethics committees or 

relevant legal institutions in case of any questions or problems. 

10. Signing consent 

Space for signing by the participant, as well as the date when the 

consent was given. 

Signature of the researcher or responsible person who provided the 

information and answered the questions. 
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Sample questions and answers regarding informed consent 

These questions and answers can be used as an example to ensure that participants 

fully understand what it means to give informed consent: (National Institute of Mental 

Health, 2023) 

• Question 1: 

What does it mean that my participation in this trial is considered "voluntary"? 

• Answer: 

Your participation is completely voluntary. This means that you can choose to 

participate, but you can also choose to withdraw at any time, without any negative 

consequences or losing your right to any other treatment. 

• Question 2: 

What are the possible risks and side effects associated with this study? 

• Answer: 

Although most participants do not experience serious side effects, some adverse 

reactions are possible, such as headache, fatigue, or discomfort at the sample site. Risk 

situations and side effects that are specific to this study will be explained in detail 

during the discussion before making a decision to participate 

• Question 3: 

What if I decide to discontinue my participation in the study? 

• Answer: 

You can withdraw from the study at any time. If you decide to stop, it will not affect 

your relationship with your doctors or your treatment in the future. It is important that 

you inform us of your decision so that we know and can provide you with the 

necessary assistance. 

• Question 4: 

How will my data be stored during research? 

• Answer: 

Your data will be protected and used in accordance with privacy laws. Only authorized 

researchers and team members will have access to your data. Your name or any other 

identifying information will not be associated with study results in publications or 

reports. 

• Question 5: 

What is a clinical trial? 

• Answer: 

A clinical trial is a research study that involves people like you. Researchers conduct 

clinical trials to find new or better ways to prevent, detect, or treat health conditions. 
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Often, researchers want to find out if a new test, treatment, or preventive measure is 

safe and effective. Tests can include ways to screen for, diagnose, or prevent a disease 

or condition. Treatments and preventive measures can include medications, surgeries, 

medical devices, and behavioral therapies. 

Challenges and obstacles 

Although informed consent is essential to ethical and legal medical practice, several 

issues of concern may compromise its effectiveness and the quality of patient care. 

These issues highlight the importance of improving communication, patient education, 

cultural competence, and ethical practice within the informed consent process to ensure 

that it is intended to protect patient autonomy and promote trust in the health care 

system (Hock et al. 2024). Comprehension of information in patients with specific 

needs such as children, the elderly, people with mental disabilities, is a challenge that 

requires a careful approach and adaptation of communication to ensure that patients 

fully understand the information related to the trial, the potential risks and benefits and 

their decision-making options (Hock et al. 2024). 

Children, usually under the age of 18, cannot give informed consent. Instead, parents 

or legal guardians must authorize treatments or interventions. In this case, the process 

is called informed consent rather than informed consent. An exception to this rule is a 

legally emancipated child who can give informed consent for himself. Legislation 

regarding minors and informed consent varies from state to state, so it is crucial to be 

aware of specific state laws (Shah et al. 2024). 

Older people, especially those with chronic diseases or senile diseases, may have 

specific needs in terms of understanding information, due to physical, cognitive or 

emotional impairments (Zhang et al., 2004). 

Electronic informed consent, also called eConsent, offers several advantages, including 

improved accessibility, the ability to integrate multimedia tools for better patient 

understanding, and simplified documentation processes. eConsent can improve patient 

engagement by allowing individuals to review information at their own pace and revisit 

materials when needed. However, challenges remain, such as ensuring equal access for 

patients with limited technological knowledge or resources, addressing privacy and 

data security issues, and navigating the regulatory complexities of implementing 

electronic informed consent systems in different healthcare settings. Despite these 

obstacles, electronic consent can significantly improve the information process. (Shah 

et al. 2024). 

Practical strategies for effective communication. Regardless of the specific needs of 

patients, several general principles can improve the understanding of information in 

clinical trials: use of clear and simple language, visual aids, repeated conversations, 

and confidence of understanding (Miller et al., 2011). 

Conlucsion 

Informed consent is not just an administrative formality, but plays an important role in 

protecting the rights of participants and ensuring the ethical conduct of clinical trials. It 

is necessary for the doctor to clearly and comprehensibly inform the examinee, so that 
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he can make his own, conscious decision. Consent documentation protects both 

participants and researchers, while transparent communication is key to understanding 

all aspects of the study. Special attention should be paid to specific groups of 

respondents, including the family in the decision-making process. Ethics, trust, and 

ongoing education remain the foundation of resolving informed consent dilemmas. 
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Abstract 

Artificial intelligence finds application in all fields of medicine, but its application in 

pharmacy is particularly significant. By effective application of machine learning, 

results are achieved with precision beyond human capabilities. The application of 

artificial intelligence is also present in the making of new drugs, which shortens the 

time of very long and expensive tests. 

Various models of artificial intelligence have the ability to foresee and detect the bad 

effects of drugs, optimize the dosage of drugs, detect drug interactions, and prevent 

errors when taking drugs. In relation to traditional clinical trials, the application of 

newer methodologies such as the in-silico methodology increases the possibility of 

more effective and efficient implementation of the trial itself. 

