UNION OF SCIENTISTS IN BULGARIA - PLOVDIV

Union of
Scientists Plovdiv

N2

W

Series G. Medicine, Pharmacy and Dental medicine
Vol. XXXI

2024
Plovdiv



ISSN 1311-9427 (Print)
ISSN 2534-9392 (On-line)

Scientific Works
of the Union of Scientists in Bulgaria — Plovdiv

AN
Y4

Plovdiv, 2024



UNION OF SCIENTISTS IN BULGARIA -
PLOVDIV

Scientific Works
of the
Union of Scientists in Bulgaria — Plovdiv

Series G. Medicine, Pharmacy and
Dental medicine
Vol. XXXI

X" INTERNATIONAL CONFERENCE
OF YOUNG SCIENTISTS

20-23 June 2024
Plovdiv



~Haydarau tpynose na CYB — [lnoBaus® e nepnouIHO, HHAEGKCHPAHO, PELCH3UPAHO U pedepupaHo
Hay4HO u3anue Ha IInoBauBckus kioH Ha Chro3a Ha ydeHHuTe B bbarapus, Haii-royisiMata 1 aBTOPUTETHA
HENPaBUTEICTBEHA MPO(ECHOHATHO-TBOPYECKA OPraHU3alus Ha OBIrapCKUTE YUCHH.

B u3nanueto (B 4 cepun) ce myOaMKyBaT JOKIATU M HAYYHU CHOOIIEHUS, NMPEACTABCHU HA HAYYHHU
¢opymn Ha CYB — [Tnoaus. [Ipuemar ce 3a myOianKyBaHe ¥ CTATHH Ha OBJITAPCKH U Uy KISCTPAHHN YICHH
Cpelly 3aIulaiane 1o IpreTa oT YIPaBUTEeIHUS ChBET Tapuda.

Tesn 4 cepun, B konuTo ca 00XBaHATH BCHUKH KJIOHOBE HA CbBPEMEHHATA HAyYHA MUCBJI, Ca PETHCTPUPAHH
B IIeYaTHA U OHJIAIH Bepcus cbe camocTosiTenHu ISSN nHaekcn u ca CbOTBETHO:

Cepust A. OOGuiecTBeHH Haykd, M3KycTBO W Kynirypa, ISSN 1311-9400 (Print); ISSN 2534-9368
(Online);

Cepus b. EcrectBenu u xymanurapuu Hayku, ISSN 1311-9192 (Print); ISSN 2534-9376 (Online);

Cepust B. Texuuka u texnonoruu, ISSN 1311-9419 (Print); ISSN 2534-9384 (Online);

Cepust I'. Menununa, dapmanust u nenranna meaumuaa, ISSN 1311-9427 (Print); ISSN 2534-9392
(Online).

Benuky myOnukyBaHN MaTepHanu ce peleH3HpaT OT YTBBPJICHH M BOJCIIM B CHOTBETHATA HAyJYHA
00J1acT CHeIHAaNTNCTH.

ABTOpUTE HOCAT HAIBIHO M W3IS0 OTFOBOPHOCT 3a CHIBPIKAHMETO HAa CBOMTE MAaTepHAIIH.
ToarorBenure 3a oTreuaTBaHe MaTepHaIN TPsIOBa Ja ca B 00eM 10 4 cTpanunu. Jlomyckar ce u Ho-00eMHH
CTaTHM M JIOKJIAJIH, KaTO BCSKA JOMBIHUTEIHA CTPAHULIA CE 3aIUIallla OTACIHO.

TekcrbT TpsiOBa 1a Obae HaOpaH Ha KOMIOTHP BbB (opmar Microsoft Word u 3anmcan Ha auck u
XapTHeH HocuTell. Marepuand morat jga ce usnpamar u no e-mail va angpec: office@usb-plovdiv.org,
HPHJIOKEHH KaTo MpuKadeH Qaiin (attachment) kbM 0CHOBHOTO MHCMO.

OCHOBHHTE TapaMeTpH Ha BCsIKA CTPAHUIA ca:

1. Pa3mep na crpanunara: File, Page Setup, Paper Size — A4.

2. Pazmep Ha meuataemoro moJie — 14 cm Ha 21 em: File, Page Setup, Margins:

6 canmumempu Top, Bottom — 4,3 cm;  Left, Right — 3,5 cm;

6 UHY0Be Top, Bottom — 1,69; Left, Right — 1,38.

3. MexnaypenoBo pascrosiuue: Format, Paragraph, Line spacingsingle.

4. lpudT — Times New Roman C (kupuiuk)

Tema Ha J0KJIaAa, aBTOPH, MecTopadoTa — Size 12 Bold Abstract — Size 10, Bold

Tekcr Ha 10K;Iaaa U pe3tometo — Size 10, Normal.

5. [IbpBa cTpanuna TpsOBa ja 3amousa ¢ 6 npa3uu peaa (3 cM), 3a 1a ce MOHTHpa ,,IIaNKa* ¢ TeMaTa
U JlaTaTa Ha Hay4YHUs QOpYyM, KaKTO ¥ HACHTH(HHKATOPUTE Ha CHOTBETHHUS TOM.

6. Ha mppBa cTpaHuua, cie 0CTaBeHOTO MSCTO 3a ,,Ianka’, ce n3nucea B nocoueHus pen, KATO CE
LIEHTPUPA:

TeMa Ha JIOKJIa/1a (C IJIaBHU OyKBH) — Ha OBJITapCKH €3HK;

aBTop (MMe W pamuans — 0e3 TUTIM U ChKpalleHWs) — Ha OBJIrapckd €3WK; mMecropaboTa — Ha
OBITapcKy e3UK;

Ilpaszen peo

TeMa Ha JI0KJ1a/1a (C IJIaBHU OYKBH) — HA AaHTVIMICKH €3HK;

aBTopH (MMe U hamMuiust — 6€3 TUTIIM U ChKPAILeHNs) — HAa AaHTJIMIICKH e3MK; MecTopatoTa — Ha
AHIVIMIICKH e3HK.

7. Ha uoB pex ce u3nucsa Abstract (r. e. pe3rome), KOeTo He ce HEeHTpupa.

8. CrieiBa TEKCTHT Ha PE3OMETO (HA AHTJINICKH €3HK).

9. KirouoBu ymu (Ha aHIJIMIICKH €3HK).

Ilpaszen peo

10. CnenBa TEKCTHT Ha JOKJIAA.

11. ®urypure, CHUMKHTE H IHATPAMHUTe KbM JOKJIaa TPsIOBa 1a ObaT UepHO-0eIM 1 MOHTHUPAHU B
TEKCTA.

12. Beae:kku H 3a0eJ1€5KKH ce INIIAT [10]] JINHUS Ha ChOTBETHATA CTPAHMI[A, H3MHCAHN HA JAaTHHHIA.

13 BcHuKkHM HMTHPAaHHS B TEKCTAa — B CKOOU ce n3nucBa paMuiiista Ha aBTopa (Ha JaTHHHLA) 1
roJlMHaTa HallyOJIMKyBaHe.

Mpumep: (Ivanov, 2014).


mailto:sub_plov@mail.bg

OTJaenHO ce IpHiara CHUCHK ¢ YUmMupanume nyoaukayuu, IoIpeIeHn a30yqHo cropen haMuIisTa
Ha mepBuUs aBTop. Koraro ce HuTHpat HAKONKO MyOJMKALUKU OT €IMH U CBILU aBTOP, Half-HAMpel B CIIHUCHKA
CC faBaT CaMOCTOSATCIHUTE MY Hy6HI/IKaHI/II/I, CJICABAHHU OT Hy6J‘II/IKaHI/II/ITe B CbaBTOPCTBO. Kenarenno e Jace
I/I36pO${BaT HWMCHAaTa Ha BCUYKHU aBTOPH. HI/ITepaTypHI/ITe U3TOYHHUIU HE C€ HOMEpHUPAT.

Benuku JIUTEPATYPHHU U3TOYHMLIHU HA KHUPU/JIMIA CC MU3NMUCBAT, KATO MMEHATAa HAa aBTOPUTE U Ha
H3TOYHULUTE CE TPAHCIIUTEPUPAT HaA 1amuHUuyd, a 3arjlaBusaiTa Ha CTATUUTE CC IIPEBEXKAAT HA AH2IUUCKU e3UK.
HpI/I TPaHCIIUTCPUPAHETO 6yKBI/ITe CC€ 3aMCHST CIIOPEa 3akoHa 3a TpaHCIUTEpanusAaTa. OpI/IFI/IHaJ'IHI/ISIT C3UK
Ha Hy6J‘II/IKaHI/II/ITe, NPpEeBEACHU Ha AHTTIUHACKU €3HK, CC IIOCOYBa CJICa 6I/I6J'II/IOFpa(1)CKOT0 OIIMCaHHE B CKOOH
(6parapcku = Bg, pycku = Ru, cppdcku = Sr, Mmakenoucku = MK, rpbuku = Gr, U T. H.).

IMpumep: Ibrishimov N., H. Lalov, 1984. Clinical Laboratory Investigations in Veterinary
Medicine, 1984, Zemizdat, S. 363 p. (Bg)

14. Tlpm xenaHue aBTOPHUTE MOTAT Jia Iy OJIMKYBAT B Kpast Ha CTaTHsATa HHpOpMaIys 3a cede CH 1 ajpec
3a BpBb3Ka ¥ KOPECIIOHICHIIHS.

15 MarepuanbT, BKIIOYCH B CTAaTHATA, TPsOBA /a € OPUTHHATHO M HEMyOJIMKYyBaHO 10 MOMEHTa
TEOPECTUYHO U3CJICABAHE, Ja ChABbPIKA OPUTHHAIIHN €KCIICPUMEHTAJIHNA JaHHU WM HOBU UHTCPIIPETAIUN Ha
CBILECTBYBAIIH PE3YJITATH.

Marepuanu, KOUTo He ca 0(pOpPMEHH CIIOPEI TOPEHU3TI0KESHUTE H3UCKBAHMS, HAMA 1a ObIaT pa3riieyKIaHH.

XapTHeHH OTIeYaThIM U JAUCKOBE HE CE BPBIIAT. XOHOPAPH HE CE U3ILIAIAT.

PEJAKHHUOHHA KOJIEI'UA: npod. Bragumup AHIOHOB (OTTOBOPEH
penakrtop); npod. Mapus [TanuoBcka-Mouesa; npod. boxxunap Xamkues; npod.
Becenun Bacuies; mpod. Jumutsp Jumutpaxos; npod. Mopaan Toxopos; mpod.
Jlena KocragunoBa-I'eopruea; npod. Hukonait IlanaiiotoB; mpod. Ilanka
Awnnpeesa; npo¢. Ilena Artanacosa; mpod. Cumeon Bacuies; nmpod. Aranac
Apnaynos; non. Becena Credanona; mou. Kpacumupa Yakwspona; non. Tomgopka
Jumutposa; non. Ctanka XaJKUKOJIEBA.

EDITORIAL BOARD: Prof. Vladimir Andonov (editor-in-chief); Prof.
Maria Panchovska-Mocheva; Prof. Bozhidar Hadzhiev; Prof. Veselin Vasilev;
Prof. Dimitar Dimitrakov; Prof. Jordan Todorov; Prof. Lena Kostadinova-
Georgieva; Prof. Nikolay Panayotov; Prof. Tzanka Andreeva; Prof. Pepa
Atanasova; Prof. Simeon Vasilev; Prof. Atanas Arnaudov; Assoc. Prof. Vesela
Stefanova; Assoc. Prof. Krassimira Chakarova; Assoc. Prof. Todorka Dimitrova;
Assoc. Prof. Stanka Hadzhikoleva.

PEJAKIIMOHEH CBBET: npod. Wsan [leueB; mnpod. Buxropus
Capadsa; npod. Jumutsp Jdumutpakor; mpod. Mapus [langocka-Mouera,
npo¢. Cuexxana [lanoBa; npod. Cumeon Bacunes; npod. Bragumup AHIOHOB,
npod. Jensu [enes; mpod. Emun Xamxukomnes.

EDITORIAL COUNCIL: Prof. Ivan Dechev; Prof. Victoria Sarafyan; Prof.
Dimitar Dimitrakov; Prof. Maria Panchovska-Mocheva; Prof. Snejana Tzanova,
Prof. Simeon Vasilev; Prof. Vladimir Andonov; Prof. Delian Delev; Prof. Emil
Hadzhikolev.



Hayuynu tpynoBe Ha Cbro3a Ha yuyeHute B boarapus—Iliosaus. Cepus I.
Menununa, ¢papmanusi u geHragHa meamuuHa T. XXXI. ISSN 1311-9427
(Print), ISSN 2534-9392 (On-line) 2024. Scientific works of the Union of
Scientists in Bulgaria-Plovdiv, series G. Medicine, Pharmacy and Dental
medicine, Vol. XXXI. ISSN 1311-9427 (Print), ISSN 2534-9392 (On-line) 2024.

DEATH BY LACTIC ACID? IMPLICATIONS OF LACTATE IN
HEALTH AND DISEASE - A MINI REVIEW
Nikolay Mandadzhiev
Department of Physiology, Medical University of Plovdiv

Abstract: Lactate is an organic molecule and a normal product of glycolysis in cells. Since
its discovery in the 18th century, it has been regarded as the metabolic waste of working muscle and
oxygen deprived tissues — a harbinger of fatigue, acidosis and even death. Nevertheless, its role in
regular metabolism and pathology has been challenged by compelling research in the last three
decades, bringing a transformation in the understanding of its nature. The lactate shuttle hypothesis
has been one of those revelations, which has revolutionized exercise physiology and brought
astounding performance results to elite athletes. Moreover, its proposed role as a universal cellular
fuel, a major gluconeogenic precursor, an important signaling molecule and a regulator of gene
expression has given rise to a debate about the part it plays in normal physiology, but also in the
pathophysiology of prominent medical problems such as acidosis, trauma, sepsis, brain injury, etc.
Not all of its newfound glory, however, is positive in nature. It has been theorized and studied
extensively whether lactate shuttling can indeed be maladaptive in cancer metabolism — promoting
cancer cell regeneration and survival. Thus, in this review is explored an up-to-date understanding
of lactate’s origin and fate in physiology and pathophysiology.

Keywords: lactate, shuttles, acidosis, cancer

1. INTRODUCTION

Lactate was discovered in the late 18" century by German apothecary Carl Wilhelm Scheele,
who named it lactic acid after identifying it as a part of sour milk. Although its metabolism and
overall biochemical and physiological role have been considered a ‘closed book’ for a long time,
newer research in the field of exercise physiology in the last three decades has made it an emerging
topic of debate once again. It is in this field, ironically, that its nature was established as an
undisputable fact owing to the work of esteemed Nobel laureates such as Hopkins, Meyerhof and
Hill, to name a few. From a waste product of oxygen-deprived cells, the paradigm for lactate has
shifted to being a prominent factor in cell metabolism and energy production, while also showing
some important actions as a signaling molecule (Ferguson et al., 2018). The most extensive body of
work on lactate has been done by George Brooks and his laboratory, who was one of the pioneers
of the lactate resurgence research in the 1980’s (Brooks, 1985). A central piece of his ‘lactate shuttle
hypothesis’ has been the discovery of the lactate transporter family of proteins. It also opened,
however, another more ‘sinister’ door for lactate metabolism: a key metabolic player in the ‘emperor
of all maladies’ — cancer. It was indeed just a well forgotten idea that German physiologist Otto
Warburg discovered in the 1920’s, but that was acknowledged more than 50 years later (Racker,
1972; Semenza, 2000). It eventually entered the mainstream research eye and has been an extensive
topic of investigation for the last 15 years. Apart from cancer it has been implicated to have a
suspected role in the pathophysiology of other diseases such as trauma, infection, heart failure,
pulmonary hypertension, but a direct causative effect has thus far not been established (Li et al.,
2022). This review aims to take a deeper look at those newfound roles of lactate in health and
disease.



2. METHODS AND MATERIALS

The medical databases PubMed, Scopus, Web of Science and Google Scholar were searched
for original articles, narrative reviews, systematic reviews and meta-analyses using the terms
‘lactate’, ‘hypoxia’, ‘metabolism’, ‘physiology’, ‘cancer’, ‘trauma’, ‘sepsis’, ‘clearance’ and others,
in various combinations. The search was done until June 2024 and yielded 36 documents.

3. RESULTS AND DISCUSSION

Biochemistry and physiology of lactate in health

Chemically speaking lactate is known as 2—hydroxypropanoic acid and in humans exists
mainly in its L-enantiomer form. There are two main sources for its synthesis in healthy cells —
glucose and alanine.
Via glucose the main e
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in two pathways - Cmp
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Figure 1. Lactate synthesis (created with BioRender)
produce a molecule of

L-lactate. Via alanine lactate is produced through the action of the alanine-aminotransferase enzyme
which yields a pyruvate molecule, while also producing one glutamate molecule (Adeva-Andany et
al., 2014). The production of lactate is strictly bound to the energetic needs of cells, in contrast to
the notion that hypoxia is the main driver of that process — it now has been shown that accelerated
levels of glycolysis are strongly correlated with increased lactate levels, regardless of the local
partial pressure of oxygen (Li et al., 2022).

Lactate dehydrogenase (LDH) is the key enzyme in lactate synthesis. Structurally it consists
of two main types of protein subunits which form homo- and heterotetramers. The result is the
formation of two main ubiquitously found isoforms of the enzyme that exhibit counteracting
functions — types 1 and 5, encoded by two distinct genes, LDHA (type 1) and LDHB (type 5). LDH-
1 (LDHA) favors the reduction of pyruvate to lactate, which consumes one NADH molecule and
produces one NAD+ molecule, thus being found in very metabolically active tissues where complete
aerobic oxidation of pyruvate is not always efficient, such as in glycolytic muscle fibers. LDH-5
(LDHB) on the other hand, acts in the opposite way — it oxidizes lactate molecules back to pyruvate
(Draoui & Feron, 2011). It then enters mitochondria via the mitochondrial pyruvate carrier protein
(MPC), where it is further oxidized in the TCA cycle. This is in effect the main pathway for lactate
clearance. Another option for pyruvate is to enter the pathways of gluconeogenesis via its
metabolites (Adeva-Andany et al., 2014). This is also another major alternative for lactate clearance
and it has been shown that it is mostly active in the postprandial state, where de novo synthesis of
glucose relies heavily on lactate, in contrast to the fasted state, where glycerol is the main precursor
(Wang et al., 2020). A final newly proposed pathway supposes that lactate could enter mitochondria
directly, where it is oxidized to pyruvate by a so called ‘mitochondrial lactate oxidation complex’
(mLOC), but this hypothesis is still under debate (Brooks, 2018).

Lactate transport in and out of cells happens through facilitated diffusion via the proton-
coupled monocarboxylate transporter (MCT). To date 14 types of MCTs have been identified but
only two are widely expressed and related to lactate transport — MCT 1 and 4. MCT1 is found
ubiquitously in most cells, while MCT4 is specific for skeletal muscle, heart, kidney, lung and
intestines. MCT4 has also been found to be upregulated as a result of endurance exercise, which is
hypothesized to improve muscle energetics. Since the function of MCTs is tightly coupled with
proton transport it is obvious that this protein participates partly in the control of cellular pH. This



has been further emphasized
by the discovery that MCT
function is enhanced by some
subtypes of the enzyme
carbonic anhydrase (Felmlee et
al., 2020).

Although it seems
intuitive that lactate would be
produced and cleared in the
same cells, that is not the case,
evidenced by the large
quantities of lactate released in
blood and extracellular space
during strenuous exercise
(Sahlin et al., 1976). A
unifying concept of lactate
production and clearance is the
lactate  shuttle  hypothesis,
pioneered by George Brooks in
the 1980s (Brooks, 1986) and Glycolysis
backed by vast experimental
data in the years since (Brooks, . . .
2018). It postulates that lactate Figure 2. Lactate shuttles (created with BioRender)
is predominantly produced in
one subset of tissues, specifically glycolytic muscle fibers, and consumed or cleared by others —
heart, brain and erythrocytes among others. In this model lactate exists in a homeostatic equilibrium,
where it is readily produced at rest and in exercise in healthy people and is therefore used up as a
cellular fuel, contradicting the established view that only extraordinary dysoxic stress leads to lactate
production. The lactate shuttle is further subdivided in two types: the cell-cell and intracellular
shuttle (Brooks, 2009). The cell-cell shuttle explains the aforementioned phenomena of lactate
production, transport and clearance around the body in differing tissues. It was formulated on the
observation of the results of radioactive tracer studies, which were repeatedly showing a discrepancy
between the lactate concentrations of red oxidative and white glycolytic muscle fibers (Brooks,
2018). Further evidence backing this hypothesis includes the observation that some subtypes of
MCTs predominantly import lactate into cells (MCT 1) and others (MCT 4) predominantly export
lactate (Draoui & Feron, 2011), while as explained those subtypes are expressed by different tissues
(Felmlee et al., 2020). The intracellular shuttle on the other hand introduced a concept that was
debated by some authors (Sahlin et al., 2002), but favored by others (Brooks, 2009; Passarella et al.,
2008). It explains the supposed occurrence of direct lactate transport into mitochondria, where it is
then oxidized to pyruvate by the mLOC. Further, it has been proposed that peroxisomes could also
play such a role in lactate oxidation (Brooks, 2018). This shuttle concept contrasts with the
established model of lactate’s final destination of cytosol or export. Nevertheless, the possibilities
for an intracellular shuttle remain open. In summary, this hypothesis proposes that lactate in the end
is not a waste product of metabolism, but rather an important cellular fuel, that is readily available
at rest and even more so in exercise, while also being a sign of enhanced glucose and glycogen
metabolism, rather than a marker of hypoxia.

Finally, a newly proposed physiological role of lactate is that of a signaling molecule. It has
been identified that it has a direct ligand effect on the so called g-protein coupled receptor 81 (GPR-
81), which was later renamed as the hydroxycarboxylic acid receptor 1 (HCAR1). This receptor has
been identified in an abundance of tissues, the brain notably among them, but the effects of its
signaling are yet to be elucidated (Morland et al., 2015). Other indirectly activated signaling
pathways include PGC-1a and the sirtuins — SIRT-1 and SIRT-3. The overall effect of stimulating
this subset of pathways is enhanced mitochondrial biogenesis. Further through its metabolic
processing and by the forming of malonyl-CoA it is hypothesized that lactate plays a role in
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inhibiting CPT-1 and thus the oxidation of fatty acids, especially during vigorous exercise (Brooks
et al., 2023). In another twist lactate could also affect muscle protein synthesis and induce
hypertrophy by acting on mTOR, AMPK, and MAPK (Cerda-Kohler et al., 2018; Lawson et al.,
2022).

Lactate in some pathophysiological states

Cancer

It is now well-established that lactate plays some role either directly or through correlative
mechanisms in the pathophysiology of cancer. This fact was first appreciated by german
physiologist Otto Warburg, who discovered that in normally oxygenated cancer cells, the rate of
anaerobic glycolysis and lactate production is much higher than it would be expected (Ferguson et
al.,, 2018). This finding was not considered of importance until the 1970s when Racker
acknowledged it and named this phenomenon after its discoverer — the Warburg effect (Racker,
1972). In contemporary cancer research the role of lactate has been extensively investigated. Some
parts of the lactate metabolism infrastructure have been identified as critical hallmarks of cancer —
LDH-A (LDH-1), MCT 1
and 4, the MCT chaperone
proteins  embigin  and
basigin  (Doherty &
Cleveland, 2013). It is not
entirely elucidated why
cancer cells switch to
primarily an anaerobic
metabolism of glucose to
lactate, but some
hypotheses propose that
since lactate synthesis
helps in recycling NAD+,
which is essential for
actively growing cells, this
is one of the underlying
mechanisms of increased
NAD+ delivery. Moreover
a plethora of oncogenes,
including HIF-1, c-myc and p53, have an important stimulatory effect on the expression of glycolytic
enzymes, LDH-A, MCT4 and GLUT1, all of which favor lactate production (San-Millan & Brooks,
2016). The significance of this accelerated research on the role of lactate in cancer is that it presents
multiple promising targets of anti-cancer therapy which are under investigation and could potentially
lead to new and improved therapeutic agents (Benjamin et al., 2018; Draoui & Feron, 2011; Feng et
al., 2018; Marchiq & Pouysségur, 2016).

Critical care

Lactate has been perceived as a harbinger of disease in critical care medicine for at least 4
decades, most notably in shock states such as trauma and sepsis. Traditionally perceived as a marker
of hypoxia, its blood concentrations were used as a therapeutic criterion for cardiovascular and
pulmonary resuscitation (Mizock & Falk, 1992). An updated view of the literature behind lactate
production suggests that rarely hypoxia is the only cause of increased lactate synthesis (James et al.,
1999). A team of researchers did propose a hypothesis that adrenaline has a stimulatory effect on
the ubiquitous Na-K ATP-ase, which in turn leads to an immense stimulation of anaerobic glycolysis
to produce ATP and thus hyperlactatemia (Luchette et al., 2002). Coupling that with the abnormally
high secretion of catecholamines in shock states it is believed and backed by some experimental
data that this is one of the main reasons for observing high blood lactate levels in critical care
patients, contrary to the engrained belief that it is solely because of tissue hypoxia (Grip et al., 2015;
Levy et al., 2005). Nevertheless, blood lactate level measurements remain an important tool for
clinicians. Most widely lactate is used as a stratifying factor for mortality risk, especially in trauma

7

HIF-1a
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and sepsis patients. In these two groups measuring lactate levels at admission in hospital care has
proven to be a useful marker of mortality, regardless of the underlying mechanisms of its production
(Liu et al., 2019; Mikkelsen et al., 2009). Blood lactate values below 1 mmol/l are considered
normal, while values above 2 mmol/l and especially higher than 4 mmol/l signify increased mortality
risk (Mikkelsen et al., 2009). Moreover, an additional useful concept is that of lactate clearance. It
is described as the fall in lactate levels during the hospital stay with the baseline being the lactate
level at admission and measured as a percentage of that value:

(Lactate admission _ Lactatechosen hour (2,4 or 6)) %100

Lactate clearance = Lactateadmission

Most notably lactate clearance has shown a good prognostic value for the risk of death in
critical care patients, specifically in the first 12 hours of hospital admission, and therein it is most
appreciated (Oxidative stress and antioxidant status in patients with complicated urolithiasis 2004;
Odom et al., 2013; Régnier et al., 2012).

4. CONCLUSION

It can be said with confidence that lactate isn’t what it was supposed to be. The advance of
the understanding in its physiology shifted its role from ‘waste’ to ‘treasure’ in health and especially
in exercise. On the other hand, in clinical medicine accepting it as an active metabolite has elevated
our understanding of a plethora of pathophysiological processes, but most notably cancer. The
practical implications are, of course, an entirely new group of cancer therapy agents, which is well
appreciated by oncologists and patients alike. In critical care medicine it has cemented its place as
an important marker for stratifying mortality risk, which is a powerful tool, if used accordingly.
Nevertheless, research is ongoing and further clarifying its place and role in physiology and
pathophysiology will definitely be an important advance in clinical medicine.
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ACTIVITY OF THE PENTOSE PHOSPHATE PATHWAY ENZYMES IN
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Abstract: Goal: to determine the enzyme activities of glucose-6-phosphate dehydrogenase
(G-6-PDH), 6-phosphogluconate dehydrogenase (6-PGDH) and transketolase (TK) under
conditions of preserved glycemia and melatonin exposure.

Material and methods. Experiments were carried out on male outbred white rats weighing
180410 grams. Diabetes was induced by a single injection of alloxan monohydrate at the rate of 170
mg per kg of animal weight. Groups: 1) control; 2) preserved glycemia (<6.9 mmol/l); 3) preserved
glycemia with melatonin (5 mg/kg of body weight for a week at 8:00 a.m. daily). Groups were under
conditions of constant light, darkness and the equinox. Animals were euthanized on the 19th day,
taking into account ethical principles. Statistical processing was performed according to the
Student. The results. The activities of G-6-PDH, 6-PGDH in rats with preserved glycemia were 80%
and 65% higher, respectively, than in control. In the liver of control animals that were under
conditions of darkness, the activities of G-6-PDG, 6-PGDH, and TK increased by 40%, 30%, and
15%, respectively while under conditions of light, these activities decreased by 20%, 13% and 17%,
respectively, in comparison with control under equinox. Under constant darkness and preserved
glycemia the activities of G-6-PDG, 6-PGDH and TK increased by 117%, 96% and 32%,
respectively; under constant light, these activities were 25%, 17%, and 25% lower, respectively,
than in control under equinox. Administration of melatonin led to normalization of investigated
parameters.

Conclusion. The pentose phosphate pathway of glucose-6-phosphate oxidation is normalized
in diabetic rats with preserved glycemia due to melatonin administration.

Keywords: diabetic rats, liver, melatonin, pentose phosphate pathway of glucose-6-
phosphate oxidation

1. INTRODUCTION

The "sleep hormone" melatonin is a powerful antioxidant and a natural stimulator of
immunity (Onaolapo & Onaolapo, 2018). The pentose phosphate pathway is a metabolic pathway
for the conversion of glucose required to obtain reducing equivalents of NADPH2, which are used
in the biosynthesis processes of many substances, in particular, fatty acids and cholesterol, and
ribose-5-phosphate, which is an important precursor in the formation of nucleotides (Ceban et al.,
2016).

2. METHODS AND MATERIALS

Experiments were carried out on male outbred white rats weighing 180+10 grams. Diabetes
was induced by a single injection of alloxan monohydrate at the rate of 170 mg per kg of animal
weight. Groups: 1) control; 2) preserved glycemia (<6.9 mmol/l); 3) preserved glycemia with
melatonin (5 mg/kg of body weight for a week at 8:00 a.m. daily). Groups were under conditions of
constant light, darkness and the equinox (Djindjic et al., 2017). Animals were euthanized on the 19th
day, taking into account ethical principles. Statistical processing was performed according to the
Student (Gerush et al., 2012).
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3. RESULTS

The activities of G-6-PDH, 6-PGDH in rats with preserved glycemia were 80% and 65%
higher, respectively, than in control. In the liver of control animals that were under conditions of
darkness, the activities of G-6-PDG, 6-PGDH, and TK increased by 40%, 30%, and 15%,
respectively while under conditions of light, these activities decreased by 20%, 13% and 17%,
respectively, in comparison with control under equinox.
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Under constant darkness and preserved glycemia the activities of G-6-PDG, 6-PGDH and
TK increased by 117%, 96% and 32%, respectively; under constant light, these activities were 25%,
17%, and 25% lower, respectively, than in control under equinox. Administration of melatonin
helped in normalization of investigated parameters.
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4. DISCUSSION

An increase in the activity of enzymes of the pentose phosphate pathway of glucose-6-
phosphate oxidation may be caused by the need for the formation of NADPH, for the functioning
of the antioxidant defense system in conditions of compensated diabetes (Mok et al., 2019).

Administration of melatonin to animals with latent diabetes under all lighting conditions led
to normalization of all investigated parameters (except for the activity of G-6-PDH under conditions
of constant light in latent diabetes, which increased by 20%, compared to intact animals at the
equinox) (Yang et al, 2022).

