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Abstract: The paper shows the microbiological activity of silver nanoparticles (AgNPs) stabilized with dextran derivatives
with carbox-ymethyl dextran (CMD) and dextran sulfate (DS). Non-toxic, green procedures for the synthesis of AgNPs with
CMD, DS were developed. The increasing application of silver nanoparticles in many areas, especially favors the so-called
non-toxic, i.e. “green” synthesis procedures. Unlike physical and chemical synthetic methods, green synthesis has a number
of advantages: lower energy consumption, simple execution, costs are reduced, use of non-toxic chemicals as reducing
and stabilizing agents. Nanoparticles AgNPs-DS and AgNPs-CMD showed microbiological activity against the analyzed test
microorgan-isms. Silver nanoparticles obtained in this way, due to their stability and preserved antimicrobial activity, can be
widely used in various branches of industry. The results of testing the antimicrobial activity of synthesized nanoparticles from the
technologi-cal aspects are important; these compounds have potential application in the biomedical field, and simple procedures
have many advantages, such as low costs, compatibility for medical and pharmaceutical applications, as well as the production
of other commercial products in the food industry.

Keywords: microbiological activity, silver nanoparticles, green synthesis, food industry.

Introduction

Nanotechnology is a relatively young, multidisciplinary field in which the knowledge of natural
sciences and engineering principles are applied with the aim of obtaining, characterizing and applying
nanometer-sized materials (Ramsten, 2014). Materials of nano dimensions have specific characteris-tics.
When the number of atoms that make up a material is significantly reduced, the atoms occupy a different
arrangement and the distance between the surface atoms changes, which leads to a change in physical
and chemical characteristics in relation to materials of the same composition, but with mac-roscopic
dimensions (Trajkovi¢ and Markovi¢, 2010). In the last few decades, metal nanoparticles (gold, silver,
platinum, palladium and many metal oxides, and composite materials based on them) have been the
focus of many research groups (Krsti¢, 2013, Nadagouda and Varma, 2007, Liu et al. 2009, Shevchenko
et al. 1985, Tolmachev et al.1985).

The size of metal nanoparticles ranges from 1 to 100 nm. Nanoparticles, thanks to their large
specific surface area in relation to their volume, as well as their high surface energy, have unique
catalytic, electrical, magnetic, optical and mechanical properties. (Horikoshi and Sorpone 2013). Silver
nanoparticles are due to their catalytic properties (Jiang et al., 2005) and optical (McFarland and Duy-ne,
2003) properties, as well as antimicrobial activities (Bhattacharya and Mukherjee 2008), attracted the
attention of many research groups. They can be synthesized by different procedures - methods: chemical
reduction of silver ions (in the presence of a reducing and stabilizing agent) in aqueous solutions (Leopold
and Lendl, 2003), Caswell et al., 2003, Chaki et al., 2004) as in non-aqueous solu-tions (Chen and Huang
2002, Wang et al., 2003, Faure et al., 2003), electro chemical method (Johans et al., 2004), reduction of
silver ions using ultrasound (Zhang et al. 2004), by photo-induced or cata-lyzed reduction (Shchukin et
al., 2003, Zhang et al., 2003, Cozzoli et al., 2004), by microwave-induced synthesis (Komarneni et al.,
2002, Yamamoto et al., 2004), by radiation-chemical reduction (Hornebecq et al., 2003, Lihui et al., 2004),
micro emulsion method (Zheng et al., 2003, Zheng et al., 2004, Maillard et al., 2002, Maillard et al., 2003)
and biochemical reduction of silver ions (Naik et al., 2002, Bhainsa and D’Souza 2006). In all AgNPs
synthesis procedures, the basic reaction is the reduc-tion of silver ions to elemental silver. In doing so,
one should bear in mind the great tendency towards agglomeration, which reduces the ratio of surface
area to volume, and thus changes the properties of nanoparticles. Therefore, when choosing a reducing
agent, one must take into account its properties as a protective agent that prevents agglomeration. For this

‘Corresponding author: glisictfl@gmail.com
© 2023 by the authors. This article is an open access article distributed under the terms and conditions of the
= Creative Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).

https://medisij.com


https://medisij.com
mailto:glisictfl%40gmail.com?subject=
mailto:momcilo.conic%40gmail.com?subject=
mailto:msmelcerovic%40yahoo.com?subject=
https://creativecommons.org/licenses/by/4.0/
mailto:glisictfl%40gmail.com?subject=
mailto:yaneva.1968%40abv.bg%0D?subject=
https://creativecommons.org/licenses/by/4.0/
https://crossmark.crossref.org/dialog/?doi=10.35120/medisij020101g&domain=pdf

Slobodan, G., Moméilo, C., & Miodrag, S. (2023). Microbiological activity of silver nanoparticles stabilized with dextran
derivatives, 2(1), 1-12. doi: 10.35120/medisij020101g
UDK: 579.67:[546.57:620.3

purpose, various substances can be used, most often polymers of synthetic or natural origin, especially
biopolymers of the polysaccharide type and their derivatives (Krsti¢, 2013, Nadagouda and Varma, 2007,
Liu et al. 2009, Shevchenko et al. 1985, Tolmachev et al.1985, Quelemes et al., 2013,Hamedi et al., 2012,
Chudobova et al., 2013b, Garza-Navarro et al., 2013, Prinz et al.,2010). The increasing application of
silver nanoparticles in many areas, especially favors the so-called non-toxic, relatively “green” synthesis
procedures. In con-trast to physical and chemical synthetic methods, green synthesis has a number of
advantages: lower energy consumption, simple execution, costs are reduced, use of non-toxic chemicals
as reducing and stabilizing agents, which enables biocompatible and in vivo application of the formed
particles (Amooaghaie et al., 2015, Sathishkumar et al., 2009, Bar et al., 2009, MubarakAli et al., 2011).
There is an ever-greater interest in green synthetic procedures where plant or other natural products are
used as reducing and protective agents. One of the ways to switch to non-toxic syntheses is to use natural
products, i.e. water extracts of biomass, as well as polymers of natural or synthetic origin, produced by
various microorganisms, as a reducing and stabilizing agent. For biomedical applications, honey has
proven to be an attractive green agent, which simultaneously reduces silver and stabilizes silver na-
noparticles. Honey has been used for medicinal purposes since ancient times due to its composition and
specific characteristics. Honey consists of various carbohydrates (>80%), with fructose and glu-cose
being the most abundant, accounting for about 70%, while sucrose (table sugar) represents ~5%. The
rest is water, about 20%, while proteins are represented in a small percentage, about 0.3%. During the
synthesis of silver nanoparticles in honey, glucose serves to reduce silver, and honey proteins to stabilize
nanoparticles. In order for silver reduction to begin, the presence of sodium hydroxide is nec-essary,
which facilitates the opening of the glucose ring, which allows the silver ions to oxidize glucose to gluconic
acid. During this chemical reaction, silver nanoparticles and gluconic acid are formed, and all other
components of honey remain unchanged. The most commonly used biopolymers are poly-saccharides
and their derivatives: cellulose and carboxymethyl cellulose, dextran (Berry et al., 2003), CMD and DS,
pullulan, alginate, agar, starch (Chairam and Somsook 2008, Chairam et al., 2009), chi-tosan (Park et
al., 2005) and glycogen. From synthetic polymers, due to biocompatibility, PVP, PVA, poly(2-hydroxyethyl
methacrylate) (PHEMA) and poly(methyl methacrylate) (PMMA) are used. (Stasica et al., 2000, Darwis et
al.,2002). The mechanism of reduction of silver ions and stabilization of formed AgNPs by polysaccharides
is well explained in the paper (Bankura et al., 2012) on the example of the synthesis of silver nanoparticles
in water, using dextran as a reducing and protective agent. Silver nanoparticles cannot be synthesized
using a solution of dextran in purified water, because purified water has a weak acidity (pH = 6) that can
prevent the reduction of Ag+ to Ag0 in the nanometer range by forming R-O+H2. The presence of a very
low concentration of NaOH can liberate the hydroxyl groups of dextran by removing protons and help
the formation of silver nanoparticle which is observed by the color change of the solution (Bankura et al.,
2012).

Microbiological properties of silver nanoparticles

The microbiological properties of silver have been known for centuries. Thus silverware was used to
store water, while compounds containing silver were used in traditional medicine (Armentano et al., 2010,
Slawson et al.,1992). In the last few decades, there has been a significant increase in mi-croorganisms
that are resistant to existing antibiotics, which has brought silver back into medical use. (Monteiro et al.,
2009). Nanoparticles have been shown to have greater microbiological activity than silver ions (Lok et
al., 2006). Nanoparticles act at the level of the cell (cytoplasmic) membrane by in-teracting with structural
proteins, changing the permeability of the membrane, and then with membrane enzymes, inhibiting their
activity. Nanoparticles also penetrate the cell by interacting with DNA, which affects the cell’'s ability to
replicate. In doing so, the nanoparticles also dissolve, releasing silver ions that also have an anti-microbial
effect (Morones et al., 2005). Silver nanoparticles have been shown to act on various viruses (Xiang et al.,
2011), bacteria (Guzman et al., 2012, Radzig et al., 2013) and fun-gi (Panacéek et al., 2009). Chemically
synthesized silver nanoparticles in solutions of different saccha-rides showed antibacterial activity against
10 different types of bacteria, whereby the smallest nanopar-ticles in this study with a diameter of 25
nm were the most effective, while the largest nanoparticles with a diameter of 50 nm had the weakest
microbiological activity (Panacek et al.,2006). It has also been shown that the shape of nanoparticles
significantly affects microbiological activity (Pal et al.,2007). When examining the microbiological activity
of silver nanoparticles of different shapes (rod-shaped, spherical and triangular nanoparticles) against E.
coli ATCC 10536, it was shown that the most effective nanoparticles were triangular-shaped, while the
rod-shaped nanoparticles had the weakest microbio-logical efficiency. Silver nanoparticles are already
commercially used for wound dressings (Acticoat, Smith&Nephew, USA), but have potential applications
for antimicrobial creams and gels (Jain et al., 2009), as well as for coverings for catheters, drains and
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implants (Knetsch and Koole, 2011). Silver nanoparticles are also, due to their strong antimicrobial activity,
very attractive components for improv-ing the functionality of wastewater treatment membranes and water
filters (Jain and Pradeep 2005). However, the main problem with the application of silver nanoparticles
is their rapid release from the surface of the polymer from which the membranes are made (Tseng et
al.,2006), therefore, the con-centration of silver in the filtered water is above the permitted concentration
of 0.1 mg/l according to the EPA standard (Environmental Protection Agency-EPA). Therefore, the
functionality of the membranes is improved by immobilizing the silver nanoparticle inside the polymer
fibers from which the membrane is made. In this way, a small percentage of nanoparticles is released from
the polymer into the filtered water, and the antimicrobial activity remains unchanged.

Carbohydrates as ligands

Carbohydrates represent a very widespread group of natural products that are synthesized by liv-
ing organisms and that occupy an important place in life cycles. They make up about 80% of the mass
of the dry substance of plants and about 2% in animals, as energy reserves (eg as starch) or as building
materials (cellulose). Polysaccharides have different and, in many cases, complex chemical structures,
numerous physiological functions and a wide range of potential applications. The basis of the carbohy-
drate structure of polysaccharides is represented by monosaccharide units that can be connected to
each other through different positions and orientations, which makes the structural chemistry of poly-
saccharides very complex. They can be covalently bound to proteins or lipids and in the form of complex
glycoconjugates they form biologically important compounds that have different functions. According to
the sources from which they are obtained, they are divided into plant, animal and microorganism poly-
saccharides. Polysaccharides are used in industry as thickeners, stabilizers and gelling agents. Also,
they are used as agents for removing pollutants from the environment, and due to their biological effects,
such as antioxidant, probiotic or antitumor, the interest in polysaccharide chemistry is growing every day
(Dakovi¢,1985, Liu et al., 2010a). They can be isolated from different sources (bacteria, fungi, algae and
plants), although polysaccharides from algae and higher plants are dominant on the world market. These
biopolymers are isolated by direct extraction from biomass and can be used in their native form, while
in chemical form they are used in various fields. Thus, for example, dextran, which is a polysac-charide
obtained by microbiological synthesis, is a molecular chain of anhydro-D-glucopyranose units connected
by a-1,6 glycosidic bonds (in addition to these a-1,6 there may be others, a-1,2, a-1 ,3 and a-1,4). It is
used as the most effective substitute for blood plasma, it is used in postoperative therapy to prevent
venous thrombosis, as well as for the production of granulated gels in gel chromatography (Nikoli¢, 2001).

Exopolysaccharide dextran

Dextran is a branched exopolysaccharide consisting of D-glucopyranose residues interconnected
by a-1,6 glycosidic bonds in the main sequence, with different content of a-1,2), a-1,3 and a-1,4 branches,
and different conformation of the glucopyranose unit (Sarwat et al., 2008) (see Fig. 1). Dextran is a
natural product, but it can be synthesized from sucrose by means of certain lactic acid bacteria, the
most famous of which are Leuconostoc mesenteroides and Streptococcus mutans. It is used medically
as an antithrombotic, to reduce blood viscosity, and as a means of increasing volume in anemia. It is
used as a substitute for blood plasma in the treatment of shock caused by loss of body fluids (Rehm,
2010). Polysaccharide dextran has an extraordinary ability to form water-soluble complexes with various
biometals (Fe, Cu, Co, Zn, Ca, Mg), as well as other metals (Tb, Al, Cd, Pb, Ni, Mn). (Cakic¢ et al.,2008,
Nikoli¢ et al.,2009, Miti¢ et al., 2009, Nikoli¢ et al., 2008, Miti¢ et al.,2007, Miti¢ et al., 2008, Vasko et al.,
1971, Barker et al.,1953). Raw dextran cannot be used for clinical purposes, because it has toxic and
antigenic properties. For the above reasons, raw dextran is depolymerized and repeatedly fractionated
with hydrophilic solvents in order to obtain fractions with the narrowest distribution of molar masses. Due to
their toxicity, dextran molecules with a high molar mass cause side reactions in the body, while molecules
with a low molar mass are quickly excreted from the body. For clinical purposes, only dextrans with a low
degree of branching are used, i.e. those with a content of 0-1,6 bonds over 90%. Partially hydrolyzed
dextran dissolves in water, formamide, dimethylformamide, dimethylsulfoxide, ethylene glycol, glycerol
and in alkali solution. Various alcohols and acetones do not dissolve dextran, but rather precipitate it out
of solution.
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Figure 1. Molecular form of dextran

The reactivity of dextran (but also of other polysaccharides, for example pullulan, inulin, starch,
cellulose, agar, agaroid, chondroitin sulfate, etc.) primarily depends on the reactivity of the secondary,
equatorially oriented hydroxyl groups of the glucopyranose unit OH at C-2, C-3 and C-4 . Therefore,
dextran can build various compounds, among which, due to its biological function and pharmacological
activity, esters with inorganic or organic acids, but also complex compounds with biometals are important
(Ricketts,1952b, Kentaro and Kotaro 1974). From the group of esters and ethers, the most famous are
dextran and cellulose, i.e. and carboxymethyl dextran and carboxymethyl cellulose, as well as dextran
sulfate. These compounds are used in pharmacy and cosmetics for the production of many preparations
in which they have the function of fillers or, due to their hydrophilicity, for the production of moisturizing
creams. Given the presence of carboxyl and sulfo functional groups, they can build complexes with
biometals or other derivatives, mostly with Schiff's bases (amino acids), which can be further complexed,
say with platinum, and used in cancer therapy, as reducing and stabilizing agents for the synthesis of
MNPs or as their carriers (Tao et al., 2011). Certainly the most famous compound of dextran (but also
of other polysaccharides, pullulan and inulin) is its polynuclear complex with iron (more correctly with B,-
FeOOH form of iron hydroxide), bearing in mind its wide application in human medicine and vetennary
medicine in the treatment of iron deficiency anemia (Caki¢ et al., 2007).

Dextran derivatives

Carboxymethyl dextran (CMD) is a derivative of dextran, which is obtained by etherification of
dextran with halogen acetic acid, (most often chlorine- or bromine-chlorine) in a mixture of alcohol and
aqueous sodium hydroxide solution. The synthesis of carboxymethyl dextran is carried out in two stages,
the first represents alkalization of dextran, and the second represents carboxymethylation of dextran with
chloroacetic acid. CMD dissolves in distilled water and can be precipitated with ethanol.

Dextran sulfate (DS) is an ester of sulfuric acid and dextran. Given that there are three OH groups
per glucopyranose unit of dextran, the degree of esterification. In addition to dextran sulfate, inulin sulfates,
pullulan sulfates, and others (agar and agaroid, chondroitin sulfate, etc.) are also known (Ricketts 1952a).