Real-world examples of pharmaceutical companies using AI to improve clinical trials 

demonstrate the great adaptive ability of AI. 

Main shortcomings in the application of artificial intelligence in medicine is lack of 

transparency in the functioning of AI algorithms. The secrecy of their functioning is the 

cause of mistrust both among medical workers and among patients themselves. It is 

also of particular importance to define data protection and privacy, as well as 

responsibility for errors in medical treatments resulting from the using of artificial 

intelligence algorithms. 

Keywords: artificial intelligence, medicine, pharmacy, drugs. 

Introduction 

Artificial intelligence is becoming a revolutionary factor in all fields, especially in the 

area of medicine. AI algorithms process large data set from various sources with 

precision that surpasses human capabilities. 

The role of the use of applications based on the use of artificial intelligence in the area 

of medical diagnostics is significant. By analyzing various data from medical 

recordings, artificial intelligence algorithms can diagnose diseases such as breast 

cancer or lung cancer with very high precision. The ability to see more subtle changes 

in images that are not easily visible to the human eye enables early detection of the 

disease and better outcomes in treatment. 

In the therapeutic part, the application of artificial intelligence algorithms in the 

analysis of laboratory findings enables the identification of genetic and biological 

markers specific to the individual, which enables the development of therapies in 

accordance with the patient's genetic characteristics. This gives doctors a greater 

opportunity to choose drugs or therapies that will reduce the risk of side effects and 

increase the success of the treatment. 
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Interesant applying of artificial intelligence is in the pharmaceutical field. Artificial 

intelligence algorithms speed up and increase accuracy of data analysis necessary for 

successful predictive modeling and drug design, as well as for clinical trials. Applying 

of AI makes it possible to analyze test results in every moment which allows for faster 

identification of adequate conditions for the development of new drugs or the effects of 

new therapies. 

Important part of artificial intelligence is education in healthcare. Using AI doctors and 

medical staff can be educated in a virtual environment. This type of training has no risk 

for patients and allows participants to gain experience in situations rarely encountered 

in practice. 

The main shortcomings in the using of artificial intelligence in medicine is the non-

transparency. The secrecy of their functioning leads to mistrust on the part of both 

medical workers and patients. It is also important to define the area of data protection 

and privacy, as well as liability for treatment errors arising from artificial intelligence 

algorithms. 

Applying AI in pharmacy 

Artificial intelligence gives a lot of opportunities in pharmacy, especially in the field of 

medication management and personalized patient care (Barakat at al., 2025). 

Sophisticated tools based on artificial intelligence allow pharmacists to make clear and 

concise decisions based on data (Rashid at al., 2025). Using software based on machine 

learning and artificial intelligence, pharmacists are able to analyze huge sets of medical 

data for more efficient treatment of patients. 

The application of artificial intelligence improves the development and production of 

pharmaceutical products. The ability to rapidly analyze data, predictive modeling and 

process automation drives efficiency, accuracy and innovation. Artificial intelligence 

algorithms can predict the compatibility of pharmaceutical ingredients, improves 

bioavailability and significantly reduces additional health problems, leading to 

improved life cycle of pharmaceutical products (Babu at al., 2025). 

In pharmacy, different models of artificial intelligence are used for different purposes. 

Machine learning models, like supervised learning, take labeled data sets to look at or 

make decisions about. The techniques used are regression models, support vector 

machine (SVM) and decision trees (Fan at al., 2025). 

SVM sorts drug compounds based on their chemical properties (Kyhoiesh at al., 2025), 

which helps in drug discovery. Regression models provide clearer and more precise 

insight into drug efficacy and pharmacokinetic properties, while decision trees enable 

prediction of patient response and optimize drug formulation (Bhattacharjee at al., 

2025). 

Unsupervised learning, another key type of machine learning, focuses on discovering 

form in unlabeled data. Appropriate clustering algorithms group similar compounds 

based on their chemical characteristics. This helps in identifying potential drug 

candidates. Principal component analysis (PCA) enables data reduction while carefully 

preserving essential information and recognizing patterns that lead to drug discovery 

(Madan at al., 2025). 



317 

Using artificial intelligence algorithms, pharmacists are able to analyze a large amount 

of patient data (medical records, laboratory findings, various medications) and based 

on the analysis, make recommendations in accordance with the patient's individual 

needs. 

Various models of artificial intelligence have the ability to foresee and detect the bad 

effects of drugs, optimize the dosage of drugs, detect drug interactions, and prevent 

errors when taking drugs. The applying of artificial intelligence is also present in the 

discovery of new drugs, which shortens the time of very long and expensive preclinical 

tests. Applying Chat GPT 4.0 can speed up the process of writing summaries of drug 

characteristics and instructions for patients, which does not exclude control and 

corrections by the human factor (Lau at al., 2025). With this technology, it is possible 

to search relevant databases and process the obtained results in a much shorter time. 

Clinical trials and an in-silico approach 

The incorporating of artificial intelligence into medical pharmacy has achieved a 

significant evolution from the traditional pharmaceutical method of discovering new 

possibilities for the design, synthesis of drugs and optimization of substances 

(Kandhare et al., 2025). Extensive clinical trials and the complexity of the stages of 

new drug discovery require high costs (Khedkar at al., 2025). Artificial intelligence 

provides the ability to process huge amounts of data, predict molecular behavior and 

simulate accelerated and accurate interaction of drugs (Aundhia at al., 2025). 