5. CONCLUSIONS
The pentose phosphate pathway of glucose-6-phosphate oxidation is normalized in diabetic
rats with preserved glycemia due to melatonin administration.
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Abstract: Melatonin is considered a promising remedy against diabetic disorders. The
scientific work is devoted to the study of exogenous melatonin on certain indicators of carbohydrate
metabolism, which characterize the functioning of the Cori cycle in white rats with dexamethasone
diabetes.

Keywords: melatonin, dexamethasone diabetes, Cori cycle

1. INTRODUCTION

According to the World Health Organization experts, diabetes is a state of chronic
hyperglycemia caused by a violation of the synthesis or action of insulin (Kolesnyk et al., 2016).

Diabetes mellitus is a chronic endocrine-metabolic disease caused by an absolute
(impairment of synthesis) and/or relative (impairment of action) lack of insulin, which is caused by
the action of various endogenous (genetically determined) and exogenous factors, which is
accompanied by a violation of all types of metabolism, primarily carbohydrate metabolism with
subsequent damage due to hyperglycemia and the resulting glycosylation of various organs and
tissues.

At the beginning of the second millennium, in 2000, the number of diabetes patients was
175.4 million people, in 2015 it increased to 245 million patients, and by 2040, the number of
diabetes patients is predicted to increase to 642 million people.

At the same time, most diabetics are diagnosed with type 2 diabetes, which is known to be
characterized by severe insulin resistance (Peschke et al., 2011).

Melatonin (N-acetyl-5-methoxytryptamine) is a hormone synthesized mainly by the pineal
gland and functions in the body not only as a synchronizer of circadian rhythms and a sleep regulator,
but also as a regulator of glucose homeostasis (Peschke, 2008).

Exogenous melatonin is currently considered as one of the possible means of correcting
metabolic disorders that occur against the background of hyperglycemia, in particular, in diabetes
(Ha et al., 2006).

2. METHODS AND MATERIALS

The study was conducted on 45 male 18-month-old white non-linear rats, divided into three
groups: 1) control group of rats; 2) rats with diabetes (daily subcutaneous administration of
dexamethasone solution at a dose of 0.125 mg/kg body weight for 13 days); 3) diabetic rats were
orally administered daily melatonin (Sigma, USA) at a dose of 10 mg/kg (Mok et al., 2019).

This method for reproducing diabetes was propoused by professor Stefanov in 2001.
Accoding to this method, to reproduce insulin resistence, rats were injected subcutaneously with
dexamethasone solution for injections (4 mg/kg, KRKA, Slovenia).

Animals were treated according to ethical principles.

The object of this experimental research was to ascertain the effect of exogenous melatonin
(10 mg/kg) on glycogen content and activity of pyruvate kinase (PK) [EC 2.7.1.40], lactate
dehydrogenase (LDH) [EC 1.1.1.27] in muscles and the liver; glucose-6-phosphatase (G-6-P-ase)
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[EC 3.1.3.9] — in the liver of rats with dexamethasone diabetes.

The reliability of the difference between the obtained indicators was assessed using the
parametric Student's t-test (for normal distribution) and the non-parametric Mann-Whitney U-test
(for non-normal distribution). Differences were considered probable at p<0.05.

3. RESULTS

Two-week daily administration of dexamethasone solution in the above-mentioned dose to
18-month-old rats causes the development of resistance of peripheral tissue receptors to the action
of insulin with subsequent increase in the concentration of glucose in the blood (fig. 1), changes that
are characteristic of type 2 diabetes.
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According to the results (Table 1) in skeletal muscles of diabetic rats, glycogen content and
pyruvate kinase activity were 21% and 37% lower, respectively, and lactate dehydrogenase was 18%
higher compared to the control.

Table 1.
Changes of Cori cycle indicators in the muscles of rats, (n=15, x+Sx)

LDH,
dicators Glycogen content PK, nmol/minxmg
(mg%) micromol/minxmg
Groups

1.Control 75,545,37 62,8+4,53 5740 39
2. Diabetes 59,4+3,22° 39,5+2,35° 6,8+0,47%
3. Diabetes + b b b
melatonin 73,244,28 57,8+4,48 5,9+0,45

In the liver of diabetic rats (Table 2), glycogen content and pyruvate kinase activity decreased
by 33% and 32%, respectively, and lactate dehydrogenase and glucose-6-phosphatase increased by
20% and 56%, respectively compared with control.

The investigated parameters of diabetic rats, that received melatonin, did not differ from the
parameters of control. Therefore, the administration of melatonin (10 mg/kg) to rats in parallel with
dexamethasone prevents the development of insulin resistance in animals and helped to normalize
investigated indicators. As for the investigated parameters of carbohydrate metabolism, both the
glucose content in the blood of rats, as well as the glycogen content and the activity of all the studied
enzymes in the muscles and in the liver of rats that were given melatonin against the background of
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the development of diabetes, did not reliably differ from the parameters of intact animals of control
group, which confirms the assumption about the probable hypoglycemic effect of melatonin against
the background of the development of diabetes.

Table 2.
Changes of Cori cycle indicators in the liver of rats, (n=15, X£Sx)
_ PK LDH, G-6-P-ase,
dicators Glycczirlﬁg O/CSmtem micromol/min | NMol/minxmg microg/minxmg
0
Groups xmg
2. Diabetes 2289,4+57* 36,4+2,93° 3,6£0,52* 67,4+3,27°
3. Diabetes + b b b b
melatonin 3258,4+72 51,2+4,19 3,0£0,37 35,9+3,22

Note: 1. a, b - changes are reliable (p<0,05).
2. a - concerning intact rats;
3. b - concerning diabetic rats

4. DISCUSSION

As we know, during physical activity, lactate is formed in skeletal muscles during glucose
metabolism. Under anaerobic conditions, pyruvate is reduced to lactate by lactate dehydrogenase.
Lactate produced in the muscle cannot be utilized for the synthesis of glucose due to the absence of
key enzymes of gluconeogenesis (glucose-6-phosphatase and fructose-1,6-bisphosphstase).

Lactate produced by active skeletal muscle is a major precursor for gluconeogenesis in liver.
The plasma membrane is freely permeable to lactate. Lactate is carried from the skeletal muscle
through blood and handed over to liver, where it is oxidized to pyruvate. Pyruvate, so produced is
converted to glucose by gluconeogenesis, which is then transported to the skeletal muscle.

The cycle involving the synthesis of glucose in liver from the skeletal muscle lactate and the
reuse of glucose thus synthesized by the muscle for energy purpose is known as Cory cycle.

In animals that were injected with dexamethasone for 14 days, a violation of glucose
tolerance occurs, so this model allows to reproduce the most important pathogenetic mechanisms of
the development of diabetes, in particular, a violation of the action of the hormone insulin, which is
characteristic of patients with type 2 diabetes. Dexamethasone diabetes, as is known, is one of the
models for the study of hypoglycemic agents, since the administration of excessive doses of
glucocorticoids leads to a violation of the secretory function of the beta cells of the islets of
Langerhans of the pancreas and the development of insulin resistance. In experimental animals with
dexamethasone diabetes, there is a deterioration of tolerance to carbohydrates and a decrease in the
sensitivity of peripheral tissues to the action of insulin.

With diabetes mellitus, as is known the processes of glucose entering tissues are disrupted,
the formation of glucose-6-phosphate decreases, the intensity of glycogen synthesis in tissues
decreases, the process of glycolysis and aerobic oxidation of glucose is inhibited.

Glycogen synthase, as is known, is active in dephosphorylated form under the action of
insulin, and its lack leads to a decrease in the intensity of glycogenesis. In the liver, the deficiency
of glucose-6-phosphate in diabetes is known to be compensated by its formation through
gluconeogenesis from non-carbohydrates, in particular from amino acids and lactate.

Melatonin influences day and night cycle, is produced by pineal gland. Synthetic melatonin
drug is not approved by the US Food and Drug Administration for any purpose. It is confirmed that
melatonin receptor agonists - ramelteon and tasimelteon are US Food and Drug Administration
approved and are considered by the American Academy of Family Physicians for the treatment of
sleep disorders (Frese et al., 2009). There are many medicines that consist melatonin, so it is possible
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to investigate effects of this hormone besides sleep control (Leelaviwat et al., 2022). Melatonin, as
is known (Rai et al, 2024), affects the functioning of GLUT and contributes to the realization of the
intracellular effects of insulin, in particular, the utilization of glucose by cells as an energy substrate
through its aerobic oxidation (Watanabe et al, 2023).

5. CONCLUSIONS
Melatonin prevents disruption of Cory's glucose-lactate cycle in rats with dexamethasone
diabetes.
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Abstract: The facial nerve is one of the most essential and significant cranial nerves in
human anatomy. It is displayed on the surface of the brainstem via a somatomotor and sensory root.
For the most part, the nervus facialis is a somatomotor nerve and is responsible for the innervation
of facial muscles. The nerve has one sensory and two parasympathetic nodes. Its branches are in and
outside the canalis facialis. Paralysis of the seventh cranial nerve is a common pathological condition
in clinical practice. The reasons for the occurrence of this type of pathology can be due to a
supranuclear, nuclear or infranuclear lesion. The symptoms of Bell's palsy can be different.
Cytomegaloviruses, coxsackieviruses and adenoviruses are among the leading etiological causes.
The treatment is complex.

Keywords: treatment facial nerve, somatomotor, cytomegaloviruses, paralysis, treatment

1. INTRODUCTION

The facial nerve is the seventh cranial nerve (CN VII). It belongs to the group of mixed
cranial nerves as it consists of motor, sensory and parasympathetic fibers. Nervus facialis provides
motor innervation to the muscles of facial expression, the occipitofrontal muscle, the stylohyoid
muscle, the posterior belly of the digastric muscle, the platysma, and the stapedius muscle, all of
which originate from the second branchial arch. Sensory innervation includes taste sensations from
the anterior two-thirds of the tongue. Visceral efferent fibers reach the lacrimal, submandibular, and
sublingual glands as well as palatine and nasal glands. The facial nerve emerges in the
pontocerebellar angle with two roots — a motor one and a sensory one commonly referred as nervus
intermedius due to its location between the motor root and the fibers of the vestibulocochlear nerve
(CN VIII). The facial nerve’s nuclei are found in the brainstem, particularly in the pontine
tegmentum. Its somatomotor nucleus is a part of the ventrolateral group. Its emerging nerve fibers
pass around the nucleus of abducens nerve thus creating the facial colliculus in the rhomboid fossa.
In medulla oblongata, lateral to the motor nucleus of the vagus nerve is located nucleus solitarius.
This nucleus has two parts: Rostral and caudal. The rostral part also called “the gustatory nucleus”
form the taste inputs. The anterior two-thirds of the tongue send taste inputs to the solitary nucleus
through the facial nerve, posterior third of the tongue uses the glossopharyngeal nerve, and the vagus
nerve sends taste inputs from the epiglottis to the gustatory nucleus. The caudal part accepts inputs
through glossopharyngeal and vagus nerves. The location of the upper motor neuron of CN VII is
in the primary motor cortex in the precentral gyrus. Its axons reach the tegmentum of the pons after
becoming part of the ipsilateral corticopontine tract passing through the genu of the internal capsule,
thus communicating with the cell bodies of lower motor neurons forming the facial nucleus. The
nucleus itself can be divided into ventral and dorsal parts. There is a substantial difference between
the origin of innervation of the muscles in the lower and upper facial regions. The dorsal part of the
motor nucleus receives input from both cerebral hemispheres and its axons reach the muscles of the
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upper facial half, whereas the ventral part, which provides innervation for the lower facial region,
receives input only from the contralateral hemisphere. The parasympathetic nucleus of the facial
nerve includes the superior salivatory and lacrimal nucleus. Their location is posterolateral to the
motor one. Efferent fibers from the hypothalamus reach both nuclei. Another source of input to the
superior salivatory nucleus is the solitary tract transmitting taste sensations, and for the lacrimal
nucleus — the trigeminal nerve (since lacrimation can occur due to eye irritation). Superior salivatory
nucleus is responsible for the postganglionic parasympathetic innervation of the glands of the palate
and in the nasal cavity, sublingual, and submandibular salivary glands, whereas the lacrimal nucleus
— for glandula lacrimalis. After emerging from the pontocerebellar angle, both the motor root and
nervus intermedius enter the external auditory meatus in the petrous part of the temporal bone
together with CN VIII. The facial nerve passes through the meatus for 8 to 10 mm before continuing
its way into the facial canal (also known as the fallopian canal). It has three segments - labyrinthine,
tympanic, and mastoid. After emerging from the stylomastoid foramen the nerve curves downward
and ventrolateral and enters the retromandibular fossa lateral to the external carotid artery and the
retromandibular vein (Pascual, 2018). Inside the parotid gland, the nerve runs between the deep and
superficial lobe until it emerges beyond the anterior border of the gland to continue to the facial
muscles. The clinical manifestation of the facial nerve is Bell’s Palsy. The condition is characterized
by unilateral, partial, or complete paralysis of the facial muscles. Bell's palsy is characterized by
unilateral, acute paresis or acute paralysis of the face, which may occur with mild pain, numbness,
increased sensitivity to noise, and altered taste (Holland, 2008).

2. METHODS AND MATERIALS

Our team presents a case of a 52-year-old male, 1.P., who was admitted to the Neurology
Clinic at the University Hospital “Saint George” on the fifth day after the onset of initial symptoms.
The patient complained of acute pain behind his left ear after waking up. On day two facial
asymmetry was noticed as well as inability to close his left eye, lacrimation, and leak of food from
the left corner of his mouth while eating.

After a consultation with his general practitioner and no visible results from the administrated
home treatment, he was redirected to the neurology department for further clarification of his
condition.

CNY - Facial Nerve

Paths of the 5 Exterior Branches

X. Exit from Skull Interior
1. Temporal Branch

2. Zygomatic Branch

3. Buccal Branch

4. Marginal Mandibular
Branch

5. Cervical Branch

5
Figure 1 Figure 2
https://facialparalysisinstitute.com/photo- (https://samarpanphysioclinic.com/facial-the-seventh-
gallery/ cranial-nerve/)
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The patient was diagnosed with Bell’s palsy based on the anamnestic information provided
— acute initial phase, drooping of the left side of the mouth, incomplete left eyelid closure and
inability to corrugate the left part of the forehead. A diagnostic electromyography (EMG) was
performed, and it showed the presence of extremely slow nerve conduction regarding the lower
branch of the left facial nerve as well as the upper branch, but in a lighter form.

The prescribed medications include Mannitol 10% x 1 1V, Almiral x 1 ampulla/day 1M,
Pentilin 400mg 2x1 tablets, Milgamma x 1 ampulla/day IM and by prescription book — Verapamil
80mg 3x1 tablets.

3. RESULTS

After completing the treatment, there has been some improvement in the condition of the
patient with peripheral damage to the VII cranial nerve on the left side. Although there is some
recovery in the movement of the left facial muscles, there is still a slight inability to close the left
eye and some drooping of the left side of the mouth.

The patient is advised to avoid exposure to cold drafts and to protect against colds. Facial
massages should also be avoided. Follow-up examinations are scheduled within 30 days after
discharge at the neurology clinic. The patient should be referred to rehabilitation and monitored by
their general practitioner for overall condition and therapy adjustments. Additionally, a reevaluation
by a neurologist at the outpatient clinic is recommended to assess the neurological status.

4. DISCUSSION

The idiopathic unilateral acute facial paralysis, mostly referred to as Bell’s palsy, occurs due
to dysfunction of the seventh cranial nerve CN VII. It belongs to the group of peripheral paralyzes
since it involves nerve lesions located anywhere from its origin to the periphery of the face. The
exact reason for this ailment remains unknown. Factors that may increase the risk of Bell’s Palsy
are diabetes, high blood pressure, toxins, some viruses (e.g., herpes simplex virus one, HIV and
Epstein-Barr Virus), Lyme Disease, and ischemia. Studies have established the link between this
condition and pregnancy with approximately forty-five cases per 100 000 pregnant women. It is
most often presented during the third trimester or postpartum. Since Bell’s palsy is identified as an
idiopathic condition, research has not been able to give an explicit answer to what the universal plan
for successful treatment is. This is supported by the fact that in almost 70% of cases, the condition
resolves on its own in less than 6 months. One method proven to be highly effective is the
administration of corticosteroids (e.g., prednisone) due to their anti-inflammatory properties,
causing a reduction of edema around the nerve. This tends to minimize the extent of the nerve
compression and drastically improves the chances for better recuperation. Other usually prescribed
drugs include antiviral medications since one potential cause for this disease is the infection with
herpes simplex virus. Their focus is to cease viral replication thus lowering the viral load and
consequently decreasing the degree of loss of normal nerve functions. When used on their own,
antiviral drugs are not considered a particularly effective alternative, but when combined with anti-
inflammatory medications like corticosteroids, the results look more promising. However, such a
pairing of medications is still further investigated due to controversial data. Since a common
symptom of this condition is drooping of the corner of the eye and difficulty in closing the eyelid to
its maximum extent, protecting the patient’s eye is an integral part of the treatment plan. It includes
patching as well as the usage of lubricating eye drops and ointments to prevent the cornea from
drying.

Research suggests that physical therapy might be beneficial to patients diagnosed with this
condition. It is focused on preventing long-term muscle contractures, weakness, and involuntary
movements (synkinesis). The treatment plan involves exercise, electrostimulation, massage, and
thermotherapy. A project from 2008 aimed at examining the effects of combining facial exercise
with mirror or EMG biofeedback in patients with delayed recovery, but it showed insignificant
results due to a small number of randomized controlled trials. It is expected for all Bell’s palsy
patients to show signs of improvement by the end of the 6th month. Some of the poor prognostic
factors include advanced age, hypertension, diabetes, taste impairment, and whole facial paralysis.
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5. CONCLUSIONS

The prognosis for Bell's Palsy is favorable, with a considerable proportion of patients
experiencing partial or complete recovery within weeks to months. However, some individuals may
suffer from long-term complications such as incomplete recovery or synkinesis, which require
further therapeutic intervention. Ongoing research into the pathophysiology of Bell's Palsy and the
development of more targeted treatments is essential for enhancing patient care and outcomes.
Multidisciplinary management, including neurologists, otolaryngologists, and physical therapists,
plays a vital role in supporting patients through their recovery journey. Bell’s Palsy, though often
self-limiting, demands a comprehensive approach to treatment and management to minimize its
impact and promote full recovery. Continued advancements in medical research are expected to shed
more light on this enigmatic condition, leading to better therapeutic strategies and improved patient
prognoses.
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Abstract: The infraclavicular space is located between the clavicle and the first rib. This is
a small, but very important area, through which anatomical elements pass both from the neck area
to the axillary fossa and from the brachial area to the root of the neck. Here is located part of plexus
brachialis, subclavian artery, subclavian vein and their branches and tributaries. The three trunks of
the brachial plexus, just above or behind the clavicle, divide into anterior and posterior branches.
Another anatomical element in the infraclavicular space is the axillary artery. Here the axillary vein
is in important topographic relationship with the eponymous artery, the bundles and nerves of the
brachial plexus and the various groups of lymph nodes. In case of anatomical features, variations or
changes in the normal arrangement of the elements above, pathological symptoms or difficulties in
visualization of certain anatomical structures may occur. The anatomy of the infraclavicular space
is also important for the implementation of peripheral infraclavicular anesthesia. Knowledge of the
normal anatomy, as well as the variations of the infraclavicular space is a precondition for the
successful work of each physician.

Keywords: infraclavicular space, brachial plexus, axillary artery, axillary vein

1. INTRODUCTION

The infraclavicular space is located between the clavicle and the first rib. This is a small, but
extremely important area through which elements pass both from the neck area to the axillary fossa
and from the brachial area to the root of the neck. Part of the brachial plexus, subclavian artery,
subclavian vein and their branches and tributaries are located here (Balev, 2020). Each of these
anatomical elements can be found both in their normal topography and in various relationships with
neighboring elements. The supraclavicular and infraclavicular nerves of the brachial plexus can
divide at different levels. The branches of the axillary artery can be of a standard type or with various
additional arterial branches. The venous tributaries of the axillary vein form a differently expressed
venous network. The location of the groups of lymph nodes is determined by the elements above.

2. METHODS AND MATERIALS

During the examination and observation of eight (8) cadavers at the Department of Anatomy,
Histology and Embryology of the Medical University of Plovdiv, the following anatomical elements
were described. The axillary plexus is formed by connections between the lower four anterior
cervical roots and the greater part of the first thoracic anterior root of the spinal nerves. The fifth
and sixth anterior roots connect at the level of the lateral edge of the middle scalene muscle and form
the superior trunk. The eighth cervical and the first thoracic roots connect behind the anterior scalene
muscle and form the inferior trunk and the seventh ventral root continues as the medial trunk. These
three trunks divide just above or behind the clavicle into anterior and posterior divisions. The
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anterior divisions of the upper and middle trunk merge and form the lateral cord, located laterally
from the axillary artery. The anterior division of the lower trunk passes behind and then medially
from the axillary artery, forming the medial cord. The posterior divisions of the three trunks form
the posterior cord, which is initially above and then behind the axillary artery. The brachial plexus
passes between the anterior and the middle scalene muscles. In the axillary fossa, the lateral and
posterior cords are located laterally from the initial part of the axillary artery and the medial cord is
behind it. In the distal part of the artery, the cords occupy a position corresponding to their
names.The nerves of the brachial plexus can be divided into two main groups, depending on the
location of their separation relative to the clavicle-supraclavicular and infraclavicular nerves (Testut,
1909).

¢
Figure 4

Another anatomical element located in the infraclavicular space is the axillary artery. It is an
immediate continuation of subclavian artery. For its beginning, different authors define the outer
end of the first rib, the middle of the clavicle and the lower edge of subclavius muscle. The direction
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of the artery changes depending on the position of the upper limb. When the limb is abducted, the
artery is in horizontal position and when the limb is adducted, it is obliquely downwards, sideways
and backwards. In its initial part, axillary artery is located deep in the axillary fossa, and in its distal
part it gradually comes to the surface, covered only by the skin and subcutaneous fat tissue. In the
axillary fossa the artery abuts on one of its sides, and on the other side is in intimate relations with
the infraclavicular part of the axillary plexus, the axillary vein, the lymphatic vessels and nodes in
the fossa. All of them are located among an abundant amount of adipose tissue. When the artery
enters the axillary fossa, it passes between the clavicle and subclavius muscle, the latter being in
front of the artery. The coracoid process and the upper edge of the scapula remain laterally and
behind the artery (Testut, 1909).

Figure 2

The axillary vein is located in the axillary region, where it is in important topographic relationship
with the eponymous artery, bundles and nerves of the axillary plexus, and various groups of lymph
nodes. It is formed by the union of the brachial and basilic veins. It is joined by the cephalic vein
inferior to the clavicle. Some veins of the chest also drain into the axillary vein, namely the lateral
thoracic vein, the thoracoepigastric vein, the areolar venous plexus (Testut, 1909).

The lymph nodes located in the axillary fossa are divided into two large groups-superficial
and deep. To the superficial group belong the lateral axillary nodes, the pectoral axillary nodes and
the subscapular axillary nodes.

The deep lymph nodes are located in the adipose tissue of the axillary fossa near the large
blood vessels and nerve bundles. To this group belong the central axillary nodes and the apical
axillary nodes.

3. RESULTS

On the cadavers examined by our team, the observed structures were in the correct anatomical
position. The truncal part of the brachial plexus was found correctly situated in the supraclavicular
space.The cords of the plexus were located around the axillary artery. A low formation of the median
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nerve was found on one of the cadavers. Its fork was located outside the axillary fossa. The branches
of the axillary artery, with few exceptions, were located in their usual places. The posterior
circumflex humeral artery and the scapular circumflex artery passed through the lateral axillary
foramen and the medial axillary foramen, respectively. Multiple venous tributaries were found
entering the axillary vein at different levels. The clavicle was palpable and a different degree of
concavity was found in the different cadavers.

Figure 3

4. DISCUSSION

In case of anatomical features, variations or changes in the normal arrangement of the above-
mentioned elements, pathological symptoms or difficulties in visualization of certain anatomical
structures arise. When they change, compression syndrome may occur.

Clinically, the compression syndrome can be manifested with neurogenic symptoms:
paresthesia, weakness, paresis; arterial symptoms: claudication, aneurysm with peripheral embolism
and venous symptoms: thrombosis.

Causes of costoclavicular syndrome can also be: complex anatomy, possibility of congenital
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and acquired abnormalities, incorrect hand position, compression syndrome.

The most common compression syndrome is costoclavicular syndrome — in 80% of the cases.
Cervical rib syndrome and scalenus syndrome are much less common. In cervical rib syndrome,
pain and moderate swelling of the hand are leading (Koichev, 1996). The anatomy of the
infraclavicular space is also important in the implementation of peripheral infraclavicular anesthesia.
Visualization of the nerve structures and blood vessels is performed by using ultrasound. In this
way, the needle is navigated to the target nerves. Any change in the normal anatomy of the space
involved may make the block more difficult to perform. The location of the medial cord behind and
cranial to the subclavian artery can complicate both operative interventions in this area and
peripheral anesthesia. With the atypical separation and location of the large branches of the plexus,
incomplete anesthesia of the corresponding anatomical area is possible. The unusual position of the
pectoralis lateral pectoral nerve, the medial pectoral nerve, the subscapular nerves and the
thoracodorsal nerve coming off the infraclavicular part of the plexus would also make infraclavicular
anesthesia difficult (Kaye, 2021). The location of the anatomical structures in the infraclavicular
space also depends on the patient’s respiratory movements. The sizes and proportions of anatomical
structures in children are quite variable and dynamically changing with age. Namely children benefit
most from the ultrasound technique. The anatomical features of the infraclavicular space are
important not only for the success of the block, but also for its safety. Significantly smaller
anatomical distances in children make infraclavicular block more risky (Heydinger, 2021). The
curvature of the clavicle in the posterior position is also important for the position of the elements
in the infraclavicular space. As it is known, this curvature can be expressed to a different degree and
have an impact on the size of the infraclavicular space. With atypical location and formation of the
main vein of the infraclavicular space, the diagnosis of its thrombosis can be difficult. Paget-von
Schroetter’s disease is thrombosis of the subclavian vein and usually occurs in young, healthy
people. A common cause is activities that overexert the shoulder, such as tennis, handball, etc. It
manifests with oedema, pain, cyanosis, development of venous collateral circulation in the shoulder
area.

With an atypical location of the main elements, as well as the presence of additional ones,
the location of the main groups of lymph nodes is also changed. This may have repercussion on the
diagnosis of metastases in the relevant axilla.

Any abnormality would also complicate and delay the various surgical interventions in the
shoulder area. Possible complications include: nerve damage, puncture of blood vessels, hematoma,
induced paresthesia, intravascular / intraneural injection of medication.

In the infraclavicular space, variations of the anatomical elements of vascular and nervous
type are observed. Each individual's anatomy is strictly individual, and variations are not always
required. The presence of variation anatomy in this area leads to numerous pathological clinical
syndromes with different clinical manifestation. The cadavers studied by our team have minimal,
but clearly visible to the anatomists variation riddles of the vascular-nervous elements, which could
lead to possible pathological disorders. Any change in the normal anatomical position of any element
of space is a potential future pathological syndrome with characteristic symptoms.

5. CONCLUSION

The location of the trunks and cords of the brachial plexus is extremely important when
performing supraclavicular and infraclavicular anesthesia. Any deviation from the normal location
of these structures can make it difficult or impair the corresponding peripheral block. The additional
arterial branches or venous tributaries create difficulties both in the performance of peripheral
anesthesia and in the operative interventions in this area. The knowledge of the normal anatomy, as
well as the variations of the infraclavicular space, is significant for the successful work of every
physician.
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Abstract: Angiotensin converting enzyme 2 (ACE2) plays a fundamental role in
haemodynamics and is expressed in various organs, including the myocardium. The ACE2/Ang-(1-
7)/Mas axis represents an endogenous counter-regulatory pathway within the renin-angiotensin
system whose effects are opposite to the vasoconstrictive and proliferative effects represented by
the ACE/Ang II/AT(1) receptor axis. With age, the second axis tends to dominate. The influence of
age-related changes in myocardial ACE2 after supplementation with Aronia melanocarpa has been
experimentally demonstrated. The aim of the study was to determine the influence of Aronia
melanocarpa on the ACE2/Ang-(1-7)/Mas axis in ageing myocardium. Male rats (n=18) were
divided into three groups: young controls (CY) - aged 2 months, old controls (CO) - aged 27 months
and old animals aged 27 months supplemented with 10 ml/kg Aronia melanocarpa juice (AMJ) for
105 days. An immunohistochemical and morphometric study was carried out on sections of left
ventricular myocardium. The intensity of the immunoreaction for the Mas receptor in the
myocardium of supplemented animals was significantly higher than in the old controls. A significant
difference in the intensity of the immunoreaction was found between the young and old controls.
The results suggest a mechanism by which chokeberry affects the myocardium. The present data
support our previous finding of positive effects of aronia supplementation on ACE2 intensity in
ageing myocardium. They confirm the beneficial influence of antioxidant functional foods on age-
related changes.

Keywords: Aronia melanocarpa, ACE2, Mas receptor, ageing heart

1. INTRODUCTION

With ageing, various alterations are observed in the myocardium which result in deterioration
of its functional capacity (Domenighetti, 2005). One of the key factors in cardiovascular physiology
and pathophysiology is the renin angiotensin aldosteron system (RAAS). The substance producing
major effects in it is angiotensin Il (Ang I1), with vasoconstrictive, proinflammatory and profibrotic
properties (Domenighetti, 2005). The angiotensin converting enzyme 2 (ACE2) has been found
recently to belong to RAAS. There is increasing evidence that ACE2 exhibits protective vascular
effects by counteracting the deleterious effects of Ang Il (Kuba, 2020; Ferreira, 2008). In the process
of ageing ACE2 expression is reduced (Bartova, 2020). The application of natural products for the
purposes of improving the functional abilities of the myocardium in the elderly is a valuable
prophylactic strategy. The fruits of the plant Aronia melanocarpa possess proven anti-inflammatory
and antioxidant properties, that underlie in their hepatoprotective, immunomodulating,
antimutagenic, anticarcinogenic, lipid lowering, antidiabetic, antihypertensive effects (Denev, 2012;
Valcheva-Kuzmanova, 2006; Valcheva-Kuzmanova 2018; Gao, 2021; Platonova, 2021). The aim
of the study was to determine the influence of Aronia melanocarpa on the ACE2/Ang-(1-7)/Mas
axis in ageing myocardium.
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2. METHODS AND MATERIALS

Male Wistar rats (n=24) were provided by the Vivarium of Medical University - Plovdiv
where they were maintained under standard laboratory conditions. The rats were divided into 3
groups: Young controls (CY) - aged 2 months without AMJ (Aronia melanocarpa juice)
supplementation (n=8); Old controls (CO) - aged 27 months without AMJ supplementation (n=8);
and (AMJ) group — 27-month-old animals, supplemented orally with AMJ (10 ml-kg-1), diluted 1:1
in their drinking water for 105 days (n=8). At the end of the experimental period, the animals were
euthanized by cervical decapitation. After that, the hearts were fixed in 10% neutral formalin and
embedded in paraffin. Immunohistochemical, morphometric and statistical analyses were
performed.