Materials and methods

Synthesis of silver nanoparticles (AgNPs) with CMD. In a reactor with a volume of 100 ml, at room
temperature, 20 ml of freshly prepared CMD (see Fig. 2) (0.002 M) was first added, and after 10 minutes,
with constant stirring (300 rpm), and 10 ml of AGNO, solution (0.001 M). The suspension was stirred for
2 hours, and then the pH value of the suspension was adjusted to 7 by adding 0.4 ml of NaOH solution
(0. 001M) The mixture was kept under reflux for 24 hours. The change of white to yellow color of the
reaction mixture indicates the formation of AgNPs-CMD nanoparticles. The reaction mixture was then
cooled to room temperature, and the AgNPs-CMD nanoparticles were precipitated with 96% ethanol. After
standing overnight, the ethanol was decanted, and the precipitate was re-dissolved with redistilled water.
Finally, the nanoparticles were precipitated from the solution with 96% ethanol and, after decanting the
alcohol, dried for 3 hours at 105°C in a vacuum oven.

https://medisij.com


https://medisij.com


Slobodan, G., Momgilo, C., & Miodrag, S. (2023). Microbiological activity of silver nanoparticles stabilized with dextran
derivatives, 2(1), 1-12. doi: 10.35120/medisij020101g
UDK: 579.67:[546.57:620.3

__—CHp . OH: OH
~°7H —O0H H
HY H %
BrAc 4 Ol_r' H 1 O\'-II s} (0]
3 g — 4
—> | HQ 70 CHZ ‘H
H © s
NaOH, T alkohol | H,C
CH; |
| 0=t|‘-
O_F HO
n L OH n
dekstran CMD

Figure 2. Schematic representation of CMD synthesis

Synthesis of silver nanoparticles (AgNPs) with DS. In a reactor with a volume of 100 ml, at room
temperature, 20 ml of freshly prepared DS (see Fig. 3) (0.002 M) was first added, and after 10 minutes,
with constant stirring (300 rpm) and 10 ml of AgQNO3 solution (0.001 M). The suspension was stirred for
2 hours, and then the pH value of the suspension was adjusted to 7 by adding 0.4 ml of NaOH solution
(0.001 M). The mixture was kept under reflux for 24 hours. The change from white to yellow in the reaction
mixture indicates the formation of AQNPs-DS nanoparticles shown in Figure 3. The reaction mixture was
then cooled to room temperature, and the AgNPs-DS nanoparticles were precipitated with 96% ethanol.
After standing overnight, the ethanol was decanted, and the precipitate was re-dissolved with redistilled
water. Finally, the nanoparticles were precipitated from the solution with 96% ethanol and, after decanting
the alcohol, dried for 3 hours at 1050C in a vacuum oven.

Nas0;0 CH2
o 5soma / o H
NaS030 o CH2
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o
H

NaSO;0
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Figure 3. Structural formula of the sodium salt of dextran sulfate DS

Microbiological activity of silver nanoparticles. For testing, standard inoculums of microorganisms
were used, which were prepared by sowing the appropriate microorganism culture (100 ul) on a liquid
TSB medium (3 ml). After incubation of the inoculum at 37 °C overnight, the microorganisms were taken
from their exponential growth phase (16-18 hours after seeding) and used as such further in the ex-
periment. The method itself is based on adding sterile Erlenmeyer flasks in the sterile atmosphere of the
burner in the following order: physiological solution (50 ml), inoculum of the appropriate microorganism
(500 pl) and tested silver nanoparticles (1 mg). In order to maintain a sterile environment, the Erlen-meyer
flasks were capped and kept at a temperature of 37 °C in a water bath for 2 h, with agitation. After that,
an aliquot of suspension of 1 ml was taken from each Erlenmeyer which was further diluted deci-mally
with physiological solution 0.9% NaCl (sterilization for 20 minutes at 121°C). After homogenization of the
suspension on a vortex, the density of the suspension was adjusted by comparison with the 0.5 McFarland
standard, which corresponds to the number of microorganisms of 1-2x108 CFU/ml (eng. Colony Forming
Units) (Andrews, 2005). A 0.1 ml aliquot of the appropriate dilution was transferred to sterile Petri dishes,
after which it was covered with melted TSA medium (~20 ml), with mixing. Sterile discs with a diameter
of 9 mm were placed on the surface of the seeded substrate and impregnated with 60 pl of AgNPs-CMD,
AgNPs-DS nanoparticle solution in concentrations of 0.25 mgecm-3, 0.5 mgem-3, 1 mgem-3. Petri dishes
were incubated in a thermostat at a temperature of 37 °C for the next 24 hours (Hamblin and Jori 2011).
After incubation, the diameter of the zone of inhibition of the growth of micro-organisms was measured.
The following microorganisms were used for the microbiological activity of silver nanoparticles as an
indicator of strains: Gram-positive bacteria: Staphylococcus aureus ATCC 25923, Bacillus cereus ATCC
11778, Bacillus luteus in haus strain, Listeria monocytogenes ATCC 15313, Gram-negative bacteria:
Escherichia coli ATTC 25922, Pseudomonas aeruginosa ATTC 27853, Klebsiella pneumoniae ATTC
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700603, Proteus vulgaris ATTC 8427, and fungus: Candida albicans ATTC 2091.

Results and Discussion

Microbiological activity of AGNPs silver nanoparticles with CMD. A large amount of literature data
shows that AgNPs possess significant microbiological activity, which is explained by the accumulation of
silver ions from the solution in bacterial membranes, which can lead to cell death (Deli¢, 2011). Namely,
the silver cation can react with thiol groups and proteins in cells, and in addition, it can inactivate en-zymes
that are required for normal cellular metabolism (Sondi and Salopek, 2004). The microbiological activity
of stabilized AgNPs-CMD was performed using the disk-diffusion method on agar. Clinical iso-lates of
bacterial pathogens were used to test the antimicrobial activity of synthesized AgNPs-CMD (B. lutea, B.
aureus, B. cereus, E. faecalis, P. aeruginosa, Klebsiella) and fungal strains (C. albicans) as indicators
of strains for analysis. The results of testing the antimicrobial activity of the AgNPs-CMD na-noparticles
solution are shown in Table 1.

Table 1.
Radial diameter of inhibition zones of tested bacterial and fungal strains

Radial diameter of inhibition (mm)

AgNPs-CMD

G3=0,25 mg/ml Gs= 0,5 mg/ml Gs=1 mg/ml

Bacillus lutea

1

13

Bacillus aureus

12

18

Bacillus cereus

11

12

Bacterial strains
Enterococcus faecalis - - 1

Pseudomonas aeruginosa - - 12
Klebsiella 13 14 15

Fungal strains Candida albicans - - 1

The radial growth of the zone of inhibition increases with increasing concentration of AgQNPs-CMD
from 0.25 to 1 mg/ml except for strains Enterococcus faecalis in which the zone of inhibition is reached only
at a AgNPs-CMD concentration of 1 mg/ml. Fungus Candida albicans is more sensitive to AGNPs-CMD,
while an inhibition zone of about 11 mm is achieved at a AgNPs-CMD concentration of 1 mg/ml. AgNPs-
CMD nanoparticles showed the highest activity against bacteria B. lutea and B. aureus. The antifungal
activity of AgQNPs-CMD was analyzed according to the strain C. albicans. Zones of inhibition according to
C. albicans are very small. Zone of inhibition B. lutea, B. aureus, B. cereus, E. faecalis, P. aeruginosa and
K. pneumoniae were 20, 21, 14, 11, 12 and 15 mm, respectively. AgNPs-CMD at a concentration of 1 mg/
ml showed a number of specificities according to their antimicrobial activity (see Fig. 4).

Bacillus aureus AT Bacillus cereus @

K&Jh V3

G Pseudomonas aeruginosa Klebsiella

Bacillus lutea

Figure 4. Microbiological activity of AgNPs-CMD nanoparticles of different concentrations against
bacterial strains (B. lutea, B. aureus, B. cereus, E. faecalis, P. aeruginosa and Klebsiella) (A) and fungal
strain (C. albicans) (B)
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Microbiological activity of AQNPs silver nanoparticles with DS. AgNPs-DS solution showed mi-
cro-biological activity against bacteria, Staphylococcus aureus, Bacillus cereus, Bacillus luteus in haus
strain, Bacillus subtilis, Listeria monocytogenes, Escherichia coli, Pseudomonas aeruginosa, Klebsiella
pneumoniae, Proteus vulgaris which proves the presence of clear zones of bacterial growth inhibition
around the disks. The radial diameters of inhibition zones are shown in Table 2.

Table 2.
Radial diameter of inhibition zones for tested bacterial and fungal strains

Radial diameter of inhibition (mm)
AgNPs-DS
G1=0,25mg/ml G2=0,5mg/ml Gz= 1mg/ml
Staphylococcus aureus 17 18 19
Bacillus cereus 16 18 19
Gram

_ . Bacillus luteus in haus strain 20 21 24
Bacterial Bacillus subtilis 16 17 19

strains L
Listeria monocytogenes 16 17 18
Escherichia coli 17 18 21
Gram | Pseudomonas aeruginosa 23 24 26
Klebsiella pneumoniae 16 18 19
Proteus vulgaris 13 14 15

Fungal strain | Candida albicans - 16

Inhibition was observed in all analyzed bacterial strains at a concentration of 0.25 mg/ml AgNPs-
DS, indicating that the minimum inhibitory concentration for these microorganisms is low. For example,
in literature (Dhand et al.,2016) it was stated that the minimum inhibitory concentrations for Escherichia
coli and Staphylococcus aureus were about 0.26 mg/l. The highest zones of inhibition were recorded
against Pseudomonas aeruginosa and Bacillus luteus in haus strain. The zone of inhibition against these
microorganisms for a concentration of 1 mg/ml AgNPs-DS was 26 and 24 mm, respec-tively. Among the
bacterial strains, Proteus vulgaris it was the least sensitive to the activity of AQNPs-DS with an inhibition
zone of 15 mm, when a concentration of 1 mg/ml AgNPs-DS was used. Testing the activity of different
concentrations of AgNPs-DS in relation to all other used bacterial strains showed similar results with
inhibition zones in the range of 16-17 mm, 18-19 mm and 18-21 mm for concentra-tions of 0.25, 0.5 and
1 mg/ml AgNPs - DS. Results for Klebsiella pneumoniae, Bacillus luteus in haus strain and Pseudomonas
aeruginosa are higher than previously reported for AgQNPs-CMD. Antimicrobial activity against Candida
albicans was observed only at a concentration of 0.5 mg/ml AgNPs-DS. Low antimicrobial activity of AgNPs
against Candida albicans has already been reported for AGNPs stabi-lized by CMD. The mechanism of
antimicrobial activity of AQNPs can be explained by the accumulation of silver in bacterial membranes that
can lead to cell death. Dissolved Ag cation can react with thiol groups and proteins in cells. Additionally, it
can inactivate enzymes that are required for normal cellular metabolism (Dhand et al.,2016). AQNPs-DS
at a concentration of 1 mg/ml showed a number of speci-ficities according to antimicrobial activity. But a
higher concentration of silver can also be harmful to microbes. Therefore, lower concentrations are much
more applicable for this purpose. The lower effec-tive concentrations of AGNPs, which cause an effect on
organisms different from the control, range from a few ng/l to tens of mg/I depending on the organism and
many other factors. This silver nanoparticle synthesis design has great potential due to its antimicrobial
activity.

Conclusions

Synthesized AgNPs-DS and AgNPs-CMD nanoparticles showed microbiological activity against
the analyzed test microorganisms. AgNPs-DS and AgNPs-CMD showed no activity on the fungal strain
C. albicans, and AgNPs-CMD and on P. aeruginosa in a concentration of 0.5 mg/ml. Mutual comparison
of the size of the radial zones of inhibition shows that they are slightly smaller with AGNPs-DS, and the
smallest with AgNPs-CMD. Also, the zones of inhibition in all analyzed bacterial strains are larger when
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the concentration of AgNPs is 1 mg/ml than for 0.5 mg/ml. The results of testing the antimicrobial activity
of the synthesized AgNPs show that they can be used in the biomedical field for the production of var-ious
preparations in human medicine, cosmetics, veterinary medicine and the food indus-try.Nanoparticles
have been shown to have greater microbiological activity than silver ions. Nanoparti-cles act at the level
of the cell (cytoplasmic) membrane by interacting with structural proteins, changing the permeability of
the membrane, and then with membrane enzymes, inhibiting their activity. Nanopar-ticles also penetrate
the cell by interacting with DNA, which affects the cell’s ability to replicate. In doing so, the nanoparticles
also dissolve, releasing silver ions that also have an anti-microbial effect. Silver nanoparticles have
been shown to act on various viruses, bacteria and fungi. Chemically synthesized silver nanoparticles
in solutions of different saccharides showed antibacterial activity against 10 different types of bacteria,
whereby the smallest nanoparticles in this study with a diameter of 25 nm were the most effective, while
the largest nanoparticles with a diameter of 50 nm had the weakest microbiological activity. It has also
been shown that the shape of nanoparticles significantly affects microbiological ac-tivity. When examining
the microbiological activity of silver nanoparticles of different shapes (rod-shaped, spherical and triangular
nanoparticles) against E. coli ATCC 10536, it was shown that the most effective nanoparticles were
triangular-shaped, while the rod-shaped nanoparticles had the weakest microbiological efficiency. Silver
nanoparticles are already commercially used for wound dressings (Acticoat, Smith&Nephew, USA), but
have potential applications for antimicrobial creams and gels, as well as for coverings for catheters,
drains and implants. Silver nanoparticles are also, due to their strong antimicrobial activity, very attractive
components for improving the functionality of wastewater treatment membranes and water filters.
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Abstract: Saliva is an extracellular fluid produced and secreted by the salivary glands in the mouth. In humans, saliva
is about 99% water, plus electrolytes, mucus, white blood cells, epithelial cells (from which DNA can be extracted), enzymes
(such as lipase and amylase), antimicrobial agents (such as secretory IgA and lysozymes) . Saliva is an important diagnostic
method, it helps in determining certain disorders/diseases of the orofacial system. Some bad habits such as smoking increase
the secretion of saliva most likely as a result of a defense mechanism of chemical irritation. Of the enzymes, amylase has a
role to clean the oral cavity, and also a protective role against caries. Role of saliva in remineralization Remineralization is
directly dependent on the presence of ions in saliva. Supersaturation of saliva represents a barrier to demineralization and is
a necessary prerequisite for the remineralization process. Also, the degree of saliva secretion depends on the feeling of fear,
damage to the salivary glands from radiation to the head and neck, tumor of these glands, thyroid gland deficiency or when
using drugs that, as one of the side effects, also have an antisialogogonic effect . Supersaturation of saliva represents a barrier
to demineralization and is a necessary prerequisite for the remineralization process. Buffer systems affect the possibility of
neutralization of ingested or generated acids. Bicarbonate is the most important buffering system in saliva. Thanks to the
physical, chemical and antibacterial properties of saliva. Saliva is an ion reservoir, a buffer and has an antimicrobial effect. It
helps in digestion, dissolving food residues, acts as a solvent allowing food to interact with the gustatory papillae, maintains
water balance and rinses away food residues. Physical protection - The role of saliva in the physical protection of soft tissues
is based primarily on its role of lubrication, soaking the oral mucosa, and at the same time it moistens the food and helps in
the formation of the bolus and its swallowing. The clearance of carbohydrates from the mouth takes place in two phases. Fast
clearance in the first 6 min, then clearance is slower. The clearance of fluorides is much slower than the clearance of sugars,
because fluorides have the ability to bind to hard tissues.

Key words: antimicrobial, demineralization, diagnostic, protection, saliva.

Field: Medical sciences and Health

INTRODUCTION

Saliva is a complex fluid consisting of secretions from the major, major and minor salivary glands.
Saliva can be used to diagnose any disease, from the orofacial system, or any bodily disease. In humans,
saliva is about 99% water, plus electrolytes, mucus, white blood cells, epithelial cells (from which DNA
can be extracted), enzymes (such as lipase and amylase), antimicrobial agents (such as secretory IgA
and lysozymes).

MATERIALS AND METHODS

In the past few years, new research has been done proving that salivary biomarkers are an
innovation in dentistry to detect certain oral diseases. In addition to biomarkers, it is certainly necessary
to apply additional non-invasive diagnostic methods to establish a more accurate diagnosis. Nowadays,
liquid biopsy is widely used, which allows to detect even tumor cells and, or fragments of tumor types.
With these innovative diagnostic procedures, mutations can be almost perfectly detected in patients
already diagnosed with lung cancer.

RESULTS

Saliva is very important in determining oral diseases. The quality of saliva is very important in
diagnosis, as well as its quantity. During diagnosis, changes in the secretion of saliva, the formation
of bacteria, as well as the analysis of the role of saliva on the occurrence of caries are analyzed. The
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change in saliva secretion can be reversible, but it can also be irreversible, it all depends on numerous
pathological factors. In addition, the conclusion is that saliva plays an important role in maintaining the
integrity of oral tissues, also saliva has a role in digesting food, as well as in controlling the occurrence of
infections, that is, it has a protective role.