The COVID-19 pandemic has accelerated the application of artificial intelligence 

algorithms in the production and discovery of pharmaceutical products. The urgent 

need for adequate therapeutic solutions and a life-saving vaccine has led to the 

cooperation of all those who could provide their assistance in the above fields: 

academia, industrial capacities and regulatory agencies (Ogwu at al. 2025). Artificial 

intelligence has played a major role in enabling researchers to rapidly analyze viral 

genomes, achieve therapeutic targets, and conduct clinical trials in record time 

(Balasubramanian at al., 2025). The success of AI-driven initiatives during this period 

has demonstrated its full potential not only in the pharmaceutical but also in the entire 

healthcare sector. 

A revolutionary innovation in the pharmaceutical sector was achieved by the in-silico 

method of clinical testing. By leveraging the benefits of artificial intelligence and 

digital technologies to simulate the effects of drugs and treatments in a virtual 

environment, researchers are able to conduct experiments using computer models 

(Kandhare at al., 2025). 

The in-silico testing methodology (Dorosan at al. 2025) involves developing computer 

models that, by replicating biological systems, allow scientists to predict the behavior 

of drugs in the human body. In order to simulate drug and treatment responses as 

personalized as possible, these models integrate various types of data, including 

genomic information, patient demographics, and specific disease characteristics. 

The most important advantages of in-silico testing over traditional clinical trials is the 

ability to conduct studies with greater speed and efficiency. (Tessema at al., 2025). 

Conventional clinical trials very often take an extremely long time and expensive, 
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involve multiple phases, and require significant resources for testing and monitoring 

effects . 

In contrast, in-silico studies allow researchers to explore different scenarios in a very 

short time frame without direct patient participation, which allows for better candidate 

identification and reduced financial risks (Ocana at al., 2025). 

Artificial intelligence can significantly improve the speed of analyzing large amounts 

of data from electronic health records, genetic information, and other sources to more 

efficiently identify patients who meet specific study criteria, helping researchers recruit 

participants with greater accuracy and speed (Chen at al., 2025). This allows for timely 

adjustment of treatment protocols as needed. 

How big pharmaceutical companies are using AI in drug discovery and 

clinical trial optimization 

Methodologies of AI significantly accelerate drug discovery by rapidly analyzing large 

chemical libraries and biological data. (Zhang et al., 2025). 

The way in which artificial intelligence is used in the design of new drugs is based on 

monitoring the interaction of 3D models of molecules and target sites (receptors, 

enzymes,...) that can represent a possible therapy. This is achieved by applying deep 

learning based on the existing history of the molecule's behavior. 

In other words, just as artificial intelligence learns how to recognize images - by 

reviewing thousands of examples of images, so the generation of potential drugs 

analyze of the behavior of molecules in its database. Various software companies, in 

collaboration with life sciences scientists, have created an algorithm that detects 

interactions between drugs and a broad biological system, which is then narrowed 

down to smaller activities. 

It is also pointed out that testing tens of millions of cases gives extremely accurate and 

fast predictions, and this is precisely the key to success in drug development, because 

artificial intelligence can scan all possible combinations faster and narrow down the 

options. Additionally, instead of the average 12 years and $2.9 billion for drug 

development, scan results can be obtained in a matter of weeks, with significant cost 

reductions (Khoshdel et al., 2024). Last year, a virtual search was launched for safe 

drugs that could be created again to treat the Ebola virus. Through artificial intelligence 

technologies, two drugs have been found that have the potential to significantly reduce 

the virulence of Ebola. This analysis, which would take months or years with standard 

mechanisms, was completed in less than a day (Kugleman et al., 2015). 

The pharmaceutical industry is integrating artificial intelligence as part of advanced 

technologies to improve the process of drug discovery, clinical trials and 

manufacturing. Figure 1. (Allam, H., 2025) illustrates how leading companies are 

collaborating with AI innovators to improve efficiency, minimize costs and accelerate 

the development of new therapies. Companies such as Sanofi, Pfizer and Novartis were 

the first to start incorporating AI into heart of their business. 
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Figure 1. How big pharmaceutical companies are using artificial intelligence for drug discovery 

AI is being applied in a variety of ways: from Sanofi's development of the "Play" AI 

platform for drug development to Pfizer's application of IBM's AI technology to treat 

COVID-19 such as Paklovid. Companies such as AstraZeneca, Bristol Myers Squibb 

and Bayer are using artificial intelligence to discover small molecule drugs and to 

efficiently coordinate clinical trials. (Kirpatrick, P., 2022). Novartis and Janssen are 

focusing on improving health outcomes (Sattar at al., 2025). 