2.1. Immunohistochemistry

The sections (5 um-thick) obtained from rat hearts were deparaffinized and subjected to the
immunohistochemical analysis using ACE2 polyclonal antibody 1:200 (E-AB-12224, Elabscience
Biotechnology Inc., Houston, TX, USA) and MAS1 monoclonal antibody 1:300 (sc-390453, San.
Cruz Biot. Inc., USA). The immunohistochemical protocol is described in detail in our previous
article (Daskalova, 2022). All microphotographs were taken using a Leica DM3000 microscope
(Leica Microsystems, Wetzlar, Germany), combined with Flexocam C3 digital camera.

2.2. Morphometric analysis

The morphometric analysis involved tissue slices Spum in thickness, obtained from rat hearts
immediately below the coronary sulcus of the left ventricle. The intensity of the immune reaction in
the myocardium of left ventricle was measured in arbitrary units (AU) on the slices immunostained
for ACE2 and MAS 1 using the DP—Soft ver. 3.2 software (Olympus, Tokyo, Japan).

2.3. Statistical analysis
The data were processed by SPSS software (version 25.0) and presented as mean+SEM. The
differences were considered significant at p<0.05.

3. RESULTS

MAS1

Figure 1. Rat myocardium. ACE2 immunoexpression (yellow arrows), (magn. x400, scale bar =
25um) and MAS 1 immunoexpression (red arrows), (magn. x400, scale bar = 25um).

Immunohistochemical staining in rat myocardial sections showed that ACE2 was widely
expressed in cardiomyocytes, cardiac fibroblasts, and coronary endothelial cells (dark brown color)
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(Figure 1). MASLI protein was detected in cardiomyocytes as well as in coronary arteries and
capillaries in all three experimental groups (light brown color) (Figure 1).

Morphometric analysis of immunoreaction intensity of ACE2 in myocardium showed
significantly higher values in the AMJ group compared to the CO group (p<0.05). Comparison
between CY and CO showed a significantly higher intensity (p<0.05) in CY group (Figure 2). This
confirms the decrease in enzyme activity that occurs with age.

101.75

103,91

ACE 2 intensity (au)
MAS 1 intensity (au)

Figure 2. Rat myocardium. A) ACE2 immunoexpression intensity: * p<0.05; # p<0.05; B) MAS 1
immunoexpression intensity: * p<0.05; # p<0.05

Morphometric analysis of MAS 1 immunoreaction intensity showed significantly higher
values in the AMJ group compared to the CO group (p<0.05). Comparison between CY and CO
showed a significant difference (p<0.05) in favor of CY (Figure 2).

4. DISCUSSION

With advancing age, tissue levels of ACE2 decline and, accordingly, its effects diminish
(Domenighetti, 2005, Bartova, 2020). Numerous medical therapies have been developed in recent
decades aimed at suppressing RAAS, yet morbidity remains high. An innovative therapeutic line is
the stimulation of ACE 2 production. Several ACE2 activators and Ang 1-7/MasR agonists have
been developed. In addition, novel approaches, including oral ACE2 and Ang 1-7 biencapsulated
in plant cells, have been designed and used in preclinical studies, showing promising
cardioprotective effects (Silva, 2010). The polyphenolic compounds, specifically anthocyanins,
present in Aronia melanocarpa have demonstrated efficacy in delaying age-related degenerative
changes in the heart through multiple mechanisms like reduction of oxidative stress, attenuation of
inflammation, reduction of hyperlipidemia and hypercholesterolemia, lowering of blood pressure,
and influencing coagulation processes (Kasprzak-Drozd, 2021).

5. CONCLUSIONS

Our results demonstrate that the supplementation of an antioxidant-rich functional beverage
derived from Aronia melanocarpa fruit increases the activity of the ACE2/MAS1 axis within the
myocardium and reveals one of the mechanisms of its implementation, by affecting the MAS1
receptor. Attaining preventive and therapeutic effects through functional foods/beverages represents
a promising natural alternative and an opportunity for promoting healthy aging.

FUNDING: This research was funded by the Bulgarian National Science Fund, grant number
DN 09/20 and the Bulgarian Ministry of Education and Science, National Program ™Young
Scientists and Postdoctoral Students — 2.
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IF'ACTPOUHTECTUHAJIHUAT XOPMOH I'PEJIMH U HET'OBATA
IMPOTEKTHUBHA POJISA 10 OTHOIEHUE HA CTOMAIIHATA
JIMI'ABUIIA, UTHOPEKTUPAHA C HELICOBACTER PYLORI
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GASTROINTESTINAL HORMONE GHRELIN AND IT’S PROTECTIVE
ROLE IN GASTRIC MUCOSA INFECTED WITH HELICOBACTER
PYLORI

Sabri Sabri, Nadya Penkova, Pepa Atanassova
Department of Anatomy, Histology and Embryology,
Faculty of Medicine, Medical University of Plovdiv

Abstract: The oligopeptide hormone ghrelin is produced mainly by enteroendocrine ghrelin-
producing cells in the gastric mucosa and is a potent anti-inflammatory mediator. By binding to
specific receptors in the nuclei of the diencephalon, ghrelin participates in the formation of the acute
feeling of hunger, and through receptors in the adenohypophysis, it releases the secretion of growth
hormone. Ghrelin is also a powerful anti-inflammatory mediator. Helicobacter pylori (H. pylori) is
a gram-negative bacterium found in the stomach of injected individuals. Attached to gastric
epithelial cells, it causes an inflammatory response by producing toxins such as vacuolating
cytotoxin A (VacA) and cytotoxin-associated gene A (CagA), which contribute to pathogenicity and
damage to gastric tissues. Carrier patients may be asymptomatic or have abdominal pain, nausea,
vomiting, and dyspepsia developing only after gastritis and peptic ulcer have developed. H. pylori
carriers also have an increased risk of gastric carcinoma. In patients with atrophic gastritis infected
with H. pylori, reduced ghrelin levels are observed due to the destruction of the gastric wall,
including ghrelin-producing cells by H. pylori. In patients with eradicated H. pylori infection,
ghrelin levels are restored to normal, but not immediately, due to the slow regeneration of ghrelin-
producing cells. This relationship highlights the potential role of ghrelin as a biomarker for the
progression of atrophic gastritis.

Keywords: ghrelin, Helicobacter pylori, gastric mucosa, atrophic gastritis

ATPO®UYEH I'ACTPUT: ETUOJIOTUSA U CUMIITOMU

ATpoduueH racTpuUT € XpPOHHYHO BB3MAIUTEIHO 3a00JIsIBaHE Ha CTOMAIIHATA JIMTaBHUIIA,
KOETO BOJIY JIO TIPOTPECUBHA 3ary0a Ha CTOMAITHUTE XKJIC3H B aTpo(us Ha CTOMAIIHATa CTeHa. ToBa
CBCTOSIHHE € CBBP3aHO C Pa3JIMuHHM €THOJIOTHYHM (PAaKTOpPH, HO €1HA OT OCHOBHHTE NPUYMHHU 32
atpocuuen ractpur e nndekuusara ¢ Helicobacter pylori (H. pylori) (Kusters, 2006). H. pylori e
rpaM-oTpulaTesHa OaKTepus, KosiTo o0uTaBa croMaxa Ha 3apa3eHuTe MHAUBHAM. Ta3u GakTepus ce
CBBP3Ba ChC CTOMAIIHUTE CUTEITHU KIICTKU U MPUYUHSIBA BH3NATUTEIHA PEAKIUS, TPOU3BEKIANKH
penuna eH3uMH - ypeasa, Karajnasa, MyluHasa, Jiunasa, Gocdarasa 1 XeMOJIM31H; KAKTO ¥ TOKCUHU
— BaKyoJmpar UToTokcuH A (VacA) u muToToKcHH-acoruupan reH A (CagA), KOUTO TOTIPUHACAT
3a MaTOTEHHOCTTA M YBPEKIaHETO Ha cToMamHuTe ThkaHu (Blaser, 2004). Mudexnusta ¢ H. pylori
MOXe Jia TpoTede OEe3CHMIITOMHO, HO YeCTO BOIM 10 Pa3BUTHUETO HA TaCTPUT W MENTHYHA 53Ba
(Suerbaum, 2002). IMTamuerTHTe MOTaT Ja W3MUTBAT CUMIITOMH KaTo KOpeMHa OoJika, TajeHe,
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noBpeinane u pucnencus. Hocurennte Ha H. pylori chIno nmMar MOBHUIIEH PUCK OT pa3BUTHE Ha
cromareH kapuuaoM (IARC, 1994).

CuMrntoMuTe Ha aTpOQUUEH FaCTPUT MOTAT J]a BApUPaT, HO YECTO BKITIOUBAT KOpeMHa 0oJTka,
3ary0a Ha aneTuT, TaJicHe W MOBPBIIAHE, NOAyBaHE HA KOpeMa M AMCIICIICHS, TETJI0BHA 3ary0a u
aHemus (ITOpaaX HEJOCTHUT HA BUTaMHUH B12). B HanpenHanuTte cTamuy Ha 3a00SIBAHETO, PUCKBT
OT pa3BUTHE HA CTOMAIIEH KapLHOM ce yBennuaBa 3HaunTenHo (Correa, 1992).

IIpe3 1999 r. B cTromMaxa € OTKPHUT IPEIHHBT KAaTO EHJOTEHEH JMIaHA 3a PeLenTop 3a
ocBoOOX1aBaHe cekpenusiTa Ha pactexeH XxopMoH (GHS-R). Orrorasa 3a rpenvHa € ycTaHOBEHO,
Yye ydacTBa B CeKpeuusra Ha pactexuus xopmoH (GH), xpanurennus npuem, meradoin3ma Ha
IJII0KO03aTa, MaMeTTa U MMa e(eKT Cpelly JeNpecusTa, irpac MHOTOCTPaHHa POJIsl B CTOMAIIHO-
ypeBHATa (DU3HOIOTHS, BKIIOUMTEIHO pETYIMpaHE Ha aleThTa, CHEpPThifHa XOMeocTa3a M
cromammaus MotrimTeT (Castafieda, 2010). [Ipom3Beska ce r1aBHO OT €HTEPOCHIOKPHUHHHN TPEIIIH-
MPOIYLMpAIIH KIETKH, KOUTO C€ HaMHpaT BbB (hyHIyca Ha ctoMaxa. HeroBoto meficTBue € BbpXY
penenitopa Ha pactexuus xopmMoH GHS-R1a, koifro e G-kynemyBas nentun. ['omsm Opoii ThKaHH
U OpraHH, BKJIIOUYNTEIHO NepudepHaTa U IeHTpaHaTa HEpBHA CHCTEMA, UMAT BUCOKA €KCIPECHs
KaKTO Ha IPeJIMH, Taka U Ha peuentopu 3a rpenud GHS-R1a. I1o To3u HauMH 1O0NBJIHUTENHN OPraHu
MOJABPKAT NMPOU3BOJACTBOTO HA TPENUH, BBIPEKH Y€ CTOMAaXbT € OCHOBHHUAT NPOU3BOAUTEIL.
I'penmun 1 GHS-R1a ydacTBaT B perynanusra U XoMeocTa3aTa Ha LIEHTpalHUS IpUEeM Ha XpaHa,
MOJyJTHpaHe Ha CBPAEYHO-CHAOBaTa CHCTEMa, IIPOM3BOJACTBO HAa CTOMAIIHA KHCENHHA H
noJ00psiBaHe Ha KPHBOOOPAIEHUETO, KAaKTO M pPEeryjiMpaHe Ha KieTb4yHaTa npoiudepanus u
ouensiBane (Mehdar, 2021).

I'penuHbT MMa 3a1UTHA POJIS B CTOMAIIHATA JIMTaBulla, ocodeHo npu undekus ¢ H. pylori
(Konturek, 2004). 3amuTHI MEXaHU3MH HA TPEJIMHA CE U3Pa3siBaT B: IPOTUBOBB3MATUTEIHAS e(DEKT
KaTo MOJIYJHpa UMMYHHHS OTTOBOP MHXHOMPANKH MPO-BB3MATUTEIHATE IUTOKNHY, kKaTo TNF-o u
IL-6, xouto ca moBumeHun npu mHMeknus ¢ H. pylori (Wang, 2017). Upe3 nHamansgBane Ha
BB3MAJICHUETO CE CMEKYaBa M YBPEXIaHETO Ha JmraBunata; [lomoOpsiBa croMamHus KPbBOTOK,
KOETO IoJIIoMara JOCTaBKaTa Ha XPaHUTEIHHU BEUIECTBA M KUCIOPOJ 10 CTOMAIIHATa ThKaH, KaTo
II0 TO3W HAYMH UTPac POoIs B 3a3[[paBsIBaHETO W 3ammuTaTa Ha jmrasunata (Chen, 2009). ['pemaaT
HamassgBa afomnTo3aTa Ha CTOMAIIHWTE CMMTEJIHM KIETKH, KaTO Taka 3amas3Ba IeNocTTa Ha
CTOMalllHATa JIMraBula. To3M aHTHAINONTOTHYEH e(eKT € 0COOCHO Mose3eH 3a MOANbpIKaHe Ha
Oapuepara Ha JHraBUIlaTa Cpelly yBpexaanus, npeau3sukanu ot H. pylori (Togliatto, 2014), upe3
HamalsgBaHE HAa MapKepUTe 3a OKCHAATHUBEH CTpPeC; MpeAna3Ba CTOMAIHATa JIMTaBUIA OT
OKCHIATHBHO YBpeXIaHe, CBbp3aHo ¢ xponuuHa undekuus ¢ H. pylori (Kojima, 2005). I'penunbt
noanoMara nposnudepanuara 1 qudepeHnranyaTa Ha CTOMAIIHUTE eIUTETHH KIETKH, KaTo B3eMa
ydacTue BbB BB3CTAHOBSIBAHETO HA CTOMAIIHATA JIMTaBHIA. 1a3u pereHepanus € OT ChIIECTBCHO
3HaYCHHUE 32 MPOTUBOeHcTBIE Ha epo3uBHATE edektn Ha H. pylori (Konturek, 2004).

JUATHOCTHUKA U JIEYEHUE

JuarHocTukata Ha aTpoUyYeH TacTPUT BKIIOYBA TacTPOCKONHMs C OHWONCHS, KPBHBHU
n3CcIeqBaHMA 3a aHTUTeNa W TecToBe 3a mHPpexmus ¢ H. pylori (Kuipers, 1995). Jleduenunero Ha
aTpo¢uUeH TaCTPHUT 3aBHCH OT MpHUMHaTa. AKO mpuumHaTa ¢ nHbeknust ¢ H. pylori, nedenneTo
BKJIFOYBA M3MOJI3BAHETO HA KOMOHMHAIMS OT aHTHOMOTUIIM M MHXMOMTOPH Ha MPOTOHHATA MOMIIA,
KOETO BOJM 10 epaauKaius Ha OakTepusaTa u mojodpeHne Ha cromamHata cpeaa (Malfertheiner,
2012). Bp3cTaHOBsIBAHETO Ha HUBATA HA TPEJUH CIIE]] JICUYCHUETO TIOKa3Ba, Y€ YBPEKAaHUATA MOTaT
Ia 6paT oOpaTHMu, KOETO MoA4YepTaBa BaXKHOCTTa HA paHHATa auarHoctuka u jedenne (Chen,
2009).

B konrekcra Ha nndekuusra ¢ H. pylori, ocodeHo npu nanueHTH ¢ arpouyeH racTpur, ce
HaO0/1aBa 3HAYMTENIHO HaMaleHHe Ha HUBAaTa Ha TpeiduH. ToBa HamalleHWE ce JBIDKM Ha
paspylIaBaHETO Ha CTOMAllHATa CTEHa M KIETKUTE, MPOM3BEXJIAIY TIPEJIHH, NPUYHMHEHO OT
BB3NaIMTenHara peakiys Ha H. pylori (Tatsuguchi, 2003). Cien ycnemnna epaaukanus Ha H. pylori,
HuBara Ha rpenud HamaimsBar (Kasai, 2016), HO B ABJITOCPOYEH IUIAH T€ IOCTENEHHO C€
BB3CTAHOBSBAT /10 HOPMAJHHUTE CTOWHOCTH, HO TOBAa CTaBa OaBHO MOPaaM pEreHepaysTa Ha
yBpeaennte kiaetku (Nwokolo, 2003 ; Mori, 2022).
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n3BOaN

ATpo(MUHHMAT racTpuUT € CepHO3HO 3a00JsIBaHE, KOETO M3UCKBA PaHHA JUArHOCTHUKA U
MOAXOISIIIO JIEYEHHE 32 IPEAOTBPATABAHE Ha IBITOCPOYHH YCIOKHEHHS KATO CTOMAIICH KapIITHOM
(Correa, 1992). Pazbupanero Ha MIPHYUHATE U MEXaHM3MHUTE HA Pa3BUTHE Ha aTpO(UUCH TacTpUT,
KaKTO ¥ HABPEMEHHATa TepaIms, ca KIIOYOBH 3a IT0J00psABaHE HA 3[PaBETO U KAYECTBOTO HA )KUBOT
Ha nanuenrture (Suerbaum, 2002). H. pylori e 3HaunM naroreH, KoiTo 3acsira 3/jpaBeTo Ha CTOMaxa
W Urpae pojisi B pa3BUTUETO HA PA3JIMYHU CTOMAIIHU 3a00isaBanus. Pa3oupaHeTo Ha MEXaHU3MUTE
Ha B3aumoeicTBue Mexxay H. pylori u cromarinara cpena, KakTo 1 HABPEMEHHOTO JIEUEHHE, ca
KJIFOYOBH 3a MPEJI0TBpATABaHE Ha JIBJITOCPOYHH yBpexxaaHus u ycnoxuenus (Blaser, 2004).

Pa3bupanero Ha 3amMTHATA POJISt HA TPENIMH B CTOMAIIIHATA JIMTABHIA OTBAPSI MOTSHIIUAIHN
TEpaneBTUYHN BB3MOXKHOCTH. [loBHMIIaBaHETO Ha aKTHBHOCTTAa HA TPEIMH MOXKE Ja ObJe HOBa
cTpaTerusi 3a OOJeKYaBaHE Ha yBpeKJaHHWATA Ha CTOMaxa, mpenu3Bukanu ot H. pylori, u
CBBP3aHMTE C TOBa 3a00NABaHMA, KaTO TacTPUT W NENTHYHA sA3Ba. bbaemure wu3ciieqBaHUs,
HAaCOYCHM KbM MOMYJIHpAHE HA TPEIUHOBATA CHUTHAIM3AIMS, MOTaT [a MPENOCTaBAT HOBU
WHCTPYMEHTH 3a JICUCHHE Ha CTOMAITHO-IpeBHN 3a0oiaBanus (Castafieda, 2010).
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Abstract: Bile secreted by the hepatocytes emulsifies the dietary fats. The formed lipid
droplets have a larger total surface area for the action of pancreatic lipase, which facilitates lipid
digestion and absorption. Bile is a highly complex watery secretion that contains less than 5% solid
constituents including bile salts, bilirubin, phospholipids, cholesterol, peptides, amino acids,
steroids, enzymes and porphyrins. Through the coordinated action of transmembrane transport
systems, hepatocytes produce bile that passes through the biliary tree. Cholangiocytes from the intra-
and extrahepatic ducts are actively involved in the modification of bile juice by absorption of water,
ions, bile acids, amino acids, glucose, and other molecules. The storage of bile juice in the
gallbladder is also related to its physicochemical properties such as osmolarity, ionic composition
and ionic strength, which in turn define the critical micelle formation threshold. This creates
conditions for nucleation and growth of microcrystals agglomerating in concretions with different
composition - cholesterol, pigment, or a mixed, leading to the development of cholelithiasis.

Keywords: cholangiocytes, bile secretion, gallbladder, gallstone disease

JKirbuHokaMenHara Ooject € XpPOHHUYHO peUUAUBUPAIIO XeHaTO6I/IJ'II/IapHO 3a6OHSIBaH€, B
OCHOBATa Ha KOCTO € HAPYIICHUAT MeTa0oIM3bM Ha XO0JIECTCPOII, GI/IHI/Ipy6I/IH U XKIIbYHHU KHUCCIINHU.
XapakTtepuzupa ce ¢ 00pasyBaHe Ha JKITbYHU KaMbHU B JIEBUS U IECHUS YEPHOAPOOCH KaHAII, OO
4epHOAPOOEH KaHaI, IBUYHUS MEXYp, YepHOApoOHHUs x)IirbueH KaHai (ductus hepaticus dexter et
sinister, ductus hepaticus communis, ductus cysticus, vesica biliaris, ductus choledochus).
PaznpocTpaneHneTo Ha )KIIbUHOKaMEHHaTa OOJIECT Ce € YBEIMUMIIO TIpe3 TOCIeAHUTE ToAnHU. ToBa
€ CBBpP3aHO C IPOMAHA B HAYMHA HA )XMBOT: HAMAJIIBAHC HA JIBUTAaTCIIHATA aKTUBHOCT, HAMAJIABAHC
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Ha (PU3NUECKOTO HATOBapBaHE M IPOMEHH B JIUETATA.

KabueH cok — cbeTaB, pyHKIMU. OCHOBHHTE KOMIIOHCHTH Ha JKIIBYHUSA COK ca: 85-95 %
Boja, 10% KITBYHM CONM M >KITBYHH KHCENMHH (XOJIEBA, AE30KCHXOJIEBA, XCHOJEC30KCHXOJIEBA,
mutoxoneBa), 0.51% mummuom (XojecTepos, MAacTHH KucenuHH), ¢Gochomumunn (JICUTHH),
nurMeHTH (OnnupyOuH riarokopoHun), 0,7% HEOPraHWYHH COJH - €IEKTPONIUTH (HATPHUH, KaJui,
xJop, OukapbonatH, cyndatu, Gocdaru), MeTamu (Me, MaHTaH, JKEJI30, IIMHK), AaMAHOKUCCITUHH,
nenTuay, Mykononusaxapuau (Boyer, 2013). JKrpukata € H1300CMOTHYHA €1EKTPOIUTHA TEUHOCT,
KOSITO ce 00pasyBa B YepHUs APO0 U € MPOIYKT Ha Heroara cekperopHa gyHnkuus. Ts ce cexperupa
OT XemaTolMTHTE (XemarajllHa >KJIbYKa), TPAHCIIOPTHpa C€ TIpe3 HWHTpaxenaTalHUuTe U
eKCTpaxenaTajlHUTe JIBYHW IBTUIA M CE CKJIAAUPa B XIIBYHHSA MeXyp. XOJaHTMOLUTHTE OT
enuTena Ha OMIIMapHOTO JBPBO yYACTBAT B MOAU(DHUITMPAHETO HA KITBYHHSA COK (MEXypHa XKITbUKa).
KrpunnaT cok nMa ankainHo pH. XemaranaaTa sxorpuka uma pH ot 7,50 no 8,05 u 3maTtucto Xbiat
uBsAT. MexypHara xorpuka uma pH ot 6,80 10 7,65 ¢ TBMEH XBITO-3€JICHUKAB IBAT. JKIBUHHUAT COK
eMyJITupa JUIMUIUTE B IPHETaTa XpaHa. Te ce arperupar OKoJIo JUIMUAHUTE Kalduny 1 00pa3yBat
MHUIIENH, C XUAPOPOOHATA CH YaCT KbM JIMIIMJHATA ChPLEBUHA U XUAPOPHUIHN JaCTH C OTPHLIATEICH
3aps] KbM BBHIIHATA IOBBPXHOCT. OTpHUIATENHMAT 3apsi Ha MHIENAPHATa IOBBPXHOCT
NpeA0TBPATSBA MOBTOPHO UM arperupaHe B MO-TOJEMH MacTHU 4acTuiu. OOpazyBaHUTE TO TO3U
HAuYWH JUIUIHU Kalmyulyd UMaT Mo-TojisiMa oOlla MOBBPXHOCT 3a JEHCTBHE HA MaHKpeaTHvHaTa
numna3a. ToBa yjecHsBa €H3MMHOTO UM pa3rpaxIaHe W pe3opOrus B ThHKUTE uepBa. JKipuHaTa
CeKpelMsl y4yacTBa B HEYTPAJIM3HPAHETO Ha KHUCEIMHHOCTTa Ha CTOMAIIHOTO ChIBPKUMO,
MOCTBIMJIO B AyojeHyMa. JKirbukara € ¥ OCHOBHUAT ITBT 32 €JIMMHUHMpaHe Ha Xoyiectepoina. Mma
OaKTepUIIUIHNA CBOWCTRA.

Cexpenust Ha *KJIb4YeH COK OT XeNaTOUMTHTe. XEMaTONUTHTE Ca CHIIHO IOJSIPU3HPAaHU
KJIETKH, M3rpaxaamy Mopdo-QpyHKINOHATIHA €qUHUIM — YepHOAPOOHM nemdeTa. B memdero Te
¢dopMupaT TaOMPUHT OT JBOWHM IUIACTHHKH, IOBJICKNIA, C MPEANMHO paJiepHO HAIPABICHUE IO
OTHOIIEHHE Ha V. centralis. ChJOBUTE MOJIOCH Ha XEMaTOLUTHUTE Ca PasIOJI0KEHH KbM KPBHBHUTE
CHHYCH MEXy IUTacCTHHKHUTE. ba3anHaTa MemOpaHa B Ta3H 4acT Ha XEMaTOLUTA MIPUTEXKaBa ToJsM
Opoit MUKPOBMIIM M KOHTAKTYBa C KpbBHATA IU1a3Ma B MPOCTPaHCTBOTO Ha Jluce. XKirbuHUAT mostoc
Ha XEeNaToluTa, KOMTO CeKpeTupa JIJIbYKa € HAcouYeH KbM CpellylieKallus B IUIacCTHHKaTa
XenaTouuT u npeacTasisiBa camo 10% 1o 15% ot kieTpuHaTa MOBBPXHOCT. B Ta3u obmactT Mexay
JIBaTa XeNnaToILMTH ce (OPMUPAT KI'BYHU KAHAIUKYJIH, B KOUTO CEKPETUPAHUST XKITBYEH COK Teue B
MOCOKa, oOpaTHa Ha KPBBHUS TOK B 4epHOJIpOOHUTE cuHycouan. CMECBaHETO Ha KIIbYKaTa B
KaHaJIMKyJlapHaTa CUCTeMa C KPbBTa B CHHYCOWAMTE C€ MPEJOTBpPATABA OT ITBTHUTE KOHTAKTH
(zonula ocludens) B xemarajgHHWTe MONIOCH — Oa3oNaTepaIHUTE MOBBPXHOCTH HAa CHCEIHHUTE
xerarounTy. ToBa e eqUHCTBEHaTa Gu3ndecka Oapuepa MEXIy KpbBTa U KaHAINKYJIAPHUS JIyMeH.
B nmopranHuTe 30HN Ha YEPHOAPOOHHTE JeTdeTa KaHATUKYJIAPHUTE MPEXH MEX/Y XeTaTOLUTHTE
ce CBBbp3BaT C KaHajueTata Ha XepuHr. ToBa ca MbPBUTE MHTPAXENATAIHU JIIBYHH ITBTHINA ChC
COOCTBEHHM CTE€HH. XOJAHTHOLUTUTE, KOUTO TH U3TPaXKAaT ca KyOWYHH EIUTEIHHU KICTKH, KOUTO B
ClleIBAaIlTE CEKTOPH Ha OWIMapHOTO IbpBO cTaBaT HuiaMHApHYHM (Alpini et al., 1996).
Kanamyerata Ha XepuHT OTBEXIAT JKTbUKaTa B MeXIyaemdeBnaT kanan (ductus inerlobularis) ot
MOPTAIHOTO TPOCTPAHCTBO. I[IbPBOHAYANIHO XEMATOLMTHTE IPOM3BEKAAT IKIbYKA 4pe3
CeKpeTHpaHe Ha KOHIOTHUPaH OWIMpyOWH, )KI'IBYHH COJIH, XOJecTepoli, (ochOoIunuan, MPOTEHHH,
HOHM ¥ BOJIa B KAHAJIMKYJINTE TyOYJIM MEXKAY ChCeIHH XenaToluTH. JKII'buHUTEe KUCENNHH, BIU3aIIN
B CHTEpOXenarajHaTa LUPKYJalus, ca MbPBUYHUA KHCEIUHH, CUHTE3UPAHM OT XOJIECTEepOsia B
xenarouuture. Te ce ceKpeTHpar upe3 akTHBEH TPAHCIIOPT Npe3 KaHAInKyJapHaTa MemMOpaHa u ce
NPEHAcsAT B JKIbYKATa JI0 JKIBYHHUS MEXYp, KbJETO ce KOHUeHTpupar. JKirbuHara cekpeuust or
XETaTOLUTHTE € Pe3yJITaT OT BEKTOPEH TPAHCIEIyJIapeH TPAHCIIOPT Ha Pa3TBOPEHHU BEIECTBAa H
BKJIFOYBa KOOPJMHUPAHOTO JEHCTBHE HA TPAHCIIOPTHUTE NIPOTEHHH B KAHAINKYJIAPHUTE MEMOpaHn
Ha xemartonura. CIOXKHA Mpeka OT CUTHAJIM KOHTPOJIMpPa HAaJMYMETO W IIO3WLHUSATa Ha TE3U
TPaHCIIOPTEPH B KJIEThUHATA MEMPAHaTa B IBJITOCPOYCH U KPATKOCPOUEH IUIaH. Te3u perysiaTopHu
MEXaHM3MHU Ca Ha HMBOTO HA T€HHATa TPAHCKPHIILMS, TPAHCIAIMA M CH3PSABAaHE HAa NPOTCHHHU;
KOBaJICHTHa MOAM(pUKANWSA W JUHAMHUYHA JIOKAJIW3alUsl HAa TPAHCIIOPTHH IPOTEHHH, KAKTO U
Hanmuuue Ha cyOcTpar. Baxken ¢akTop e XxemarouenmyiaapHa XHApaTalus, KOSTO HMa TOJISIMO
3HAUEHME 3a TPAHCLEIYIapHUS TPAHCIIOPT HAa PA3TBOPEHH BEINECTBA, KATO KOHIOTUPAHH KITbYHU
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KHCEIIMHU ¥ KOHIOTATH Ha TTIOKYPOHUA Y TIyTaTHOH. XHUIpaTalusITa Ha YepHOAPOOHNUTE KICTKH €
M3KITIOYUTENIHO TUHAMHYEH (DAKTOp, KOHWTO €€ MPOMEHSA 3a MHHYTH IOJA BB3JICHCTBHETO Ha
XOPMOHH, XPaHUTEITHH BemecTBa 1 okcunatueeH crpec (Kubitz R, Haussinger D., 2007).