DISCUSSIONS

Early detection of the disease is vital for a more successful therapy and a successful outcome of the
therapy for a certain oral disease. Of course, early detection has an impact on preventing complications.
Saliva is a method for diagnosis and early detection of disease in the orofacial system. Biomarkers, as
well as genetic material and proteins, help further in diagnosing diseases. Apart from diagnosing oral
diseases, saliva can be used as a diagnostic method for diagnosing other diseases, bodily, autoimmune,
for example Sjogren’s syndrome, cystic fibrosis, cardiovascular diseases, HIV, diabetes mellitus, caries,
periodontopathy and early detection of oral cancer. Today, diagnostic tests are often used in the clinics
themselves, and they are very accurate, precise, easy and efficient to use.

CONCLUSIONS

Saliva is a complex fluid consisting of secretions from the major, major and minor salivary glands.
Saliva can be used to diagnose any disease, from the orofacial system, or any bodily disease. In humans,
saliva is about 99% water, plus electrolytes, mucus, white blood cells, epithelial cells (from which DNA
can be extracted), enzymes (such as lipase and amylase), antimicrobial agents (such as secretory IgA
and lysozymes).
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Abstract: An Abdominal Aortic Aneurysm (AAA) is a localized dilatation and weakening of the abdominal aorta, as it's
infrarenal part is most commonly affected by the disease. Risk of rupture: Size of the AAA is one of the strongest predictors
of rupture, as aortic aneurysms above 5,5cm in diameter have a higher risk. Clinical manifestation: Most of the AAAs have no
symptoms and are accidently found. Classis symptoms of ruptured AAA (rAAA) are suddenly occurring severe abdominal and/
or back pain, arterial hypotension and pulsatile abdominal mass. Preoperative management: When rAAA is suspected, the
patient should be consulted with a vascular surgeon as soon as possible. Aggressive fluid resuscitation should be avoided.
Surgical treatment: Open surgery is usually performed via a transperitoneal approach with a midline laparotomy. Depending on
the anatomy of the AAA and iliac arteries involvement an aorto-arotal or aorto-bifemoral bypass is constructed. Complications
after repair of rAAA: Local - Lower limb(s) ischemia, Ischemia of the colon; Systemic - Cardiac, Pulmonary, Renal, Liver or
Multiorgan failure, with 30-day mortality reaching up to 89%.

CASE REPORT: Male patient, 81 years of age, with multiple concomitant diseases. He was diagnosed with AAA 4
months prior to the rupture. The maximal diameter of the AAA was 15,6¢cm, iliac arteries were not affected. The patient refused
the suggested surgical or endovascular treatments. He presented at ER 4 months later with acute pain in the abdomen and
back. Clinical status: severe pain in the abdomen, BP 96/57mmHg, Hgb 102 g/l with HCT -0.331 I/l. On the CT-angiography
rupture of AAA was verified with massive retroperitoneal haematoma, occluded right renal artery and aneurysm of the left renal
artery. Median laparotomy was conducted under common anaesthesia. Aneurysmal neck was clamped above renal arteries,
with clamping time — 30 minutes. After reclamping aorto-bifemoral bypass was constructed. Postoperatively the patient was
transferred to intensive care unit (ICU). In the course of ICU treatment, the patient was inadequate and lacked spontaneous
diuresis. A temporary catheter for haemodialysis was placed and such was initiated. He was transferred in the Clinic of
vascular surgery after stabilizing blood oxygen saturation. The patient was inadequate at the time of transfer, with jaundice
present. The patient restored bowel passage, hepatoprotectors were administered and physiotherapy was initiated. On the
20th postoperative day, the patient had a rapid decline in the physical status, demonstrated by hypotonia, bradycardia and
regardless of the reanimation, died.

DISCUSSION: Ruptured aneurysm of abdominal aorta has high mortality. Despite the immediate surgical treatment
and adequate substitution, the patient had lethal outcome.

CONCLUSION: Ruptured abdominal aortic aneurysm has high 30-day mortality, ranging between 22,9%-65,9%. In
cases of acute renal and/or liver failure following the surgical treatment and when haemodialysis is needed, mortality rate can
reach up to 89%.

Keywords: Ruptured Abdominal Aortic Aneurysm (rAAA), Suprarenal cross-clamping, Postoperative complications of
rAAA

INTRODUCTION

An Abdominal Aortic Aneurysm (AAA) is a localized dilatation and weakening of the abdominal
aorta, as it's infrarenal part is most commonly affected by the disease (Golledge, J. 2006). The most
common diameter (evaluated by Ultrasound imaging or Computer-tomography (CT) angiography) of
infrarenal aorta, defined as AAA is = 30mm or 1,5 times of normal aortic diameter with involvement of all
three anatomic layers of the aortic wall (Lederle, F. A. 1997; Roy R.A. 2022).

The most important risk factors are male sex , smoking and old age, whereas interestingly, diabetes
mellitus is a negative risk factor for AAA(Golledge, J. 2006; Lederle, F. A. 1997; Singh, K., 2001; Jamrozik,
K., 2000. Cornuz J., 2004). Three phases are distinguished in disease progression: development, growth
and rupture. Aneurysmal growth can be associated with upregulated matrix-metalloproteinases in aortic
wall and increased plasma protein concentration in both the aneurysmal wall and the intraluminal
thrombus (Tamarina, N. , 1997; Maguire, E. M., 2019; Behr Andersen, 2018).
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Risk of rupture

Size of the AAA is one of the strongest predictors of rupture, as aortic aneurysms above 5,5cm
in diameter have markedly higher risk of rupture (Aggarwal, S., 2011). Estimated annual risk of rupture
increases from 3%-15% for AAA with diameter 5,0cm-5,9cm to 30-50% for AAA bigger than 8,0cm
(Brewster DC, 2003).

The expansion rate is another important factor in the risk of rupture (Gadowski GR, 1994; Bengtsson
H, 1993). Diameter growth of AAA by 0,5cm for six months is considered in high risk of rupture (Hirsch AT,
2006). Continued smoking, uncontrolled hypertension and increased stress on the aortic wall are other
factors, increasing the chance of rupture (Brewster DC, 2003).

Clinical manifestation

Most of the AAAs have no symptoms and are accidently found during ultrasonography, CT of the
abdomen or magnetic resonance imaging, performed for different purposes. Symptomatic AAAs are with
higher chance of rupture (Aggarwal, S., 2011). Abdominal aortic aneurysm symptoms are nonspecific,
diffuse abdominal or lower back pain and pulsatile mass in the abdomen (Roy R.A. 2022). For up to 50%
of the patients the rupture is the first clinical presentation of the AAA (Jeanmonod D, 2022).

Classis symptoms of ruptured AAA are suddenly occurred severe abdominal and/or back pain,
arterial hypotension and pulsatile abdominal mass (Salata K. 2022).

Diagnostic imaging evaluation

Ultrasound imaging: When used in patients with abdominal and lower back pain or other symptom,
consistent with ruptured AAA, ultrasound can identify AAA with high sensitivity and specificity(Knaut AL,
2005; Rubano E, 2013). Major disadvantages of this method are that it is operator dependent, also obesity
and overlying bowel gas can hinder proper imaging of the aorta (Scott RA, 1991).

Computed tomography: When evidences of retroperitoneal hematoma and AAA on a CT are
present, ruptured AAA is almost certain (Weinbaum FI, 1987). Contrast enhanced CT in those cases help
plaining open surgical repair or EVAR (Salata K. 2022).

Preoperative management

When rAAA is suspected, the patient should be consulted with a vascular surgeon as soon as
possible. Full blood count, biochemistry and haemostasis should be obtained, while the patient is on
active monitoring (heart rate, blood pressure, oxygen saturation). At least 2 large venous lines should be
placed, as well as Foley catheter. Aggressive fluid resuscitation should be avoided, because permissive
hypotension of rAAA patients improves survival (Spahn DR, 2019). Systolic reassure ranging 70-80mmHg,
maintaining consciousness, avoiding ST depression and reducing vital organ ischemia should be targeted
(Dick F, 2013).

Surgical treatment

Open surgery is usually performed via a transperitoneal approach with midline laparotomy.
Alternatively, a left retroperitoneal approach can be used. Aortic cross clamping should be performed
below the renal arteries if possible. If the AAA extends above the renal arteries supraceliac clamping may
be preferred, increasing rates of renal dysfunction and risk of multiorgan failure (Bown MJ, 2003). Distal
clamping of iliac arteries should be assured before opening the aneurysmal sack to reduce the blood loss.
After opening the sack rapid suture ligation of the lumbar arteries and inferior mesenteric artery (IMA)
is necessary. Depending of the anatomy of the AAA and iliac arteries involvement tube graft is used to
construct aorto-arotal bypass (in case of patient and not aneurysmal iliac arteries); Bifurcated graft for
aorto-biliac or bifemoral bypass, in case of not patient, stenotic or aneurysmal iliac arteries.

PRBC and FFP transfusion is usually started after aortic clamping. Before declamping of the
anastomoses, a close cooperation with anesthesiologists’ team is required to avoid rapid decrease of
blood pressure. After hematoma evacuation, a primary abdominal closure is usually used.

Complications after repair of rAAA

Local complications:

« Lower limb(s) ischemia due to graft thrombosis or distal embolization require rapid treatment —
thrombectomy of the graft and affected limb(s) arteries;

* Ischemia of the colon — it is caused by combination of factors — ligation of IMA, internal iliac
arteries occlusion, perioperative hypotension;

+ Abdominal compartment syndrome — caused by large retroperitoneal haematomas and tissue
oedema. In those cases, decompression laparotomy is recommended.

« Spinal ischemia — rare complication causing lower extremities paraparesis or paraplegia, due to
interruption of pelvic blood supply, prolonged aortic clamping and perioperative hypotension.

Systemic complications:

« Cardiac — arrhythmia, congestive heart failure, myocardial infarction and cardiac arrest increase
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mortality of rAAA(Johnston KW. 1994)

* Pulmonary - pulmonary failure, pneumonia and other respiratory complications develop in 36-
41% of the cases of rAAA, most commonly resulted by chronic obstructive pulmonary disease (Edwards
ST, 2014; Desgranges P, 2015)

+ Renal-developing due to hypoperfusion, pre-existing renal disease, contrast media administration,
suprarenal clamping, in cases of rAAA it can reach incidence of 26-45% (Edwards ST, 2014). The need
of postoperative hemodialysis can reach 11-40%, with mortality rate of those patients varying between
76-89% (Edwards ST, 2014; Johnston KW, 1994; Harris LM, 1991)

* Hepatic — Liver failure in patients with rAAA is caused by hypoxic injury and is usually late
complication. Unknown pre-existing liver dysfunction, combined with increased metabolic demands, due
to hematoma absorption can lead to renal, cardiac, pulmonary and gastrointestinal disfunctions with a
mortality rate of 83% (Hermreck AS, 1997; Maziak DE, 1998; Salata K. 2022).

* Multiorgan failure - Clinical data indicate, that a suprarenal clamping and duration of clamping are
associated with higher risk of MOF and death (Mehta M., 2005; EI- Sabrout RA, 2001). The incidence of
MOF can reach up to 64% in cases of rAAA (Visser JJ, 2009).

Inhospital mortality:

Thirty-day mortality of rAAA is ranging from 22,9%-65,9% (Lieberg J, 2018; Karthikesalingam, A.,
2014)

CASE REPORT

Male patient, 81 years of age, with several concomitant disease — congestive heart failure, cerebro-
vascular disease. The patient was diagnosed with AAA 4 months prior to the rupture. The maximal diameter
of the AAA was 15,6cm with length of 15,5cm, iliac arteries were not affected by the disease. The patient
refused suggested surgical or endovascular treatments, discharged on conservative treatment.

The patient presented at ER four months later with acute pain in the abdomen and back, sweating
and tingles in the limbs.

Clinical status: severe pain in the abdomen, during the examination, adequate psychological
behaviour, blood pressure 96/57, Hgb 102 g/l with Haematocrit -0.331 I/l. Emergent consultation with
vascular surgeon was conducted. On the CT-angiography rupture of AAA was verified with massive
retroperitoneal haematoma, occluded right renal artery and aneurysm of the left renal artery.

After signing the informed consent, an emergent vascular reconstruction was undertaken.

Under common anaesthesia median laparotomy was conducted. Laparotomy revealed huge
retroperitoneal hematoma. Aneurysmal neck was clamped above renal arteries, with clamping time —
30 minutes, for constructing the proximal anastomosis. After recalmping an aorto-bifemoral bypass was
constructed with silver knitted dacron prosthesis 22/11mm.

Postoperatively the patient was transferred to intensive care unit (ICU) for monitoring with stabile
blood pressure and heart rate, varying between RR 110-130/7-80 mmHg, FR 60-75/min. In the course
of ICU treatment, the patient was inadequate and lacked spontaneous diuresis. A temporary catheter for
haemodialysis was placed for initiating haemodialysis.

He was transferred in clinic of vascular surgery after stabilizing blood oxygen saturation. The
patient was inadequate at the time of transfer with jaundice present.

The initiated haemodialysis was continued on regular basis one time/ daily. The patient restored
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bowel passage, hepatoprotectors were administered, physiotherapy was initiated.
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On the 20th postoperative day, the patient had rapid decline in the physical status, demonstrated
by hypotonia, bradycardia and regardless of the reanimation, died.

DISCUSSION

Ruptured aneurysm of abdominal aorta has high mortality (Lieberg J, 2018; Karthikesalingam,
A., 2014). Despite the immediate surgical treatment and adequate substitution, the patient had a lethal
outcome. Patients with AAA in diameter above 55mm, refusing to undergo conventional or endovascular
treatment should be held in supervision as this way local or systemic complications might be avoided.

CONCLUSION

Ruptured abdominal aortic aneurysm has high 30-day mortality, ranging between 22,9%-65,9%
(Lieberg J, 2018; Karthikesalingam, A., 2014). In cases of acute renal and/or liver failure following the
surgical treatment and when haemodialysis is needed, the mortality rate can reach up to 89% (Edwards
ST, 2014; Johnston KW, 1994; Harris LM, 1991, Hermreck AS, 1997; Maziak DE, 1998; Salata K. 2022).
Short neck AAA or such involving renal arteries should be intervened after careful planning so the risks of
local or systemic complications can be minimized.
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Abstract: Despite the advances in medicine regarding diagnosis and therapeutic options, the treatment of femoral
hernias remains a challenge for the surgeon. In the past, this type of hernia was repaired with conventional surgery. Today,
mini-invasive techniques are preferred method of choice by many surgeons.

The aim of our study is to compare the results of open and minimally invasive surgery in patients with femoral hernias.

In the present study we include patients with primary unilateral femoral hernias operated in the Surgical Department of
EUROHOSPITAL- Plovdiv and the Department of General Surgery of University Hospital “St. George” for the period January 2018
to December 2022. The patients were divided into two groups - conventional and minimally invasive operations. Comparative
analysis was performed regarding sex, age, duration of operative intervention, postoperative pain, hospital stay and complications.

33 patients in total were diagnosed and operated for femoral hernias for a period of 5 years. Of these, 16 patients were
operated conventionally and 17 underwent laparoscopic surgery. Patients in the minimally-invasive group had a significantly shorter
hospital stay (2.1 vs 3.0 days) and less postoperative pain (1.8 vs 3.6 on the 1 to 5 scale). The incidence of the postoperative
complications was similar in both groups.

Surgery is the only method of treatment of femoral hernias. Nowadays, minimally invasive techniques became a
method of choice compared with conventional surgery. We believe that laparoscopic operations for femoral hernia, performed
by experienced surgeon, are effective and safe and could be applied to all type of patients.

Keywords: Femoral hernia; Laparoscopic surgery; TAPP.

Field: Medical Sciences and Health

INTRODUCTION

Hernia repair is one of the most frequently performed benign surgical interventions. Annually, over
20 million operations for hernias are performed worldwide. According to NSI data, for 2020 in Bulgaria
12,754 patients were treated electively or emergency with this pathology. Operations for hernias comprise
approximately 2.4% of all surgeries for that period of time. (Hammoud M, Gerken J. (2022), NSI (2021)).
Femoral hernias, on the other hand, are rare and consist about 3% of all types of hernias. Surgery
remains the best method of treatment of these pathology. In the past, herniorrhaphy was considered
the gold standard. (Goethals A et al. (2022)) However, nowadays, more preferences are being given
to minimally invasive methods. (The HerniaSurge Group. (2018)) Key factors for that are the relatively
shorter learning curve and better postoperative results. Preperitoneal or transabdominal approach in the
treatment of femoral hernias is still matter of debate among surgeons.