Examples of real-world companies using AI to improve clinical trials provide evidence 

of AI's advanced potential. The use of artificial intelligence to improve clinical trials is 

also evident in the efforts of multinational pharmaceutical companies such as Pfizer 

and Novartis. Pfizer has implemented artificial intelligence-driven systems to improve 

data collection and analysis in its clinical trials, reducing the time required to regulate 

claims and approvals. Novartis has adopted artificial intelligence to enable more 

flexible trial protocols that can be adjusted in every moment based on patient 

responses. These innovations have allowed Novartis to improve drug development and 

reduce costs, giving it an advantage in the pharmaceutical market (Saini et al., 2025). 

Ethical challenges 

By rapidly integrating artificial intelligence into development processes, automating 

complex tasks, quickly analyzing huge data sets and predicting results with very high 

accuracy, faster, more affordable and more efficient development of new drugs has 

been achieved (Zhang at al., 2025). With the progress there are certain ethical issues 

that must be carefully considered to eapplication of technologies based on artificial 

intelligence responsibly, fairly and transparently (Das at al., 2025) 
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The ethical issues surrounding the use of artificial intelligence in the pharmaceutical 

sector span several areas. Some of the concerns that arise include algorithmic bias, data 

privacy, accountability, and transparency (Alderman at al., 2025). There is also the 

issue of controlling and protecting the data that serves as the source of analysis for 

artificial intelligence algorithms. 

One of the most important ethical issues related to artificial intelligence in the 

pharmaceutical sector is algorithmic bias. The functionality of AI models depends on 

the quality of the data on which they operate. (Kandhare at al., 2025) If the data 

contains biases, the algorithms will mimic them, or even amplify them. This can reduce 

the effectiveness of drugs or increase their harmfulness. 

In order to prevent the aforementioned problems, it is necessary that artificial 

intelligence programers and pharmaceutical companies actively work to minimize 

algorithmic bias. A very important issue in pharmaceutical development based on 

artificial intelligence is the issue of data privacy. In order to function properly, artificial 

intelligence systems require access to very large amounts of data coming from 

sensitive sources (Chanda at al. 2025) 

The collection and use of patient data in health AI models must be done with strict 

adherence to privacy and regulations, such as the Health Insurance Portability and 

Accountability Act (HIPAA) in the United States (Chintoh at al. 2025)or the General 

Data Protection Regulation (GDPR) in the European Union (Savioz, G., 2025). These 

regulations provide guidelines for the collection, use and sharing of patient (and 

individual) data, and clarify the rights of individuals over their own data, such as the 

right to access and delete their personal data. 

The rapid development of innovations in the pharmaceutical industry, aided by 

artificial intelligence, often outpaces the development of appropriate regulatory 

frameworks, which often leads to ambiguities in data protection and privacy guidelines 

(Ghosh at al., 2025) 

Conclusion 

The applying of artificial intelligence (AI) in the pharmaceutical sector represents a 

revolutionary transformation in the processes of drug discovery, development and 

delivery.Technologies supported by artificial intelligence have shown their 

effectiveness in simplifying the design of new drugs, identifying potential drug 

candidates, improving clinical trials and analyzing costs in order to reduce them, and 

increase overall pharmaceutical research and growth. 

Traditional methods research and development in phamracy can be very slow and 

expensive, consuming a very large amount of resources. The active application of 

artificial intelligence in personalized medicine has enabled a major progress to more 

precise patient-oriented health care. Improving the decision-making process, improving 

the accuracy of the assessment of the effectiveness and safety of medicines with new 

possibilities of in-silico testing with the application of artificial intelligence will enable 

an increase in the availability of new treatments on a global level. 

It is essential that the integration of artificial intelligence in the pharmaceutical sector 

is in line with regulatory and ethical challenges, especially on issues related to data 
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privacy, algorithmic bias, and transparency in decision-making. Regulatory 

agencieswill be forced to develop guidelines alongside technological advances, to 

ensure a balance between innovation with safety and responsibility. 

To fully realize the potential of artificial intelligence and digital health innovations in 

the pharmaceutical sector, all actors must adopt a forward-looking approach and 

successful collaboration. This implies active partnerships with artificial intelligence 

developers and investment in the development of artificial intelligence tools. 
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Abstract 

This paper analyzes public-private partnership (PPP) as a sustainable and efficient 

model for managing pharmacy institutions, aiming to improve the accessibility, 

efficiency, and quality of pharmaceutical services. Using comparative and case study 

analysis, the paper explores the implementation of PPP models in the United Kingdom, 

Sweden, Serbia, Croatia, and Slovenia. Special emphasis is placed on current PPP 

examples in Serbia from 2020 to 2024. The findings indicate that PPP can contribute 

to the modernization of the pharmaceutical sector, but its success depends on clear 

legal frameworks, institutional oversight, and the protection of public interest. 

Keywords: public-private partnership, pharmacies, healthcare, concession, 

pharmaceutical services. 

Introduction 

The pharmaceutical sector today faces numerous challenges: the need to rationalize 

costs, digitize services, improve medicine accessibility, and expand advisory services. 

In this context, the public-private partnership (PPP) model is increasingly gaining 

attention as a solution that can combine the efficiency and innovation of the private 

sector with the stability and social role of public healthcare. This paper explores the 

possibilities, advantages, and risks of implementing the PPP model in pharmaceutical 

institutions, focusing on examples from Serbia and neighboring countries. 