Moaudukanuss ¥ TPaHCHOPT HA KIBYHUS COK Mpe3 OMJIMAPHOTO bpBO.
XomaHrnonutuTe 00pa3yBaT emuTeNa Ha OWIMAPHOTO ABPBO. buimapHOTO IBPBO € ClIOXKHA
XETeporeHHa MperKa OT KaHaJIH, KOsITO 3all04Ba OT KaHaryeTaTa Ha XEpUHT U BOJY IPOTPECUBHO JI0
MHTEPI00yIapHH, CENTalHM, 30HAIHM KaHAllM, CETMEHTHH KaHAIM, JSIB M JIECEH 4YepHOAPOOEH
kaHan (ductus hepaticus dexter et sinister), >xibueH kanan (ductus choledochus). B kpaiina cmerka
TE3U KaHAJIM JOCTABAT XKIIbYKaTa JI0 XKIIBYHHS MeXyp U AyoaeHyMa. TpunuzmMepHaTa peKOHCTPYKIHS
Ha JKJIPYHUTE IIBTHUILA ONPEAEesst 00laTa UM MOBBXHOCT OT mopsiibka Ha 398 cm?. MukpoBminTe
OT anMKaTHaTa IOBBPXHOCT Ha XOJAHTUOLUTUTE YBEIUIABAT Ta3H IUIOII NPUOIM3UTETHO OIIE TIET
IbTH. XOJAHTMOLUTHTE MMAaT W PECHWYKH, KOMTO DPETHCTPUpAT NPOMEHHTE B CKOPOCTTa Ha
KITBUHHS TOTOK, C PEUENTOPH 3a HETOBHWs ocMmoyapureT W cheTaB (LaRusso et al., 2011).
TpaHcnOpTHUTE TPOTEHHH B JTyMEHATHATA allMKaJIHa MeMOpaHa Ha XOJIAHTMOIIUTHTE OCHIIECTBSBAT
MIPOLIECH Ha CEKPELHs, alKaIn3upaHe 0T OMKapOOHAaTH U peabcopOList Ha pa3IndyHU KOMIIOHEHTH,
KOWTO BOJAT A0 MOAM(HIMpaHE HAa IbPBUYHATA XEIaTalHa JIIbUKa B KpaifHaTa MEXypHa JKIIbUKa,
nocThIBalla B AyoaeHyma. CeKpeTopHHTE Tpoliec B OMITHapHOTO ABPBO jgonpuHacit 3a 40% ot
oOmmst 00eM Ha XIIBYHMS COK. BcHukM Te3u mpouecu Ha MoauduKalus Ha >KITBYHHS COK ca
(bM3HOJIOTMYEH OTTOBOP Ha ChCTaBa M KOJIMYECTBOTO Ha NpUeTara XxpaHa. TsaxHarta (uHa peryanus
ce OCBIIECTBSBA Upe3 pelHlia HEBPOHAIHH U XyMOpalHH (aKTOpH, & ChIIO U OT rojsiM Opoi
TaCTPOMHTCCTUHATIHU XOPMOHHU KATO XOJCHHUCTOKMHHUH, CCKPETUH, CCPOTOHUH, MOTUJIMH, I'PCJIUH,
AICTUIIXOJIMH U JP..

EnTepoxenaraiHa mMpKyJanusi HAa *KIbYHUTE KUCETHHU M (OPMHpPaHe HA SKIBYHH
kamMbHU. YoBemwkusaT depeH apob cekpermpa 6mm3o 1 L xmpuxa Beceku neH. Okono 95% ot
KITBYHATEC KHUCEIMHH, CEKPEeTHPaHW ChC JKIBYHHA COK B IyOJCHyMa, ce peabcopOupar BBHB
BEHO3HATa KPbB B MieyMa U Jebesnoro 4epBo. Upes Me3eHTepuaaHaTa BeHa W MOpTalHaTa BEHa,
Hakpasi Te OTHOBO JOCTUTaT O CHHYCOMINTE HAa YepHUS Apo0 U XermarouuTure. Tasu MUpKyIanus
Ha MOJIEKYJIUTE Ha )KIIBYHUTE KUCEITNHM OT YepHUs Apo0 KbM YepBaTa M 00paTHO KbM YEpHHUS Ipod
ce Hapuya eHTepoxemaTtajHa uupkyiauus. [lo Bpeme Ha eHTepoxemarajHata LUPKYJaius
BPBUYHUTE JKI'BYHM KHCEJMHHU TPeThpIsBaT OHOoTpaHchopMalys 4pe3 JeKOHIOTAlMs, C
nocjecaBaiia MO}II/Iq)I/IKaI_II/IH A0 BTOPUYHHU KIIBYHU COJIM U KUCCJIMHU. XI/II[pOJ'II/BaTa Ha XJIIBbYHHUTEC
COJIM U PCAKIHUUTE Ha NECXUAPOTCHUPAHC HA XUAPOKCHUIIHUTEC UM I'PYIU CEC U3BHPHIBAT OT IIHUPOK
CIIEKTHD OT upeBHH aHaepobHu Gakrepun (Oh et al. 2008).

Ponss Ha KIbYHHUSI MeXyp @pHM KJIbYHOKaMeHHaTa Oogect. HapymeHoro
MOCTIIPAHANAIHO M3Mpa3BaHe HA JKIBUHUS MEXyp, KOETO 4YeCTO IPUCHCTBA NPH MAIMEHTH C
XOJIECTEPOJIOBU KAMBHH, MOXE JIa YABJIKH MPECTOsI HA XKITbYKATa B )KIIbYHUS Mexyp. [1o To3u HaunH
nMa IoBeYe BpeMe 3a HyKJIealMs Ha XOJIECTEPOJIOBUTE KPUCTAIM OT CBPHXHACHTEHA JKIIbUKa U
TEXHHsI pacTex/arperanysi B MaKpOCKOIIMYHN KaMbHH. BbIpeku ue HapyHmIeHHAT MOTHIIMTET Ha
KIIBYHUA MEXYDP OOHMKHOBEHO € BTOPUYICH (baKTop CJI€a CBPBXHACUIIAHCTO Ha IXIBYHUA
XOJIECTEPOJI, TOW BCe MaKk MOXe Jia YJIeCHH Ipoleca Ha oOpa3yBaHe HAa KaMbHH B JKIbUKATa.
MoOTHINTETHT Ha KITBYHHS MEXYP YE€CTO € HapyIIIeH B MHOTO CUTYAI[IH C BICOK PHCK 3a 00pa3yBaHe
Ha KaMBbHHU B JKITbUKATa, KATO OPEMEHHOCT, NPH MAlHEHTH ChC 3aTIBCTSABAHE U MOCHe/IBaIa Obp3a
3ary0a Ha TerJyo, 3axapeH aualbeT u Ha mapeHTepaiHo xpaHeHe. KirouoBa posisi B MOTHIIMTETA HA
KIIBYHHUA MEXYp HMa TAaCTPOMHTCCTUHATIHHUAT XOPMOH XOJICHUCTOKWHHWH. JKnpuHokamMeHHaTa
OosiecT MMa OTHOIICHHWE KbM BB3MAICHHETO Ha JKIBYHH MEXyp, XOJenucTHT. JluraBuiara Ha
XKITBYHUSI MEXYp € M3JIOKEHA Ha JIETEPIeHTHH JKIIBYHH COJM, HeecTepU]HIMpaH XOJecTepoa U
0akTepuH, KOMTO MOTaT Jia IpEeAN3BUKAT BH3MAJICHUE; U 00paTHO — XPOHHMYHHUTE BB3NAIUTEIHU
OpOLECH B CTEHATA Ha JKIBYHUS MEXyp 1a Mpeanm3BHKaT xonenautnasa (Maurer et al. 2007).
[IpeHocuTenuTe Ha KIBYHU KUCEIMHH, TPAHCHOPTHHUTE INPOTEHHHHM CHCTEMH B KIEThYHATa
MeMOpaHa Ha XEMaTOLUTHTE W XOJAHIMOLUTHTE WIPasT BajkKHA POJI B NMATOTEHE3aTa Ha JKIBYHO
KaMmeHHaTa OosiecT. BCUUKHM €HTEPOITUTH, XOJIAHTHOIIUTH U ObOpEeYHU TyOYIIHU KIETKH ChIBPKAT
ATnvKaneH HaTpHUi-3aBUCHM TPAHCIIOPTEP Ha XKI'bYHA KHCEIINHA, KOWTO € €Ha OT TPAaHCIOPTHHUTE
cucTteMH Ha xurpyHMTe KucenuHu (Bergheim et al. 2006). Hapymenata QyHKmus Ha TO3HM
TPaHCIIOPTEP MOJKE JIa IOBEAE A0 HUCKA peabcopOuust Ha )KITbYHU KHCEJINHH B WIEyMa, IPOMEHEH
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ChCTAB HA XIIPYHHUTE KUCEIMHHU U CIIJI0BATEHO MOXKE [1a JIONPUHECE 32 00pa3yBaHETO Ha HKIbYHU
KaMBbHU TIpH MarueHTn 0e3 3atabeTaBane (Renner et al. 2008).

3akJouenue

XKibuHokameHHaTa 0oJecT MMa MHOrO(aKTOpHA ETHOJOTHs M CJIOXHA MaroreHes3a. Bceku
€/IMH eTall OT CHUHTE3a, CCKPEUUATa, MOTU(PUKAIMATA U TPAHCIIOPTA HA MITHUHHUSA COK C HETOBHUS
CIOKEH ChCTaB MOXKE Ja ObJe HApyNmICH OT BBHIIHM (DaKTOpU KATO JMETa U XHUIOJUHAMUS,
BBTPCIIHU (PaKTOpPH KaTO METAOOJUTHU HAPYUICHUS W BB3MAJIWTEIHU 3a00JIABaHUS Ha
xematoOmiuapHata cucreMa. Ho KI0YoBa oOcTaBa pOJsITa HAa TECHETHYHHTE PErylaTOPHU
MEXaHU3MHU Ha HHUBOTO HAa I'¢HHA TPAHCKPHIILUA, TPAHCIAIMS U Ch3PSIBAHC HA TPAHCIIOPTHHUTE
NPOTEMHN B KaHAJIMKyJIapHaTa MeMOpaHa Ha XeMaTOLUTHTE U anuKaiHata MeMOpaHa Ha
XOJIAHTHOIIMTUTE OT OMIIMAPHOTO ABPBO, KAKTO M TAXHATA HEBPOHAJIHA, XyMOPAJIHA M CHAOKPUHHA
peryJamus.
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Abstract: Introduction: Many commensal microorganisms colonize the human body and
form a complex microecosystem called microbiota. The human gut is one of the most complex
ecosystems and is vital to human health. The composition and abundance of the gut microbiota are
dynamic and can be influenced by genetic and environmental factors. If the ecological balance of
the intestinal microbiota is disrupted, it can compromise the normal physiological functions of the
host, leading to associated diseases. Studies have found that the gut microbiota and its metabolites
can directly or indirectly affect the thyroid gland, disrupting its function. Hashimoto's thyroiditis
(HT) and Graves' disease (GD) are the main and most common types of autoimmune thyroid disease
(AITD). This study aims to investigate the association between gut microbiota/intestinal
permeability and autoimmune thyroid diseases. Materials and methods: We searched PubMed, Web
of Science, Scopus, and Cochrane databases with language restrictions. Studies were considered
eligible if they met the following criteria: 1) investigating the gut microbiota in patients diagnosed
with AITD; 2) providing sufficient data on the relationship between AITD and intestinal microbiota;
3) written in English; and 4) full-text availability. Results: GD and HT are chronic diseases that
cause impaired immunoregulation, resulting in specific immune responses against thyroid antigens.
Emerging evidence suggests that gut microbiota alterations play a key role in the development and
progress of autoimmune thyroid diseases. This may be explained by the damaged intestinal barrier
and the subsequent increase in intestinal permeability, which allows antigens to pass more quickly
and activate the immune system or cross-react with extra-intestinal tissues. The epithelium is the
main site of organism interaction with the environment. Zonulin regulates tight junctions between
cells in various tissues and organs of the human body. In the intestine, its higher concentration is
associated with the opening of tight junctions between enterocytes and an increase in intestinal
permeability. This allows bacteria, parts of bacteria, and toxins to enter the body and contact its
immune system. Intestinal fatty acid-binding protein is expressed by small intestinal epithelial cells,
and its release into the circulation indicates impaired intestinal permeability. Lipopolysaccharides,
a major part of the cell wall of Gram-negative bacteria, and trimethylamine-N-oxide resulting from
their activity can lead to immune activation and the development of systemic inflammation,
oxidative stress, and impaired lipid metabolism. Conclusion: Understanding the pathology of
diseases, identifying etiological factors, and improving research methods will help develop therapies
for prevention and treatment.

Keywords: autoimmune thyroid diseases (AITD), Hashimoto's thyroiditis (HT), microbiota,
trimethylamine-N-oxide (TMAOQ), intestinal permeability

40



1. INTRODUCTION

Autoimmune thyroid diseases (AITD) affect 2-5% of the population (Alkader et al., 2023).
The most common types of AITDs are Hashimoto’s thyroiditis (HT) and Graves’ disease (GD).
Their causes can be categorized into three groups: environmental factors, genetic susceptibility, and
immune system dysfunction (Ashok et al., 2022). Currently, the treatment for AITD focuses on
management rather than prevention or cure. Though there has been progress in identifying genetic
variants that make people more likely to develop AITD, the increasing prevalence of all thyroid
disorders suggests that factors other than genes are also involved (Alkader et al., 2023).

The gut microbiota, which starts developing before birth, is highly influenced by diet and the
environment. This sensitivity could explain how non-communicable diseases can become
communicable. The functions of the gut microbiota go beyond maintaining gut integrity: it also
regulates the immune system and contributes to thyroid hormone metabolism, both of which are
relevant to AITD. Observational and interventional studies in animal models support the idea that
gut microbiota plays a role in AITD, and some reports from human groups have confirmed this idea.
This study aims to investigate the connection between gut microbiota/intestinal permeability/ and
Autoimmune Thyroid Diseases.

2. METHODS AND MATERIALS

We searched systematically for literature in PubMed, Web of Science, Embase, and Cochrane
databases using the following search string: (thyroiditis OR Hashimoto's Disease OR Autoimmune
Thyroiditis OR Chronic Lymphocytic Thyroiditis OR Graves’ Disease OR Hyperthyroidism) AND
(microbiota OR Gut Microbiome OR Microbial Community OR Gastrointestinal Microbiome OR
Gut Flora OR Gastrointestinal Microbiota).

Studies were considered eligible if they met the following criteria: 1) investigating the gut
microbiota in patients diagnosed with AITD; 2) providing sufficient data on the relationship between
AITD and intestinal microbiota; 3) written in English; and 4) full-text availability. We also excluded
studies with incomplete outcome data and studies with fewer than 20 participants.

3. RESULTS
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Figure 1. Flow chart of the search strategy and study selection progress (Alkader et al., 2023).
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Researchers are interested in understanding the connection and underlying mechanisms
linking autoimmune thyroid diseases and microbiota. With recent advancements in sequencing
technologies, they have unveiled substantial differences in the abundance and composition of gut
microbiota between individuals with AITD and healthy controls (Leccioli et al., 2017). This suggests
that the gut-thyroid axis may play a key role in the development and progression of AITD. Figure 1
illustrates the process of literature searching and screening for the review.

The initial search yielded 295 publications. After reviewing the literature, we excluded 283
articles, making 12 records eligible for the study.

Trimethylamine N-oxide (TMAO) is a compound produced by the gut microbiome. It is
created in several steps, with carnitine, choline, and betaine being the main precursor molecules
(Alkader et al., 2023). The level of TMAO in the blood is influenced by factors such as diet, gut
microbial flora, drug use, and liver flavin monooxygenase activity. Research has shown that elevated
TMAO levels are linked to increased risk of cardiovascular disease, stroke, diabetes, and chronic
kidney disease (Fig. 2) (Hodgkinson et al., 2023;). Lipopolysaccharides are a major component of
the cell wall of Gram-negative bacteria, and trimethylamine N-oxide results from their activity.
TMAO is produced because of the activity of lipopolysaccharides, which are found in the cell walls
of certain bacteria. Elevated TMAO levels can lead to systemic inflammation, oxidative stress, and
impaired lipid metabolism, due to the entry of lipopolysaccharides into the bloodstream. Both
TMAO levels and lipopolysaccharides are related to the composition and metabolic activity of the
gut microbiota (Blachier, 2023; Cayres et al., 2021).
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Figure 2. TMAO is an important plasma metabolite that through several mechanisms can
increase the risk of various condition (Thomas & Fernandez, 2021)

4. DISCUSSION

The mucin secreted by the goblet cells forms the mucus layer, which plays a protective role
against bacteria reaching the epithelium. The relative number of goblet cells increases from the
proximal to the distal parts of the digestive system due to the increase in the number of bacteria and
the need for great mucosal protection. Changes in the microbiota with an increase in the number of
mucin-degrading bacteria lead to a decrease in the thickness of the mucus layer protecting the
intestinal epithelium (Knoop & Newberry, 2018).

The reduced thickness of the mucus layer, or its absence, provides the possibility of direct
contact of the luminal contents with the apical part of the enterocytes. This is a necessary condition
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for the action of gluten as a stimulator of zonulin synthesis alone (Cayres et al., 2021), or in
combination with a-amylase trypsin inhibitors (ATI) (Leccioli et al., 2017). Apart from their action
on enterocytes, these inhibitors are equally strong activators of macrophages, monocytes, and
dendritic cells as lipopolysaccharides (LPS) (Leccioli et al., 2017). Direct contact with the apical
surface of enterocytes is also sufficient for some bacteria such as Escherichia coli or Salmonella
typhi to stimulate zonulin secretion. The other major cause of increased zonulin secretion is
enterotoxins released by some bacteria (Sturgeon & Fasano, 2016).

Goblet cells in the large intestine have the largest relative number compared to the rest of the
gastrointestinal tract (about 20%), and the mucin secreted by them forms the double layer, inner-
dense and closely connected to the epithelium and outer-loose, which is colonized by various
bacteria and can be used by them as a food source (Blachier, 2023). Short-chain fatty acids produced
by the microbiota during the degradation of hard-to-degrade polysaccharides directly modify the
tight junctions between enterocytes by strengthening them (Zhang, 2022), and stimulate mucin
synthesis (Ashok, Patni, Fatima, Lamis, & Siddiqui, 2022). In addition to being the main food source
for colonocytes, short-chain fatty acids also regulate the expression of the genes for the synthesis of
several antimicrobial peptides — B-defensins, DEFA8, TUB, REG3G, including intestinal alkaline
phosphatase (IAP) (Hodgkinson et al., 2023).

Elevated blood lipopolysaccharides (endotoxemia) are a major cause of low-grade systemic
inflammation. Endotoxemia may be the result of impaired synthesis and secretion of AP, which is
a major part of the mucosal defense system, directly neutralizing various bacterial products with a
proinflammatory effect such as lipopolysaccharides, lipoteichoic acid, ATP, flagellin, etc. (Fawley
& Gourlay, 2016). On the other hand, endotoxemia can be exacerbated by increased dietary intake
of fructose or alcohol, as well as stress (Malo et al., 2022).

In a low-fibre diet, the same polysaccharide-degrading bacteria use the mucus layer for their
nutritional needs, leading to a decrease in the thickness, and an increase in the possibility of contact
and passage of immune-active metabolites and/or bacteria through the intestinal epithelium.

5. CONCLUSIONS

Scientists are interested in understanding the connection between TMAO and inflammatory
processes. Studies have shown a close link between TMAO and inflammation, suggesting that
inflammation may play a critical role in the negative effects of TMAO. Therefore, it is important to
conduct studies to investigate the intracellular concentrations of TMAO and explore its potential as
an early biomarker or a target for disease prevention in humans. Further research is necessary to
determine whether regulating TMAO levels could be an effective intervention for chronic diseases.
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Abstract: Polymers are biocompatible materials that can be used in bone tissue engineering.
Polymers used in tissue engineering can be classified as natural and synthetic polymer materials.
Polymeric materials are extensively utilized in numerous industries due to their versatility, abundant
sources, and molecular weight distribution variance. Polymer scaffolds are one of the most widely
used approaches for bone tissue engineering because they provide a three-dimensional structure that
can support the growth and differentiation of bone cells. They have excellent mechanical properties
that is their main value for bone tissue engineering methodologies which can help support loads and
prevent deformation of the scaffold. Furthermore, among other materials, natural and synthetic
polymers are being studied as local drug delivery systems due to their excellent biocompatibility.
They can also help reduce the inflammatory response and scar tissue formation. In addition, the fine-
tuned biodegradability of these composite scaffolds ensured their gradual replacement with native
tissues over time. Most common polymer molecule carriers are polyester, polysaccharide, and PDA.
Their most common application is as carriers for macro and nanomolecules as they easily bind non-
specific cells with negative charges to the protein. They can carry peptides, vaccines, growth factors,
antigens, proteins and other macromolecular drugs. Their properties can be used in the treatment of
bone diseases, fractures and researched as bone replacement materials.

Keywords: polymers, bone tissue engineering, polymer scaffolds, bone healing

BBBEJEHUE

HHTEpechT KbM OHMOMAaTEpUaIUTe W TAXHOTO NPHUIIOKEHHE KaTO KOCTOBH3CTAHOBUTEIHU
MaTepHajH ce MOBHIIAaBa C Pa3BUTHETO HA XUPYpPrHATa B JCHTAJIHATA MEIWIIHA, OPTOINEIUATA,
HEBPOXUPYPIHATA, OPTATIMOIOTHATA, KAPAUOXUPYPTUATa U 00IIaTa XUPYPrusl KaTo AUCITUILIIHH,
KbM KOHMTO MMa IMOTPEOHOCT ¥ HEOOXOJUMOCT OT pa3paboTBaHETO HA OMOCHBMECTUMH MaTEPUAIU
3a 3aMeCTBaHE HA HEX)KU3HECIIOCOOHU WITH 3aryOeHH ThKaHH. 3apajy KOMIUICKCHATA CH CTPYKTYpa,
METaOOJMUTHUTE M3UCKBAHHUS M Pa3HOOOpa3HUTE (DYHKIMM HACTOSIIMNTE BB3MOXHOCTH 32
PEKOHCTPYKIIMSI Ha KOCTTa Ca OTPAHUYCHU B CIOCOOHOCTTa CH Ja BB3CTAaHOBsBAT nedekTn. B
HACTOSIIUTE TOIMHUA CE THPCAT METOMU 3a pa3paboTBaHe HAa OHMOMATEpUANH, CIIOCOOHM na

45



BB3CTAHOBSAT HIIM 3aMECTAT OOIIMPHA KOCTHH Jedektr upe3 umiutanty tam “foreign body implants”
(opTonenMYHM, XUPYPrUYHH, CTOMATOJIOTHYHN UMIUIAHTH), ThKAaHHOBB3CTAHOBUTEIIHN MaTEpHAIIH
WIn KOMOMHAIM OT JBeTe. ABTOTPAHCIUIAHTalMATa WINM TpaHC(ep Ha aBTOJNIOKHA THKAaH OT
JIOHOpPHA KBbM IIPHEMHA JIO)KAa € HACTOSIIUS ,371aTeH CTaHAapT  3a KOCTHA PEKOHCTPYKIHA
(ayrMeHTanus) mopaxd BHCOKaTa YCIIEBAEMOCT Ha IPOLEAYpPUTE, B KOWUTO TS CE W3ION3BA, B
CpaBHEHHE C M3II0J3BAaHETO Ha HeHHUTE antepHaTuBH. HemocraTeuTe i ca Hali-Bede CBBP3aHU C
OIPaHUYEHOTO U KOJIMYECTBO, HEOOXOJUMOCTTa OT BTOPO (JOHOPHO) ONEPaTUBHO MOJE H
CBBP3aHUTE C HEro ycnoxHeHus U orpanndenus (H. [Tonos u xoin., 2012). B peauna ciryuau te3u
HEJIOCTAaThIM ca MPUYHMHA 332 ThpPCEHE Ha aJITePHATHBH.

MATEPHAJIM U METOJU

O6exTrBHA KilacH(HUKAIMA Ha OHOMOIMMEPHTE 3a cera He € pa3paboTeHa, ThU KaTo T4 € B
3aBHCHMOCT OT  OHOCHBMECTHMOCTTa MM, IpPOJOXKEHHETO, XHMHYHATa  CTPYKTypa,
OHOpasrpaguMOCTTa UM, MEXaHHYHHUTE XapaKTePUCTHKU, aKTUBHOCT B ThKaHUTE, TEXHOJIOTHATA Ha
mpou3BoAcTBO u OwomornuHu xapakrepuctuku (Khan et al., 2023). M3uckBaHuATa KBM TE3H
OroMaTepuany HapacTBaT C Pa3BUTHETO HA HATOTEXHOJOTHUHTE, MaTePHAIIO3HAHUETO U THKAHHOTO
nmwkenepctBo (Zhu et al.,, 2021; Tabata et al., 2009). Kato ornenen kiac Ouomarepuaiu
OHOTIONMMEpUTE MTPUTEKABAT TOOPU XaPAKTEPUCTHKH 32 JIOKAIHO MPUIIOKEHUE B )KUBUTE THKAHH.
Ha ¢urypa. 1 ca npexcraBeHu ABe rpynu JepUBaTH Ha OUOMIOIUMEPUTE.

EcTtectBeHnmn:
- MPOTENHM CUHTETUYHM:

- nonu3axapuan - PCL, PLA, PGA

- NO/IMHYKNE0TUOM - Kononvmepu
- NosiecTepm

buononumepu

®urypa 1. buononumepure, CpsAMO XMMUYHATA CU IPUPOAA C€ Pa3AEIAT Ha JIBE TOJIEMU TPYyIH —
ectectBeHy, u cuateTnyHn (Kaapesa, 2024).

EcrecTBenuTe OHomoInMepy Morar Jia ce KiiacupHuuupar KaTo IpoTenHH (KoJlareH, KOnpuHa,
JKEJIaTHUH, KepaTuH U Jp.), MoMu3axapuan (1eiayno3a, IeKCTpaH, XUTHH U Jp.), MOTHHYKICOTHIH
(IHK, PHK), monmuectepu. Mimat mo-mo0pa GHOTIOHOCHMOCT OT KUBUTE ThKaHU B CPAaBHEHHE ChC
cunretnunuTe UM aHano3u (PCL — poly-e-caprolactone, PLA — poly Lactic acid, PGA — poly
Glycolic acid) u Texum xomommmepu (PLGA — poly Lactic-co-Glycolic acid), Ho mo-mamnka
MeXaHHUYHa CTaOMITHOCT U ITO-KPAaTKO BPeMe Ha pasTrpaxJaHe B eKCTPaleTyIapHOTO IPOCTPAHCTBRO.
OcBeH U30pOeHHTE NIPEUMCTBA, CAHTETHIHUTE OHOTIONMMEPH OTYUTAT HO-100pH PE3yNITaTh U KaTto
HOcHUTeNH (TI03HATHU B JINTEpaTypara Karo ,,scaffolds* wim ,,0nomemOpann‘’) Ha pactexxHu hakTopH,
pa3JIMuHM BUJIOBE BELIECTBA, MOJICKYJIM U HOHM KaKTO M JIEKaPCTBEHH BEIIECTBA.

B 3aBHCHMOCT OT TEXHOJIOTHSATA HA MPOU3BOJCTBO U NPHIOKESHUETO UM TE€ C€ PA3IeisT Ha
HSIKOJTKO TPYyTIH, OTIMCaHK Ha urypa. 2.

W3non3BaHeTo Ha KOMOWHAIIMK OT CHOTHOUICHUS HA PAa3JINYHU MOJIEKYJIHH KOHIICHTPAIUH
Ha ITOJIMMEpHTE, OM TOBETIO /10 MOTyYaBaHETO Ha JKEJIAHU CBOMCTBA Ha ITOJIUMEpPa, CIPSMO HYKIUTE
Ha matpunara (Piskin et al., 2009).

46



Xugporenose

\

BronpuHTHpaHu
CTPYKTYPH

HaHoBnakHa

N o’

MuKpoCTpYKTYPH

®urypa 2. buononumepuTte, CIIpsAMO TEXHOIOTHATA HAa IPOU3BOACTBO U MPHIIOKEHHUETO UM Ce
pasnensaT Ha HIKOJIKO IPHIOKUAMH (OPMHU.

MertoauTe 3a noy4aBaHe Ha MOJUMEPHUTE MATPHUIIM Ca PA3TMIHN TEXHUKH, C KOUTO MOTAT
Jla ce TIOCTUTHAT CBOWMCTBA HA MaTepHaa, KOUTO MaKCHMAITHO Jla Ce TOONMKaBaT 10 H3UCKBAHUSTA
3a OMoMaTepuaiuTe. MeToauTe 3a MOoTydYaBaHe ca JBE IPYNU — KOHBEHIMOHAJIHHU W HAIPEIHAIH
TexHukd. KbM KOHBeHIMOHANHKTE cnanat — Salt-leaching solvent-casting, gas-foaming process,
thermally induced phase separation, solid free-form fabrication technique, microsphere sintering,
emulsion freeze-drying method, electrospinning techniques, freeze drying, mold melding. Kem
HanpeJHaIUTe TEXHUKH, KOMTO CE M3IOJ3BAT M B THKAaHHOTO MHXeHepcTBo cmanar 3D printing,
bioprinting, stereolitography (SLA), selective laser sintering (SLA) u fused deposition modeling
(FDM). Or pasnuuHuTe METOIM Ce IMojydaBar Hskoiko Bunma Marpuuu (scaffolds) c¢ paznuunn
XapakTepucTHKH — HaHopuOpo3nn wMarpuim (nanofiber scaffolds), marpuim Ha 6a3zata Ha
xuaporenu (hydrogels), marpunu Ha 6azata Ha mukpocepu (microsphere-based Scaffolds), 3D
npuHTUpanu Matpuun u ap. (Chocholata et al., 2019; Adel et al., 2022).

*Solvent-casting
*Gas-foaming

*TIPS

#Solid fabrication
#Microsphere sintering
sFreeze-drying
#Electrospinning
#Mold melding

3D printing
Bioprinting
CbBpemeHHH SLA

FDM

®urypa 3. Texuuku 3a nmonyyaBane Ha ouononumepu Marpuim (Kanpesa, 2024).
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3AK/IIOYEHHUE

buononumepure mnokasBar o0emaBamo ObACNIO INPHUIOKEHHE KAaTO KOCTO3aMEeCTBAL]
Marepuall, KOHTo OM MOI'BI Jla HONOOPH TEPAleBTHYHHA IIPOLEC PH PEALa COLHAITHO-3HAYMMH
3a00JsIBaHUS | JICUCHNE Ha OOIIMPHHU KOCTHH Ne(EeKTH, KOeTO OM ce OTpa3wiio ONarompusITHO Ha
Ka4ecTBOTO Ha JKMBOT HAa MalMeHTHTe. HeoOXomuMu ca ome HpOydYBaHHUS 3a H3SCHSABAHE Ha
MeXaHU3Ma Ha JIeHCTBUE Ha OMOTIOIMMEPUTE B )XKMBUTE ThKAaHH, HA METOJIUTE 32 BKJIFOYBAHETO UM B
MaTpHUIM 32 KOCTHA pereHepanys 1 e)eKTa UM BbpXy KOCTHaTa ThKaH.
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Abstract: Worldwide, IgA nephropathy /IgAN/ is the most common primary
glomerulonephritis with heterogeneous clinical and pathomorphological manifestations. It has an
important epidemiological significance, due to the fact that in some cases it leads to the end stage of
CKD. Multiple mechanisms have been implicated in the pathogenesis of IgAN, including immune,
genetic, environmental, and other factors. The current understanding of the treatment of IgAN
includes a wide range of drugs that target different stages of the pathogenesis of the disease. In
addition to immunomodulatory therapy, nephroprotective treatment with RAAS blockers and
SGLT?2 inhibitors, which have a proven effect in reducing proteinuria and slowing the progression
of CKD, is also widely used. The aim of the study was to follow the effect of SGLT2 inhibitor
administration in patients with IgAN. 17 patients were studied — 13 men and 4 women with
histologically proven IgAN, who took Dapagliflozin /Forxiga/ for a period of 5 to 15 months /
average 10.1 months /. The values of serum creatinine, urea, uric acid, glomerular filtration rate,
proteinuria level were monitored. The results were compared with a control group of IgAN patients
not treated with Dapagliflozin. A trend towards a decrease in proteinuria at the end of the period and
stabilization of the level of glomerular filtration was reported compared to the control group. An
insignificant decrease in the values uric acid were noticed. SGLT2 inhibitors may find application
in the complex treatment of IgAN also in patients without diabetes mellitus.