MATERIALS AND METHODS

The aim of our study is to present and analyze our experience in planned and emergency
operative treatment of femoral hernias for the period January 2018 to December 2022. Inclusion criteria
were patients with primary unilateral femoral hernias and age over 18 years. In all patients, a detailed
anamnesis was taken, physical status was examined, standard laboratory tests and ultrasound were
performed. According to the urgency of the condition, in some patients an X-ray of the abdomen and a
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CT scan were additionally performed. We recorded the type of primary surgery performed (hernia repair
with or without mesh), with or without laparoscopy performed, the length of hospital stay, postoperative
pain and complications.

RESULTS

33 patients with femoral hernias were operated in the surgical departments of UMHAT Eurohospital
and UMHAT St George for a period of 5 years. The distribution of patients by gender was following: 5 men
and 18 women (ratio 1:3,6) . We used a minimally invasive approach in 17 cases (52% ). The mean age
of the patients in that group was 55.3 years + 19.4 ( range 28-85 ). For conventionally operated patients
it was 47.0 years £ 16.56 (range 32-80) (p = 0.189). Regarding the timing of surgery, 24 operations
were elective and 9 were emergency (27%). The average operative time of the miniinvasive surgeries
was longer - 59.6 min £ 8.56 (range 45-80). For the open surgeries it was 51 min £ 9.57 (range 30-135)
p = 0.683. Regarding postoperative pain ( according to the five-point system, where 5 is the strongest
pain ), lower pain index was reported in the group of laparoscopic operations (1.6 + 0.62). For the open
operations it was 3.2 £ 1.01 (p = 0.013). Comparative analysis that we performed regarding the hospital
stay did not show significant differences in both groups (2.1 days £ 0.34 for LS) vs (3 days £ 1.21 p =
0.134 for OP). Regarding the postoperative complications we had 1 wound suppuration and 1 seroma in
LS group vs 1 wound suppuration, 1 seroma , 1 hematoma in Open Group (p = 0.217 ).

We have zero mortality rate for this type of surgical procedures.

Distribution of patients regarding gender and timing of surgery is shown in Fig. 1. Distribution of the
patients regarding the type of surgical intervention is shown in Fig. 2.
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Fig.1 Distribution of patients regarding gender and timing of surgery
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Fig.2 Distribution of the patients regarding the type of surgical intervention
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DISCUSSION

The accurate diagnosis and choosing the most appropriate surgical technique remain a challenge
for all surgeons. The frequency of femoral hernias reaches 5% of all diagnosed abdominal hernias and
takes second place after inguinal hernias. According to the literature, they occur more often in women,
which was confirmed in our study as well (n-28; 85 % ). Surgery is the only method of definitive treatment
for femoral hernias. (van Veenendaal et al.(2020), Coelho et al.(2021), Peitsch WK. (2014)) Three
classical approaches are known for this type of pathology: infra-, trans- and suprainguinal. In addition to
standard repair with own tissues, there are also tension free techniques with mesh. On the other hand,
the diagnostic and therapeutic advantages of laparoscopy make it a surgical method of choice for hernias.
(Sorelli P et al..(2009), Biatecki J et al.(2021), Lockhart K et al.(2018)) In our series, 52% (n=17) of the
patients underwent minimally invasive hernioplasty. A limiting factor in our study was the various teams
with their surgical techniques that performed the operations. The most common surgery we performed in
our patients was totally extraperitoneal inguinal hernia repair - TEP (33.3%). We did not find any statistically
significant differences comparing open and minimally invasive hernioplasty groups regarding gender, age,
complications and operative time (p>0.05). In our study we found that the laparoscopic procedures were
of greater advantage than open surgery in terms of pain intensity and the hospital stay (p = 0.013). Due to
the incomplete follow-up of our patients operated for femoral hernias an analysis regarding the recurrence
rate in both groups was not performed.

CONCLUSIONS

The diagnosis and operative treatment of femoral hernias remain a challenge for all surgeons.
Nowadays, minimally invasive techniques became a method of choice compared with conventional
surgery. We believe that laparoscopic operations for femoral hernia, performed by experienced surgeon
in leading hernia centers, are effective and safe. These types of operations have shorter hospital stay,
less pain in the postoperative period, low recurrence rate and could be applied to all type of patients.
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Abstract: Introduction: Fractures of the distal end (capitulum and trochlea) of the humerus are more common in children
than adults. The mechanism of injury demonstrates that the fracture occurs when falling on an outstretched arm, where the
protective mechanisms cannot prevent the transfer of energy to the bone, leading to breaking the continuity of the bone, i.e.
fracture. Our paper aims to present our experience in percutaneous osteosynthesis of the distal end of the humerus, where we
have excellent functional results and 100% healing of the fracture.

Methods: Percutaneous osteosynthesis has been applied to 17 patients. The patients were divided into groups depending
on the type of fracture, namely: one group of patients with supracondylar and another group of patients with a condylar fracture
of the distal end of the humerus.

Results: It has been proven that percutaneous osteosynthesis of the distal end of the child’s humerus led to fracture union
in 100% of cases, which is a consequence of the marked stability of the osteosynthetic material. Functional results obtained
after 5-6 weeks of rehabilitation are excellent in 99% of cases, except for one patient with a supracondylar fracture where we
have a delay of flexion movement by -10 degrees. It should be noted that we had only one complication with a single patient
suffering from a dislocation of bone fragments.

Conclusion: If it is possible to perform this method, percutaneous osteosynthesis is the preferred method in treating
fractures of the distal end of the humerus among the paediatric population.

Keywords: fracture, distal humerus, percutaneous osteosynthesis.

Field: Medical Sciences and Health

Introduction

Fractures of the distal end of the humerus are more common in children than adults. The mechanism
of injury demonstrates that the fracture occurs when falling on an outstretched arm, where the protective
mechanisms cannot prevent the transfer of energy to the bone, leading to a break in the continuity of the
bone, i.e. fracture. Fractures of the distal end of the humerus were divided into supracondylar, condylar,
and transcondylar. The supracondylar fracture of the humerus is the most common of all fractures and
accounts for 18% of all fractures in paediatrics or 60% of all elbow fractures. The most frequent is the
extension type, very often associated with dislocation of the elbow joint(1,2).

Classification of the supracondylar fractures:

Modern literature uses a modified Gartland classification of supracondylar fractures of the distal
end of the humerus.

Modified Gartland Classification ofSupracondylar Fractures

Comments

Type |  Undisplaced Fat pad present acutely

Type Il Hinged posteriorly Anterior humeral line anterior to capitellum
Type Il Displaced No meaningful cortical continuity

Type IV Displaces into extension and flexion Usually diagnosed with manipulation under
fluoroscopic imaging
Medial comminution ~ Collapse of medial column Loss of Baumann’s angle

‘Corresponding author: predragdenovic1996@gmail.com
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Picture 1.Classification of the fracture

Transcondylar fractures:

Unlike supracondylar fractures, transcondylar fractures of the distal end of the humerus are less
common. The fracture line in this type of fracture passes through both condyles (medial and lateral), with
the lower fragment acting as an independent part. Repeatedly this type of fracture is associated with
dislocation of the radius and ulna (3,4)

Classification of transcondylar fractures:

Toniolo and Wilkins propose a simple classification of T — transcondylar fractures of the distal end
of the humerus based on the degree of dislocation and comminution of the fragments, namely:

- Type | fractures are minimally displaced (Fig. 17-3A, B, C).

- Type |l fractures are displaced but do not have comminution of the metaphyseal fragments (Fig.

17-4AB).

- Type lll fractures are displaced fractures with comminution of the metaphyseal fragments (Fig.
17-5A-F).

Condylar fractures:

For condylar fractures of the distal end of the humerus, we use the Milch classification based on
the presence or absence of a fracture line through (Type 1) or around (Type 2) the ossification center of
the capitulum.

THE AIM OF THE PAPER

The paper aims to present our experience in treating fractures of the distal humerus with
percutaneous osteosynthesis.

METHODOLOGY

At the Surgery Clinic’'s Department for Orthopaedic Surgery and Traumatology, Medical Center
of KosovskaMitrovica, 27 patients with fractures of the distal end of the humerus were treated. Seven
patients were treated non-operatively, and 3 patients were subjected to surgery. In our work, we
analyzed 17 patients with a fracture of the distal end of the humerus who were treated with percutaneous
osteosynthesis as a definitive treatment method. Indications for percutaneous osteosynthesis are:
compromised elbow neurocirculatory report, unsuccessful reduction of Gartland type | fractures, as well
as Gartland type Il fractures, and unstable and dislocated condylar fractures of the distal end of the
humerus. After hospitalization, a clinical and radiological examination was used to assess the stability of
the fracture, as well as the need for operative treatment.

Surgical techniques of percutaneous osteosynthesis of the distal humerus

Closed reduction

We startimplementing the closed reduction with longitudinal traction and ‘milking’ of the surrounding
soft tissue. The elbow is in slight flexion. This position provides us access to the physiological length of
the arm. After that, we approach the correction of varus/valgus angulation and mediolateral translation
of the distal fragment of the humerus. If there is also deformation in how the fragments are rotated, we
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apply pronation or supination with a varus/valgus component. With pronation, we achieve the correction
of internal rotation, while supination helps us correct external rotation. Observing the position of the
fragments in the sagittal plane, we apply hyperflexion of the elbow in the extension type of fracture, while
in the flexion type, we apply for an extension. We use the “joystick” technique as a reduction option for
very unstable fractures (5,6).

Percutaneous osteosynthesis technique

The mobile X-ray machine with an inverted arch is used in percutaneous osteosynthesis of the
children’s elbow. This technique was first introduced by Charnley in 1954. For osteosynthesis, we use
Kirschner needles, which are applied percutaneously, most often from the lateral side, where the medial
cortex must also be covered. Using this technique avoids iatrogenic injuries of the ulnar nerve. We apply
two or three Kirschner needles, parallel or divergent. With the lateral application of Kirschner needles,
the entry point at the level of the capitulum gives us a more stable fixation of the fracture and the stability
of the osteosynthetic material compared to the entry point that is directly on the lateral side. (7). If the
fracture is very unstable, we can also use the technique of transolecranon application of the needle, in
which 4 cortices are included. The Kirschner needles we use for percutaneous osteosynthesis of the distal
humerus are 2 mm in diameter. They show much better functional results compared to needles with a
diameter of 1mm (8).

Convergent application of needles improves the stability of the fracture and osteosynthetic material
but increases the possibility of iatrogenic injuries to the ulnar nerve. It is also possible to use the medial
application of needles, but then an incision should first be made on the medial side of the distal humerus
in order to protect the ulnar nerve (9,10). Medial application of needles is accompanied by a high risk
of nerve injury and requires considerable surgical experience. Therefore, during the application, it is
necessary to bend the elbow in the extension position, which moves the nerve to the posterior position.

Open reduction and percutaneous osteosynthesis

Open reduction is applied when the anatomical position of bone fragments cannot be obtained
by closed reduction. The soft tissue and vascular structures of the elbow are trapped in the fracture gap
between the fragments, making it difficult or impossible to return the fragments to their anatomical position.
We also use the open method for all types of open fractures of the distal end of the humerus. Due to the
absence of a radial pulse or reduced perfusion of the arm after reduction and fixation, recommendations
in literature suggest thatthe dissection of the brachial artery should be performed to detect if there is an
interruption of blood flow. However, this method is controversial. For open reduction, we use an anterior
approach to the elbow, and as an alternative, a medial, lateral, or posterior approach (11,12).

RESULTS

In our study, there were 9 male patients (53%) and 8female patients (47%). By age structure,
4patients (22%) were under 5years old, 11 patients (64%) were between 5-10 years old, and 3patients
(14%) were over 10 years old. Nine patients (53%) had a supracondylar fracture of the distal humerus (2
boys and 7 girls), 6 patients (35%) with a transcondylar fracture (5 boys and 1 girl), and 2patients (12%)
with a condylar fracture (2 boys). (Diagram 1)

4

M Gender
B Age
Fracture type

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17

Diagram 1. Gender and age structure of patients and type of fracture.
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In diagram 2, we have shown the connection between complications and the type of fracture. Out
of 17 patients, we had one complication in a female patient with a supracondylar fracture of the distal end
of the humerus. Namely, on the third day after the operation, the osteosynthetic material loosened, after
which a revision was performed. (Diagram 2)
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5 m Complications
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Diagram 2. Fracture type and complications
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Diagram 3.The duration of the fixation.

In 2 patients (10%), the duration of fixation lasted up to 3 weeks, in 14 patients (85%), the duration
lasted between 3 and 4 weeks and in one patient (5%), the duration lasted between 4 and 5 weeks.
(Diagram 3)

Movement of the elbow Supracondylar type of fracture Transcondylar type of fracture
Extension (N) Full Full
Flexion (N) -10° Full
Internal Rotation (pronation) Full Full
External Rotation (supination) Full Full

Table 1 Movements in the elbow joint after completion of orthopaedic and physical treatment

After completing the operative treatment of the fracture of the distal end of the humerus, excellent
functional results have been obtained in 99% of cases. Complete movements of extension, pronation,
and supination were present in all patients treated with percutaneous osteosynthesis. In one patient
with a supracondylar fracture of the distal end of the humerus, we have a delay of the flexion movement
in the elbow joint by -10 degrees. In that same patient, we had a complication earlier in the form of the
dislocation of bone fragments. (Table 1)

The average length of rehabilitation for patients with a fracture of the distal humerus is 5-6 weeks.
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DISCUSSION

The central outcome of operative treatment of supracondylar and transcondylar fractures is the
anatomical reduction and stable fixation without Bowman’s angle deformity. It is performed by the method
of closed reduction and percutaneous fracture osteosynthesis. Inadequate osteosynthesis and procedural
errors are correlated with distal humerus defects. In the literature, several studies are listed, that prove
that convergent fixation provides greater stability than divergent fracture fixation, but as a result, has
a higher risk of iatrogenic injuries on nervusulnaris. Bloom et al. proved that three divergent Kirschner
needles provide the same stability as two convergent ones. Kocher et al. proved that there is no significant
difference between the divergent and convergent osteosynthesis techniques in terms of radiographic
and clinical outcomes. In a randomized study, Blanco et al. found no significant radiological differences
comparing these two surgical techniques (13). In our work, we described the operative treatment of the distal
humerus (supracondylar and transcondylar fractures) by the method of percutaneous osteosynthesis, in
which we applied the Kirschner needles convergently and covered the second cortex during the process.
The clinical results of all 17 patients showed that the osteosynthesis was stable with one complication
(fragment dislocation after three days), which is in line with the existing literature. The functional results
showed us a 99% success rate of treatment with one contracture in the elbow joint in terms of reducing
the degree of flexion.

CONCLUSION

If it is possible to perform this method, percutaneous osteosynthesis is the preferred method in
treating fractures of the distal end of the humerus among the paediatric population.

REFERENCES

Ardawatia, G., Waghela, A.B., & Ranade, A.S. (2021). Intraoperative Kirschner Wire Breakage in a Pediatric Supracondylar
Humerus Fracture.Cureus.;13(3):e13794. doi: 10.7759/cureus.13794. PMID: 33842167; PMCID: PMC8027960.

Banshelkikar, S., Sheth, B., Banerjee, S., & Maaz, M. (2020), Functional outcome of supracondylar humerus fracture in
children with the use of pin configuration as per Bahk classification. J ClinOrthop Trauma;13:78-81. doi: 10.1016/.
jcot.2020.08.012. PMID: 33717880; PMCID: PMC7920002.
Ersan, O., Gonen, E., llhan, R.D., Boysan, E., & Ates, Y. (2012). Comparison of anterior and lateral approaches in the
treatment of extension-type supracondylar humerus fractures in children. J PediatrOrthop B.:121-6. [PubMed]
Gottschalk, H.P,, Sagoo, D., Glaser, D., Doan, J., Edmonds, E.W., & Schlechter, J. (2012). Biomechanical analysis of
pin placement for pediatric supracondylar humerus fractures: does starting point, pin size, and number matter? J
PediatrOrthop. 32(5):445-51. [PubMed]

Hope, N., & Varacallo, M., (2022) . Supracondylar Humerus Fractures. In: StatPearls [Internet]. Treasure Island
(FL): StatPearls Publishing; PMID: 32809768.

lobst, C.A., Bunhor, D., Skaggs, D.L., & Frick, S.L. (2018). Intra-Operative Bone Stability Test. Tech Orthop.;33(4):279-282. doi:
10.1097/BT0.0000000000000278. Epub 2017 Dec 25. PMID: 30542232; PMCID: PMC6250262.