Public-private partnerships (PPPs) in healthcare are increasingly used as an 

organizational model across various fields, including pharmaceutical services and the 

management of pharmacy institutions. This model enables the combination of 

resources and expertise from the public and private sectors, aiming to improve 

accessibility, efficiency, and quality of pharmaceutical services. 

PPP in pharmaceutical institutions involves collaboration between state institutions and 

private pharmaceutical companies in the areas of medicine supply, pharmacy chain 

management, pharmaceutical logistics optimization, and improvement of patient 

healthcare. This model has already been implemented in several European countries 

with positive results, while in Serbia and the region, it is still developing and adapting 

to specific legislative and economic conditions. 
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PPP Models in the Pharmaceutical Sector 

PPP in the pharmacy sector can be organized through several models: 

• Concession model – the private sector receives the right to manage public 

pharmacies for a specified period, with the obligation to provide services 

according to state standards. 

• Joint ventures – the public and private sectors establish a joint company to 

manage pharmacies. 

• Contractual model – private companies provide certain pharmaceutical services 

to the public sector (e.g., medicine distribution, IT solutions for pharmacy 

management). 

• Franchise model – private pharmacy chains provide services under the license 

and regulation of state institutions. 

Theoretical Framework 

PPP represents an institutional cooperation model between the public and private 

sectors that allows for joint planning, financing, management, and provision of public 

services or infrastructure. Theoretically, PPP spans several disciplines: public 

administration, economics, risk management, and healthcare policy (Roehrich et al., 

2014). 

PPP in the Context of New Public Management 

The PPP model aligns with the principles of New Public Management (NPM), which 

advocates for market-oriented reforms in the public sector. According to this approach, 

public institutions should operate efficiently, transparently, and user-oriented, where 

the private sector plays a key role in introducing innovations and modern management 

mechanisms (Koppenjan et al, 2019). 

In healthcare, the NPM approach has led to the expansion of outsourcing models, 

concessions, and PPP contracts, especially in the pharmaceutical supply chain (Whyle 

and Olivier, 2016). 

Healthcare Services as a Specific Market 

Healthcare, however, cannot be fully treated as a classic market. Kenneth Arrow 

(1963) emphasizes that the healthcare market is marked by information asymmetry, 

unpredictability of demand, and ethical limitations on profit. This is especially true in 

the pharmaceutical sector, where medicines are of vital importance and their 

distribution must be safe, accessible, and under equal conditions for all citizens. 

In this context, private partners must operate within a clearly defined regulatory 

framework that balances commercial interests with public health goals (Barlow et al., 

2013). 
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Transaction Cost Theory and Risk Allocation 

According to transaction cost theory (Williamson, 1985), the public sector can use PPP 

as a mechanism to reduce organizational costs, but clearly defining risk allocation is 

essential. In pharmaceutical PPPs, risks include medicine price fluctuations, supply 

disruptions, regulatory changes, and demand shifts. 

New studies suggest that information and power asymmetry between the public and 

private partners can lead to imbalanced risk distribution, with the state bearing most 

losses while the private partner retains profits (Hellowell, 2019). 

Partnership Management and Institutional Capacity 

One of the key success factors for PPP is the capacity of public institutions to manage 

contracts, negotiate in the public interest, and monitor implementation. In transitional 

countries like Serbia, a lack of institutional strength can lead to unfavorable contracts 

and poor implementation. 

According to the OECD (2020), successful PPPs in healthcare require: 

• Institutional independence of regulators, 

• Transparent public tenders, 

• Mandatory contract impact assessments, 

• Public availability of contracts. 

PPP Specifics in the Pharmaceutical Sector 

Pharmaceutical services include multiple functions: medicine dispensing, counseling, 

therapy monitoring, and patient education. Integrating the private sector into this chain 

can contribute to digitization (e-prescriptions, e-therapies), procurement 

rationalization, and wider availability – but only under strictly defined rules (Knežević 

& Vlahović, 2022). 

Petrović and Nikolić (2021) emphasize the importance of regulatory stability and local 

context in implementing PPP in pharmacy. Their studies show that concession models, 

such as the one in Novi Sad, are successful only if price control mechanisms, territorial 

coverage, and mandatory social roles are ensured (Petrović and Nikolić, 2021). 

The work relies mostly on theoretical models and recommendations, with a lack of 

quantitative data from practice. 

Jovanović et al. (2020) argue that PPP models can effectively resolve debt and 

organizational issues in public pharmacies, but stress the need for clear contract terms 

and independent oversight. However, their work lacks in-depth analysis of the 

consequences for end-users – the patients – and insight into long-term effects. 

Knežević and Vlahović (2022) prove that PPP can significantly improve medicine 

distribution in remote regions. They highlight the advantages of digitization through 

partnerships with private distributors. However, their conclusions are limited to smaller 

Western Balkan countries, with unclear implications for larger systems. 
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Modern PPP theory in healthcare warns that the model's effectiveness is context-

dependent – what works in Sweden might not work in Serbia without institutional 

control and regulatory capacity. 

Therefore, PPP in the pharmaceutical sector should be viewed as a complementary 

model, not a replacement for the public system, with a strong legal foundation, clear 

standards, and continuous oversight. 