Keywords: lIgaN, Dapagliflozin, CKD

INTRODUCTION

Immunoglobulin A nephropathy (IgAN) is a chronic mesangioproliferative
glomerulonephritis that is identified by diffuse mesangial deposition of immunoglobulin A. Renal
damage in IgAN is a consequence of deposition of galactose-deficient immunoglobulin A1(IgA1)
in the glomerular mesangium, leading to activation of mesangial cells with subsequent
proinflammatory cytokines release and activation of the complement system. This disease is
characterized by heterogeneous pathomorphological and clinical manifestations and often leads to
chronic kidney disease, which in some cases necessitates the initiation of kidney replacement
treatment, therefore has massive social and economic impact. The main determinants of renal
function and damage are glomerular filtration rate (GFR) and proteinuria. The primary goals of
treatment of IgAN are to induce remission and advert the onset of complications. Managing IgAN
focuses on two main directions- to reduce the deposition of IgA1 and slow down the progression of
CKD. This is achieved by conservative and immunomodulatory treatment.

Conservative therapy in IgAN plays crucial role in managing IgAN by reducing proteinuria
and slowing the rate of renal function decline. Regardless of the initial damaging factor leading to
the development of CKD, glomerular hypertension and subsequent hyperfiltration occurs. Given the
proven effects on glomerular hemodynamics, RAAS inhibitors occupy a central place in the
conservative treatment of [gAN and CKD in general. In addition to RAAS inhibition, Dapagliflozin
(Forxiga), a sodium-glucose cotransporter 2 (SGLT2) inhibitor, has proven to be effective in
reducing glomerular hypertension and hyperfiltration, thus reducing proteinuria and rate of GFR
decline.
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METHODS AND MATERIALS

In the Clinic of Nephrology of UMHAT ,,Kaspela“, we conducted a retrospective study for a
period of 6-12 months (approximately 9 months) on the effects of dapagliflozin added to standard
immunosuppressive and conservative therapy with RAAS inhibition in patients with histologically
verified [gAN. The levels of eGFR and proteinuria were measured in the beginning, in the 3rd, 6th
and 12th month after the start of the treatment. We used the CKD EPI formula to estimate the
glomerular filtration and 24h proteinuria. The study cohort included 17 patients — 13 men and 4
women. Only 2 of them had Diabetes type 2. None of the patients reported any side effects of the
treatment.

RESULTS

During the study period there was a trend towards a decrease in proteinuria, as well as a
stabilization of GFR after a non-significant decrease at the third month of therapy. In addition to
those, there was drop in arterial blood pressure, a decrease in serum uric acid levels, as well as an
increase in hematocrit. Based on the intake of RAAS inhibition the patients were divided into 2
groups — receiving (12 patients) and not receiving (5 patients), and no significant difference was
noted, maintaining the trend for a significant decrease in proteinuria and stabilization of GFR.

mean change of levels of eGFR CKD EPI ml/min/1.73 m2
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Figure 1. The blue bars represent the change in mean GFR across the cohort at month
three, month six, and month nine. There was a non-significant decrease in mean GFR for the
cohort at month three and stabilization of GFR at months six and nine.
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Figure 2. Graphically presented follow-up of proteinuria in patients with IgAN treated with
dapagliflozin. Blue bars show the absolute value of proteinuria in g/L; Orange line shows
percentage decrease of proteinuria compared to control at the beginning of the period
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CONCLUSIONS

Dapagliflozin:

e significantly reduces the risk of permanent deterioration of renal function, CKD, or death
from a renal or CV cause in all CKD patients;

e prolongs the time to/prevents the onset of end-stage renal disease;

e improves overall survival, significantly reduces all-cause mortality, and reduces the risk
of death from CV causes or CHF;

e has a favorable safety profile in patients with CKD, with no significant adverse effects;

e the cardio- and nephroprotective effects are also preserved in patients on different
therapeutic regimens without an increased risk of ADR.
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Abstract: Nanofiltration is an effective method for retaining and concentrating ethanol and
bioactive substances in real systems. This study focuses on nanofiltration experiments with Mavrud
red dry wine using a MaxiMem — PS Prozesstechnik GmbH membrane filtration system equipped
with an Alfa Laval NF99HF polyester membrane (MWCO 200 Da). The experiments were
conducted in concentration mode of the filtration system, with cooling provided by a Lauda Alpha
RAS8 thermostat, maintaining an operating temperature of 17-19°C. The operational parameters
included transmembrane pressures of 10, 20, 30, 40, and 50 bar, and a tangential flow rate of 1.2
I/min. The study aims to study the influence of these parameters on the concentration of alcohol in
the wine. By varying these parameters, the optimal conditions for nanofiltration that maximize
alcohol content reduction were determined. In addition to analyzing the chemical composition of
the filtered wine, the study also includes experimental research on changes in the volumetric
morphology of the polyester membrane caused by nanofiltration. This involved examining how the
membrane's structure and performance were affected by the filtration conditions.

Keywords: Nanofiltration, dealcoholization, red wine, polyester membrane, optimal
working conditions

1. INTRODUCTION

Membrane assisted filtration techniques have emerged as a mainstream technology since the
early 1990s. Endowed with numerous advantages to its credits, such as high efficiency, compact and
modular design, easy operation and less energy input, membrane technology has become one of the
most important industrial separation techniques to be applied expansively to various sectors
including the food industry, especially in the wine industry (Charcosset, 2021; Nath et al., 2018).
Nanofiltration has found numerous applications in winemaking industry as an effective separation
technology for wine concentration, partial dealcoholization or chemical composition correction (Ivi¢
etal., 2021).

Recent years have witnessed an increased demand for reduced alcohol beverages because of
health-related and social concerns. Wine is one of the most widely consumed alcoholic drinks, and
it contributes to reducing the risk of cardiovascular diseases (Lipnizki, 2010, Cordova et al., 2005).
Lowering the alcoholic degree of wine would reduce the risk related to the consumption of alcohol
without altering its cardioprotective properties (Lecour et al., 2006).

Moderating the ethanol content of wine either for concentration (higher ethanol rejection is
favorable) or dealcoholization (low ethanol rejection). The capability of the membrane to preserve
the quality of the wine depends on the degree of dealcoholization, the membrane material and
characteristics (flux and rejection behavior), the use of multi-stage processes.

Nanofiltration has the potential for implementation both in the production of low-alcohol
(7% alcohol) and of dealcoholized wines (<0.5% alcohol), especially in combination with reverse
osmosis. Typically, tight membranes (150-300 Da MWCO) are used with regard to alcohol rejection
and reduced loss of other valuable compounds (Nath et al., 2018).

The study’s focus is the dealcoholization process, aimed to reduce the ethanol content
preserving the organoleptic properties of wine.
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2. METHODS AND MATERIALS

The present investigation is focused on separation of ethanol from dry red wine Mavrud
during experiments on nanofiltration in concentration mode. Separation ability of the membrane
relative to the ethanol is studied. A laboratory membrane filtration unit, (MaxiMem, Prozesstechnik
GmbH) with a rectangular flat-sheet membrane of 215 cm? active area was used, Fig. 1.

Figure 1. MaxiMem membrane filtration unit (left) and Agilent CG (right)

The experimental conditions for operating pressure, temperature, permeate flux, were
precisely controlled and recorded. In the present experiment temperature regime with cooling is
applied using the thermostatic cooling bath LAUDA Alpha RA 8 and the experiment was done at
17° C and 19 °C. The membrane Alfa Laval NF 99HF (thin film composite polyester with MWCO
200 Da) was subjected to previous adaptation with the solvent until constant flux. Cross-flow
velocity of 1.2 I/min and transmembrane pressure of 10 to 50 bar was used as set of experimental
conditions. The initial feed volume is 750 ml and final permeate volume - 380 ml. Samples for
alcohol analysis were taken after every 180 ml permeated volume. A cumulative average permeate
and final retentate sample were also taken.

Dry red wine Mavrud vintage 2020 was provided by the Bulgarian wine cellar, Harmanli,
Bulgaria and was used in preliminary set of experiments on nanofiltration. The red wine composition
before nanofiltration is certified as follows: Specific gravity - 1.0495; Alcohol - 13.0 vol.% EtOH;
Sugar - 0.99 g/l; Total dry extract - 29 g/l; Total acidity - 4.58 g/l, Citric acid - less than 1.0 g/I;
Volatile acidity - 0.41 g/l; Free SO, - 30.99 mg/l; Total SO, - 91.0 mg/l; Metals harmful to health -
Iron - 0.01mg/l.

The data analysis for the calibration procedure was carried out using Agilent CG Software.
Gas Chromatography sampler parameters for analysis of ethanol analysis were as follows: Inlet
temperature 250°C; Injection mode Split; Oven temperature 40°C; Front SS Intel H2 heater 220 °C;
Septum purge flow 3 ml/min; Pressure 12,063 psi; Split ratio 10:1; Split flow 14 ml/min; Column
flow 1,4 ml/min; Linear velocity 34,536 cm/sec; Front detector FID heater 240 °C; Makeup N2 flow
15ml/min, H; flow (Combined) 35ml/min. The calibration was performed with model ethanol
samples in the range of 2-20 vol%. with R?=0,998. As internal standard n-propanol was used.
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3. RESULTS AND DISCUSSION

The graphs on Fig. 2. show how the ethanol content in the respective samples change at
different transmembrane pressures, at 19°C and 17°C respectively. The optimal temperature for
nanofiltration (17°C) that maximize alcohol content reduction was determined. At 17°C,
experiments were done at 30 and 40 bars, as those parameters were established to be optimal.

Alcohol content (%), 19°C
12,24
10,99 12,142
10,902
9,547 9,78
11,959
9,908 10,998

12,056
9,479 10,142

L SR 11,626

10 bar 20 bar 30 bar 40 bar 50 bar

pure wine e 180 ml. permeate 360 ml. permeate average permeate average retentate

Alcohol content (%), 17°C
12,23 11,145
10,027 9,53
10,378 10,384

9,806 9,316

12,323 12,335

30 bar 40 bar

PUrE WiNE s 180 ml. permeate 360 ml. permeate average permeate average retentate

Figure 2. Concentration of ethanol in wine filtrates for various transmembrane pressures at 19° C
(up) and for the optimal transmembrane pressure (30 and 40 bars) at 17° C (down)

Figure 3. SEM images of the mbae before (left) and after (right) filtration, aquird ia
scanning electron microscope JEOL SEM T-200 in SEI mode.
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The SEM images show that as a result of nanofiltration, the Alfa Laval NFO9HF membrane’s
pores become expanded and deformed.

4. CONCLUSIONS

The results of the research show that the Alfa Laval NFO9HF membrane is suitable for
dealcoholization of wine, with the retention of ethanol being about 3 vol.%, with high preservation
of the valuable bioactive substances in the composition of the wine. The optimal parameters for
dealcoholization were established: 40 bar pressure and a temperature of 17 ° C. It was shown that as
a result of nanofiltration, changes in the morphology of the membrane were observed - expansion
and deformation of the pores.
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BIOLOGICAL POTENTIAL OF THE BALKAN ENDEMIC SPECIES
MICROMERIA FRIVALDSZKYANA (DEGEN) VELEN (LAMIACEAE)
Kristina Stavrakeva
Department of Pharmacology, toxicology and pharmacotherapy,
Faculty of Pharmacy, Medical University of Plovdiv

Abstract: Introduction. Phytopreparations are broadly applicable since they appear to be a
safer and more favourable alternative to traditional syntetic drugs in both prophylaxis and
therapeutics. The Lamiaceae family is a large herbal family, widely known for its great variety of
curative effects. It includes the genus Micromeria Bentham, which is characterised with an
antirheumatic, antiseptic, antioxidant, gastroprotective, hepatoprotective, anti-inflammatory and
central nervous system stimulating activity. Agents from the genus are often used in folk medicine
in the treatment of cardiovascular and respiratory diseases as well as skin infections. Micromeria
frivaldszkyana (MF) is a Bulgarian endemic species, registered in Appendix 3 of the Biological
Diversity Act and the Red Data Book of the Republic of Bulgaria as endangered. The scientific data
referring to Micromeria frivaldskyana is scarce due to its rare occurence.

Phytochemical composition. Recent detailed analysis shows that Micromeria frivaldskyana
is rich in carbohydrates (mostly glucose), organic acids, polyphenols and flavonoids. It consists of
a high level of rosmarinic acid, which is a caffeic acid ester, with antinociceptive, antidepressive,
anxiolytic, neuroprotective and antiepileptic activity. Micromeria frivaldskyana also contains a large
amount of hesperidin - a flavonoid, abundant in citrus fruits, with possible antiviral, analgesic,
hypoglycaemic and anticoagulant effects.

Aim. This study presents a concise review about the phytochemical composition and
therapeutic potential of Micromeria frivaldskyana and the biological effects of its main compounds.

Keywords: Micromeria frivaldszkyana, phytochemical composition, endemic species,
biological potential

BBBEJIEHUE

CemeiictBo Lamiaceae BkmouyBa TomssM Opoil pacTeHHs, KOWTO Ca IIOKa3ajH BHCOK
TepaneBTHYEH MOTEHINAA. TaKCOHOMUYHO CEMEMCTBOTO CE pasjielisd Ha HAKOJKO IMOJCEMENCTRA,
KaTo eqHO oT Hai-rojemure € Nepetoideae (Pedersen, 2000). Poxst Micromeria Bentham cbimo ce
OTHacs KbM TOBa IMOACEMEWCTBO M € TpeacTaBeH oT okojio 70 Buaa, oT kouto 21 ce cpemar B
Espoma. BumoBe or poxm Micromeria ca mmokasajgd aHTHPEBMATHYHO, AHTHUCENTHYHO,
AHTHUMHKPOOHO, AHTHOKCHUIAHTHO, racTpONPOTEKTHBHO, X€EIMaToNPOTEKTUBHO,
MPOTUBOBB3MAIUTEIHO, AHTUXOJIMHECTEPa3HO, cTumysupaiino [LITHC u 061110 ToHH3UpaIIo 1eiicTBre
(Tabanca et al., 2001). TIpeacraButenu Ha poa Micromeria ce u3mon3BaT B HAPOJAHATA MEIUIMHA
3a JIeYeHHEe Ha ChPJCUHH 3a00JIIBaHUs, PECIIUPATOPHH 3200 siBaHust (acT™Ma), T1aB00O e, PaHU U
koxxau uadekipu (Mladenova et al., 2021).

Micromeria frivaldszkyana (Degen) Velen. MHOrOroAmiiHO TpPEBHCTO pacTEHHE,
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pasnpocTpaHeHo MPEeIUMHO B CKanucTuTe paiionn Ha llentpanna u M3touna Crapa [lnanwna B
boirapus. Bunbt € enmemuuHo 3a bearapus pacteHue, BKIIOUEHO B YepBeHaTa KHUTA Ha
Peny6nmka beiarapus B kateropusta ,J3actpamenu pacteus” (Peev, 2015). Ilo Ta3m mpuumnna
AHHWUTE B JOCTHITHATA JUTEPATypa 3a BHIA Ca OTPaHMICHH.

- 4
®urypa 1. Micromeria frivaldskyana.
A: O0m1 m3rinen B HaTypainHua My xabutat; b: O0m usrnex ¢ nBers

OUTOXUMHNYEH CbCTAB

TwHKOCTOMHA XpoMaTorpadus Ha METAHOJIOB EKCTPAKT OT PACTEHHUETO [TOKA3Ba HATMIHUETO
Ha PYTUH, KBEpLETHH, HAPHHTHH, XJOPOTCHOBa M pO3MapHHOBAa KHCENIHHA, KeMmidepon 3-
pytuHO3u 1 1 KBepiueTHH 3-pytuno3us (Vukeli¢, 2015). HoBu uscnensanus pa3kpuBart Mo-aeTaiiHa
uHpopMauus 3a QUTOXMMHYHUS CHhCTaB Ha pacTeHHeTo. B HamzemHurte yactu xa Micromeria
frivaldszkyana e ycraHoBeHO ChABPKAHHUETO HA BHIACXHAPATH (OT KOUTO HAM-TONSAM AT UMa
TJIFOK03aTa), OPraHMYHU KHCeNWHH M nonudeHond. OT OpraHMYHUTE KUCEIMHH Hail-BUCOKO ¢
CBIBPKAHMETO Ha XHMHHHOBA KHCENIMHA, CJEIBaHa OT JIMMOHEHAa M CYKIMHOBAa KHCEIHHA.
Micromeria frivaldszkyana ce otimuaBa ¢ MHOTO BUCOKO ChIbpIKAHHE Ha PO3MApUHOBA KHCEINHA
(2040.1 + 15.76 mg/100 @). [dpyru (eHOJHU KHCETHHH C BHCOKO ChIbPXKAHHE Ca BAHIIOBATA,
Kadeenata u cayuiiioata kucenansa (Mladenova et al. 2021). Posmapunosara kucenuna (PK) e
BOJIOPAa3TBOPHM ecTep Ha KadeeHaTa KucenuHa u 3,4-nuxunpokcudeHns mieyHara kuceianHa (Qur.
2). Ts ce chabpika B O-TOJIEMHU KOJIMYECTBA B MPEJCTAaBUTENNTE HA ceM. Lamiaceae 1 Haii-Beue B
po3mapuna (Rosmarinus officinalis), oTkbsaeTo npousnusa 1 HAUMEHOBAHUETO M.

OH
OH
o 0 z ] OH
Ho ~ /\/“\o X
Ho
Rosmarinic acid
0 OH
HO. | N J\OH A, OH
HO., XN
Ho 7 TK\//
0}
Caffeic acid 3,4-Dihydroxyphenyl lactic acid

®@urypa 2. XuMu4Ha CTPYKTypa Ha PO3MapHUHOBATA KUCEJIMHA U HEHHHTE MPeKypcopu KadeeHa
KucenuHa u 3,4- TMXuApOKCUPEHIIT MJIeUHa KUCEIIMHA.

Po3MapuHOBAaTa KUCEJNMHA CE€ OTJIMYaBA C AHTUOKCUAAHTHO, MPOTHBOBB3MAIUTEIHO,
nesponporekTuBHO aeiicteue (Rocha et al., 2015; Elufioye et al., 2019; Ghasemzadeh Rahbardar &
Hosseinzadeh, 2020). JTuteparypHHUTE JaHHA €IHO3HAYHO TIOKAa3BaT AaHTHACTIPECAHTHOTO JCHCTBHE
Ha po3MapuHOBaTa Kucenuna in vivo (Takeda et al., 2002; Sasaki et al., 2013). CpuiecTByBaT TaHHH
3a anTuenuientuuno aercrsue Ha PK npu rpusaun (Grigoletto et al., 2016). PosmapuHoBaTa
kucenmna (PK) nposiBsiBa aHTHHOIMLIENITUBHO JEHCTBHE MPU a0JOMHHATIEH KOHCTPHUKTOPEH TECT ¢
OLIETHA KMCEMHA, TECT Topelia miovya u GOPMaIUHOB TECT MPU MHIIKHU. Y CTAHOBEHO € 3HAYUTEIHO
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MOHIDKABAHE HA OTOKA HA 3ajHa Jlarma Ha MUIIKH, IPSAU3BHKAH OT WHKEKTHPAHE HAa KaparcHaH
(Boonyarikpunchai et al., 2014). Po3mapuHoBaTta KUCEIMHA € IIOKasajla XeMaTONPOTEKTHBHO
JEHCTBHE IPU MOJIEN Ha JIUIOONH3aXapya-HHAYMPaHa Xenarotokenanoct npu mutku (Osakabe
et al., 2002). PosmapuHOBaTa KHCEJIHWHA TOHIDKABA TEXKECTTA Ha UYEPHOIAPOOHOTO yBpEXKIaHE,
TPEIM3BUKAHO OT TeTpaxiopoMmeran mipu mumiku (Domitrovié et al., 2013). Cxonuu pesynraru ca
HOJYYCHH M TP JIPYr MOJEN Ha uepHOApobHA (Hubpo3a, mpequ3BUKaHA 4pe3 MPUIIOKCHUE HA
tuoaneramus (El-Lakkany et al., 2017).

DaBOHOMIUTE Ca rojisiMa rpyrna (EeHOJHH CheIMHEHHUS, ChABPXKAIIM CE€ B rOisiM Opoii
HHCILIM U BUCUIM pacTeHust. DIaBOHOUINTE MPUTEKABAT PA3HOOOPAa3HH OUOIIOTMYHN aKTHBHOCTH,
KOCTO T'M MpEeBpbIIa B OOCKT Ha WHTEH3WBHM wm3cnensBanus. B Micromeria frivaldszkyana ca
JOKa3aHU XECIICPHUANH, CIUKATEXUH, KEMII(PEPOII, KBEPLETHH U AlUTCHHH, KATO XECIICPHINHBT € B
Haii-ronsmo kosmuectso (Mladenova et al. 2021).

OH

HO 0,

OH CH:

®urypa 3. XuMHIHa CTPYKTYpa Ha XECIIEPUANH

XecnepunuusT (¢ur. 3) € pIaBOHOUI, ChIBPIKAII CE TO-TOJIIMO KOJHUYCCTBO B IIUTPYCOBUTE
IUI0I0Be (JIMMOH, TOPTOKAJI, JIaliM) M TPHUTEkKaBalll aHTHOKCHIAHTEH, MPOTUBOBB3MAIUTEIICH,
aHAJITETUYCH, MPOTUBOTYMOPEH, MPOTHBOBHPYCEH, AHTUKOArYJIAHTCH, XHUIIOTJIMKEMUYCH e(eKT
(Tabeshpour et al., 2020). 3a xecnepuAUHBT € YCTAHOBEHO XEMATONPOTEKTHBHO JEHCTBHE MPH
MOJIEJT Ha XEMaTOTOKCHYHOCT, HHAyIMpana ¢ LPS npu MHUIIKK, KaKTO M MPH €TAHOI-UHIYIHpaHa
xenarorokcuanoct (Kawaguchi et al., 2004). Peauia aBTopu A0KJIAABAT XEMATONPOTEKTUBHOTO MY
JISHCTBHE U TIPH MOJIE] Ha Y€PHOPOOHO yBpEKAAHE, IPEIU3BUKAHO OT TeTpaxsiopomerad (Chen et
al., 2013; AbdulazizAhmeedahRabee et al., 2018; Perez-Vargas et al., 2005), kakTo u npu Mojien Ha
napareTaMmos-uHIyupaHa TOKCHYHOCT ripu rpusauu (Ahmad et al., 2012).
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Pe3tome: []en: [la ompeesiuM 4eCcToTaTa ¥ 3HAYMMOCTTA Ha HAYYHH ITyOJIUKAIHH, TOCBETCHH
Ha Metomonoruara Ha C30 3a nekapcTBeHaTa M3IOJI3BAEMOCT W pPallMOHAIHATA JIEKapCTBEHA
ynotpeba KaTto CpeJCcTBO 3a OICHKA Ha €(DEKTHBHOCTTA HA JICYEHHETO Ha IAlMeHTH C eCeHIIMaHa
apTepuaIHa XUIEPTOHUS.

Mamepuanu u memoou: VI3BbpIIMXME PETPOCIIEKTUBEH CHCTEMATHYEH Mperje]] Ha HayYH!
MyOJIUKAIMK OT CHICIUATU3UpaHa HaydHa JIUTEpaTypa, 4pe3 ThPCEHE MO MPEABAPUTEIHO 3a/1a/ICHH
KIIFO90BU AyMH. ThpceHeTo ce ochiectBr B Oaza-manaum MEDLINE u IlenTpanna meaummHCcKa
o6ubimoreka kbM Meaumuacku yHuBepcuteT — Codus 3a mepuoaa ot ssHyapu 1990 r. 1o nekemBpu
2020 r. 3a 30-rogumaus nepuoy otkpuxme 154 Hayunm myOmukarum. Ctatuute momOpaxme B
cproTBeTcTBUE ¢ npenopbkutre Ha Cochrane Collaboration u PhkoBOACTBOTO 3a MpeAnOYUTAHH
eNIEeMEHTH 3a [OKJaJBaHE HAa CHUCTeMAaTW4HU mperyienn u wMera-aHammsu (PRISMA). B
3aKJIFOYUTENHUS aHAIN3 Ca BKIIOYEHH 3 CTaTHUH, KOWUTO HAITBJIHO OTTOBApsT Ha IPEIBAPUTEITHO
3aJ1aJICHUTE KPUTEPHH.

Pezyimamu u obcvoicoane: ApTepruarHaTa XUNEPTOHMS € COIMaTHO3HAYUMO 3a00JIsIBaHe,
KOETO, aK0 HE C€ MOHUTOpHpA U JIEKyBa ChOOPA3HO MHIMBHIYTHUTE HYXIU Ha MMAl[MEHTa, MOXKE
Jla JI0BeAe 10 ChPICYHM, MO3bUHHM U OBOpPEYHH YBpexaaHHs. BbBIpeku mieropara OT HayuHH
myONUKauy, aHAU3UPAIIH apTepHATHATa XUIEPTOHHS, 3a oOcienBaHus oT Hac mepuoa ot 30
TOJIHU, OTKPUXME €/IBa 3 CTAaTHH, TOCBETCHH Ha HEOOXOAMMOCTTA OT MPOYYBaHE Ha JICKapPCTBEHATA
M3II0JI3BaEMOCT ¥ PallMOHATHATA JICKAPCTBEHA yIIOTPeOa My JICYCHUE Ha CCCHITMATHA XUIIEPTOHHS
B pealiHaTa KIMHWYHA MPAKTHKA. JIWIcaTa HA MPEACTaBUTEIIHN IPOYYBAHUS HAa KOJMYCCTBCHUTE U
Ka4eCTBEHUTE U3MEPHUTENH Ha JIEKAPCTBEHOTO MOTpeOIIeHNE € Cepro3eH Mpo0IeM Ipe]] cucTeMara
Ha 3/IpaBeoNa3BaHEToO.

KaouoBu aymMM: eceHIMajHa apTepUalHa XHUIIEPTOHHS, JEKapCTBEHA HW3IOJI3BAEMOCT,
palmoHaHa JiekapcTBeHa ynorpeba, neguaupana naeBHa go3a (DDD), DDD/1000

1. BBBEJEHHUE

CeeroBHata 3npaBHa opranm3arus (C30) nedunnpa jgekapcTBeHATa M3MOJI3BAEMOCT OIIE
npe3 1977 roguHa KaTo ,,MapKeTHHT, pa3pOCTpaHEHHE, TPEIIUCBaHE U yIoTpeda Ha JIEKapCTBEHU
MPOJYKTH CpeJ] OOLIECTBOTO ChC CIIELHAIEH aKIEHT BbPXY IPOU3THYALINTE OT TOBA MEJULIMHCKH,
couyaiHu M MKoHoMmmuecku mocieauuu (WHO, 2003). Ot apyra crpaHa, mapameTpure Ha
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JIEKapCTBEHATa M3IMI0JI3BAEMOCT JaBaT Bb3MOKHOCT Jja C€ ONPEZCIH U PALMOHATHATA JIEKapCTBEHA
ynoTpeba, KOSITO Hajara ManueHTHT Aa MOJIy4daBa JICKAPCTBEH IPOIYKT, IMOJXOJSII 332 HETOBUTE
MEIUIMHCKH HYXIW, B JJO3M, KOUTO Ja TOCPEUIHAT HErOBHTE MHAMBUAYAIHHW HMOTPEOHOCTH 32
JIOCTAaThUYCH MEPUOA OT BpEME M Ha Bb3MOXKHO Hali-HUCKa [IEHa KaKTO 32 HETO, TaKa M 33 00IIECTBOTO
(WHO, 2001). 3a ma morat ma ObJaT CpaBHABAaHU PA3IMYHU TEpamuy, 0e3 3HaUCHHE BPEMEBUS
IepuoJl, B KONTO ca NpuUeMaHM WIM IbpXKaBUTE, B KOUTO ca npeanucBanu, C30 cb3maBa
CHUHXpOHM3MpaH NokazaTten — aeduHupana nHeBHa no3a (DDD). DDD e cpennara moaabpikania
Jl03a OT JIEKapCTBEH MPOAYKT, MPEANHCaH 3a JICYEHHUE Ha BB3PACTHU MALIUECHTH MO OCHOBHOTO
TEpaleBTUYHO II0Ka3aHWe. AHAIM3MPAHETO Ha paloOHAJIHATAa JIEKapCTBeHa yroTpeba JaBa
BB3MOXKHOCT J1a CE€ OLICHU KaueCTBOTO M e()eKTHBHOCTTA HA cUcTeMara 3a NpOo(UIAKTHKA U PaHHO
OTKpHBaHE Ha 3a00JsIBAHETO, MPOTPAMHUTE 3a IIPEBEHLUS W 3[PaBOCIOBEH HAYWH HA JKHBOT,
CIa3BaHETO HA MPENOPBHKUTE HA HAIMYHUTE M BaJUIHH (hapMaKOTEpalleBTHYHM PBKOBOACTBA B
peanHaTa KIMHIYHA IPaKTHKA.

Aptepuannata xurneptoHns (AX) e XpoHHYHA He3apasHa OojiecT W ce nedUHHpa KaTo
N3MEPEHO B JIEKAPCKU KaOMHET CHCTOJHO apTepHaiHo HamsAraHe > 140 mmHg w/nmm nnacronHo
aprepuaiHo Haymsra€e > 90 mmHg. Jlebunupany ca A1Ba OCHOBHM BHJIa apTepHaiHa XUIIEPTOHUS —
IIbPBUYHA U BTOPHYHA. A B 3aBUCHUMOCT OT HAJIMYMETO U CTEIEHTa Ha YBpEXKAaHe Ha MPHUIICTHUTE
opranu, cropen kinacudukanusara Ha C30, aprepuainHaTa XHUIEPTOHHS NPEMHHABAa Ipe3 TPU
cragus: | craguit — 6e3 opranHu yBpexmaHus; Il cramuil — neku opraHHM yBpeXAaHUS —
xunepTpous Ha JsiBaTa Chp/eYHa KaMepa, HayajlHa peTHHOIATHs, HallyKe Ha OeNThK B ypHHATa,
HE3HAUYMUTEJHO TNoBUIIEH KpeaTuHUH; III cTaauii — TeXKU OpraHHM YBpEXKIaHHUS — ChbplEUHA
HEJIOCTaThYHOCT, MO3bYEH MHCYJT, XUIIEPTOHUYHA eHledanonarus, 0b0peyHa HeJ0CTaTbYHOCT
(Stoyanova PhD thesis, 2023).