Kasirajan, S., Govindasamy, R., Sathish, B.R.J., & Meleppuram, J.J. (2018). Trans-olecranon fossa four-cortex purchase
lateral pinning in displaced supracondylar fracture of the humerus - a prospective analysis in 48 children. Rev Bras
Ortop. 53(3):342-349. [PMC free article] [PubMed]

Novais, E.N.,Andrade, M.A., & Gomes, D.C. (2013 ). The use of a joystick technique facilitates closed reduction and percutaneous
fixation of multidirectionally unstable supracondylar humeral fractures in children. J PediatrOrthop;33(1):14-9. [PubMed].

Nunes, M.C., Posser, T.D., Israel, C.L., Spinelli, L.F., Calieron, L.G., & Kim, J.H (2019).. Biomechanical Analysis of Two Types
of Humerus Supracondylar Fracture Fixation in Anatomical Model. Rev Bras Ortop (Sao Paulo). 261-267. doi: 10.1055/
s-0039-1688756. Epub 2019 Jun 27. PMID: 31363279; PMCID: PMC6597430.

Pannu, G.S., Eberson, C.P,, Abzug, J., Horn, B.D., Bae, D.S., & Herman, M. (2016). Common Errors in the Management of
Pediatric Supracondylar Humerus Fractures and Lateral Condyle Fractures. Instr Course Lect385-97. [PubMed]

Shah, M., & Agashe, M.V. (2020). Supracondylar Humerus Fractures: Classification Based Treatment Algorithms. Indian J
Orthop.;55(1):68-80. doi: 10.1007/s43465-020-00285-2. PMID: 33569100; PMCID: PMC7851217.

Shenoy, P.M,, Islam, A., & Puri, R. (2020). Current Management of Paediatric Supracondylar Fractures of the Humerus.
Cureus. ;12(5):e8137. [PMC free article] [PubMed]

Vaquero-Picado, A., Gonzalez-Moran, G., & Moraleda, L. (2018). Management of supracondylar fractures of the humerus in
children. EFORT Open Rev. 3(10):526-540. [PMC free article] [PubMed]

https://medisij.com
29



Predrad, D. et al. (2023). Treatment of fractures of the distal end of the humerus in children using The method of percutaneous
osteosynthesis - our findings, MEDIS - Medical Science and Research, 2(1), 25-30. doi: 10.35120/medisij020125p
UDK: 616.717.4-001.5-089.84

https://medisij.com
30


https://medisij.com


Galina, M. (2023). Evaluation of the therapeutic effects of transcutaneous interferential current therapy and therapeutic
exercises on musculoskeletal symptoms in patients with post Covid-19, MEDIS - Medical Science and Research, 2(1), 31-38.
doi: 10.35120/medisij020131m UDK: 616.71/.74-085.84:[616.98:578.834

EVALUATION OF THE THERAPEUTIC EFFECTS OF TRANSCUTANEOUS
INTERFERENTIAL CURRENT THERAPY AND THERAPEUTIC EXERCISES
ON MUSCULOSKELETAL SYMPTOMS IN PATIENTS WITH POST
COVID-19

Galina Mratskova”

'Department of Physical and Rehabilitation Medicine and Sports, Faculty of Medicine, Trakia University, Stara Zagora, Bulgaria
e-mail: doc_mratzkova@abv.bg

"} Check for updates

Abstract: The aim of this research was to investigate the therapeutic effectiveness of a multi-component rehabilitation
program including: transcutaneous interferential current therapy and therapeutic exercises in patients with musculoskeletal
symptoms in post COVID-19 syndrome. Materials and Methods: 62 patients, mean age 55.9(13.99), aged 21 to 79 years, with
persistent musculoskeletal symptoms in the recovery phase after experiencing COVID-19 were included in this study. All patients
underwent a ten-day treatment course in an outpatient setting, including transcutaneous application of interferential current with
four electrodes. The therapeutic parameters were selected with analgesic, trophic and stimulating effects (90-100 Hz, 5min and
0-100 Hz, 15min). Immediately after electrotherapy, kinesitherapy was performed including: breathing exercises, aerobic training,
active and resistance exercises for the limbs, postural control exercises and exercises to improve the mobility of the peripheral
joints and the axial skeleton. Results were evaluated by: Visual Analogue Scale (VAS) for assessment of back pain, Numerical
Rating Scale (NRS) for arthralgia and myalgia assessment, Brief Fatigue Inventory (BFI) - fatigue assessment, functional tests
of mobility, Goniometry in the spine, Ott Sign- for measuring the range of motion (ROM) of the thoracic spine, Schober’s test to
determine a lumbar spine range of motion (flexion), Tom Meyer’s test for total hip joint and spine flexion mobility. The results were
reported before and after the rehabilitation. The statistical significance level was specified as (p<0.05). Results: Musculoskeletal
symptoms in the observed patients persisted for an average of 12 weeks, ranging from 7 to 20 weeks, and included: myalgia in
46.8% (29), arthralgia 29.0% (18), pain in various back departments 79.0% (49), fatigue 66.1% (41). Inpatient treatment for acute
COVID-19 was performed in 35.5% (22) of patients, and home and outpatient treatment in 64.5% (40). There was a statistically
significant reduction (Mean (SD)) after therapy in back pain (VAS) from 4.88(1.5) to 1.93(1.1), myalgia (NRS) from 3.66(1.2) to
1.29(1.1), arthralgia (NRS) from 3.27(1.2) to 0.89 (0.8), and fatigue index (BFI) showed a reduction from 5.73(1.4) to 3.22(1.4).
There was an increase in mobility in Ott’s symptom from 2.24(1.2) to 2.86(0.9) cm, Schober’s test 1.41(1.2) to 2.38(0.9) cm,
Tom Meyer’s test from - 8.23(6.5) to - 2.46(3.7) cm. Conclusion: In the recovery phase post COVID-19, some of the patients
had long-time persistent musculoskeletal symptoms (fatigue, myalgia, arthralgia, back pain). These are a common reason
for these patients to be referred for outpatient rehabilitation. In order to design a multi-component rehabilitation programme,
it is necessary to take into account individual characteristics and comorbidities. The inclusion of physical modalities such as
electrotherapy requires an accurate assessment of the rehabilitation potential and the presence of any counterindications.
Therapeutic exercises have been proven to be effective in post COVID-19 patients. The results of this study show that the
combination of interferential current therapy and therapeutic exercise can effectively reduce back pain, myalgia, arthralgia, and
perception of fatigue. On the other hand, this multicomponent program resulted in improvement in functional tests in the studied
patients. Due to the small sample size, it is advisable to continue the study in the future, covering a larger number of patients
with long-standing musculoskeletal symptoms as part of post-COVID-19 syndrome, in order to design an effective strategy that
can efficiently reduce negative health consequences and improve functional activity in these patients.

Keywords: Post-COVID-19 Rehabilitation, Musculoskeletal symptoms, Transcutaneous electrical nerve stimulation,
Interferential current therapy, Therapeutic exercises, Functional activity.

Field: Medical sciences and Health

INTRODUCTION

The emergence of the new corona virus (SARS-CoV-2) in 2019 caused the infection of many
people worldwide. (Horton R. (2020)) The potential of the virus to spread rapidly caused the development
of a pandemic that required effective acute infection treatment strategy while limiting the size of the
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affected population very quickly. The pandemic has affected and has changed the life style of millions of
people around the world (Dos Santos PK. et al. (2022)) At highest risk and potentially most affected were,
patients with chronic diseases and the elderly. (Mackenzie & Smith (2020)).

The disease was initially thought to affect primarily the respiratory system, with asymptomatic to mild
manifestation. In the severe presentation of SARS-CoV-2 infection, some patients develop severe acute
respiratory syndrome in addition to suffering from pneumonia. (Jiang F et al. (2019)) As the pandemic
progressed, COVID-19 proved to be a multi-organ and multi-system disease. It progresses with acute,
pathological damage to the respiratory system, but also affects the cardiovascular, nervous, kidney,
gastrointestinal, and other systems, with musculoskeletal, hepatic, renal, dermatological, psychosocial,
and cognitive impairments. (Barker-Davies et al. (2020); Zhang al. (2020)).

These multisystem effects can persist over time and cause the development of prolonged symptoms,
characterized as Long COVID-19 lasting from 4 to 12 weeks, or post COVID-19 syndrome, lasting over
12 weeks. Cases have been described in which recovery lasts for more than 6 months. (Azadvari M.
et al. (2022); Greenhalgh et al. (2020) Jimeno-Almazan et al. (2021)); Castro JP et al. (2022)) Most
common symptoms include: fatigue, post-excersise malaise, breath shortness, headache, neurocognitive
complaints such as: brain fog, disorientation, high stress levels, increased anxiety, depression, (Pfefferbaum
& North (2020); Fuijita et al. (2021); Hou et al. (2020)), difficulty performing activities of daily living, limited
work capacity. (Baig (2020)) The musculoskeletal system affection is characterized by symptoms such as
fatigue, arthralgia, myalgia, and muscle weakness. Musculoskeletal symptoms are commonly reported in
the acute and post-acute phases of COVID-19. (Disser NP. et al. (2020)) These symptoms, may persist
for weeks or months after the infection. (Akbarialiabad H. et al. (2021); Dos Santos et al. (2022))

Gradually, the number of patients who have experienced the acute phase of the infection and who
have persistent musculoskeletal symptoms is also increasing (Lauwers M. et al. (2022)) These concomitant
symptoms, complicate functional recovery and patients often report lower than premorbid functional
activity. Physical factors, although considered an adjuvant therapy, would be potentially effective in the
recovery period following COVID-19. Conducting rehabilitation, could limit pathological consequences,
improve respiratory system functional status (Mollova K. et al. (2022)), reduce chronic pain level, myalgia,
and arthralgia, and affect fatigue perception, as well as improve quality of life (Petrova M. et al. (2023))

Rehabilitation programs are most often conducted in outpatient settings (Betschart M. et al.
(2021)) after patients have been accurately assessed for rehabilitation potential and comorbidities by a
multidisciplinary team of specialists. In case of necessity and concomitant pathology, rehabilitation can
also take place in hospital settings (Takeva I. et al. (2021) Negm AM. et al. (2022))

The aim of this research was to investigate the therapeutic effectiveness of a multi-component
rehabilitation program including: transcutaneous interferential current therapy and therapeutic exercises
in patients with musculoskeletal symptoms in post COVID-19 syndrome.

MATERIALS AND METHODS

62 patients, mean age 55.9(13.99), aged 21 to 79 years, with persistent musculoskeletal symptoms
in the recovery phase after experiencing COVID-19 were included in this study. Arthralgia was recorded as
pain in any joint for which there was no prior radiologically proven, degenerative, traumatic, or rheumatic
disease. Myalgia was recorded as muscle pain that could not be explained by other concomitant disability.
Fatigue was recorded according to the patients’ subjective description. All patients underwent a ten-day
treatment course in an outpatient setting, including transcutaneous application of interferential current with
four electrodes. The therapeutic parameters were selected with analgesic, trophic and stimulatory effects
(90-100 Hz, 5min and 0-100 Hz, 15min). Immediately after electrotherapy, kinesitherapy was performed
including: breathing exercises, aerobic training, active and resistance exercises for the limbs, postural
control exercises and exercises to improve the mobility of the peripheral joints and the axial skeleton.

Prior to therapy, patients were informend about the the goals and therapeutic approaches of the
rehabilitation. The rehabilitation course was carried out in accordance with the Declaration of Helsinki,
after written informed consent and in compliance with current anti-epidemic measures.

Visual analogue scale (VAS) was used to assess the back pain results (0 to 100 mm). Higher score
indicates greater pain intensity. Numerical Rating Scale (NRS)) was used to assess arthralgia and myalgia.
Pain is measured in whole numbers from 0 “no pain” to 10 “worst possible pain”. Brief Fatigue Inventory
(BFI) was used to describe fatigue in the past 24 h. The BFI is 9 position scale with 0 to 10 possible
answers for each of them. Fatigue scores are as follows: 1-3 (mild), 4-7 (moderate), and 8-10 (severe).
Levels of 4 (4.33) or more suggest the need for intervention apart from prevention activities. (Mendoza
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TR. etal. (1999)) Ott Sign was used for measuring the range of motion (ROM) of the thoracic spine. From
processus spinosis C7, 30 cm along the spine in the caudal direction are measured and marked. The
patient then flexes the thoracic compartment and 30 cm are measured again. Normally, the difference
between the two measurements is 2 to 4 cm. Schober’s test was used to determine a lumbar spine range
of motion (flexion). From the patient standing upright, are measured 10 cm from the processus spinosus
to L5 cranial and marked. The patient then flexes the spine maximally and the difference between the two
measurements is recorded. Tom Meyer’s test was used for joint flexion mobility in the spine and hip joints.
The patient steps onto a platform and bends over with arms pointing down. The distance from the tip of
the third finger to the ground is measured in centimeters. Above the platform the distance is recorded with
a - sign, below with a “+". SPSS v. 24.0 is used for statistical processing purposes.

The results were reported before and after the rehabilitation. The statistical significance level was
specified as (p<0.05).

RESULTS

Musculoskeletal symptoms in the observed patients persisted for an average of 12 weeks (Me(SD)),
ranging from 7 to 20 weeks, and included: myalgia in 46.8% (29), arthralgia 29.0% (18), pain in various
back departments 79.0% (49), fatigue 66.1% (41). Inpatient treatment of acute COVID-19 was performed
in 35.5% (22) of patients, and home and outpatient treatment in 64.5% (40). There was a statistically
significant reduction (Mean (SD)) after therapy in back pain (VAS) from 4.88(1.5) to 1.93(1.1) (p<0.05),
myalgia (NRS) from 3.66(1.2) to 1.29(1.1) (p<0.05), arthralgia (NRS) from 3.27(1.2) t0 0.89 (0.8) (p<0.05),
and fatigue index (BFI) showed a reduction from 5.73(1.4) to 3.22(1.4) (p<0.05). There was an increase
in mobility in Ott’s symptom from 2.24(1.2) to 2.86(0.9) cm (Z=6.174, p<0.001), Schober’s test 1.41(1.2)
to 2.38(0.9) cm. (Z=6.515, p<0.001), Tom Meyer’s test from - 8.23(6.5) to - 2.46(3.7) cm. (Z=-6.568,
p<0.001). The results are published in Table 1.

Table 1. Dynamics in myalgia, arthralgia, fatigue, and functional tests

Sympoms assessment Total(n=62) % (n) Female(n=42) % (n) Male (n=20) % (n)

Post COV- 19 period 12 (7-20) 13.5 (7-20) 11.50 (8-17)

Hospital treatment 35.5(22) 28.6 (12) 50.0 (10)

Home treatment 64.5 (40) 714 (30) 50.0 (10)

Sympoms assessment Before rehab | After rehab | Before rehab | After rehab Before rehab | After rehab

Back pain 49 (79.0) 49(79.0) 35(83.3) 35(83.3) 14 (70.0) 14 (70.0)

VAS (Me+(SD)) 4.88=1.5119 1,93£1,19 4.88+1.61 1.914+1.23 4.89£1.28 1.979+1.15

without pain n (%) 13 (21.0) 7(16.7) 6 (30.0)

Cervical pain 11 (17.7) Cervical and thorax pain 7 | Cervical 8 (19.0); Cervical and | Cervical 3 (15.0); Cervical and

(11.3) Lumbear pain 24 (38.7) Back pain 7 (11.3) thorax 6 (14.3); Lumbar 15 | thorax 1 (5.0); Lumbar 9
(35.7); Back 6 (14.3) (45.0); Back 1 (5.0)

Myalgia n (%) 29 (46.8) 28 (45.2) 18 (42.9) 18 (42.9) 11(55.0) 10 (50.0)

NRS (Me+(SD)) 3.66+1.21 129+1.12 | 344+1.15 1.11+1.08 4.02+1.27 1.60+1.17

without myalgia 33(53.2) 24 (57.1) 9 (45.0)

Total 5 (8.1); Cervical 5 (8.1); Cervical and thorax 1 | Total4 (9.5); Cervical 5(11.9); | Total 1 (5.0) Lumbar 6 (30.0)
(1.6); Lumbar 9 (14.5); Shoulder and Upper Limb 4 | Cervical and back 1 (2.4); | Shoulder and Upper limb 3

(6.5); Lower limb 5 (8.1) Lumbar 3 (7.1); Shoulder and | (15.0) Lower limb 1 (5.0)
Upper limb 1 (2.4) Lower limb
4(9.5)
Arthralgya 18 (29.0) 18 (29.0) 12 (28.6) 12 (28.6) 7 (35.0) 6 (30.0)
NRS (Mex(SD)) 3.27x1.165 0,89+ 0,76 2.92+1.084 0,67 =0,65 3.89+1.107 1,33 £ 0,82
without Arthralgya 44 (67.7) 30 (71.4) 13 (65.0)
Arthralgya: Shoulder 6 (9.7) Rist/Finger 1 (1.6) Hip 3 (4.8) Knee Joint 6.1 (10)
Fatigue 41 (66.1) 31 (73.8) 10 (50.0)
BFI (Fatigue) 5.73+£143 3.22+1.39 576+ 1.61 3.20+1.52 5.62 £ 0.64 3.26 £0.97
without Fatigue 21(33.9) 11 (26.2) 10 (50.0)
DISCUSSION