Methodology 

This study used comparative analysis of PPP model implementation in five countries – 

the UK, Sweden, Serbia, Croatia, and Slovenia. Local PPP models in Serbia were also 

analyzed, particularly the concession agreement in Novi Sad and ongoing initiatives in 

Zrenjanin and Kragujevac. 

Data sources included: 

• Official reports of local governments, 

• Academic papers published between 2020–2024, 

• Analyses from international organizations and health institutions. 

Results – Case Study Analysis 

United Kingdom – NHS Model (NHS Community Pharmacy 

Contractual Framework) 

In the UK, private pharmacies operate within the National Health Service (NHS) 

system. Pharmacies sign contracts with the NHS and provide pharmaceutical services 

at regulated prices. Although privately owned, they function as part of the public health 

system and must offer free consultations and prescription services to patients. 

Impact: Increased availability and reduced burden on health centers. 

Sweden – Deregulation and Apoteket AB 

Until 2009, Sweden's pharmacy sector was fully state-owned. After deregulation, 

private companies were allowed to open pharmacies, but the state retained control over 

essential drug supply via Apoteket AB. This model combines private sector efficiency 

with state regulation, improving availability and competition. 

Result: Better availability, more pharmacies, digital services. 

Region (Croatia and Slovenia) 

Croatia – Consortium model (Ljekarne Zagreb and private pharmacies) 

Public and private pharmacies coexist in Croatia, with many operating through 

franchise and concession models. This enables financial sustainability but requires 

better drug price regulation. 

Slovenia – Public-private cooperation through health centers 
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Public pharmacies operate within health centers, while private ones function 

independently. The state subsidizes key pharmaceutical services, balancing public 

interest with private efficiency. 

Serbia – Mixed Model and Privatization Challenges 

PPP in Local Governments 

Serbia uses a hybrid model where some pharmacies operate within public health 

institutions, while others function through privatized or concession models. Health 

centers and hospital pharmacies remain public, while city/regional pharmacies often 

use PPP or have been privatized. 

Cities like Novi Sad and Zrenjanin have implemented PPP models with private chains 

such as BENU pharmacies. 

Belgrade, however, resists privatization, causing operational problems in public 

pharmacies. 

BENU Pharmacies – Example of PPP in Novi Sad and Zrenjanin 

BENU pharmacies (part of the PHOENIX Group) operate privately and under public 

contracts. In Novi Sad and Zrenjanin, BENU manages public pharmacies via 

concession agreements, providing regulated pharmaceutical services. 

Benefits: Improved availability, digital ordering, and consultations. 

Concerns: Lack of control over pricing and business strategies. 

Example: “Novi Sad” Pharmacy Institution 

Due to a debt of 266 million dinars, Novi Sad entered a PPP with BENU in 2019, 

giving 28 public pharmacies under concession for 15 years, with a €4.3 million 

investment. 

Belgrade” Pharmacy Institution – Resistance to PPP 

The largest public pharmacy network in Serbia, AUB, strongly opposes privatization. 

Reasons: 

• Fear of rising drug prices, 

• Loss of control over strategic drug reserves, 

• Preservation of pharmacies in unprofitable areas. 

Consequences: 

• Financial problems and debt, 

• Reduced pharmacy network, 

• Sustainability concerns without proper PPP implementation. 
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Discussion 

From the case studies, we can identify several advantages, risks, and challenges of PPP 

in pharmacy institutions: 

Advantages: 

• Increased drug availability 

• Digitization and better IT systems 

• Reduced public sector costs 

• Innovation and broader service range 

Risks and Challenges: 

• Risk of rising prices 

• Uneven quality across regions 

• Privatization of profits without control 

• Closure of pharmacies in low-profit zones 

Table 1. Key PPP Results 

Location Model Results 

Novi Sad 

(SRB) 
Concession +27% availability, -35% delays, digitization 

UK NHS Contract 
Broader access, reduced doctor workload, e-

script 

Sweden Deregulation 
More pharmacies, competition, state drug 

control 

Croatia Franchise/Concession More pharmacies, but weak price control 

Slovenia Parallel Model Balance of public and private sectors 

Conclusion 

The public-private partnership model has the potential to enhance pharmaceutical 

services in Serbia and the region but must be implemented with strict regulation, clear 

contracts, and protection of public interest. A national strategy for PPP in pharmacy 

and strengthened local management capacities are recommended. 

Examples from the UK, Sweden, and Slovenia show that balancing private efficiency 

with public health is possible, while challenges in Serbia and the region are linked to 

poor regulation and the financial instability of public pharmacies. 
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Abstract 

The pharmaceutical profession today holds one of the key positions within the modern 

healthcare system. In addition to traditional tasks such as the preparation, dispensing, 

and supervision of medication use, pharmacists are increasingly involved in direct 

medical practice as part of multidisciplinary teams that provide patient care. Their 

expertise becomes particularly important in crisis situations, when the healthcare 

system is under significant strain and essential resources for delivering healthcare are 

compromised. In such circumstances, whether caused by natural disasters, armed 

conflicts, pandemics, or humanitarian crises, pharmacists take on an active role in 

planning, organizing, and implementing medical assistance. Their ability to manage 

the pharmaceutical supply chain, ensure the safe distribution of therapy, and 

participate in patient care makes them indispensable members of emergency medical 

teams. 