Cmopen C30 oxomno 1,28 Munmmapa AyIIn M0 CBETa MMaT XUIIEPTOHHA, KaTo OKOJo 2/3 OT
TSX JKUBEAT B CTPAHU C HUCKH WM cpeJHN H0X0au. CTaTHCTHYECKUTE JaHHH cOYaT, 4e MO-MaJIKO
OT TI0JIOBHHATA BH3PACTHHU MAIMEHTH C XUIEPTOHUS ca JUAarHOCTHIMPAHU M CE JEKyBaT, KaTo OT
TAX MpUOIM3UTENHO | Ha Beekd 5 nymm e ¢ KoHTponmpaHa xuneptonus (WHO, 2023). ITopagu
yBenM4aBamus ce Opoil xopa ¢ HaJHOPMEHO TErJO, yCeAHAll HaYMH Ha XKMBOT U IIPEKOMEpHa
yrnoTpeba Ha ajJKOXOJ M LUTapH, ome B HadanoTo Ha 21-Bu Bex C30 amapmupa 3a NPUYHHHO-
CIIEJICTBEHA BpB3Ka ChC CBETOBHATA EMUAEMHUS OT HAapacTBAIM CIy4yal Ha ChPAEYHOCHIOBU
3a0omsBaHKA. BhIpekn, ue CMBPTHOCTTA MPU XUIIEPTOHUIHUTE OOJIECTH € MpeloTBpaTuMa 4pes
BBBEXXJAHETO Ha JOOpM HporpaMu 3a MpeBEHIWs W npodunakTtuka, B bearapus mpes 2021 r.
CBhPAEYHOCHI0BHUTE OosecTr BOaAT 110 54,5 % ot Bcnuku cMbpTHE ciaydau (EC, 2023). B cBeToBeH
Mamab apTepuanHaTa XUIEPTOHMS OCTaBa BOAEIIA NPHUUYMHA 3a IpekaeBpeMenHa cMbpT (WHO,
2023).

VHnnuupaneTo Ha JieYyeHWE TPH NAIUEHTH, KOWTO ca JAWArHOCTUIMPAaHW C apTepHaiHa
XUIEPTOHMSA MMa 3a LEN Ja MOHIKU U JAa MOAAbp)Ka apTEepPUANHOTO HalsAraHe A0 TapreTHUTE
croitnoctn (120-130 mmHg 3a cucromHo aprepuanHo Hamsrane w/wiu 70-80 mmHg 3a
JIMACTOJIHOTO apTepPHAIIHO HAJISTaHe) 32 MAMEHTUTE Ha BB3pacT JI0 65 ToAnHU. 3a HallMeHTHTE Hajl
65-roauinHa BB3pacT 1 0CO0eHO Te3u Haa 80 roAMHU Ce TOIMYyCKAT M MaJKO [MO-BHCOKH CTOHHOCTH
Ha AH.

EBporeiickoro kapamonoruuno apyxkectBo (European Society of Cardiology — ESC)
chpBMecTHO ¢ EBporneiickoTo apyxectso o xunepronus (European Society of Hypertension — ESH)
pa3paboTBaT HpPENOPHKH 3a TOBEICHWE IIpH apTepuanHa xurepToHus. HedapmakomormyHara
Tepamusl BKIIIOYBA NMPOMSHA W/WIM WM3KIIOYBAHE HA T.HAp. MOAUDHUIIMPYEMH DHUCKOBH (aKTOPHU
(HauWH Ha XKMBOT, KOHCYMalusl Ha TOTBApCKa COJI, AJIKOXOJ M TIOTIOHOITYIIEHE), KOSITO MpH MO-
TexxkuTe Gopmu Ha AX ce cpueraBa ¢ (papmakosornyHa Tepanus. [Ipu u300p Ha JIEeKapcTBEHH
IOPOAYKTH C€ M3MO0JI3Ba CTHMNANOBUAEH IMOAXOJ — IPENopbhbuBa CE€ JEUEHHETO JAa 3al0YHE C
koMmOuHupaH nekapctBeH npoaykT (ACE-unxubutop wiam APB ¢ kamueB aHTaroHucT wim
JIMYPETHK), KaTo NMPH HEMOCTUraHe Ha KOHTPOJI Ha apTepHAIHOTO HaJsiraHe, ce NMPEMUHaBa KbM
JIEKapCTBEH NPOIYKT, ChIbPIKaIll 3 aKTUBHM BELIECTBA. bera-OnmokepuTe MoraT aa ce M3I0a3BaT Ha
BCSKa CTBHIIKA OT TepamusaTa MPH HATWYKEe Ha ChITbTcTBamm 3abomsBanus kato WBC, CH,
MPEACHPAHO MBKACHE W IIPH JKEHH, IUIAaHUpay OpeMeHHOoCT. Korato apTepnanHOTO HamAraHe
HE MOXE Ja Ce KOHTPOJIMpa IO TOCOYEHHS MEXaHW3bM, C€ NpPHOSTBA KbM JpPYr KIac
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AHTUXHIIEPTCH3UBHU JICKAPCTBEHU MPOAYKTH (OeTa-O0iutokepH, o-OJOKepH, IEHTPaAITHOACHCTBAIIN
JIIT, MuHEpaIKOPTUKOUIHHN penentopHu O10kepu), (Authors/Task Force Members, 2018).

2. MATEPHWAJIA 1 METOJHN

CucTeMaTHYHHAT Tperie]] € 0000IIeHe Ha MEIUIIMHCKATa INTEPATypa, KOETO MO3BOJISABA
Jla ce CHHTE3HMpaT pe3yjiTaTH OT MHOXKECTBO IBbPBHYHH IMPOYYBAHHS M CBEXAA JI0 MUHHUMYM
OTKJIOHEHUSITA U CIIyYaiHUTE TPELIKH IpH 00paboTBaHETO M. PHKOBOACTBOTO 3a MpENNOYUTaHU
eNEMEHTH 3a TOKJIaJBaHe Ha CHCTEMAaTHYHHU Mperjiean u meta-ananusu (Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA) guidelines) BxitouBa Hacoku 32 MUHUMAJICH
Ha0Op OT €JIEMEHTH 3a JO0KJIaJIBaHE B CUCTEMAaTUYHU Nperieau U Meta-ananuzu. PRISMA moxe na
ce mpumiara KakTo NpH OOOONIEHHWE Ha PaHIOMHM3MPAHW KIMHWYHU M3IMUTBAHHA, Taka M IIpU
JIOKJIa/IBaHE HA CHCTEMAaTHYHH TIPEriieaun ot Apyr Tun usnursanus (Moher, 2010).

B3umaiiku mpenBun npeauMCcTBaTa Ha TO3M BHJA OLCHKA HA IPOYYBAHUSTA, MPOBEIOXME
CHCTEeMaTH4YEH IMIperje] Ha HAyYHH MyOJIWKaluW, KOWTO H3BBPIINXME B CHOTBETCTBHE C
npenopbkute Ha Cochrane Collaboration u PRISMA. M3rorBuxmMe npoTOKOJ Ha U3CIIEABAHETO B
cprotBetcTBUE ¢ PRISMA 2009 Checklist, ¢ npeaBaputento onpeaeneHu — Tema, TU3aiiH, CTpaTerus
3a ThpPCEHE, BKIIIOYBAIIM W W3KIIOYBALIM KPUTEPUH, METOAU 3a ChOMpaHe Ha JaHHM, aHaIW3 Ha
JIAHHU W CTaTHCTHYecKa oueHka. He cme permctpupanu mpotokosia B International prospective
register of systematic reviews (PROSPERO), Tbii kaTo ce orpannuaBame 10 CHCTEMATHUYEH Iperiie]
Ha Hay4HH myOnukanuu (Hutton, 2015).

TemaTa Ha cucTeMaTH4HHUS IIpErJie]l € aHalu3 Ha JUAarHOCTUYHHUTE M TeparneBTHYHU
CTpaTernd NpH TNalUeHTH C apTepualiHa XHUIEPTOHHMS Ype3 METOAUTE 3a H3MepBaHe Ha
JIeKapCcTBCHATa M3MOJI3BAEMOCT W palMOHAlIHAaTa JIEKAPCTBEHA YIOTpeOa Ha MAaKpOpaBHUIIE B
Brirapus. JlnzaiiH Ha IpOyYBaHETO: PETPOCTICKTHBEH aHaiuu3. CTparerus 3a ThpCeHe: IPOBEIOXME
aKTHBHO M3JMpPBaHE HAa HAyYHH IyONMKau{d MO CIEIHUTE KIIOYOBH IyMH — €CCHIMAIHA
apTepuaiHa XUIIEPTOHUS, JIEKapCTBEHa H3IOJI3BAEMOCT, pallOHAJHA JIEKapCTBEHA YIOTpeda,
nepurupana qHeBHa no3a (DDD), DDD/1000. Ilepriox Ha mpoydYBaHETO W BHAOBE Oa3W TaHHU:
TBPCEHETO Ha HAYYHH IyOJIMKaIlK Oe MPOBEICHO B MEX/IyHapOIHHU W HAIMOHAIHY 0a3y JaHHU —
MEDLINE wu Lentpanna meaunuacka 6ubnuoreka — MY-Codusi, 3a nepuoaa ot stayapu 1990 r.
no nexemBpu 2020 r. Otkpuxme obmo 154 mayunu myOnukamuu. OIEHSABaHU pPE3yNTaTH H
KPUTEPUH 32 BKJIIOYBAHE: aHAIM3MPAXMe CaMO Hay4HH MyOJIMKalMH, ChIbPKallK ChOOLICHHs 3a
eCeHIMaHa XUIepToHus. Kpurepuure 3a BKIIIOYBaHE Ha HAyYHHTE MyOJMKALUK B aHAJIHU3UTE, Ca
CIIE/IHUTE — HayyHarTa CTaTHs Jia ChAbp)Ka JAHHM 3a ECCHIMaJHa apTepHajHa XHIIEPTOHHS,
JIEKapCTBEHA M3I0JI3BAEMOCT, pallMOHAlIHA JIEKapCTBEHA yHoTpeba, MArMEeHTHUTE J1a HpPOBEXJar
JIeYeHNe ¢ pa3pelIeHH 3a ynorpebda B bbarapus aHTHXUIIEPTEeH3UBHU JIEKapCTBEHU MPOAYKTH.

3. PE3VYJITATH

[TonOopbT Ha aHaNM3WpaHUTE HAyYHU MyOJHMKALMHM, IPOBEJICH B CHOTBETCTBHE CBHC
CTpaTerusTa 3a ThpceHe, e npencraseH kato PRISMA flow-diagram (durypa 1).

TbpceHeTo Ha Hay4YHHM TyOJHMKalMM B JMTeparypara OrPaHHYUXME [0 TEKCTOBE,
yOJIMKYBaHH Ha aHTJIMHCKK U OBJIrapcku e3uk. [Ipu Taka MocTaBeHO YCIOBHE U MPEABAPUTEIHO
3aJI0KEHNTE KIIOYOBH TyMH OTKpuxMe o0mo 154 mayunu cratun. CkpuHHpaxMe oTkputute 154
3aryIaBusl M pe3ioMeTa, TOCIIEBAHO OT ThPCEHE Ha ITBJIIHUTE TEKCTOBE Ha cratuuTe. M3Kimrounxme
151 crarum, T KaTO HE CHABPIKAT AAHHH 33 €CCHLIMANIHA apTepUaliHa XUIIEPTOHHS, JIeKapCTBeHA
M3II0JI3BaEMOCT, palMOHAIIHA JIEKapCTBEHa yroTpeba, neduHupana aHeBHa qo3a. Camo 3 HaydHH
nmyOsukanuy Osixa n30paHu 3a N3BJIMYAHE HAa JAHHU U BKIIFOUYBAHE B CHCTEMAaTHYHUS MIPETie.

4. OBCBXIAHE

Ipe3 2002 roauna apropcku konektuB Girerd X. u cpTpyAHHIHM, TPEACTaBs MPOYyYBaHE,
KOETO OIICHSABA CTpPATETHATAa 3a JICYCHUC HA AHTUXUICPTCH3MBHH MAICHTH C HEYCIEX OT
npeanvcana MoHotepanusl. [TarueHTuTe, KOUTO B3UMAT y4acTHe B MpoydBaHeTo, ca ¢ AH > 140/90
mmHg u ca pa3zmenenu B aBe rpymnu — eqHata e tekyBana ¢ ACE-uaxu6urop, APb nnm 6era-6moxep,
a JpyraTa — ¢ KaJIMeB aHTarOHWCT WM THa3HIEH AWypeTHK. AKo 3 Mecela Ciiell Ha4dajoTo,
marentuTe ca nmocturdaan AH < 140/90 mmH, ce cuura, ye mocrTaBeHaTa €] € IOCTUTHATA.
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Pesynrature mokassar, 4e Mecel cie] MHUNUUPAHETO Ha aHTUXUIepTeH3uBHA Tepamnust, 40% ot
MANMEHTUTE TOCTUraT ONTHMAIIHO HUBO Ha apTEPUATHOTO Hajsrane, 52% ¢ HEKOHTPOJIIMPAaHO HUBO
HSIMAT HEXCEJIAHU JIEKapCTBEHHU PEaKknuy, a Apyru §% ¢ HEKOHTPOIMPAHO HUBO JAOKJIAABAT IPOsBA
Ha HJIP. Tpu mecena cienr Ha9anoTo Ha ne4eHHeTo 84% OT manueHTUTe ocTuraT TapreTHoro AH,
Ha 52% ce npennucea ¢pukcupana komounarws (Girerd, 2002).

)

% My6aukaumm, naeHTMPUUMpPaHM Ypes TbpceHe B 6a3a gaHHM — Medline u

g— UMB-MY-Codusa (n = 154)

=

<

= "

z My6aMKaLmMi Ha aHTMACKN Mybankayum Ha BbArapckmn esmk

;[ e3uK (n =99) (n=55)
—
( ~\

M3kntoueHn nybamkaumMum — eceHumanHa

I Nperneaann ny6aMKaumm apTepuanHa XMNepToHWsA, IeKapcTBeHa

I

s (n =154) — M3MON3BAEMOCT, paUMOoHanHa

= nekapcTBeHa ynoTtpeba, aedpuHMpaHa

AHeBHa A03a, He NpUcbeTBaT (n =151)
A J l
NbAHOTEKCTOBK
ny6AuKauMK, OLEHEHHU 3a
ponyctumoct (n =3)

MyBanKaumm, BKAKOYEHM B Ny6AMKauuK, BKNKOYEHW B
KOnNU4ecTBeHMA aHanu3 KayecTBeHWA aHanu3
(n=3) (n=3)

[ BkntouBaHe ] [,ﬂ,onycmmoa]

®urypa 1. [Ipernex Ha nporeca Ha ThpceHe — PRISMA 010k-cxema

Hskonko roauuu mo-kbcHO, Mankadavath u ceTpynmuim, mnpeactaBsT NPOCIEKTHBEH
MperJieal Ha JeKapCTBeHaTa yrnorpeda Ha aHTUXUICPTCH3UBHH JICKAPCTBA MPU XOCIHUTATA3HPAHU
MAIUEHTH C AMATHOCTUIIMPAHA ECEHIIMATHA XUIIEPTOHKUS B 001acT Manabap, Muaus. AprepuanHaTa
XHUIEPTOHUA CE€ CUMUTA 3a €AUH OT Haﬁ-p%HpOCTpaHeHI/ITe 3ApaBHU HpO6HeMI/I, KaKTO B Pa3BUTUTC
CTpaHH, Taka ¥ B CTPaHUTE OT TpeTus CBIT. ABTOpHTE IOCOYBAT, Y€ HW30OPBHT 3a JICUCHHE Ha
XHUIIEPTOHMATA, CE MPOMEHS B KPaTKW HMHTEPBAJHN, KOETO CE€ ABDKH Ha peauna (QaxTopu —
e(heKTUBHOCT, HEXKEIaHH JICKAPCTBEHH PEAKIMH, KAKTO U Pa3XOJH 3a JIEKAPCTBEHUTE IPOIYKTH.
ABTopuTe TOAUYEpTaBAT HEOOXOMMMOCTTa OT aHAIW3 Ha JIeKapCTBeHAaTa ymnorpeda, 3a Ja ce
OTIpE/ICITH JalH TS € PAallMOHAIHA, e()eKTUBHA U B CHOTBETCTBHE C aKTyalTHUTE MEKIYHAPOIHH U
HAIIMOHAJHN TPEMOPBKH 3a JICYCHUE HAa SCCHIMANHA XUIEPTOHUs. Pe3ynTatuTe OT IpPOBEICHHS
aHaJM3 MMOKa3BaT, 4ye Hali-4ecTo MPEIITHUCBAHNTE KIIACOBE aHTUXUIICPTCH3UBHH JiekapcTBa ca APB,
KaJIMEeBA aHTarOHHCTH W Oera-Omokepu. 32% OT MAaNMEHTHTE IONy4YaBaT CIUH JIEKAPCTBECH
MPOAYKT 3a HOpPMaJM3WpaHe Ha apTepHAIHOTO HalsraHe, a ocTaHaimuTe 68% ca ¢ Ha3HadYeHa
KOMGI/IHI/IpaHa TCpamus. ABTOpI/ITe cyyuTar, 4Y€ 3a [OoAAbpXAaHC Ha OITHUMAJIHU HHBA Ha
apTepUaIHOTO HaJsiraHe, € HeOOXOAMMO CTPOrO MPHABPKAHE KbM YTBBPIACHUTE TEPANEeBTUYHU
PBKOBOJICTBA, a 3a HHAMKATOp Jald T€ C€ IMpuiarar peryJsipHOTO MpPOBEXJIaHE Ha
(hapMaKoenuIeMHOIOTHYHN TIPOYYBAHKS Ha JiekapcTBeHarta yrnoTpeba (Mankadavath, 2015).

IIpez 2015 romuHa e mnyONMKYBaH Hay4eH TPy, aHAIW3UpAIl WHUIUUpAIaTa
aHTHXUICPTCH3MBHA Tepanus B beiarapus. HeroBa men e jma ce omeHM KakBa € BOJemIaTa
TEpareBTUYHATA CTPATEr sl 32 3all0YBAHE HA JICUCHHE HA HEJICKYBAaHH JO MOMCHTa XHUICPTOHUIIH
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(Raev, 2015). ABTOpBT AOCTHTa O 3aKIIOYCHHETO, Y€ ITbpBOHadajgHata Tepanmus Ha AX B
Briirapusi, 3a104Ba roiMHM CJie]] AMarHOCTUIUPAHETO, KOTAaTO Beue UMa Pa3BUTH ThKaHHO-OPraHHH
yBpexxaanus. [[pakTukara mokaspa, ue Ha HAIMOHAIHO PABHUILE, HAH-YECTO JICYEHHETO 3aI04Ba C
nBoitHA KoMOuHaIwms ot 6eta-omokep ¢ APb wimn ACE-uuxuburop u 6eta-6okep (Raev, 2015).

5. 3AKJ/IIOYEHHUE

Bbrnpeku Hanmnumero Ha rosiM 00eM OT HaydHa JMTeparypa Ha TeMa eCEeHIMalHa
apTepuajHa XWIEPTOHMS, M3BBPIICHUAT OT HAC aHAIW3 II0Ka3Ba, 4e JIMIICBAT IyOJMKAlMOHHH
JITaHHU OTHOCHO (papMaKoenuIeMUOJIOTHATA Ha apTepHalHaTa XUIIEPTOHHS, KAaKTO Ha HAI[MOHAIHO
paBHHUILE, TaKka U B ME&XIyHapoeH actekT. OT BCHYKHM OTKPUTH CTaTHH 3a u30paHus 30-roauieH
epuoj, eaBa 3 OTroBapsAT Ha 3aJI0OKEHUTE Kputepuu. VI B 3 CTaTUM aBTOPCKUTE KOJEKTHUBU
BB3MPHEMAT KOHIICIIIUATA 332 W3MEPBAHE Ha JICKApCTBEHATa M3IIOI3BAEMOCT KaTO KIIOYOBA 32
MoZ00psiBaHE KadeCTBOTO Ha JXMBOT HA MAIMEHTHUTE, Th KaTo TOBa JaBa BB3MOXKHOCT Ha
NPEANUCBAIINTE [a ONPEeAeNAT Jalnd Tepamusta € B CHOTBETICTBHE C BalIUAHUTE
(hapMaxkoTepaneBTHYHN PHKOBOJCTBA M JAJIM € €()eKTHBHA IO OTHOIICHWE HOPMAIM3UpaHE Ha
apTepHATHOTO HAraHe. ABTOPHUTE TPaBST CpaBHEHHE MEXAy e(EeKTHBHOCTTA OT Ha3HAuCHa
MOHOTEpanus U IpeAnucad KOMOMHUPAH JIEKapCTBEH MPOIYKT, JEMOHCTPUPANKH [T0-BHCOKO HUBO
Ha KOHTPOJI Ha apTEPHAIHOTO HaJsiraHe MPH W300p Ha JIEKapCTBEH NPOJYKT, ChbprKall I0OBEYE OT
€/IHO aKTHUBHO BellecTBo. M Makap Te3u 3aKI0ueHHs Ja clIeBaT JoOpuTe NPaKTUKY 3a JIeUeHHE Ha
aprepuanta xuneptonus Ha ESH u ESC, nannute 0T peanHaTa KIMHWYHA MpakTHKa B bearapus
MOKa3BaT JAEBHAIMM B MPEANHCBAHETO, KOMTO ca OOEKT Ha aHajIM3 B JPYro Halle MpoydyBaHe
(Nachev, 2022; Stoyanova, 2023).
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Abstract: Diabetes mellitus is one of the most frequently represented health problems
worldwide. About 8% percent of the world's population aged 20-79 years is affected, with about
90% of patients having diabetes mellitus type 2 and about 10% having diabetes mellitus type 1. In
type 1 due to autoaggression from the immune system, there is destruction of the pancreatic beta
cells with loss of insulin secretion. Although the demographic distribution, type 1 diabetes is usually
diagnosed in pediatric patients and young adults. Aim: To analyze the new therapeutic strategies, to
comparatively evaluate the pharmacokinetic and pharmacodynamic characteristics of biological
medicinal products for the treatment of type 1 diabetes mellitus. Materials and Methods: We
conducted a systematic review of scientific publications, content analysis and documentary analysis.
Results and Discussion: In recent years, there have been sufficient studies that products containing
monoclonal antibodies might have pathogenetic relevance in the treatment of diabetes mellitus type
1. Is the autoaggression and beta cell destruction preventable and treatable? In November 2022, the
FDA launched the world's first monoclonal antibody for the treatment of diabetes mellitus type 1,
Teplizumab, a humanized anti-CD3 monoclonal antibody that binds to certain cells of the immune
system, slows progression, inactivates immune cells that attack insulin-producing cells, while
mitigating the immune response. Are we on the verge of a new therapeutic revolution...?

Keywords: diabetes mellitus, biological medicinal products, monoclonal antibodies, insulin

1. INTRODUCTION

Diabetes mellitus (DM) is recognized as one of the most significant problems worldwide -
nearly half a billion people (about 8% of the world's population) are affected. According to the
International Diabetes Federation (IDF), in 2017 the disease affected around half a billion people
worldwide, or 8.8% of the population aged between 20 and 79 years, with around 90% of patients
suffering from type 2 DM and around 10% having type 1 DM.

DM is a metabolic disease characterized by hyperglycemia that results from impaired insulin
secretion, insulin action, or both together. The rise in blood glucose levels is due to absolute or
relative insulin deficiency. Chronic hyperglycemia leads to subsequent complications of various
organs, mainly affecting the retina, peripheral nerves, kidneys, small and large blood vessels, and
four classic complications of diabetes mellitus are formed - microangiopathy, diabetic nephropathy,
diabetic polyneuropathy, and macroangiopathy. The etiological classification of diabetes mellitus is
widely accepted — Table 1.

Type 1 DM is characterized by an absolute deficiency of insulin secretion or its reduced
efficiency (or both). It is due to destruction of the beta cells of the pancreas. Statistically, the most
significant cause after which the disease manifests itself is illness from a viral infection.
Demographics suggest that it occurs in patients in the pediatric population, but occasionally in
adults. Treatment of type 1 DM requires insulin without fail.
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Table 1. Classification of diabetes mellitus

Diabetes mellitus type 1 Presence of B — cell destruction of the islands of
Langerhans of the pancreas, leading to absolute insulin
deficiency:

- Autoimmune;
- Idiopathic.
Diabetes mellitus type 2 Result of progressive insulin secretory defect on the

background of insulin resistance.

Other specific types — due to other | Other endocrine diseases, pancreatic diseases, influence
causes of medicinal products and chemical compounds,
infections, diabetes during pregnancy, genetic defects.

Type 2 DM is characterized in that insulin, despite its high levels, does not work effectively.
This is due to tissue resistance, at the postreceptor cell level, to the action of insulin. Resistance
leads to compensatory hyperglycemia. About 80% of patients are obese, which is a leading cause of
insulin resistance. Treatment with a series of drugs, such as corticosteroids, nonselective beta-
blockers, and thiazide diuretics, may be involved in the manifestation of the disease.

The clinical picture of DM manifests with the three P's syndrome: polyuria, polydipsia and
polyphagia. Patients with type 1 DM exhibit easy fatigability, gastrointestinal disturbances and
general weakness. In type 2 DM, dry skin, pruritus, difficult-to-heal genitourinary infections,
numbness of lower extremities, tingling, and oral candidiasis are seen.

The diagnosis of DM is made by 4 methods:

1. Two consecutive fasting blood glucose measurements above 7 mmol/L.

2. Two consecutive fasting blood glucose measurements above 11 mmol/L; 2.

3. Oral glucose tolerance test - the patient drinks 75 g of glucose dissolved in 250 ml of
water, then a measurement is taken on the 2nd hour of intake. A result of 11 mmol/L is
cause for diagnosis of DM.

4. Glycated hemoglobin (HbA1c) values - values above 6.5% are cause for diagnosis of
DM.

Regular monitoring of blood glucose concentration is crucial for good glycemic control of
the disease. Existing methodologies are: 1) Home self-monitoring of blood glucose (test strips using
glucometers) to assess fasting glycaemia and postprandial urine testing for glucose and ketone
bodies; 2) Testing of glycated hemoglobin (HbA1c).

2. METHODS AND MATERIALS

We conducted a retrospective review of scientific publications, publicly available databases,
regulatory documents, and validated guidelines. The aim of the study is to show the latest trends and
guidelines for the treatment of type 1 DM with drugs containing monoclonal antibodies.

3. DISCUSSION

Recent treatment strategies for type 1 DM include the use of the medicinal product
Teplizumab, which is being marketed for the first time in the United States in 2022. Teplizumab
targets a CD3 monoclonal antibody with a molecular weight of approximately 150 kilodaltons (kDa)
that is expressed by a recombinant Chinese hamster ovary cell line. Teplizumab bindsto CD3 (a T
lymphocyte cell surface antigen) and delays the onset of stage 3 type 1 diabetes in adult and pediatric
patients aged 8 years and older with stage 2 type 1 diabetes. The mechanism may involve partial
agonist signaling and inactivation of autoreactive T lymphocytes on pancreatic beta cells.
Teplizumab leads to an increase in the proportion of regulatory T cells and exhausted CD8+ T cells
in peripheral blood.

The route of administration of Teplizumab is intravenously as an infusion for at least 30 min.
Therapy should be continued for at least 14 consecutive days, with the dose calculated on a body
surface area basis as follows:
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Day 1: 65 mcg/m?

Day 2: 125 mcg/m?

Day 3: 250 mcg/m?

Day 4: 500 mcg/m?

Day 5 to 14: 1030 mcg/m?

Clinical studies have shown that Teplizumab binds to CD3 molecules on the surface of CD4+
and CD8+ T cells, with the Teplizumab/CD3 complex being internalized from the T cell surface.
Pharmacodynamic effects include lymphopenia in the absence of T-cell depletion on day 5 of
dosing, during a 14-day course of treatment. The exposure-response relationship of Teplizumab and
the time course of the pharmacodynamic response for safety and efficacy have not been fully
characterized.

One of the most severely manifested adverse drug reactions in Teplizumab-treated patients
is cytokine release syndrome (CRS). In clinical trials, CRS was reported in 5% of Teplizumab-
treated patients, compared to 0.8% of control-treated patients, during the treatment period and up to
28 days after the last administration of study drug. Manifestations of CRS in Teplizumab-treated
patients included fever, nausea, fatigue, headache, myalgia, arthralgia, elevated alanine
aminotransferase (ALT), elevated aspartate aminotransferase (AST), and elevated total bilirubin.
These manifestations usually appear during the first 5 days of treatment.

Bacterial and viral infections have been reported in patients treated with Teplizumab. In
clinical trials, patients treated with Teplizumab had a higher rate of serious infections (3.5%)
compared to patients treated with the control group (2%), including gastroenteritis, cellulitis,
pneumonia, abscess, sepsis. Teplizumab use is not recommended in patients with an active serious
infection or chronic infection other than localized skin infections.

In clinical trials, 78% of patients treated with Teplizumab developed lymphopenia compared
to 11% of patients in the control group. In most patients who developed lymphopenia, lymphocyte
levels recovered after the fifth day of treatment and returned to pre-treatment values within two
weeks of completing treatment and without dose interruption. Severe lymphopenia (<500 cells per
mcL) lasting 1 week or longer occurred in 0.9% of patients treated with Teplizumab, and 0.5% of
patients discontinued treatment permanently due to lymphopenia.

The requirements for the use of Teplizumab in certain special patient groups (pregnant,
breastfeeding, elderly) have not been formulated due to a lack of a sufficient data set. Use in children
has been established as safe, for patients 8 years of age and older. Adverse drug reactions occurring
in this population are in concordant pathology and frequency with those in adult patients.

4. CONCLUSIONS

Being diagnosed with type 1 diabetes means a drastic change in patients' lifestyles. The need
for compulsory daily insulin administration several times can adversely affect the psyche of some
patients. Delaying the first manifestations of type 1 DM symptoms is a major step in medicine.
Despite the large array of adverse drug reactions, Teplizumab has shown promising results in the
treatment of type 1 DM. Are we one step away from being able to 'cure' type 1 DM and one step
away from a new therapeutic revolution...?
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Abstract: In European Union (EU) legislation, there is no established harmonization
regarding the requirements of food supplement composition, pre-marketing obligations, and post-
marketing surveillance. In addition, no obligatory pre-marketing safety studies are conducted since
the safety of the product is the responsibility of the manufacturer. Although the European Directive
2002/46/EC defines food supplements, the regulation of these products varies considerably from
country to country. For example, some countries do not impose pre-marketing obligations under
European directives, while others have established notification or authorization systems. Although
food supplements are marketed under Regulation (EC) No. 432/2012, there are no mandatory pre-
marketing efficacy studies for these products. Our study aims to describe and compare the existing
national vigilance systems for reporting on the safety of food supplements in the EU. Additionally,
we attempt to highlight the need for a European harmonized nutrivigilance system. Of the 27
member states of the EU, 10 of them have implemented their own national food supplement adverse
effects reporting systems (Belgium, Croatia, Czech Republic, Denmark, France, Hungary, Italy,
Portugal, Slovenia, and Sweden). One of the first European countries to establish a national
nutrivigilance system was France. Between its launch in 2009 and the end of 2022, the French
agency received 7,946 reports. Having a national nutrivigilance system could help increase
consumer safety by quickly identifying possible adverse effects associated with the consumption of
food supplements. Gathering and analyzing the data on adverse events reported by health
professionals (physicians, pharmacists, dietitians, etc.), consumers, manufacturers, or distributors
will increase awareness and ensure the distribution of safe food supplements.