As the pandemic of COVID-19 progresses, there are increasing numbers of patients who overcome
the acute phase of the disease but continue to have persistent symptoms. These symptoms affect not only
the respiratory system but also other organs and systems, including the musculoskeletal system. This calls
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for an effective post-covid care strategy (Barker-Davies et al. (2020)) and rehabilitation in order to impove
recovery and to reduce the effects of post-covid symptoms. (Betschart M. et al. (2021)) Nowaredays, a
number of studies have reported that the main musculoskeletal symptoms include: arthralgia, myalgia,
chronic fatigue, pain in various back compartments. (Cipollaro L. et al. (2020); Motaqi M. et al. (2021))

In this study, patients referred for outpatient rehabilitation were found to have more than one
musculoskeletal symptom. Almost one third of the patients had arthralgia, about half complained of myalgia,
over 60% experienced fatigue, and back pain (summed different areas) occurred in three quarters of the
patients. It should be noted that only one third of the patients had a severe acute infection from COVID-19,
which was a reason for fospitalisation. Possible reasons for the presence of persistent musculoskeletal
symptoms that are still debated are: causes that are a consequence of an excessive immune orinflammatory
response (Dos Santos et al. (2022)) (indirect consequences of COVID-19 on skeletal muscle and joints)
increased incidence of peripheral thrombosis that disrupts blood flow to the muscles and causes damage
to the musculoskeletal system, (Magro C. et al. (2020)) or direct damage from the virus to the endothelium
or peripheral nerves. (Cipollaro et al. (Dos Santos et al. (2022)) Furthermore, prolonged immobilization
leads to impaired cardiorespiratory function, joint stiffness, contractures, postural instability, etc. Another
reason for the presence of muscle weakness could be a consequence of catabolic muscle loss during
prolonged immobilization and treatment in the intensive care unit (Hosey & Needham (2020))), or result
of the use of steroid drugs or neuromuscular blocking agents (Simpson & Robinson (2020)), or by directly
damaging skeletal muscle when SARS-CoV-2 binds to ACE2 receptors and the virus enters the muscle
cell. (Dos Santos et al. (2022)) Furthermore, prolonged immobilization leads to impaired cardiorespiratory
function, joint stiffness, contractures, postural instability, etc. Acquired muscle weakness and reduction of
muscle mass, lead to functional impairment of the musculoskeletal system, delay the recovery process
and limit the functional activity of patients. (Simpson & Robinson (2020))

Because of the multi-organ and multi-system impairment caused by COVID-19, rehabilitation of
patients with persistent symptoms should address not only respiratory, cardiac or neurological problems,
but also the persistent effects on the musculoskeletal system, including: myalgia, peripheral muscle
weakness, muscle contractions, arthralgia, and limited mobility in joints, balance and postural disorders,
and physical weakness. (Motagi M. et al. (2021)) The application of a multi-component rehabilitation
program is an effective strategy for a range of chronic diseases in elderly patients and those with multiple
comorbidities. (Motagi M. et al. (2021)) However, each patient should receive a program specific to his/
her needs, which should be adapted depending on the degree of involvement of the musculoskeletal,
cardiopulmonary, etc. systems.

The clinical algorithm includes: a detailed examination of the patient with a precise kinesiological
assessment and determination of the rehabilitation potential and the design of a rehabilitation programme
including the specific scientifically applied methodologies. When combining them, the aim is to achieve
synergism and to avoid antagonism between physical factors. (Koleva . et al. (2022))

There is much evidence that physical exercise improves respiratory function (Mollova K. et al.
(2021); Hockele et al. (2022)), cardiovascular function, reduces mortality, need for hospitalization, and
improves patients’ functional status. Implementation of exercise and education programs, in patients with
cardiopulmonary disease are also effective in improving functional and psychosocial status and improve
quality of life. In patients with post COVID-19 syndrome, rehabilitation programs including overall muscle
strengthening, (including stationary bicycle training), (Jimeno-Almazan et al. (2021)) occupational therapy
sessions that improve daily activity, (Asly & Hazim (2020) as well as strength training (at low loads,
low range and repetitions without failure) would also have a positive effect. These improve maximal
dynamic strength and skeletal muscle trophicity, and reduce feelings of discomfort, fatigue and stiffness.
All these, make the therapeutic exercises, suitable for patients with post-COVID-19 syndrome, who are
demotivated to perform physical exercises due to fatigue, deconditioning and low tolerance to exercise
and exercise. (Jimeno-Almazan et al. (2021)) On the other hand, the inclusion of therapeutic exercises
in the rehabilitation program, leads to a reduction in anxiety and psychoemotional tension. Therapeutic
exercises lead to improved quality of life, by increasing functional activity and modulating pain sensation.
(Chen et al. (2020))

In this study, in addition to the therapeutic exercise complex in the multi-component rehabilitation
program, transcutaneous interferential current stimulation (IFC) was applied to the patients. Interferential
current therapy is a non-invasive non-pharmacological treatment used in clinical practice to reduce mainly
musculoskeletal pain, edema, and spasticity and to increase muscle strength. (Ozcan J. et al. (2004); Jin
H K. etal. (2017) De-La-Cruz-Torres B. et al. (2021); Rampazo EP et al. (2022))

IFC, reduces stimulation of cutaneous sensory nerves (Wedenski's theory) below the electrodes
and favors effects in deeply located tissues. (Noble GJ. et al. (2000) This effect is probably due to
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inhibition of C-nociceptive fibers. Pain reduction, is also mediated by the involvement of a “descending
pain suppression mechanism” involving endogenous opioid substances. In terms of influence on muscle,
IFC therapy (m. quadriceps femoris), can result in 50% higher activation of the quadriceps compared
to that of maximal voluntary contraction (Taradaj J. et al. (2013); Pinfildi CE. et al. (2018)) Youn JI. et al.
(2016), found that IFC reduced muscle fatigue and stiffness. Transcutaneously, IFT has been successfully
applied to reduce musculoskeletal pain. (Adedoyin et al. (2005)) Musculoskeletal pain, is often associated
with fatigue, result of metabolic, energetic and structural changes in the muscles. These changes, are
attributed to a lack of oxygen and nutrients supplied by blood vessels, or to altered activity of nerve
structures. (Cifrek M. et al, (2009)) Several clinical trials, have shown that IFC is an effective method of
pain relief in patients with osteoarthritis for at least 1 week up to 6 months (ltoh K. et al. (2008); Defrin
R. et al. (2005); Burch FX. et al. (2008) Adedoyin et al. (2005); Mratskova G. et al. (2021)) In another
study, Corréa J. et al. (2016) recorded a good analgesic effect of IFC in non-specific chronic low back
pain (Corréa J. et al. (2016)). A better analgesic effect of 100Hz frequency in nonspecific low back pain
is reported by Aimeida N. et al. (2020) and Hussein HM. et al. (2022)) IFC therapy may be effective for
reduction of cervical and lumbar spine pain, knee joint osteoarthritis, and postoperative pain. Frequencies
in the range of 30-180 Hz are considered to be most effective, with a treatment duration of 20-40 minutes,
at a high enough intensity to induce a profound effect in the musculature without causing discomfort
(Rampazo & Liebano (2022)).

With regard to the implemented, multi-component rehabilitation program, after completion of
the rehabilitation course in the observed group of patients with persistent musculoskeletal symptoms
after COVID-19, a fatigue reduction to levels that did not require further intervention beyond prevention
activities was found (Mendoza TR. et al. (1999)). There was a reduction in muscle and joint pain levels
and improvement in the administered functional tests. On the other hand, it should be mentioned that this
study has a number of limitations. The small sample size could have influenced the obtained results. The
clinical and functional assessment methods used, also contain an element of subjectivity, which could
also affect the results, although these assessment tools are used in routine physiotherapy practice.

CONCLUSION

In the recovery phase post COVID-19, some of the patients had long-time persistent musculoskeletal
symptoms (fatigue, myalgia, arthralgia, back pain). These are common reasons for the patients to be
referred for outpatient rehabilitation. In order to design a multi-component rehabilitation programme, it
is necessary to take into account individual characteristics and comorbidities. The inclusion of physical
modalities such as electrotherapy requires accurate assessment of the rehabilitation potential and
counterindications. Therapeutic exercises have been proven to be effective in post COVID-19 patients.
The results of this study show that the combination of interferential current therapy and therapeutic
exercise can effectively reduce back pain, myalgia, arthralgia, and perception of fatigue. On the other
hand, this multicomponent program resulted in improvement in functional tests of the studied patients.
Due to the small sample size, it is advisable to continue the study in the future, covering a larger number
of patients with long-standing musculoskeletal symptoms as part of post-COVID-19 syndrome, in order
to design an effective strategy that can efficiently reduce negative health consequences and improve
functional activity in these patients.
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Abstract: Vitamins are natural and essential nutrients, which have different biochemical functions and play a major
role in growth and development, help in the digestion and utilization of mineral salts and carbohydrates in the body, healing
of wounds, stimulate and give strength to the digestive and nervous system, maintenance of healthy bones and tissues, for
proper functioning of the immune system and other biological functions. Vitamins generally cannot be synthesized in quantities
sufficient to meet the body’s needs and therefore must be obtained from the diet or from some synthetic source. Because of this,
vitamins are called essential nutrients. Both plants and animals are important natural sources for vitamins. All vitamins can be
synthesized or produced commercially and are available for human consumption as pharmaceutical preparations. Vitamins also
differ from other biological compound, because relatively small amounts are required to complete their functions. If a vitamin is
absent from the diet or is not properly absorbed by the body, it can develop a specific disease due to deficiency.

Keywords: vitamin D3, aqueous solution, oil solution, deficiency.

Field: Pharmaceutical technology

1. INTRODUCTION

Vitamins are regulators of reactions in metabolism, unlike other macronutrients (eg, fats,
carbohydrates, and proteins), which are compounds used in reactions regulated by vitamins. Because of
this, if a vitamin deficiency occurs, one or more specific metabolic reactions in the cell are blocked and
can lead to a disturbance of the metabolic balance in the cell and the whole organism.

Vitamin D is a fat-soluble vitamin that helps the body absorb and retain calcium and phosphorus,
which are very important for building bones. Laboratory studies have also shown that vitamin D reduces
the growth of cancer cells, can help control infections and reduce inflammation. Many organs and tissues
in the body have receptors for vitamin D, suggesting that this vitamin has a large role beyond bone health,
while scientists are actively investigating its other functions. Very few foods naturally contain vitamin D,
although some are fortified with this vitamin. There are a few that naturally have vitamin D. These are fatty
fish such as salmon, tuna and mackerel, beef liver, cheese, mushrooms, egg yolks. Vitamin D can also
be obtained from fortified foods. The most commonly added vitamin D is found in milk, breakfast cereals,
orange juice, dairy products such as yogurt, and soy beverages.

For most people, the best way to get vitamin D is through a supplement because research shows
that you don’t get enough from your diet.

1.1 FORMS OF VITAMIN D3
Vitamin D supplements are available in two forms:

« VVitamin D2 (ergocalciferol)
« Vitamin D3 (cholecalciferol).
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Figure 1. Photochemistry of vitamin D biosynthesis in animals and fungi.

Both are natural forms that are produced in the presence of the sun’s ultraviolet-B (UVB)
rays, which is why it is also called the “sunshine vitamin”, but D2 is produced in plants and
fungi, and D3 in animals and humans. The production of vitamin D in the skin is the primary
natural source of vitamin D, but many people are deficient because where they live, sunlight
is limited in the winter or because they have limited exposure to the sun because they spend
most of their time inside. Also, those people who have darker skin tend to have lower levels of
vitamin D in their blood because the pigment (melanin) acts as a shadow, reducing vitamin D
production.

1.2 RECOMMENDED QUANTITIES

The recommended dietary allowance for vitamin D provides the daily amount needed to
maintain healthy bones and normal calcium metabolism in healthy people, assuming minimal
sun exposure.

The recommended dietary allowance for adults 19 years of age and older is 600 IU (15
mcg) per day for men and women, and for adults over 70 years of age it is 800 IU (20 mcg) per
day. The recommended dietary allowance for adults 19 years of age and older is 600 IU (15
mcg) per day for men and women, and for adults over 70 years of age it is 800 IU (20 mcg) per
day.

The term “tolerable upper intake level” is also described in the literature. It is about the
maximum daily intake that is unlikely to cause harmful effects on health. The Tolerable Upper
Level for vitamin D for adults and children ages 9+ is 4000 IU (100 mcg).

Many people do not meet the minimum daily requirements for vitamin D. The average
intake of vitamin D from food and supplements among women aged 51 to 71 years was 308
IU per day, but only 140 IU from food alone (including fortified products). Worldwide, about 1
billion people have inadequate levels of vitamin D in their blood, and deficiencies can be found
in all ethnicities and age groups. For example in the United States, about 20% of white adults
and 75% of black adults have blood levels below 50 nmol/L. In industrialized countries, doctors
are seeing a resurgence of rickets, the bone-weakening disease that was largely eradicated by
vitamin D fortification.

1.3 VITAMIN D DEFICIENCY OR VITAMIN D HYPOVITAMINOSIS

It is a disorder caused by a vitamin deficiency that can result either from suboptimal intake
of the vitamin or from conditions that prevent the use or absorption of the vitamin in the body.

Vitamin D deficiency can occur for various reasons:

« insufficient intake of vitamin D through diet,

* not enough vitamin D is absorbed from food (malabsorption problem),

« insufficient exposure to sunlight,
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* the liver or kidneys do not convert vitamin D into its active form in the body,

when using drugs that reduce the body’s ability to convert or absorb vitamin D.

Some people are at greater risk of vitamin D deficiency, for example infants because
breast milk is a poor source of vitamin D, then older people because their skin does not produce
vitamin D when exposed to the sun as efficiently as younger people, and their kidneys are also
less able to convert vitamin D into its active form. Also people with dark skin, which has less
ability to produce vitamin D from the sun. Then, people with disorders like Crohn’s disease
or celiac disease that don’t handle fat properly, because vitamin D needs fat to be absorbed.
Individuals with increased body weight, because their body fat binds to vitamin D and prevents
it from entering the blood, as well as people with osteoporosis, with chronic kidney or liver
disease.

Vitamin D deficiency can lead to loss of bone density, leading to osteoporosis and
fractures. A severe lack of vitamin D can also lead to other diseases, for example in children it
can cause rickets, a disease that causes the bones to become soft and bend.

In adults, severe vitamin D deficiency leads to osteomalacia, which weakens the bones,
causing bone pain and muscle weakness. The relationship of vitamin D to several other
conditions such as diabetes, high blood pressure, cancer and autoimmune diseases such as
multiple sclerosis is also being studied. But experts say more research needs to be done to
determine and understand the effect of vitamin D on these conditions.

Due to the great need of vitamin D in infants in the first months of life it is not by chance
that for the purpose of this specialist paper we chose the preparation of an aqueous and oily
solution of vitamin D3 that is used for prophylactic and therapeutic purposes.

2. MATERIALS AND METHODS

The aqueous solution of vitamin D3was prepared according to the composition given
by Vitamins, BASF, Germany. The preparation of the solution itself is performed in the dark
because vitamin D is sensitive to light. First, a certain amount of vitamin D3, tocopherol and
cremophor RH40 is measured in a tared glass container. They are heated in a water bath at a
temperature of 65°C. In another tared glass container, the amount of distilled water is measured
and it is heated in a water bath to 65°C. After reaching the required temperature, water is
added to the vitamin solution and mixed completely. After cooling, the pH of the solution is
determined and phosphate buffer is added to pH 7. The amount of the solution is filled in pre-
sterilized bottles, the air is replaced with an inert gas, the bottles are closed and packed in the
outer paper packaging.

The preparation of the oil solution is in the same way as the water solution, it is carried
out in the dark, the prescribed amounts of the given substances are measured in a tared glass
container and heated in a water bath at a temperature of 40-C. After cooling, the solution is
added to the indicated amount with neutral olive oil. Filling is done in the same way as the
aqueous solution.

The signature of the preparations is carried out with a signature on which is written the
name of the medicine, the amount of the active component expressed in I.E./ml, the antioxidant
used and the date of manufacture.

During the production of the aqueous and oily solution of vitamin D3in the form of drops
for oral use as a galenic preparation, materials and technological procedures are used that ensure
their stability.

3. DISCUSSION

The solutions are made according to the general regulations for oral drops, which include
certain auxiliary agents such as solubilizer (Cremophor RH40), antioxidant (DL-a-Tocopherol),
buffer (phosphate) and are dosed in an inert medium (nitrogen) for greater stability of D3.