Keywords: pharmacist, patient, role, covid-19, healthcare. 

Introduction 

Under normal circumstances, pharmacists have clearly defined and legally regulated 

duties. An increasing number of pharmacists are now working as clinical pharmacists, 

collaborating directly with physicians in selecting optimal therapies, especially for 

patients undergoing polypharmacy. In times of crisis, however, the healthcare system 

may become overwhelmed or completely dysfunctional. During such situations, 

pharmacists do not merely perform their standard duties, but also take on roles that 

require additional competencies in logistics, public health, communication, and 

resource management (Zaklan, et al., 2021). 

Pharmacists are responsible for: 

• Dispensing medications in accordance with current regulations and physicians’ 

prescriptions; 

• Counseling patients on proper medication use, potential interactions, and 

adverse effects of drugs and medical devices; 

• Participating in therapeutic teams in hospitals, particularly for patients with 

chronic and complex conditions; 

• Supervising rational pharmacotherapy and applying the standards of good 

pharmaceutical practice. 
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This is particularly challenging when the healthcare infrastructure is damaged or 

destroyed. In such cases, the pharmacist must ensure the functionality of the system 

despite all logistical and technical obstacles (Zaklan, et al., 2021). 

The Role of Pharmacists in the Healthcare System 

Due to their extensive professional qualifications, pharmacists are often subject to the 

application of various methods of work and patient care, which causes their roles to 

frequently evolve depending on the immediate needs (Zaklan, et al., 2021). 

The role of pharmacists in managing the pharmaceutical supply chain includes: 

• Assessing the need for medications; 

• Procuring and transporting medicines to crisis-affected areas; 

• Organizing storage facilities, including cold chain control; 

• Managing inventory and drug consumption. 

This becomes particularly challenging when the infrastructure of the healthcare system 

is impaired or destroyed. In such circumstances, the pharmacist must maintain system 

functionality in the face of all logistical and technical challenges. One of the most 

serious challenges for healthcare systems worldwide was the COVID-19 pandemic, 

which, in addition to posing a direct health threat, led to numerous consequences for 

the functioning of society. In the first six months of the pandemic alone, over 50 

million people were affected by more than 100 events classified as disasters. This 

situation further highlighted the importance of adequate preparedness and organization 

of healthcare services, among which the pharmaceutical profession holds an 

increasingly important place. 

In crisis situations, pharmacists do not only perform traditional tasks such as 

dispensing and supervising medications, but also assume a range of additional, often 

non-traditional roles (Zaklan, et al., 2021). They participate in organizing the 

medication supply chain, providing medical devices, distributing therapies, taking part 

in patient care, as well as designing and implementing public health policies—

including immunization and education initiatives. Their knowledge and expertise 

contribute not only to the functioning of the healthcare system during crises, but also to 

the recovery of communities afterward. 

Although the contributions of pharmacists to humanitarian work are significant, they 

are often insufficiently recognized and underutilized. The COVID-19 pandemic opened 

a new chapter in the development of the pharmaceutical profession, demonstrating the 

critical importance of their role. Active involvement of pharmacists in healthcare 

teams, especially in moments of crisis, is essential in order to fully leverage their 

expertise, experience, and knowledge. In doing so, the foundations are laid for the 

future advancement of pharmaceutical practice and better preparedness for upcoming 

challenges in public health and humanitarian missions (Zaklan, et al., 2021). 

Aim of the Study 

The aim of this paper was to identify the key competencies that pharmacists must 

possess in order to actively participate in humanitarian missions and crisis situations, 

as well as to analyze existing opportunities for their integration into the healthcare 
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system under such circumstances. Special emphasis was placed on the COVID-19 

pandemic, which served as an indicator of the system's insufficient preparedness but 

also highlighted the potential that pharmacists possess in emergency situations (Zaklan, 

et al., 2021). 

Pharmacists' Competencies in Crisis Situations 

Every healthcare professional, regardless of their area of specialization, must adhere to 

professional principles of practice as prescribed by law. Pharmacists and pharmacy 

technicians, as part of primary healthcare, play a key role in identifying potential health 

problems in pharmacy service users and providing appropriate professional advice 

regarding the patient’s condition. Every patient, regardless of age, gender, physical, 

mental, or social condition, must be treated equally and in accordance with official 

regulations and the principles established by the relevant state authorities. 

Pharmacists, as professional healthcare workers, face numerous daily challenges that 

require their expertise and readiness to address problems encountered in practice. One 

such challenge occurred during the COVID-19 pandemic in 2020 and 2021. When the 

pandemic was declared in March 2020, it brought drastic changes to the lives of 

millions worldwide, leaving the greatest impact on healthcare professionals. Numerous 

around-the-clock shifts in primary and secondary healthcare institutions, prolonged use 

of personal protective equipment, direct exposure of pharmacy and hospital staff to 

potentially infected patients, psychological pressure, and fear of fatal disease outcomes 

were just some of the factors that significantly altered public perception of the 

healthcare profession in recent years (Stefanović et al.,2024). 