Keywords: food supplements, nutrivigilance, adverse effects, EU

BBBEJEHUE

Hsma obmoBanumaaa JeUHUIMS 32 TOHATHETO ,,HYy TPUBIDKUIIAHC , HO Haif-001110 MOKeM Ja
T'O OTIPE/ICIIM KaTO TEPMHH, KOIMTO Ce M3II0JI3Ba 32 ONMMCBAaHE MOHUTOPHHTA Ha HEXKeITaHUTE e(heKTH,
CBBp3aHU C ymoTpebara Ha xpanutenHu n00aBku (X/[), QyHKIMOHAIHM XpaHH W APYTH
nyrpunestuny (Luthra & Toklu, 2023). ToBa BKIIIOUBa CHCTEMATHYHO CHOMpPAHE, aHAIN3 U OLIEHKA
Ha uHpoOpMamMATa 3a HEXKeIaHUTe e(QEeKTH, CBBpP3aHH C ymoTpedaTa Ha TEe3W MPOIYKTH.
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HyTtpmwxuBunanc urpae KI04oBa pOJsl 3a OCHIypsBaHE Ha 0€30MacHOCT M e(hUKAaCHOCT U €
YKM3HEHOBA)KEH KOMIIOHEHT Ha BCSKA [AIOCTHA cTpaTerus 3a obiectseHo 3apase (Luthra & Toklu,
2023; Malve & Bhalerao, 2023) .

Ipe3 mocneaHUTE TOMMHU ce HabNomaBa phCT B maszapa Ha X]I (Cwielag-Drabek et al.,
2020). ExHa oT MpUYHHMTE 3a TOBA € MOTPEIIHATA TIpeIcTaBa, 4e X/ He KpUAT HUKaKBH PUCKOBE 3a
30paBeTO Ha XopaTa. MHOTro 4ecTo MOTPEeOMTENINTE CE JOBEpsBAT M3LSUIO HAa HWHPOpMaNuATa
Npe/ICTaBeHa B PEKJIAMHUTE KaMIIaHUU U HE THPCAT KOHCYJTAIM C MEJULIMHCKU CHENUAINCT. 3a
TOBA JIONIPUHACS M MIMPOKaTa JOCTHITHOCT Ha X/ ¥ Bb3MOXKHOCTTA 3a 3aKyIyBaHETO UM OT OHJIAIH
marazuau (Malve & Fernandes, 2023). Bce mo-uecto XJI ce u3mon3BaT C €7 MPEBEHIHS H
npodUIaKTHKa Ha pa3ianvHu XpoHnuHH 3abonsBanus (Balkanska-Mitkova et al., 2022). B usixon
OTIpeNieNieHu ciIy4an ynorpebara Ha X/ Moke [1a e mpernoppunTeiHa U Heooxoanma. Brrpeku Tosa
IIPEeKOMEpHaTa U HEKOHTPOJIHMpaHa yIoTpeda, MPEBHIIABAHETO HA MPENOPbYAHHA IPHEM, KaKTO H
MOTCHI[MATHNATE B3aMMOJEHCTBHSA C JEKApPCTBEHU IPOIYKTH, MOTAT J1a HPEACTABIABAT CEPHO3HH
3aIUIaxa 3a 37[paBeTo U JOpH 1a aoseaat o tokcudanu edpekru (Korfali et al., 2013).

B Espomeiickus cpio3 (EC) xpanutemHuTe nO0OaBKM C€ pEryiIHpaT KaTo XpaHH.
XapMOHU3MPAHOTO 3aKoHOMaTencTBO Ha EC periaMeHTHpa BUTAMHHUTE U MUHEPAINTE, KAKTO H
BEIIECTBATa, M3IMOJ3BAaHM KaTO TEXHU HW3TOYHUIM, KOWUTO MOTaT Ja C€ H3MOJI3BAT IIpH
mpou3BoJACTBOTO Ha XJI. 3a chcTaBKM, pa3NMUHA OT BUTaMUHU W MUHepanu, EBpormeiickara
KOMHCHS € YCTaHOBWJIA XapMOHM3UPaHH TpaBWiIa 3a 3allUTa Ha MOTPEOUTEIHUTE CpelLy
MOTEHLMAJIHN PUCKOBE 32 3/[PaBETO M MOJIbPKa CIIUCHK C BEIECTBA, 38 KOMUTO € U3BECTHO MIIU CE
npearnosiara, 4e MMaT HeOJaronpusaTHH eeKkTH BbpXY 3/IpaBETO U YUATO yNoTpeda Ciie0BaTeHO
ce koHTponupa. Tpit kato X/| ce cunuTat 3a XpaHu, OTTOBOPHOCTTA HA MPOU3BOJAUTENIS, BHOCUTEIIS,
WK TUCTpUOyTOpa € Ja rapaHTupa, 4e mycHaTtara Ha ma3zapa X/l e 6ezomacua (EFSA, 2018).

EBpormneiickoTo 3aKOHOJATENCTBO HE 3aJb/DKaBa IPOBEXKIAHETO HA IPOYYBAHUS 32
0€e30TacHOCT IpeH IyCKaHEeTOo Ha Ia3zapa Ha gafeHa XJ[, HO OTTOBOPHOCT Ha NMPOM3BOAUTENS € Aa
ce yBepH, ue X/| e 6e3omacua. [Ipu ompenenenn ycmoBus obade X/, yecTo BB3MpUEMaHH KaTo
Oe3omacHM, MOTaT Jla M3JI0XKAT IOTpeOMTeNnTEe Ha pPUCKOBE. bposar Ha HexenmaHute edekTH,
cBbp3anu ¢ ynorpebara Ha X /1, He e usBecten (V0 Van Regnault, 2022). TIpeamonara ce, 4e camo
1% or 1s1x ca crobmmasanu (Binns et al.. 2018; Vo Van Regnault, 2022).

[IponecsT Ha mpocneasBane Ha 6e3omacHocTTa Ha X]I ce cOmbCKBa ¢ peauiia mpodieMu B
EBpomna, Kb1eTO CBOOOIHOTO ABHKECHHE HA CTOKH IIPE3 IPAHUIIATE MOKE J1a M03B0oJH Ha X ]I, KOUTO
ca 0100peHH B elHa CTpaHa, Jia HaBJIsA3aT HA 11a3apa B Jpyra CTpaHa, KbJETO He ca OMIIM OLIEHEHH.
C npyru AymMu, KOTaTo HSIKOU OTAEIHU CTPAHU WICHKH MOTaT Jla UMaT MEXaHW3MHU 3a olleHKa Ha X ]|
U yBEIOMsIBaHE Ha NMOTpeOHTEeNUTE NpeAr MyckaHe Ha masapa, EC He mpemocrass crenuduinHo
3aKOHOJIATEJICTBO B 00JIacTTa Ha mpociesBane 6e3onacHoctta Ha X/1. CpOupaHeTo Ha 1aHHU OT
EC n xapMOHM3MpaHETO Ha MPAKTUKUTE 3a HYTPUBIDKHIIAHC c2 HEOOXOIMMH OT TJIeAHA TOYKa Ha
omasBaHe Ha obuiecTBeHoTo 3apase (Luthra & Toklu, 2023).

IlenTa Ha HACTOSIMIOTO MPOYYBAHE € Ja CE aHAJM3MPAT U CPaBHABAT HAIMYHNTE HALMOHAIHA
CHCTEMH 32 JIOKJIaJ[BaHE Ha HEeXKellaH! e(DeKTH OT yrorpedara Ha XpaHUTEITHH JOOABKU B CTPAHUTE
ot EC.

MATEPUAJIL U METOAHA

3a nenuTe Ha MPOYYBAHETO € MPOBENICH IOKYMEHTaJIeH U KOHTEHT aHaJu3 Ha HHPOopMaIusITa
BKJIIOUEHA B OQUITHATHUTE yeO-CTpaHUIIM Ha HAIMOHATHUTE KOMIIETEHTHU OpraHu B objacTTa Ha
XpaHuTe, B yacTHocT X/I, Ha mbpkaBure-wieHkn Ha EC kKakTo W Ha KOHKPETHOTO HAIIMOHATHO
3akoHOJaTencTBO. MHpopManuaTa kacaema peryianusata Ha Oe3omacHOCTTa Ha X/| U HATHMIHETo
Ha HAIMOHAJIHA CHCTEMa 3a JIOKJIAJBaHE Ha HexellaHu e()eKTH CBBp3aHH ¢ ymorpebata Ha X/ B
KOHKpETHATa CTpaHa-WICHKA, ¢ H3BJICYCHA U JOMBIHUTEIHO aHAITH3HPAHA.

PE3YJITATHU U TUCKYCHUS

Ot 27-te mppxaBu-uicHkr Ha EC, necet ot Tax (Uranust, @pannus, Hanus, [TopTyramus,
Uexust, CrioBeHus, XbpBarus, benrus, Yarapus u llIBenns) ca BbBeNIM COOCTBEHH HAIIMOHATHH
CHCTEMH 3a JOKJIaBaHE HA HEXeNaHu eQekTu oT ynorpebara Ha XJI (Pur. 1, Tabu. 1).
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3a JIOKJIa/[BaHE Ha HeXeJlaH! e(eKTH oT yrnorpedara Ha X1
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B HsKOM CTpaHM Ype3 Te3W CHCTEMH MOTaT Jia ce JOKJIaABAaT caMO HeXelaHW e(eKTH oT
ynotpebara Ha XJI (Hanp. YHTapus), a B Ipyru kato benrus u @panunus J0KIaJBaHETO BKIIIOYBA U
(YHKIMOHATHH XpaHU, TUSTHYHH XPaHH 32 CTICIIHAIHA METUIIMHCKH TSN U JIp.

[IspBata crpana-wienka Ha EC, k0o4TO BBBEX/Ia HAIIMOHAHA HYTPUBIDKIIAHC CHUCTEMA €
Wranus npe3 2002 r. Cropen nokian Ha Italian Phytovigilance System B nepuona ot 2002 r. o
o 2020 1. B Ga3ata maHHW ca moctemn 1480 cpoOmenus, cBbp3anun ¢ XJ. B 30% or
CHOOIIEHNATA ca JOKJIAJBaHH CEPHO3HH PEaKIUH, BKIFOYBAIIM JKABOTO3aCTpAIaBAIlNd CHOUTHS,
XOCTuTamm3anus u 1opu cMbptHE ciaydan (VO Van Regnault et al., 2022).

Enna ot Haii-no6pe dyHkumoHupamure HyTpuBrxkuianc cucteMu B EC e tazu Ha dpaHims.
Ts e BpBegena mpe3 2009 r. u ce koopauHupa oT dDpeHckaTa areHnus 3a XpaHW, OKOJIHA cpena,
3apaBociioBHU U Oe3omacHu ycinoBus Ha Tpyd (ANSES). Ot crapta cu pe3 2009 r o kpast va 2022
r. B ANSES ca noctemmmm 7 946 noxmama. MequmuHCKH CHEIUATNCTH (JIeKapH, (apMareBTH,
JTUETOJIO3H U Jp.), IOTPEOUTENH, TPOU3BOANUTENN U AUCTPHOYTOPH ce IPU30BABAT Aa JOKJIAIBaT 3a
BCSIKaKBH HeXellaHu e(peKTH, CBbp3aHu ¢ yrnorpebara Ha X][. Hexxenanure peakuuu Morar a Obaat
CHOOIIEHN Ype3 OHJIalH MopTaja 3a JOKJIa/JBaHe Ha HeXKellaHW ChOWTHS Ha MHUHHCTEPCTBOTO Ha
Tpyja, 3apaBeorna3BaHeTo u coimmapuocrra (https://sante.gouv.fr/soins-etmaladies/signalement-
sante-gouv-fr/) wiamM aupeKTHO ype3 mombjiBaHe Ha OHJAWH GopMyisap Ha yeOd caiita Ha ANSES
(https://www.nutrivigilance-anses.fr) (ANSES, 2022).

Iopryranckara HyTPUBIKMIIAHC cHcTeMa € BbBeAeHa npe3 2014 r. oT cbOTBeTHHSA
HaIIMOHAJICH KOMIIETEHTEeH OpraH - ['eHepanHa IUPEKNIns 0 XPaHWTEe W BETEPUHAPHUTE BBIPOCH
(DGAV) xpM MunncrepctBoTo Ha 3emenenueto. Ot 2014 1. o cpexara vHa 2020 1. B DGAV ca
nocThlin 136 moknaza, OT KOWTO 7 ciaydas ca CBbP3aHH ChC CEpUO3HU HEOIAronpUATHH e(EeKTH.
Cpo0menusTa ca nogaaeHu ot npousBoautenu Ha X/ (59%), dapmanertn (28%) morpedurenn
(7%) n nexapu (5%) (Vo Van Regnault et al., 2022).

Ot Hait-ckopo (2023 1.) GyHKIIMOHUPAT Hy TPUBIKWIIAHC CHCTEMUTE Ha YHTapus U benrus.
VHrapckara cucreMa ce MNOJAbp)XKa OT YHrapckara acouyanys Ha HPOM3BOAUTEIHMTE U
JIUCTpUOYTOPUTE HA XPAHUTEIHH JOOABKH.
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Taéauua 1. Uadopmanms 0OTHOCHO HAIMOHATHATE KOMIETEHTHUTE OPTaHA W HY TPUBIDKIIAHC
CHCTEMHUTE B CHOTBETHUTE IbpKaBU WieHKH Ha EC

I[meana— KomMmnereHnTeH OpraH B 00J1acTTa HA Cucrema 3a JAOKJIAABaHE HA
YJICHKa Ha peryJjanus Ha XpaHUTe U X,Z[ HEXKEJIaHU peaKIum OT X,Z[
EC

Bearus SPF Santé publique, Sécurité de la Chaine https://www.health.belgium.b
alimentaire et Environnement Service Denrées e/en/general-information-0
alimentaires, Aliments pour Animaux et Autres
Produits de Consommation
https://www.health.belgium.be/fr

XbpBaTus Ministry of Health https://zdravlje.gov.hr/ https://www.hzjz.hr/nutrivigil

ancija/

Yexus Ministry of Health, Department of Public Health  https://nutrivigilance.szu.cz/hl
Protection aseni.html
https://www.mzcr.cz/

JManus Danish Veterinary and Food Administration https://virk.dk/myndigheder/st
Chemistry and Food Quality Division at/FVVST/selvbetjening/Indber
https://en.foedevarestyrelsen.dk/ etning_af _bivirkninger relate

ret til indtag_af kosttilskud/
®panuus Direction Générale de la Concurrence, https://www.nutrivigilance-
Consommation et Répression des Fraudes anses.fr wim
https://www.economie.gouv.fr https://sante.gouv.fr/soins-
etmaladies/signalement-sante-
gouv-fr/

Yurapus Orszagos Elelmezés- és Taplalkozastudomanyi  https:/nutrivigilancia.hu/
Intézet
(National Institute for Food and Nutrition
Science) https://ogyei.gov.hu/

Hranus Ministero della Salute https://www.vigierbe.it/
DSVET
DGSAN
https://www.salute.gov.it/portale/home.html

Mopryramuss DGAV — Dire¢do Geral de Alimentagdo e https://www.dgav.pt/fag/cont
Veterinaria https://www.dgav.pt/ eudo/alimentacao/alimentaca

0-humana/seguranca-
alimentos/suplementos-
alimentares/

CrnoBenus Ministry of Health of Republic of Slovenia https://nijz.si/moje-

Sector for Food Safety okolje/varnost-
https://www.gov.si/ zivil/nutrivigilanca/

HIBenus Livsmedelsverket (Swedish Food Agency) https://www.livsmedelsverket

https://www.livsmedelsverket.se/en

.se/livsmedel-och-
innehall/kosttillskott/rapporte
ring-av-biverkningar-av-
kosttillskott

KbM Hacrosiiuss MOMEHT B bwirapus HiIMa BBBEJCHA HAI[MOHAHA HYTPW)KHBHIIAHC
cucreMa. PerynatopHusT KoHTpon Bepxy XJI ce ochkhiecTBsiBa OT bbiarapcka areHumus mo
6e3omacHocT Ha xpanute (BABX). C npomsHaTa B 3akona 3a xpanurte npe3 2020 r. X1 B bearapus
ce IMycKaT Ha Ta3zapa camo cires peructparmst B BABX, ¢ koeto KOoHTponbT BEpXyY X/ Oermne 3acuieH.
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3AK/IIOYEHUE

Cp31aBaHETO Ha XapMOHHU3HPaHa ¥ KOOPIUHNPAHA €BPOIEHCKa Hy TPUBHKIIIAHC cUCTeMa 01
MO3BOJIMJIO HA JIMIATa, B3EMAIlM PEIICHUS, [a MpWIaraT MEpKH 3a YNpaBICHHE HA PUCKA MPHU
ynorpebara Ha XJI, Koratro € HeoO0XOAWMO (HAamp. PEryJIaTOpHH IPOMEHHW, OTPaHHUYCHHS 3a
M3MONI3BAaHE, M3TETJISHE OT Masapa M T.H.) M Ja BbBEJAT W/WIM MPOMEHST CHIICCTBYBAIUTE
peryJaTopHU W3UCKBAaHUs Ha €BPOICHCKO MM HaMOHAJIHO HUBO. CHOMpaHETO W aHATU3HPAHETO
Ha JaHHU 3a HeXeJaHH CBHOUTUS M e]eKTH, MOKIaABaHH OT MEIULMHCKU CIICIHAINCTH,
MOTPEOUTEH, IPOU3BOIUTENN WIN AUCTPUOYTOPH, i€ TIOBHIIHM OCBEJOMEHOCTTA U IIle TapaHTUupa
pasmpocTpaHeHHeTo Ha Oe3omacHu XJ[. BbBexgaHeTo Ha XapMOHM3MpaHa eBpolleiicka
HYTPHUBIDKHJIAHC CHCTEMa 3a OTKpUBAaHE M M3CIIeABaHEe Ha HeOmaronpusiTHUTe edektu ot X/ Ou
YJIIECHWIO W CHTPYIHHYECTBOTO MEXKAY IbpkaBHTe-wIeHKH Ha EC, K0eTo OT CBOS CcTpaHa Ie
YBEIMYN HAay4YHUTE II0O3HaHUS B oONacTTa M IIE€ MMa CBINECTBCH MNPUHOC 3a Ola3BaHE Ha
00IIeCTBEHOTO 37paBe.
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HNPUPOJHU ®PUTOCTEPOUIU — OT PAPMAKOJIOTUYHATA
ITOJI3A 10 3JIOYIIOTPEBATA B CIIOPTA - MUHHU OB30P
Kpacumup Credanos’, Bepkaii Xacan?,
Mapuana Kaunaposa?, Crena Jlaumurposa
1 Crynent, ®apmaneBTn4en QaKyJTer,
Meapununcku ynusepeuret — Ilnosaus
2 Kareapa no 6mooprann4na xumusi, ®apmanesruden GpaxyJarer,
Meapununcku ynusepcuret — [lnosaus

2

Abstract: Phytosteroids are plant steroids that occur naturally in various types of plants and
have a similar structure to cholesterol. Some of the well-known phytosteroids are digoxin, digitoxin,
and compounds that are currently under investigation: 20-hydroxyecdysterone, turkisterone,
polypodinB, ayugasteroneC. They are found in many plants such as spinach, black sedge, leuzea,
serratula, sweet fern and etc. Serratula coronata and Rhaponticum carthamoides (Leuzea) are
widespread in China, Siberia and central Asia and well known to the local population for centuries.
They are used for their anti-inflammatory effect, in wounds, bronchitis, tuberculosis, etc. Nowadays,
many studies focus on the extracts of these plants containing 20-hydroxyecdysterone, turkisterone,
polypodinB. The pharmacological effects studied are in the field of dermatology, oncology,
cardiology, as well as their action as adaptogens. It is known and proven that they also have an
anabolic effect, due to the presence of phytosteroids. Anabolic action is also being studied in
animals, with the aim of introducing phytosteroid mixtures and using them in feed, for faster weight
gain and to reduce the use of antibiotics. In the past, Leuzea was widely used by Soviet athletes,
precisely because of its adaptogenic and anabolic effects. From 2020, 20-hydroxyecdysterone enters
the monitoring program of the World Anti-Doping Agency. Leuzea is available as tablets, capsules,
liquid dosage forms, and extracts derived from it as 20-hydroxyecdysterone and turkisterone, in the
form of dietary supplements promoted as natural steroids.

Seratula is successfully cultivated in Bulgaria, which is a prerequisite for future research and
application possibilities as food and feed additives.

Keywords: Rhaponticum carthamoides, Serratula coronata, 20-hydroxyecdysterone,
doping

BBBEJEHUE

B HacrosimeTo MHOTO MpOydYBaHWS W M3CIEIBAHUSI Ca HACOUEHH KbM HM3Yy4aBaHETO Ha
JedeOHNTE pacTeHHs, C IIeJ aHAIM3 Ha ChCTaBa MM, pa3paboOTKa Ha JIEKApPCTBEHH IMPOIYKTH,
OTKpMBAHETO HAa HOBU OHMOJOTMYHO AaKTHBHM BemlecTBa M JeiicTBusa. Hapogmara menumuHa e
IIMPOKO 3aCThIICHA B PEAWIIA HHAYCTPHAIHO Pa3BUTH cTpaHu KaTto Kutaif, SAmonus, FOxua Kopes
U Ap., KaTo TS € OQHUIMATHO NpU3HATa, MHTETPHUpaHa B 3[paBHATa CHCTEMa M Ce INPaKTHKyBa
IapajiesHo CbC ChBPEMEHHATA MEIUIIHA.

durocteponIUTe ca KJIac paCTUTENHU CTEPOUIH (ChbPACUHU TTIMKO3UAH, €KIU30HH, CTEPOIIU
U 1p.), KaTo Te UMaT Mo100Ha CTPYKTYpa Ha X0JIeCTepOJIa M ca pa3pOCTPAHEHHU B Pa3JIMuHK BHOBE
pacTeHus: CllaHak, cepaTya, JeB3esl, UepeH KyKypsiK, TOpULBET U ap. PacTurennute crepony uMaT
pa3sHoOOpa3HM JEeHCTBHS — aHaOOJIHO, aJanTOreHHO, TOHM3MPAILO, IPOTHBOBB3MAIUTEIHO,
pano3zasapassiBaiio u apyru (Kpbctesa, 2023). Serratula coronata u Rhaponticum carthamoides
(;meB3es) ca ¢ apean Pycus, Kuraii u Llentpanna A3us, KbJIETO ca TIO3HATH HA MECTHOTO HACEIICHHE
W ce WU3MON3BaT OT BekoBe. JlHeC MHOTrO w3cienBaHusi ca (¢okycupanun Bbpxy 20-
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xunpokcuenkcucrepona (20-XE), TypkectepoH, nmoymmnoanH B, atoractepon C (¢urypa 1).
YenewHo B beiarapus e kynrtuBupana S. COronata, koeto [aBa MpearocTaBKy 3a Obaenu
W3CIIeIBaHKs U HAMHUPAHE HA HAYMHHU 32 HEIHOTO NPUIIOKCHHUE.

®urypa 1. Ctpykrypu Ha 20-XUIPOKCHEKAUCTEPOH — 1, TypKHUCTEpPOH — 2, monumoauH B — 3,
atoractepon C — 4

BUOJIOIT'NYHA AKTUBHOCT

B mocnemHuTe TOMMHH, TMOPaid 3acHIICHHS WHTEPEC KbM EKCTPAKTHTE, ChIBPIKAIIH
(UTOEKIUCTEPOUIN 1 TIO-CIIENMAITHO OT S.coronata u R.carthamoides, ce otkpuBar HOBH eeKTH U
Ce JaBaT MPEINOCTaBKH 3a MPHIOKCHHETO UM B 00JIACTTa HA KapAMONIOTHATA, OHKOJOTHATA,
JICPMATOJIOTHSITA U [IP.

1. AnaGoJieH eekT

[pes 2015 romuna ce mpaBy MpOyYBaHe 32 aHAOOITHOTO ACUCTBHIE Ha EKIUCTEPOUANTE, KATO
¢doxychpT e Haii-Beue BBpXYy 20-xmapokcuekaucrepoHa. Edexrst Ha 20-XE ce cpaBHiIBa C
JleficTBHETO Ha aHAOOJIHU BEUIECTBA KATO METAaHAMEHOH, TUXUAPOTECTOCTEPOH U eCTPaIUCH IUOH.
20-XE oka3Ba mo-cuicH xuneprpodudcH edekT BbpXy MYCKYJIHHUTE BJIAKHA Ha COJICYC MYCKyJia
IIPU MHUIIKHU, B CPABHEHUE C METAaHANEHOH M €CTPAJAMEHANOH U NO-U3Pa3eHO yBeINdaBa AuaMeThpa
Ha MHOTPBOUTE B CpaBHEHHUE C AUXHUIPOTECTOCTEPOHA, MPUIOKEHHU B eHa U chla go3a. Ot 2020
roguHa 20-XE Bnu3a B mporpamara 3a MOHMUTOPUHI Ha 3a0paHeHuTe BemjecTBa oT CBeToBHaTa
antugonuHroBa areHuus (WADA) (Parr, 2015). 3a cnopTtucture, XpaHUTETHHAT PEXKUM H
XpaHUTETHNTE JOOABKHU ca OT M3KIIIOUNTETHO 3HAUEHHE, KaTo MPEeAn ca OMmIn MUPOKO M3IIOJI3BaHH
SKIUCTEPOUINTE, 3apald TEXHHUTE >JKelaHn edektn, Haii-yecto 20-XE w© TypkecTtepoH.
BxirouBanero Ha 20-XE B monuTopunra Ha WADA, noka3Ba 4e KOHTPOJIBT U peryjiauusra Hajg
XpaHUTEIHNTE N00aBKH, ChIBPKAIW IO, € YBEJMYEH M INOTPEOJCHHETO OT NpOo(eCHOHATHUTE
aTnetu e orpanndeHo. Pemennero Ha WADA, ot eqHa cTpaHa € ¥ IPOTHBOPEUUBO, ITOHEKE MHOTO
XpaHU KaTo CIIaHAK, KMHOa, KaKTO W APYTH, Ce PasriekaaT KaTo ,.Cylep XpaHu u ca c jodpa
XPaHHUTEIHA CTOMHOCT U Ce BKJIFOYBAT B MHOTO XpaHUTENHH pekumu u muetr (Todorova, 2024).

Crepounuusit ekt e u3cieaBan u npu nareta ot Buaa "Agidel 34", M3non3BaH € eKCTPAKT,
ChIBPIXKAI CMEC OT SKAMCTEPOU/IU, U3BJICUCH OT COKa Ha S.coronata L B no3a 1.0 mg/L nureiina
BO/Ia. YCTaHOBSBA Ce, Y€ CE yBEIMYaBa yCTONIMBOCTTA Ha IIATETaTa, THEBHOTO HA/IJaBaHE U )KUBOTO
UM TETJI0, KaKTO M TOBa Ha Tpyma. ChIIEBPEMEHHO pa3xoAnuTe 3a Gpypaxk HaMamsaBaT, meyaaonTe ce
MOKa4BaT M ca anTepHaTuBa Ha antuOHoTHIUTE (Khaziev, 2019).

Roumanille u exurn wu3cienBaT OCTPUTE M XPOHWYHUTE €(PEKTH OT yNpaKHEHHATa 3a
CBIPOTHBA, ChUeTaHH ¢ 100aBku oT R.carthamoides u Rhodiola rosea Bbpxy npoTeHMHOBHS CHHTES,
MycKynHHs eHoTHN U (pusnueckaTa paboTocnocodHocT. R.carthamoides u R.rosea ca usBectHu
aJIalTOTeHH, HO 10 MOMEHTA He € OMJI0 N3CIIeIBaHO KOMOMHNPAHOTO UM JIEHCTBHE NPH YIIPXKHEHUS
ChC CHIIPOTUBIICHUE. Y CTAHOBSIBA Ce, Y€ MPHIOKeHHeTo Ha R.carthamoides camocTosiTenHo uiu B
koMOuHanwst ¢ R.rosea, cimem ympakHEHHATa ChC CHIIPOTHBA, MOXKE CHHEPTHYHO Ja TMOI00pH
MIPOTEHHOBHS CUHTE3, MYCKYIHUS (peHoTnn u puzngeckoTo npeacrassHe (Roumanille, 2020).

2. AHKCHOTNTHYEH W AaHTHAENPeCHBEH eeKT

Ipe3 2019 romuna, KanamiaapoB W €KWl U3CIEABAT JICHCTBUETO HA JIBE OWMJIKOBH
koMOuHaimu — Antistress I u Antistress 11, cbappikanu B pa3inaHu ChOTHOIICHUS CyXU €KCTPAKTH
ot S.coronata, Hypericum perforatum, Valeriana officinalis, Crataegus monogyna u Melissa
officinalis. CyxuTe eKCTpakTH ca CTaHOAPTU3UPAHH U XHMHUSYHHUAT UM ChCTAaB € ONpPENESICH upes
HPLC (Katsarova, 2016) . CpaBHsiBa ce NEHCTBHETO Ha JIBETE KOMOMAHIIMW TIPH MHUIIKHA U CE
ycTaHoBsiBa, 4e Antistress I mokaszBa mo-CwijieH aHKCHOJIUTHYEH €(PEeKT W aHTHACTIPECHUBEH, B
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cpaBHeHue ¢ Antistress 1. HabnromaBa ce m momoOpsiBaHe Ha TaMeTTa 3a pa3lo3HaBaHe oT Antistress
II, kaTo TOBa ce ABJDKHU J0 TOJIsIMa CTEIEH Ha eKCTpakTa oT S.coronata. B mest ce chabpika 20-XE,
KoHTO momooOpsiBa koruutuBaUTe QyHKIMHU (Kandilarov, 2019).

AHKCHOJHTHYHUAT U aHTUACTIPECUABHUAT €(EKT ce TBIDKAT Ha MOTEHIIMPAHOTO IEHCTBHE
Ha OMJIKOBHTE KOMOHMHAILIMH, KATO HaMAaJIIBAaT HUBAaTa Ha BB3NAIUTEIHNTE NMUTOKMHU Kato TNF-a,
IL-6, a Antistress [ cbIll0 MOHWXAaBa HUBaTa HAa MNPOTHBOBB3NATUTEITHHS IUTOKMH [L-10
(Kandilarov, 2023).