For the selection of the formulation in the aqueous solution, we decided on the following
composition: Vitamin D3 1,000,000 L.E./g, Cremophor RH40, DL-a-Tochoferol, Phosphate
buffer (pH-7), Aqua destilata; while the oil solution has the following composition: Vitamin
D31,000,000 I.E./g, DL-a-Tochoferol, Olive oleum neutralisatum.

The aqueous solutions produced are clear, odorless and bitter tasting, and the oil solutions
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produced are also clear, yellow oily liquids with a pleasant mild odor and taste.

The stability of the aqueous and oil solutions was determined by monitoring the required
parameters and the content of D3, during 3 months kept at two different temperatures: 4°C and
25°C.

The obtained results show that during 3 months there are no changes in the clarity and
microbiological purity in water and oil solution.

The pH value of the aqueous solution in the solutions kept at two different temperatures
is within normal limits because it does not exceed the pH value given in the general regulations
for the neutral pH area (6.5-7.5).

The acid number in the oil solutions stored at two different temperatures is also within
normal limits because the acid number of Olive oleum is neutral. after Ph.Eur. is max 0.2.

The content of the water and oil solution is within the prescribed permissible limits.

In vivo studies of aqueous and oily solutions of vitamin D3 show satisfactory results. In
the group of patients who were prescribed aqueous solutions of vitamin D3for the purpose of
protection and treatment from rickets, satisfactory results were obtained and no adverse events
were observed.

Likewise, in the group of patients who were prescribed vitamin D3 oil solutions for the
purpose of protection and treatment of rickets, satisfactory results were obtained and no adverse
events were observed.

4. CONCLUSION

The number of people with vitamin D deficiency is constantly increasing and it is common
in all age groups. The importance of this vitamin in overall health and the prevention of chronic
diseases is the target of much research. In this paper, two preparations of vitamin D3 4000
[.E./ml were formulated and analyzed as an aqueous and as an oil solution. From the results
obtained during the examination, we can conclude that we received two preparations of vitamin
D3, professionally prepared, which meet the basic pharmacopoeial requirements and which can
be used for the prophylaxis of rickets and for the treatment of rachitic changes.
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Abstract: Children have the right to health, to life, to protection and to special care and attention from their parents
and from the community in which they live. A number of international acts regulate and regulate these rights, and the national
legislation in the country confirms and guarantees them.

A pilot survey on children’s and their parents’ awareness of children’s rights in Bulgaria and their access to health care
was conducted among 201 parents, in the period 01.12.2021-01.01.2022. Respondents were asked whether they were aware
of children’s rights, whether they encountered obstacles to realizing their right to health, as well as whether, in their opinion,
children have real access to health care in the country. More than 50% indicate that they are familiar with children’s rights, 64.7%
answer that children in the country have real access to health care, but 44% share that they encountered certain obstacles
when realizing their right to health.

Issues concerning children, their rights and their access to health care affect the interests of individual families, of a
given nation, but also of the entire society globally. There are positive trends around the world regarding children’s access to
health care, but these rights depend not only on the individual and on national legislations, but also on global political decisions
and natural disasters that cause refugee flows and put countries in front of new challenges.

Keywords: children, rights, health care.

Field: Medical Sciences and Health

1. INTRODUCTION

Children’s rights are in fact the human rights of the children themselves but written with the emphasis
on the protection and care that children need. All children have the right to live, grow, learn, be heard and
to reach their full potential, children have the right to human identity, food, education, health care, judicial
protection and contact with their biological parents.

Children’s rights have always been included in various declarations, but there has been a need to
collect and clarify these rights so that they are more binding. In 1989, the Convention on the Rights of
the Child recognized for the first time that children (all persons under the age of 18) are human beings in
need of special care and attention.

2. MATERIALS AND METHODS

The aim of this study is to investigate how the rights of children are regulated internationally and
nationally and whether their right to health is achievable and applicable in our country.

Documentary, sociological and statistical methods were used. The statistical data package
SPSS (Statistical Package for Social Sciences) version 13.0 was used to process the survey data. 201
respondents took part in the survey.

3. RESULTS

International regulation:

According to the UN Convention on the Rights of the Child, he is an individual and the child himself
is a subject of human rights. [2] No child is the property of his or her parents, nor of the country in which he
or she was born or lives, nor is he or she merely the object of care. In this spirit, Article 5 of the Convention
requires parents to provide, in a manner appropriate to the child’s development, appropriate guidance and
guidance in the process in which he or she exercises his or her Convention rights.

According to Art. 24 of the Convention “States Parties recognize the right of the child to the
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enjoyment of the highest attainable standard of health and of health services for the treatment of diseases
and for the recovery of his health”. [2] States shall endeavor to prevent any child from being deprived of
his or her right of access to health services, to prevent infant and child mortality, to provide all children with
the necessary medical care and health care, to combat disease and malnutrition, to provide mothers with
appropriate pre- and post-natal care, provide all groups in society, in particular parents and children, with
information on the health and nutrition of the child, the benefits of breastfeeding, the hygiene and health
of the environment and the prevention of accidents , as well as training and assistance in the use of this
information, developing health prevention.

The United Nations Children’s Fund (known as UNICEF) was established on December 11, 1946
by the United Nations General Assembly to provide emergency care, food and health care for children
affected by World War Il, but it continues to a major structure of the United Nations to this day. Its main
purpose is to help children in terms of nutrition, protection of their health, as well as in terms of education.
The organization operates worldwide.

The European regulation on children’s rights and their right of access to health care corresponds to
the international one. Article 35 of the Charter of Fundamental Rights of the European Union guarantees
individuals the right of access to healthcare. [1] Under EU law, children of migrant citizens who are EU
citizens have access to social assistance and health care under the same conditions as local citizens
after staying in the host country for three months. Legislation obliges Member States to provide vulnerable
migrant children with access to adequate healthcare.

The European Convention on Human Rights does not explicitly guarantee the right to health care
or the right to health [4], but the European Court of Human Rights has solid case law in this area. When
considering cases in which the lives of children are endangered, it determines the positive obligations of
the state to take preventive measures to eliminate life-threatening health risks that are known or should
be known to it.

States are obliged to take appropriate measures to set up counseling and education services in
order to improve health and develop a sense of individual responsibility for health matters (Article 11 of
the European Social Charter).

In 2011, the Committee of Ministers adopted special guidelines for the health of the child. [3]
According to Article 19 of the European Convention on the Legal Status of Migrant Workers, migrant
workers legally working in another country and their families should have equal access to social assistance
and health care.

National regulations:

With the ratification of the Convention on the Rights of the Child in 1991, the Republic of Bulgaria
guarantees that it will work to protect the rights of children - to live and grow, to have access to health
care, to study, to have their voices heard and to reach full its development potential. The main principles
set out in the Convention are the guarantee of the rights of the child, without any discrimination (art. 2),
the best interests of the child are paramount (art. 3), the right to life, survival and development. (art. 6) and
the child’s right to good health and access to health services (art. 24). [2]

The Constitution of the Republic of Bulgaria provides basic rights to its citizens and although
they are not explicitly addressed to children, they give rise to legal action against them as well, as the
Constitution itself does not allow any restrictions or privileges before the law to its citizens. According
to Article 4, para. 2 of the Constitution, the state guarantees the life, dignity and rights of the individual.
Citizens have the right to health insurance, guaranteeing them affordable medical care, and to free use
of medical care under conditions and by order determined by law (Art. 52, para 1 CRB), as the health
insurance of children is covered by the state. According to the Constitution, the state exercises control
over all health care institutions, over the provided health services to citizens and children, as well as over
the production of medicines, biological products and medical equipment and over their trade (Art. 52,
para. 5 CRB). [8] Citizens have the right to a healthy and favorable environment in accordance with the
established standards and norms (Article 55 of the CRB).

Questionnaire survey:

A pilot study on the awareness of children and their parents about the rights of children in Bulgaria
and their access to health care was conducted among 201 parents in the period 01.12.2021-01.01.2022,
and the selection of respondents was random. They were asked whether they were aware of children’s
rights (Fig. 1) and whether they were aware of the responsibility of parents for non-compliance with the
rights of the child (Fig. 2).
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Are you informed about the rights of the child
in the country?

Myes Mno Hinpart

Fig. 1 presents parents’ awareness of children’s rights in the country.
The results show that more than half answered that they were aware, 42,3% answered that they
were partially aware and only 4.5% answered that they were not aware of children’s rights.

Are you aware of the responsiblity of parents for non-
compliance with the rights of the child?
1.0%

Myes Mno Minpart Mwithout opinion

Fig.2 presents parents’ awareness of their responsibility for non-compliance with the rights of the
child.

50.7% answered that they were aware, 35.8% answered that they were partially aware and only
12.4% answered that they were not aware of their responsibility in case they do not know and do non-
compliance with the rights of children.

The respondents were asked whether they had any obstacles to realizing their children’s right
to health (Fig. 3) and whether according to them children have real access to healthcare in the country
(Fig.4)?

Have you encountered any obstacles to realizing your
child's right to health?

Hyes Mno Minpart Mwithout opinion

Fig. 3 shows whether parents encountered any obstacles to realize their children’s right to health.

44.3% answered that they partly encountered some obstacles to realize their children’s right to
health, 35.3% answered that they had such obstacles and only 15.4% stated that they did not have any
difficulties and obstacles.
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Do you think that children have real acces to healthcare in
the country?

2.5%

Myes HMno Minpart ™ without opinion

Fig.4 shows the answers of the parents whether, in their opinion, children have real access to
health care in the country.

According to 64.7% of the respondents children have real access to health care in the country, only
8% are of the opinion that such access does not exist and 24.9% answered that, according to them, this
real access partly exists.

4. DISCUSSIONS

In a national plan, according to the Health Insurance Act, the state has the obligation to insure at
its own expense “persons up to the age of 18 and after reaching this age, if they study regularly - until the
completion of secondary education, but no later than the age of 22- years old, students included in training
through work (dual system of training) for the duration of the training according to the relevant curriculum,
as well as students - full-time training in higher schools until reaching the age of 26, and doctoral students
in full-time training by state order”. [5] According to the same law, health insured persons have the right
to receive medical assistance within the scope of the package of health activities, guaranteed by the
budget of the National Health Insurance Fund, as well as emergency assistance, wherever they are.
These regulations practically guarantee children’s access to health care in the country, this access is real,
although sometimes not completely satisfactory according to the parents of the children themselves.

Globally, there are also positive trends to improve children’s access to health care. In the period
2000-2014, a study was conducted in the USA among 178,038 children aged 0 to 17 years. Trends are
examined for health insurance and 5 access indicators: no well-child visit in the year, no doctor’s office
visit, no dental visit, no usual source of care, and unmet health needs. The survey results show that
the proportion of uninsured children decreased from 12.1% in 2000 to 5.3% in 2014, improvement was
reported in all 5 indicators of access to health care, and the results show that improvements apply to all
children in the country regardless of their ethnicity. [6]

Children and their access to health care are affected not only by time and past government policies,
but also by political decisions, wars and refugee crises. Children and adolescents under the age of 18
who are refugees and are not accompanied by their parents represent a special risk group. Additional
challenges stem from the specific situation, lack of legal conditions, as well as language and cultural skills
on the part of health care providers and unaccompanied refugee minors themselves. [7] Modern times
present individual countries with new challenges, but they all have the duty and responsibility to care for
all children and ensure their internationally recognized right to health according to the Convention on the
rights of the child to the United Nations.

5. CONCLUSIONS

The issue of children’s health and their access to health care is extremely relevant even today.
Globally, there are still a number of places where healthcare remains a myth not only for parents but
also for children. It is necessary to take continuous care by international organizations and individual
governments to improve these statistics and to guarantee the rights of children globally, as well as to
guarantee their most basic right - the right to life and health.
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Abstract: As we know type 2 diabetes is a global disease with many complications. The long-term treatment with
metformin as a first line of therapy has been proven to cause low levels of cobalamin /vit. B12/. The main purpose of this
analysis is to show the frequency of vitamin B12 deficiency among patients treated with biguanides. The RSNC/regional non-profit
association/ “Diabetes Care” in Burgas conducted the study. Patients on metformin treatment for 5 to 10 years were included in
it. From January to September 2022 was the period when all the data was collected. Information on the duration of metformin
treatment was collected through an anamnesis. All patients were tested for vitamin B12 levels and the average value was found
to be < 145 pmol/L - according to certified laboratory reference values - from 145 to 569 pmol/l. All participants in this study had
laboratory evidence of anemia and were deficient in this vitamin . Vitamin B12 deficiency is preventable and these data show
us the need of regular screening in patients on long-term treatment with metformin. This will allow the identification of patients
with vitamin deficiency and the addition of treatment with it or/and discontinuation of metformin treatment.
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INTRODUCTION

Vitamin B 12/cyanocobalamin/is a complex organic molecule consisting of a centrally activated
cobalt atom connected by a covalent nitrogen bond to a tetrapyrrole ring and to a cyanide group. Vit.
B12 has two active coenzymes: methylcobalamin/with an important role for DNA synthesis/ and 5-deoxy-
adenosylcobalamin, responsible for mylinization. Microorganisms/bacteria and fungi/ are the main sources
of Vit.B12 in nature. For plants and animals, vitamin B12 is only of exogenous origin. The following
products are relatively richer in content: meat, eggs, milk, raw liver, as well as fermenting plant products
such as beer, brewer’s yeast, pickles. The human body contains only 5 mg. the liver appears to be the
largest depot of vitamin B12.(Grudeva P, 2020)

Vitamin B12 ingested with food in the acidic environment of the stomach is released from the
proteins and binds to two specific ligands - 1/c intrinsing factor/IF/- glycoprotein produced by the parietal
cells of the fundus and 2/c proteins R, called cobaltophilins. which are contained in the gastric juice. The
IF-vitamin B12 complex is absorbed in the distal ileum. After passing through the enterocyte, vitamin B12
enters the blood, bound to a protein - transcobalamin, synthesized by the endothelial cells of the vessels.
This complex reaches the bone marrow, where it enters the cells by endocytosis. Vit. B12 accumulates
as a reserve mainly in the liver/about 2-3 g./- quantities sufficient for 3-4 years. Daily needs are 1-2
mg.(Kerticova S.,2000).

Vitamin B12 is a key micronutrient responsible for DNA methylation and has diverse metabolic
roles ranging from lipid metabolism to endothelial dysfunction (McNulty H, Pentieva K, Hoey L, Ward M,
2008). Metformin treatment is the first-line treatment in patients with type 2 diabetes in combination with
lifestyle modification according to the current recommendations of the American Diabetes Association
(ADA), European Association for the Study of Diabetes (EASD), and the American Association of Clinical
Endocrinologists/American College of Endocrinology. These recommendations are based mainly on its
glucose-lowering effects, its relatively low cost, and few side effects. Furthermore, unlike other antidiabetic
medications, metformin appears to be neutral with respect to body weight. Metformin is a safe treatment
for type 2 DM in the over 60 age group(Stanchev P. et all.,2021).

Metformin is suitable as initial therapy in newly diagnosed type 2 diabetes mellitus, in the absence
of contraindications.

Positive effects:

-suppresses endogenous hepatic glucose production

-weight neutral with chronic use, with potential for some weight reduction
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-does not increase the risk of hypoglycemia;
-beneficial effects on lipid indicators; -there is evidence of cardiovascular benefits;
- effects regarding protection from carcinogenesis have been established.