The pandemic had a profound effect on the healthcare systems of all medical 

institutions worldwide, which had to be reorganized in response to the crisis. 

Considering all the emerging circumstances, the role of pharmacists became more 

prominent due to their accessibility on the front lines of healthcare, particularly in 

ensuring uninterrupted access to pharmacy services (2). Their key role involved 

supporting patients through education about the pandemic, advising on proper 

preventive measures, monitoring symptoms, managing chronic conditions, 

recommending supplementation to boost immunity, and providing information about 

the vaccination process, which at the time was the most effective defense against 

COVID-19. A major issue early in the pandemic was uncertainty surrounding COVID-

19 treatment, which led to the misuse of over-the-counter (OTC) medications. 

Consequently, patients turned to alternative medicine and natural remedies and 

increasingly resorted to self-medication (Zaklan, et al., 2021). 

Pharmacies, recognizing the potential problems arising from the inappropriate use of 

medical products, ensured adequate stock levels and provided guidance to patients on 

responsible self-medication and adherence to existing prescribed therapies. Moreover, 

pharmacists made significant contributions to the community by offering 

pharmaceutical care and professional counseling to individuals unable to see their 

physicians. Particular attention was given to patients with chronic illnesses requiring 

frequent check-ups for therapy renewal and consultations (Zaklan, et al., 2021). 
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Pharmaceutical care represents the function and service provided by pharmacists in 

pharmacies with the main goal of promoting health and supporting the rational use of 

medications—the primary measure against irresponsible use of antibiotics during self-

medication due to the inability to consult a general practitioner or hospital physician. 

One of the main reasons patients sought "first aid" from pharmacists was the 

reassignment of many doctors to COVID units and the conversion of clinics and 

hospital departments into specialized COVID facilities. This greatly limited patients' 

access to doctors and healthcare, especially among the elderly. 

During global crises, medical teams are often formed to deliver short- or long-term 

assistance to those in need. Pharmacists are not typically regarded as the first 

responders in emergencies. However, in humanitarian and public health crises, they 

become integral members of multidisciplinary teams providing critical support 

(Zaklan, et al., 2021). Pharmacists’ knowledge can assist other healthcare professionals 

in decision-making when other resources are unavailable or limited, such as during 

natural disasters or pandemics. Regardless of the setting, pharmacists can propose 

alternative therapies and are highly effective in organizing, conserving, and allocating 

available resources (Zaklan, et al., 2021). 

In emergencies, the shortage and increased need for healthcare professionals alters the 

established roles of pharmacists and technicians within the system. Pharmacists adopt 

nontraditional roles that go beyond dispensing drugs and supplements and providing 

basic counseling, thereby expanding their scope and enhancing the effectiveness of 

healthcare missions under pressure 

Pharmacists also play a vital role in the doctor-patient dynamic, as they help prevent 

improper treatment that could result from patient distrust or previous unsuccessful 

medical interventions. They are obligated to inform patients who intend to take 

medications without consulting a doctor, adhering strictly to all regulations concerning 

the sale, distribution, and use of drugs and medical products. This includes restrictions 

on selling antibiotics and antidepressants without a prescription (Senjković and 

Bencarić, 1993). Such responsible conduct by pharmacists helps prevent the misuse of 

medical treatments and raises awareness of their critical role as qualified healthcare 

professionals in pharmacotherapy. 

Children represent the most vulnerable population regarding drug use and formulation, 

due to factors such as developmental capacity, comorbidities, and sensitivity to 

excipients. The use of antibiotics with certain chemical groups may cause variable 

metabolic responses, requiring special caution to prevent adverse reactions and 

antimicrobial resistance (Puača et al., 2021). Providing accurate advice on selection, 

dosing, and administration, along with proper checks and warnings about interactions 

and side effects, is essential to ensure safe pharmacist-patient interactions and promote 

sound pharmaceutical practices (Kuruc et al.,2018). 

Conclusion 

Pharmacists, often perceived merely as dispensers behind the counter, are in fact vital 

links in the healthcare chain. Their knowledge, expertise, and daily commitment to 

patients contribute to safe and effective therapy preparation, disease prevention, public 
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education, and overall improvement of population health. Their importance became 

especially evident during crises such as the COVID-19 pandemic, when pharmacists 

were among the first accessible healthcare professionals, offering information, 

calmness, and necessary treatments. 

Despite their contributions, public awareness of the pharmacist's role remains limited. 

Their availability and support often make the difference between appropriate and 

improper therapy use. Through counseling and treatment monitoring, pharmacists 

improve patient adherence and reduce risks of complications. 

The modern pharmacist is a preventive, therapeutic, and educational healthcare worker 

with a role far broader than generally recognized. A pharmacist is not just a "medicine 

dispenser," but also an advisor, educator, and active member of the patient care team. 

Therefore, it is essential to encourage greater public recognition of pharmacists’ 

professional scope and value, and to promote their integration into healthcare policies 

and multidisciplinary teams. 

By changing societal perceptions of pharmacists, we not only increase respect for their 

work and profession, but also enhance the overall quality of healthcare. In an era where 

health is a priority, pharmacists deserve a rightful place alongside other healthcare 

professionals, with full recognition of their contribution. 
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