Side effects - from the gastrointestinal tract - metallic taste, nausea, vomiting, diarrhea, bloating,
flatulence; may lead to low vitamin B12 levels, necessitating periodic monitoring and replacement at low
levels, especially in patients with anemia and neuropathy. Contraindications: all conditions associated
with severe tissue hypoxia and ischemia - severe heart failure, acute stage of myocardial infarction,
liver failure, CKD IV degree (Borisova AM, 2019). It is used as monotherapy or in combination with other
drugs (Hirst J.A, Farmer A.J, Ali R, Roberts N.W, Stevens R.J, 2012). However, one of its side effects
is a decrease in vitamin B12 levels. There are several pathophysiological theories about how metformin
decreases the absorption of vitamin B12. According to one of them, it changes the distribution in the tissues
and the metabolism of B12. Also, the liver accumulates B12, as a result of which its circulating levels in
the serum decrease(Aroda et all, 2016). Another theory is that metformin slows down the absorption of
glucose, which slows down gut motility and allows bacterial overgrowth, which interferes with the complex
of intrinsic factors and reduces the absorption of B12 (Beulens et al., 2015). However, the most plausible
and generally accepted cause of vitamin B12 deficiency due to metformin-induced malabsorption is
interference with calcium-dependent binding of the inducing factor-vitamin B12 complex to the receptor in
the terminal ileum (Bauman, W.A., Shaw, S., Jayatilleke, E., Spungen, A.M., Herbert, V., 2000). Another
mechanism by which B12 deficiency can be reached is by displacement of calcium from the ileal mucosa
by metformin. As a trace element, calcium is required for the B12-intrizinc factor complex.(William, A.and
all, 2000). Different cut-off values invariably result in underestimation or overestimation of cases of vitamin
B12 deficiency. Vitamin B12 deficiency is defined as serum levels < 148 pmol/L. Levels between 148 and
221 pmol/L are considered borderline and suggest marginal deficiency.(Green R et all, 2017). Metformin
reduces circulating B12 levels by about 25% (Beulens JW et all, 2014) Another study in Africa showed
that the prevalence of vitamin B12 deficiency, defined by levels <150 pmol/L, in metformin-treated T2DM
patients was 28.1%. The authors recommend regular screening for vitamin B12 deficiency in patients on
long-term metformin therapy (Ahmed,M.A., Muntingh,G., and Rheeder,P. 2016). In a study conducted in
Ghana, the prevalence of vit.B12 deficiency was reported to be 32.1%. The authors reported the negative
impact of long-term metformin therapy, its higher daily dose and high body fat content, which increase
the possibility of manifestation of cyanocobalamin deficiency. In diabetics taking metformin in a total daily
dose of = 1500 mg, for a period of = 6 years, the research team recommends regular and systematic
monitoring of vitamin B12 levels(Laing,E.F. et all, 2019). Other authors estimate the deficiency of vitamin
B12 at 14.1%. Compared to diabetics without metformin in therapy, the prevalence of its deficiency is
significantly higher in the group of patients treated with it. After 4.9 years of metformin use, the authors
report, that the chances of developing neuropathy or anemia cannot be predicted(Groot-Kamphuis, D.M.
etall, 2013). Among the Bulgarian population of patients with type 2 diabetes mellitus, the status of vitamin
B12 was investigated. In the studied population of 308 diabetics, deficiency was found in 34%, low-normal
levels in 28%. 37.7% of the group of patients treated with metformin were deficient in vitamin B12. 18% of
diabetics on non-metformin therapy were also found to be B12 deficient. The mean level of vit.B12 in the
group receiving metformin was 178 pmol/l, and in the group without metformin 235 pmol/l. It turns out that
the level of vit. B12 correlates with the average dose of metformin, and not with the duration of therapy.
Each increase in the dose of metformin by 250 mg. increases the risk of vitamin B12 deficiency by 15%
(Chakarova N. et all.,2019). The influence after a 6-month treatment with metformin on the serum levels
of vitamin B12 in type 2 diabetics was also investigated by another Bulgarian group. 18 patients were
studied - 9 women and 9 men, with an average age of 47.6 years with an average duration of diabetes of
6.1 years. Plasma vitamin B12 levels were measured at baseline and after 6 months of treatment with an
average daily dose of 1500 mg metformin. Regarding vit B12, a certain decrease was registered, which,
however, could not reach statistical significance/from 233.3 to 207.4 pmol/l/. Changes in erythrocytes and
serum iron were observed.(Boyanov,M., Boneva,Zh., Tsoncheva,A.,Protich,M., 2003)

Considering the consequences of possible vitamin B12 deficiency, such as megaloblastic anemia
and polyneuropathy, screening among patients treated with metformin is appropriate. Follow-up testing
is also appropriate. This would identify patients with insufficient serum levels of vitamin B12 and allow for
prompt correction of the deficiency. With this in mind, a group of scientists developed a list of criteria that
aims to cover the high-risk group of patients treated with metformin - their screening and periodic follow-
up. The proposed criteria include:

- guiding clinical signs for vit. B12 deficiency

-patients with type 2 DM with available comorbidities-diabetic peripheral neuropathy, autonomic
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neuropathy, or both

- metformin treatment lasting more than 5 years

- the patient over 65 years old

-minimum six months of metformin treatment at a daily dose = 1500 mg and high total cumulative
exposure

- antacid medications administered together with metformin for a period of = 12 months

- presence of other diseases and risk factors leading to an increased risk of vitamin B12 deficiency.
(Infante,M. et all. 2021).

MATERIAL AND METHODS

The main purpose of this study was to evaluate the vitamin B12 deficiency and the presence of
anemic syndrome in all tested patients. The medical records and laboratory tests were conducted on
sixty-one participants who were on treatment with metformin for a period between 5-10 years. All the 61
participants were Caucasian- 41 women and 20 men, respectively.

Regardless of gender, the average age of the participants was 78.73 years/from 48 years. to 93
years/. For women it is 80.26 years/from 48 years to 92 years/, and for men it is 75.6 years/from 50 years
to 93 years/.

RESULTS

After processing the data, it was found that the average level of vit.B12 in the studied group of
patients was 112.99 pmol/L

DISCUSSION

Vitamin B12 deficiency is less well known and can be a reason for health consequences, such as
megaloblastic anemia and peripheral neuropathy. Considering the above data, we are obliged to focus on
the necessity of early screening, routine examination, identification and timely correction of the deficiency
of this vitamin in diabetics with metformin treatment. Low levels of vitamin B12 is a highly prevalent, yet
easily correctable factor that would lead to improved patient care.

CONCLUSION

The present analysis also has some serious limitations, such as the small number of examined
patients, the majority of whom fall into the age range over 75 years. Larger studies with more patients
are needed to determine whether the deficiency of vit. B12 is a chance finding, whether it is the result of
long-term metformin use or it is result of dietary factors.
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Abstract: Anumber of epidemiological studies prove that for the group of chronic socially significant diseases, nutritional
factors are more important in cardiovascular diseases, oncological diseases, diabetes and obesity. Quantitative and qualitative
nutritional disorders underlie the development of the most important risk factors for disease, disability and premature mortality
in modern society. A target task of the programs for a healthy lifestyle is the reduction of habits harmful to health, among which
unhealthy eating is included.

The purpose of the present study is to investigate unhealthy eating as a behavioral risk factor related to morbidity and
mortality from socially significant diseases in Bulgaria and the other member states of the European Union.

Methodology: The following research methods were used: documentary method - review of: scientific literature; published
materials from the Organization for Economic Cooperation and Development on the health profiles of the countries; induction
and deduction; comparative analysis; graphical method for visual presentation of the obtained results.

Results and analysis: From the study, it is clear that unhealthy eating as a behavioral risk factor for morbidity and
mortality is represented by 17% on average in the European Union. In Bulgaria, 29% of all deaths in 2019, which is the highest
share in the EU, are due to irrational and unbalanced nutrition. It is followed by the countries of Central and Eastern Europe.
A significant role for this problem is the low intake of fruits and vegetables and the high consumption of sugar and table salt.

Conclusion: The main element of a healthy diet is the intake of fruits and vegetables. Their consumption varies between
countries. The most significant benefits of their consumption are due to the reduction of both cardiovascular diseases and the
prevention of oncological diseases.

Recommendations: It is necessary to direct the efforts of the society to a correct food policy, a change in the food
system and good education of individuals to create their own healthy microenvironment, different from the current toxic and
obesogenic environment. Only in this way will the development of the global epidemic of obesity, type 2 diabetes and other
socially significant diseases be reduced.

Keywords: unhealthy diet, behavioral risk factor, socially significant diseases, premature mortality, fruits and vegetables
Field: 3) Medical sciences and Health

1. INTRODUCTION

A number of epidemiological studies prove that for the group of chronic socially significant diseases,
nutritional factors are of great importance in cardiovascular, oncological diseases, diabetes and obesity.
Quantitative and qualitative nutritional disorders underlie the development of the most important risk
factors for disease, disability and premature mortality in modern society.

The role of dietary factors on elevated blood pressure is well known and proven.

A significant positive effect on its reduction is the reduction of excess weight, reduction of fat intake,
increase of fruit and vegetable intake, reduction of salt consumption. According to D. Popova (2015), the
way of eating probably exerts long-lasting effects on blood pressure already with the start of improper fetal
nutrition, which determines the further trends and magnitude of arterial pressure in children and adults in
response to eating habits.

The INTERSALT studies demonstrate an absence of hypertension in some very isolated societies
where salt intake is very low and blood pressure does not increase with age. The same studies found a
trend toward no weight gain, lower fat intake, and a high intake of fruits and vegetables—three important
conditions that help lower blood pressure. [8]

Over the past few decades, the incidence of obesity and diabetes has increased dramatically in
all countries of the world. More than one billion people are currently overweight or obese, with more
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obese individuals residing in developing countries than in developed countries. In developed Western
countries, recent reductions in the incidence of strokes and coronary heart disease have been achieved
despite progressive increases in obesity and diabetes. This fact is explained by the successful reduction
of cholesterol levels in these societies in connection with the replacement of dietary saturated and trans-
fats with mainly omega-6 polyunsaturated fats. But these fats favor obesity and type 2 diabetes, despite
having a beneficial effect on atherosclerotic and thrombotic processes.

For the prevention of cardiovascular and some oncological diseases, the regular intake of fruits and
vegetables is recommended as an essential element of a healthy and balanced diet.[6]

Consumption of fruits and vegetables varies widely among countries depending on economic,
cultural and agricultural characteristics. Inadequate fruit and vegetable intake is associated with about
14% of gastrointestinal cancer mortality, about 11% of coronary heart disease mortality, and about 9% of
stroke mortality worldwide. The most significant benefits of fruit and vegetable consumption are due to
a reduction in cardiovascular disease, but fruits and vegetables also prevent cancer. A higher incidence
of mortality associated with low fruit and vegetable consumption occurs in middle-developed European
countries.[8]

Many countries in the Mediterranean region have different diets, but with some common
characteristics. This diet lowers the incidence of coronary heart disease, which is partly due to the
increased consumption of monounsaturated fatty acids (mainly from olive oil) and the low consumption of
saturated fat. The summarized key components of the Mediterranean diet are as follows:

« abundance of plant foods (fruits, vegetables, potatoes, bread, cereals, legumes, nuts and seeds);

+ minimally processed and fresh seasonal foods;

« fresh fruit as a typical dessert;

+ olive oil as the main source of fat;

* dairy foods, chicken and fish in low to moderate quantities;

* less than 5 eggs per week;

* red meats rarely and in small quantities;

* wine in low to moderate amounts (1-2 glasses daily for men and 1 glass for women).

The purpose of the present study is to investigate unhealthy eating as a behavioral risk factor
related to morbidity and mortality from socially significant diseases in Bulgaria and the other member
states of the European Union.

2. MATERIALS AND METHODS

The following research methods were used:

« documentary method - review of: scientific literature; of published materials from the Organization
for Economic Co-operation and Development on the health profiles of the countries;

¢ induction and deduction;

* comparative analysis;

* graphic method for visual representation of the obtained results.

3. RESULTS

From the studly, it is clear that unhealthy eating as a behavioral risk factor for morbidity and mortality
is represented by 17% on average in the European Union.
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Fig. 1. Relative share of mortality caused by behavioral risks related to unhealthy eating in EU Member States

Sources: OECD, Eurostat, 2021

Notes: 1 The study also includes Norway and Iceland as members of the European Free Trade
Association.

2 Nutrition-related risks include 14 components, such as low consumption of fruit and vegetables
and high consumption of sugar-sweetened beverages. [7]

Almost half of all deaths in Bulgaria are due to behavioral risk factors, among which unhealthy
nutrition occupies a leading place. The problem is particularly significant as it accounted for 29% of all
deaths in 2019, the highest proportion among EU countries. A significant role is played by the low intake
of fruits and vegetables and the high consumption of sugar and table salt.

As can be seen in figure 1 for the countries of Central and Eastern Europe — Slovakia, Lithuania,
Hungary, Latvia, Czech Republic, a quarter of all deaths in 2019 can be attributed to risks related to
unhealthy and irrational nutrition. They are followed by Croatia and Poland.

The main risk factor for chronic non-infectious diseases such as diabetes, cardiovascular and
some types of oncological diseases is excess weight. A 2022 World Health Organization report notes that
obesity levels in Europe are rising due to high consumption of high-calorie foods, trans-fats and saturated
fats and increasingly sedentary lifestyles. [9]. And an OECD study, “The Heavy Burden of Obesity”, found
that obesity could cause more than 320,000 premature deaths a year in EU countries over the next 30
years if no countermeasures are taken (OECD, 2019 [9]).

Adolescent overweight and obesity are a growing public health problem.

According to data from the Organization for Economic Cooperation and Development, the relative
share of obesity among adults in Bulgaria in 2019 was 13%, which is the third lowest among EU countries
and below the EU average of 16%.

In most EU countries, more than half of adults are overweight or obese. Between 2014 and 2019,
obesity rates increased in almost all countries, except France and Luxembourg, where they remained
stable. Over this five-year period, the largest increases were observed in Austria, Croatia, Finland,
Hungary and Slovakia.

In all EU countries, the proportion of men who are overweight or obese is higher. The gender gap
is more significant in Luxembourg and the Czech Republic.

In terms of education, the situation is as follows: people with less education are more likely to be
overweight or obese than those with higher education. This difference is particularly pronounced in Portugal
and Luxembourg. According to the results of the study, differences in the prevalence of overweight among
people with high and low education lead to additional inequality in health and employment. Those suffering
from at least one chronic disease associated with being overweight are less likely to be employed; and
when they are employed, they are more likely to be absent or less productive than healthy individuals. [5].
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Sources: OECD, Eurostat, 2021

Figure 2 shows the relative share of obese adults in EU countries, including Iceland and Norway -
members of the European Free Trade Association. The obesity rate is highest in Iceland, which in 2019
had 27% obesity among the adult population (over 18). Much higher than the EU average (16%) is the
adult obesity rate in Malta, Hungary, Croatia, Latvia and Finland. The relative share of obese adults was
lowest in Bulgaria (13%), Romania and Italy (11% each).

4. DISCUSSION

During the outbreak of the COVID-19 pandemic, overweight and obesity were particularly at risk for
developing more severe symptoms and death. [3,6] The imposition of lockdown and other restrictions on
mobility contributed to negative changes in the eating habits of a large part of the population.

To prevent these adverse consequences leading to obesity, countries have begun to pursue
policies promoting a healthier lifestyle. [1]. One of these policies is promoting the intake of more fruits and
vegetables, which are a basic element of a healthy diet.

The World Health Organization recommends consuming at least 400g (i.e. 5 portions) of fruit and
vegetables per day, and in response to this recommendation, the EU launched the “5 a Day” campaign. [6]

In Bulgaria, a small number of adults follow this recommendation. The country has the second
lowest fruit intake of all EU countries. According to a survey, three out of five adults say they don't eat fruit,
and 49% don't eat vegetables every day.

In response to the problems associated with overweight and obesity in adolescents, programs have
been introduced to promote healthy eating in school-age children.[7] The situation is similar in Romania,
Latvia, Luxembourg and the Czech Republic.

According to Eurostat data from 2019, in EU member states, on average, only 12% of adults report
consuming five or more portions of fruit and vegetables per day. Between 1 and 4 portions per day are
taken by 55% of the population. Among the countries with such a high intake are Ireland, the Netherlands,
Denmark and France. Less than 1 serving per day consumed 33 percent. [6]

Women, as well as people with a higher level of education, eat more fruits and vegetables every
day.

Interventions to promote healthy eating include subsidies for fresh fruit and vegetables, regulations
to limit foods high in fat, salt and sugar, setting nutrient-based standards in schools and public institutions,
reformulating products with high levels of sugar, simple and informative front-of-pack labels and youth
nutrition education programs. In this context, the EU Farm to Fork Strategy and the European Cancer
Plan have been created, which require a review of EU rules on information provided to consumers. [3]

In 2017, over 950,000 deaths in the EU were linked to an unhealthy diet, and half of people over
18 were overweight. [10]

Policies for prevention and health promotion in Bulgaria have a limited impact. In 2015, the proposal
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to introduce a tax on food and drinks with a high content of salt, trans fat, sugar and caffeine did not receive
the support of stakeholders and the Council of Ministers. Among the attempts to solve the problem of the
growing number of children suffering from overweight or obesity is the project “Healthier children”. [7]

5. CONCLUSION

Irrational and unbalanced nutrition occupies a leading place among behavioral risk factors, causing
about half of the deaths in Bulgaria. This mortality can be prevented with good prevention and promotion
of a healthy lifestyle, but unfortunately this is not among the priorities of the government policy.

A main element of a healthy diet is the intake of fruits and vegetables. Their consumption varies
from country to country. The most significant benefits of their consumption are due to the reduction of both
cardiovascular diseases and the prevention of oncological diseases.

6. RECOMMENDATIONS

It is necessary that society’s efforts be directed towards a preventive food policy, a change in the
food system and a good education of individuals to create their own healthy microenvironment, different
from their current toxic and obesogenic environment. Only in this way will the development of the global
epidemic of obesity, type 2 diabetes and other socially significant diseases be reduced.
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