3. lepmaTosaorus

[IpoyuBane ot 2022 roamHa n0Ka3Ba ¢(PEKTUBHOCTTa HA KPEMOBE, ChIBP)KAIINA EKCTPAKTH
ot S.coronata, cpenry je3uWHTe IO JAKTUTE M KOJICHAaTa Ha MAalHMeHTH ¢ ncopuasuc. HelHoTO
JIEHCTBHE € CPABHEHO C JICKApCTBEHH (POPMU ChIIbPIKAILM U CAUTUIMIOBA KUceInHa. JleficTBrero Ha
BCEKM KpEeM ce M3MepBa IO pa3NuuHu kpuTepuu: pH, Xuapatanus Ha Koxarta, pasMep Ha
NICOPHATPUYHUTE JIe3uu U Ap. [lannenTuTe npunarat KpeMoBeTe ABa IbTU AHEBHO, 33 MEPUOJ OT 6
CeAMUIIM U B Kpasi Ha U3CJIeIBAHETO ce HaOIr01aBa HaMaJIsiBaHe Ha IJIOIITA Ha JIG3UUTE U JIIOLIEHETO
(Kroma, 2022).

Coumuar exun npe3 2023 npaBu MpoydBaHe 3a ChCTaBa Ha €KCTpakTa oT S.coronata upes
pa3nuuHu XpoMaTtorpadcku MeToau U OTKpuBa, dye 20-XE nmoMuHMpa B cMecTa OT eKAUCTEPOUIH.
KpemoBere ca XMMHUYECKH CTAOMITHU M MUKPOOHOJIOTMYHO O€30MacHu 3a XopaTa. TexXHHAT eekT ce
I'BIDKU Ha 1oOpaTa TpaHcaepManHa neHerpanust Ha 20-XE 1 Moe 1a ce M3IOJI3BAT 32 PasInyHA
BB3MAUTEIHN KOKHH 3a00ssaBanus (Kroma, 2023).

4. KapauoJgorust

B napoanata Menununa Ha Kuraii, R.carthamoides ce usnon3sa 3a jgeueHneTo Ha pasinyHA
CBP/ICUHO-CHAOBH 3abousiBaHMs U mpe3 2022 r. ce mpoydBa ToBa JEHCTBHE, C IIe1 pa3OupaHe Ha
MeXaHu3Ma in vitro u in vivo. IIpenu3BuKBa ce MHOKapIHa HCXEMHS [IPU MHIIKH, Ype3 MOAKOKHO
MHKEKTHPaHe Ha M30IPOTEPEHON U MM C€ JaBa B MPOJbIDKeHHE Ha 14 mHM pasmumyHu 1o3u R.
carthamoides, a wa 13™" wim 14™" orHOBO ce wumkektupar. Ilo3uTuBHUTE edekTH Ha
R.carthamoides ce morebpxnaBat or EKI, u3MepBane Ha KPBHbBHOTO HaJsiraHe M HM3CIICIBAHE Ha
MHOKAapJHUTE €H3MMH. Pesyirarure mnokassar, ue R.carthamoides perynupa eHepruitHus
MeTaboJIM3bM M OKCHIATUBHHUS cTpec upe3 curHaiHus nbT SIRT6 / Nrf2 n uma 3amurHa posist npu
yBpexaaHus Ha Muokapaa (Zihan, 2022).

5. [IpoTHBOTYyMOpHA AKTUBHOCT

[Ipoyuena e OwonornyHata akTUBHOCT Ha Tpu ekmu3ona: 20-XE, atoractepor C u
MOJMIIOANH B, KouTo ca m3onupanu ot S.coronata u ce HaOoAaBa AEHCTBUETO UM BBPXY PAKOBH
KJIETKH Ha T'bpJara W TEXHHs JKM3HEH LUKBI. HUTO €IHO OT chequHeHHsATa He BiMsie Ha
KHU3HECIIOCOOHOCTTa HA HETYMOPOT'€HHUTE KIETKH, TOKaTo 20-XUIPOKCHEKAN30H U atoractepos C
3HAYUTEIHO MHXUOMpAT >KM3HECTOCOOHOCTTa Ha pakoBHUTE KiIeTku. MHTepecHoTto e, ue 20-
XHUJPOKCUEKIN30H JEMOHCTPHUPA MPOANONTOTHYHA aKTUBHOCT W HMHAYLHMpa aBTodarus, HO ca
HEOOXOAUMH JOIBITHUTEIHN M3CIEIBAHMUS, 32 J1a C€ OIEHH IPOANONTOTHYHATAa aKTUBHOCT Ha 20-
XHUJPOKCUEKIN30HA B Pa3IMuHN PAKOBU KIETHYHU JIMHUU M J]a C€ U3SICHU BB3MOXKHOCTTA MY Jia
BJIMsIC BBPXY KaHIleporeHHuTe npouect in vivo (Romaniuk-Drapata, 2021).

[lpoBeneHo € M mHpoydYBaHE OILEHSIBAIIO T'€HOTOKCMYHOCTTA M LUTOTOKCHMYHOCTTa Ha
eKCTpakT OT KopeH Ha R.carthamoides Bbpxy pakoBH KIIETKM IpH Xoparta — JIEBKEMUYHH H
0enonpoOHN. YCTAaHOBEHO €, 4Ye 3HAYMTEIHO HWHXMOMpa KIEThYHATa >KU3HECIOCOOHOCT B
3aBUCHMOCT OT M3MOJI3BaHATa KOHLEHTPALMI W JICBKEMUYHUTE KJIETKH Ca IO-YyBCTBHTEIHH KbM
eKCTpakTa B cpaBHeHHE ¢ OenoapooHute. EdextsT ce apmxu Ha JAHK nesnn B MutoxoHapuure
(Skata, 2018).

6. AHTHAAUIIOT€HHA AKTUBHOCT

Todorova u exunm OTKpPHBAT, Ye EKCTPakT OT KopeHa Ha R.carthamoides mposiesiBa u
AHTUAJUIIOTeHHA aKTUBHOCT. [10y4eHHUsT eKCTPaKT ce aHAIU3Upa Ype3 HOB U BaJIUIUPAH METOM —
HPTLC, 3a na ce ompenensar ¢uroekauctepounute. [lorebpxkaasa ce Hammumero Ha 20-XE,
MTOHACTEPOH A W TypKecTepoH. YcTaHoBeHO €, e 20-XE 1 TypKkecTepOHbT 3HAYNUTEIIHO HAMAJIIBAT
HaTPYIMBaHETO Ha JIMIHUIN B YOBEIIKH aIUITOIIUTH, HO ca HEOOXOIMMH JTOMBJIHUTEITHN TIPOYYBaHUS
(Todorova, 2023).
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7. Komounanus ot R.carthamoides m Vaccinium oxycoccus

[IpoydeHo e mefcTBHETO, MPH MPONBIDKUTENICH NPHEM Ha KOMOWHAIMA OT €KCTPAKTH OT
JieB3es ¥ yepBeHa GoposrHKa (Vaccinium 0XycoCCUS) BbPXY 3ApaBU U C PEAU3BUKAH METAOOIUTEH
cuanpom mumkd. Cren 4-cenmMuyueH eKeIHEBEH NMpHEM Ha OMiIKoBaTa KOMOMHALWS ce M3BBpINIA
TECT 3a TIIFOKO3EH TOJIEPAHC, XUCTOJIOTHS Ha BBTPCIIHUTE OPTaHH M OMOXMMHYHO H3CIIC/IBAHE,
KaKTO M M3cJe/BaHe Ha Osi1aTa 1 KadsiBaTa MacTHa ThKaH, 3a Ja ce pa3depe Jlaii ce MpeJoTBpaTsBa
3aTIIBCTSIBAHETO NPHU MHUIIKUTE C METa0OJIMTEH CHHIPOM. B 31paBuTe MHIMBHIN ce yBelIH4aBa
YYBCTBUTEITHOCTTA HA THKAHUTEC KBM TIIOKO3a U CC YBEJIMYaBa KOHICHTpAIMATA HAa MPOTCUHH
(anaboneH edekt). B maToIOrMYHWTE WHIWBUAM BIUSC IOJIOKUTCITHO BHPXY OMOXUMHYHHTE
nokazatenu (ALT, AST, HDL), a npu MUIIKHTE € TeHETUYHO 00YCIOBEHO 3aTIIBCTABAHE JONPUHACS
3a HaMaJIsIBaHe Ha pa3Mepa Ha aJWUMOUTHTE, KOSTO BOJIH 0 IPEIOTBpATIBAHE HA 3aTIHCTIBAHETO
(Khalikova, 2023).

3AK/IIOYEHUE

B nmocnepHuTe TOAMHM BCE TIOBe4Ye C€ H3CAEABAT M INPOyYBaT MOI3UTE OT
¢duroexmucteponaute (20-XHAPOKCUCTEPOH, TYPKECTEPOH W Jp.) U C€ OTKPHBAT HOBH,
HENOAO3UpaHu e(eKTH Jocera, KOUTO ca MPUIOKHMH B 00JacTTa Ha JIepMaTOJIOTHATA,
KapauoJorusaTa, OHKOJIOrusATa U T.H.

B Bwarapus ycnemnHo e KynTuBupaHa S.COronata u Toa JlaBa OCHOBHTE 32 MPOBEXKIAHETO
Ha JOMBJIHUTEIIHA U3CJICABAHMS, C 111 HSWHOTO BKJIFOUBAHE B XPAHUTEITHU NO00ABKU U Qypaxu 3a
KUBOTHHUTC.
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REGULATORY ASPECTS OF PLANNING AND CONDUCTING
CLINICAL TRIALS OF MEDICINAL PRODUCTS FOR TREATMENT
OF DIABETES MELLITUS
Lora Petrova, Kalina Andreevska, Emil Hristov
Laboratory of “Social Pharmacy”, Faculty of Chemistry and Pharmacy,
Sofia University “St. Kliment Ohridski”

Abstract: Diabetes mellitus is a chronic metabolic disease with complex pathogenesis
characterized by hyperglycemia resulting from impaired insulin secretion, increased insulin
resistance, or a combination of both. Chronic hyperglycemia is associated with serious long-term
complications including damage and dysfunction of various organs - kidneys, eyes, heart, blood
vessels, nerves. Developing medicinal products with low risk of hypoglycemia is a major challenge.
Aim: To analyze the current regulatory framework at EU level for the development of new medicinal
products for treatment of diabetes mellitus.

Materials and methods: We conducted content and documentary analysis of the guidelines,
issued by the European Medicines Agency (EMA) and scientific organizations.

Results and discussion: Patients enrolled in clinical trials should be representative of the
target population in terms of demographic characteristics, ethnicity, comorbidities (including
cardiovascular disease), duration and severity of diabetes. The primary efficacy endpoint is the
change in glycated hemoglobin (HbA1c) level after 6 months of a randomized trial. Short- and long-
term effects of the investigational product on serum lipids, body weight, blood pressure and heart
rate should be documented. Parallel-group, randomized, double-blind, placebo-controlled clinical
trials are recommended. The effect of the investigational product on the development of macro - and
microvascular complications, a determination of its safety with respect to the development of
hypoglycemia and its cardiovascular safety profile should be carefully studied.

Conclusion: Having uniform requirements and knowing them ensures the marketing of safe
and efficient medicinal products for the treatment of diabetes mellitus.

Keywords: diabetes mellitus, clinical trial, glycated hemoglobin

BBBEJIEHHUE

3npaBHaTa, COMATHATA M HKOHOMHYECKA TEXKECT, MPUYMHEHA OT 3aXapeH nuader tun 2 u
CBBP3aHUTE C HETO YCIOKHEHHUS, IPEJCTABIISABA TOISIMO NPEAU3BUKATEICTBO 32 3APABHUTE CUCTEMHU
B cBeToBeH Mamad. [lpe3 mociequuTe ABe qeceTwieTus 0sxa BbBEICHU MHOTO BB3MOXHOCTH 32
JieueHUE Ha TuabeT THIl 2 ¥ 00IOTO KAaYeCTBO Ha XKUBOT HAa MAIMEHTHTE Ce TOA00pHU. Berpeku ToBa,
MOpajii XETCPOTCHHOCTTa HAa ETHOJOTHATA M CBBP3aHUTE ChC 3a00JSIBAHETO YCIIOKHCHHS,
MOJIBPXKAHETO HA TOOBP IIIMKEMUYCH KOHTPOJI BCE OIIE € MPEIU3BUKATEICTBO. PaHnoMu3upanure
xnmuanayan n3nutBanusg (RCT) ca B ocHoBara Ha MeIWIIMHA, OCHOBaHA Ha JoKazarescTBa. [Ipeau
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ch3maBaneTo Ha EBpomeiickata arenmms mo jekapcrBara (EMA) mpes 1995 r. emmHCcTBEeHUTE
TIIIOKO30TIOHIDKABAIIH JIEKAPCTBEHH MPOAYKTH, pa3pelieHH 3a yroTpeda B IbPKABUTE - WICHKH Ha
EC, ca Owim wuwHCynWHW, OWTBaHUAM, CYJI(QOHWIYPEHHW NPOAYKTH H alda-TIIOKO3UIa3Hu
naxubutopu. ClleHHTE HOBH KJIACOBE TIIFOKO30MOHIKABAIM JICKAPCTBCHW MPOAYKTH ca
paspemnienu 3a ynotpeda ot 2005 r. Hacam: GLP-1 (rimrokaroH - momo6en nentua-1) pernentopHu
aronuctu, DPP-4 (nunentuaun-nentuaasa - 4) naxuouropu, SGLT-2 (HaTpueBo - IIIIOKO3€H KO -
TpaHcropTep 2) UHXHOMTOPH H jabiaroneiictBam; GIP (TIr0K0303aBUCHM  HMHCYJIHHOTPOIICH
nonunentun) /GLP-1 peuenropen aronuct (Blind et. al., 2018).

[To-nobpoto pa3dupane Ha cneUU(PUIHUTE U3UCKBAHUS MPH NPOBEXKJaHE HA KIMHUYHHUTE
W3NUTBaHMS Ha JIGKApPCTBEHU MPOJIYKTH 3a JiedeHHe Ha 3axapeH auader tum 2 (3[T2) e BakHO 3a
WACHTU(HUIIPAHE HA TPeHeOperBaHuTe 00JIaCTH Ha U3CIIeIBAHE, KOETO OT CBOS CTpaHa e moxoopu
BB3MOKHOCTTA 3a MPEBpPBINAHE HAa PEe3yATaTUTE B TOJ3HM Ha MAIeHTUTE. B cBeTOBEeH Mamabd ca
MIPOBEICHU TOJIsIM Opoii KIIMHIUYHU M3NHTBAHUS 3a MOJ00OpsSBaHE Ha JICUSHHETO HA AWA0eT THil 2
(Long et. al., 2021). Criopen 6asara maHHM 3a KIMHWYHH w3muTBanus European Union Drug
Regulating Authorities Clinical Trials Database (EudraCT) OposT Ha KIMHAYHUTE U3MUTBAHUS 32
3axapeH auadet tun 2 e 1738, ot kouTo mpukiroumH ca 1294, a akTUBHO NeiicTBal B MOMEHTA
ca 310 (EudraCT, 2024).

Cobrinacuo Pernament (EC) 536/2014 xiuanuno uznutsane (K1) Ha nexkapcTBeHU NPOIYKTH
(JIIT) BBpXy xOpa MOXeE Ja ce W3BBPIIBA C LIEJ Jla Ce OTKPUAT WIM NPOBEPAT KIMHUYHUTE,
(hapMaKoIOTHYHHUTE WITH APYTH (hapMaKoJMHAMUYHH MOCIEANIH OT €IMH WITH TIOBeUe JIEKapCTBEHU
MPOJYKTH, Jla CE YCTAHOBSIT HEXEJIaHUTE PEaKUHU{ CHPSMO EAWH WM TOBeYe OT TSIX WU Ja ce
n3ciieiBaT abcopOuusTa, pa3npenesieHUeTo, METad0In3Ma 1 eKCKPELUATa UM C 11eJ1 yCTaHOBSIBaHE
Ha 0e30MacHOCTTa W/WHM ePUKACHOCTTa WM. KIMHHYHO M3MHUTBAaHE MOXE Oa OBJe MPOBEKTAHO
caMoO ako TpaBara, 0OE30MACHOCTTAa, IOCTOMHCTBOTO W OJArochCTOSHHETO HA YYACTHHUIIHTE ca
3amuTeH cbriacHo Jexknapauusara ot Xensunku. Benuku KW wa JIIT BBpXy Xopa ce miaHupar,
MpOBEXKJAT M JOKIAIBaT B CHOTBETCTBHE C MpaBmiara 3a JloOpa KIMHWYHA NpaKTUKAa H
EBpomneiickoTo perymatopHo mpaBo. JJoOpa KIMHWYHA TpaKTHKa O3Ha4aBa HaOOp OT MOAPOOHU
C€TUYHU W HAYYHH W3MCKBAaHWS 3a KA4eCTBO IpPH IUIAHUPAHETO, MPOBEKIAHETO, WU3ITBIHECHHUETO,
MOHHUTOPHHI'A, OANTA, PETUCTPUPAHETO, AaHAIN3a M JOKJIAJABAHETO HA KIMHUYHHUTE HM3MUTBAHUS.
[TpoTOKONBT HA KIMHUYHO U3NHMTBAHE OIKCBA LENIUTE, AU3aiiHa, METOI0JIOTUsATA, CTATUCTUIECKUTE
ChOOpaXKeHUsI M OpraHM3alysTa Ha KIMHUYHOTO W3MHTBaHe. M3NMWTBaH JeKapCTBEH HPOIYKT
Npe/ICTaBIsIBA JIGKAPCTBEH IPOJAYKT, KOWTO CE W3MHMTBAa WIIM CE HM3MO0JI3Ba KaTo pedepeHTeH,
BKJIFOUMTENHO KaTo IUianedo B paMKUTE Ha KIMHUYHOTO M3MHUTBaHE. [lOIBIHUTENEH JIeKapCTBEH
MIPOAYKT O3HAYaBa JIGKAPCTBEH MPOIYKT, U3MOI3BaH 32 HY)KIAUTE Ha KIMHIYHO M3IIUTBAHE, KAKTO €
OIKCAHO B MPOTOKOJIA, HO HE KaTo U3NHUTBaH JiekapcTBeH npoaykt (Regulation (EU) 536/2014).
Lenrta Ha HACTOAIIOTO MPOYYBAHE € J]a Ce aHAIHM3HUPA HACTOSIIATa PeryjaTopHa pamka Ha HUBO EC
3a pa3paboTBaHe Ha HOBU JICKApCTBEHH IPOYKTH 32 JICUCHHE Ha 3aXapeH Anader.

MATEPHUAJIM U METOIHN

HpOBC}IOXMe JOKYMCHTAJICH aHaJlu3 W aHaJIu3 Ha CHABPKAHUCTO Ha PBHKOBOJCTBATA 3a
MIPOBEKIAHC HA KIMHUYHU U3IMUTBAHUA HA JICKAPCTBECHU NNPOAYKTH 3a JICUCHUC HaA 3aXapCH zma6eT
tunt 2 Ha EMA (Guideline on clinical investigation of medicinal products in the treatment or
prevention of diabetes mellitus; Reflection paper on data required in confirmatory studies of
medicinal products for the treatment of type 2 diabetes).

PE3YJITATHU U OBCBbXKIAHE

[NanweHTHTE, BKIIOYCHW B KIMHUYHH HM3IHUTBAHUS, TPsAOBa Na ca MPEICTaBUTCIHU 3a
IeJIeBaTa MOITyJIAIMS [T0 OTHOIIICHHE Ha JeMOTpadCcKu JaHHU, CTHHYECKH MTPOU3XO0/, ChHITTCTBAIIN
3a00msBaHus (BKIIOYHUTEIHO CHPJICYHO - CHIOBH 3a00JSIBaHMsI), KAKTO M IPOIBIIKHTEIHOCT U
TexecT Ha nuabera. B wmaeanHus ciydall rpynute 3a JIedeHHE TpsAOBa Ja ca JOCTATHYHO
OalaHCHpaHH 110 OTHOIIEHHE Ha BB3PACT, IOJ, HHAEKC Ha TeJlecHa Maca, TEeXKeCT W
MPOIB/DKUTEIHOCT Ha 3a00Is1BaHeTo. PaHoMHU3anusITa € IPeNoYnTaHa, HO UMa ClIy4au, B KOUTO
€ JKeyaTenHa crpaTiudukaiys, 0COOCHO MO OTHOILICHNE HA CHIIECTBYBAIIHS META0OIUTEH KOHTPOII
(mamp. HEBa Ha rmkupaH xemornoouH (HbAlc) < 8% cpeury > 8%) u Tepanus Ha 3axapHU AuadeT
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Impeau 3aloYBaHEe Ha M3MHWTBAHETO (HAMp. caMO CIIa3BaHE HA J¥eTa, MOHOTEpANus WIH
KOMOHMHHpaHa Tepamnus). JledeHneTo Ha MaMeHTH ¢ AuabeT THIT 2 WMa 3a el KaKTo Ja HaMalu
HuBara Ha HbAlc 10 meneBa CTOMHOCT, Taka W 1a MUHAMH3UpPA PUCKa OT Pa3BUTHE HA MUKPO - U
MaKpOBacKyJapHHU yCIOXHEHU. BeIpekn de OCHOBHATA e HA TIOTBBPAUTEIHUTE M3MUTBAHUS C
JIEKapCTBEHH MPOAYKTH 3a JeUeHHe Ha nuabeT e Aa ce NEMOHCTpUpa OJarONPHATHUAT UM eQeKT
BBPXY KOHTpOJIa Ha KPBBHATA 3aXap, BAXKHO € Jia CC pas3riiefiaT U e(PEKTUTE Ha MPOJYKTa BBHPXY
CBhPJICYHO - CBHAOBUTE pUCKOBH (akTopu. llenure Ha mpoyuyBaHeTo TPsAOBa Aa OBIAT MPEIU3HU.
OmnpezeneHa 4acT OT MANUCHTUTE HAMA Ja Ce MPUIBbPKAT KbM PAHIOMHU3HPAHOTO JICUCHUE TOPAIH
HETMOHOCHUMOCT WIIM JIWIca Ha e(UKACHOCT. 3aTOBa ¢ BaXKHO TE3HM CHOMTHS Ja CE pasriieKIar
MPOCIIEKTUBHO U JIa CE B3eMAaT MPEIBUJI IIPH ONPEICITHETO Ha e)eKTa OT JICUCHHUETO.

I'mukupanmsar xemornoOoma (HbAlc) e Haii-mmpoko mpueraTa MsApKa 3a IBUIOCTEH,
IBITOCPOUYEH TIMKEeMHYEH KOHTPOJ TMpH ManueHTH ¢ auaber. Toil oTpassBa cpenHara
KOHLIEHTpalus Ha IIII0KO03a Mpe3 nocienHuTe 2-3 mecena. M3BecTHO €, ye HaMassIBaHETO Ha HUBATa
Ha HbAlc pemynmpa ABITOCPOYHHS PHCK OT DPa3BUTHE HA MHKPOBACKYJIAPHH YCIOKHEHHS.
CrnenoBarenno HbAlc e moaxopsima mepBUYHa KpaifHa TOYKa B KITMHAYHY U3MUTBaHUS. [IppBUYIHA
IIeNT € OICHKa Ha e(eKTa OT TepamnmsTa Bh3 OCHOBA Ha pa3nnkaTa B HHBOTO Ha HbAlc cmpsmo
M3XO0JHOTO HUBO B Kpas Ha M3MMTBAHETO MEXKAY M3MMUTBAHU NPOAYKT U KoHTponata (EMA, 2012;
EMA, 2023).

TpsOBa na ce oTpa3u AEHCTBUTENHOTO NPUIBbPKAHE KbM JICUCHHETO, KAaTO CE B3eMar
npeaBua v cCiiydau Ha NOPEKHBCBAHC Ha TEpaluiaTa WU NPpUEM Ha JOMBJIHUTCIHU JICKAPpCTBCHU
npoayktd. Twil KaTo He ce 0YaKBa MAIIMEHTHUTE Jla UMAT 10J13a ClIe/ MPeKpaTsBaHe Ha JICUCHHETO
(Hamp. mopaau HEeXKeIaHH ChbOUTHS), CPEKTHT OT HEro TPsAOBA Ja ce OIlCHHM B3 OCHOBA Ha JaHHH,
OTpa3sBaIld MPHUIbpP)KaHe KbM JICUCHHETO, KaKTO € HaONf01aBaHO B KIIMHUYHOTO M3mHUTBaHe. [Ipn
BBBEXKIAaHE Ha IPYTH JICKAPCTBCHH MPOTYKTH B TEPAINUATA IO BpeMe Ha KIMHUYHOTO M3MHUTBAHE,
KOUTO IIIe MOBJIHSAT Ha cToHOCcTUTE Ha HbA lC, ce ycnoxHsaBa orieHKaTa Ha ehekTa Ha H3MUTBAHUS
MPOAYKT B CpaBHEHHWE C IUIanebo WM aKkTHBHA KOHTpouya. [lopamu ToBa eheKThT OT JICYCHHUETO
MOXe Ja OBIe OICHEH INpH JOMyCKaHe, Ye He ca BHBEACHH JICKAPCTBEHH IPOTYKTH 32 CIHCIITHH
CBHCTOSIHHS WITH IPYTH, KOWUTO I TIOBIHSIAT Ha cToiHOCTUTE HAa HbA l¢ (XMImoTeTnyeH cueHapuii).

EdexThT 0T M3MUTBaHMUSA MPOAYKT CICABA Ja CE OICHU JONBIHHUTEIIHO Ype3 aHaIu3 Ha
pa3iuMkata B Jejia Ha MAIMEHTHTE, KOWTO ca JOCTUrHaau abcoiroTHa croiHoct Ha HbAlc,
Hanpumep < 7 % u/uiu 6,5 % B Kpasi Ha U3NUTBAHETO 0€3 U3MOJI3BAHE HA MOMBJIHUATEIHA TePanus
IIpy CIEIIHNU CbCTOAHUA U KOUTO MPOABJDKABAT Ja CE€ NPUABPKAT KbM JICHCHUETO. HpeI[BapI/ITeHHO
OIIPEACIICHU, KOM6I/IHI/IpaHI/I KpaﬁHH TOYKH, HAIp. TaKWBa, KOWUTO OTpassdgBaT IPOLCHTa Ha
MAIMeHTHTE, IIOCTUTHAJH IielieBa cToiHOoCT Ha HbAlc 0e3 Hamn4ne Ha XUIOTIUKEMUS, MOTaT Ja
O0baaT MHPOPMATHBHY KaTO BTOPUYHH KPAHHA TOYKH 32 MPOAYKTH, IEISAIIA TIOHIKaBaHEe HA pUCKa
OT XUIOTIHUKEMHS. 3aIBIDKUTEITHO TPAOBa Na Ce W3MOJN3Ba YTBBPIACH pedepeHTEH METOHa 3a
n3MmepBane Ha HHBoTO Ha HbAlc (EMA, 2023).

[IpoMenuTe B ImIa3MeHaTa IIIFOKO3a HA TJaJHO ca MPUEMIIMBAa BTOPUYHA KpaliHAa TOYKa 3a
e¢pukacHocT. [lapamerpure, 0a3upaHu Ha IUIa3MEHATa TIIFOKO3a, MOTaT Ja CE HM3IOJI3BaT KaTo
IIBPBUYHN KPAalfHM TOYKH B KPATKOCPOYHH HM3MHUTBAHUSA (C MPOABIDKUTETHOCT MOJ § CEIMMIIN),
KbAEeTO u3noi3BaneTo Ha HbAlc e mo-Manko moaxoasio.

CepyMHHAT (PpyKTO3aMUH U HAMAISABAHETO HA TMOCTIPaHAMATHATA XUTIEPTIIMKEMUS CHIIO
MOXE IOa C€ U3II0JI3BAT KAaToO KpaﬁHH TOYKH B KPATKOCPOYHH HU3IMUTBAHUA. HamansaBsanero Ha aciia
MaOueHTH, KOWUTO Ca MOJYYHWJIM CIICHIHA TCpanusd I/I/I/IIII/I ca C€ OTTCIJIWJIN OT HU3IUTBAHECTO B
CcpaBHEHHeE ¢ TU1ae0o, MOKe Jja Ce M3II0NI3Ba 3a MOIKPera Ha JJOKa3BaHe Ha eukacHoCT. Hachpuasa
Cce W3MOI3BAaHETO HAa YCTPOMCTBA, MO3BOJISABAIIM IMPOIBDKUTEIHO TIIOKO3HO MOHHUTOPHpAHE.
[MomoOpsiBaHETO HAa MHCYJIMHOBATA YYBCTBUTEHOCT U (DYHKIIHATA Ha O€Ta - KIIETKUTE IIOHACTOSIICM
HE ca BaJUIUPaHU KAaTO CYpOTaTHU MapKepH 3a HaMasiBAHE Ha MHKDPO- U MaKpPOBaCKYJAPHUTE
YCIIOXKHECHUS, HO MOrarT Ja OBbJaT OLEHCHHM KaTO BTOPHUYHHU KpaiiHu Touku. VHCyIMHOBaTa
YYBCTBUTEITHOCT M (YHKIHATA HAa OeTa-KIETKUTE TPsOBa Ja ce OLCHIBAT Ype3 U3IMOJ3BaHE Ha
BaJMIUPAHN METOIH.

[pu mammenTtyu ¢ Auaber TN 2, JeKyBaHU C HHCYJNH, HAMaJIIBaHE Ha MHCYJMHOBAaTA 1034,
MPUAPY’KEHO OT KIMHUYHO 3HaUYMMa pPEeOyKIHs Ha TEJIEeCHOTO TErJI0 WJIM HaMalsgBaHEe Ha
XHUIOTIIMKEMUYHATE EMHU30AW, MOXKE Ja C€ CUMTa 3a IMOAXOIAIa MsIpKa 3a edukacHOCT B
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JIOITBJIHEHNE KbM HaMalsiBaHeToO Ha HuBata Ha HbAlc.

Kparkocpounu u Iparocpodsy eheKTH Ha H3MUTBAHUS MPOAYKT BEPXY CEPYMHHTE JINTTUAN
(LDL u HDL xonectepod, TpUTITUICPUAN), TEIECHOTO TETJI0 M OOMKOJKATa Ha TaJIHATa, KaKTO U
KPBBHOTO HaJisiTaHE M ChpJeYHaTa dYecToTa ChII0 TpsOBa na OBAAT MOKYMEHTHpaHH. 3a
MIPEIOYNTaHe € M3MUTBAHUAT JICKAPCTBEH IPOMYKT 3a JICUCHHE Ha 3aXapeH nuabeT ma IoKa3Ba
HEeyTpaJieH WM OJlaronpusiteH eekT BbpXy (akTopHUTe, CBbP3aHH ChC ChPJCYHO-CHJIOBUS PHCK.
Besiko cnenmguyHO TBBPICHHWE OTHOCHO IOJOOPSIBAHETO Ha CBHPAEYHO - CBHIOBHTE PHCKOBH
(bakTOpM M3MCKBaA J0OKa3aTelCcTBa 3a eukacHOCT U TpsiOBa 1a ObJe C TOKyMEHTHpaHa KIMHUYHA
3HAYUMOCT. XUIEPTPUIIHLEPUAEMHATA, KOITO € YeCTO CpelllaHa MpH MalUeHTH C JUadeT Tl 2,
MOXe Ja ce o00pu Npu K00BP IIMKEMHYEH KOHTPOJL.

JBarocpoyHnTe yCIOKHEHUS HA 3aXapeH Jra0eT BKII0YBAT MaKpOBaCKyJIapHH (KOPOHApHH,
MO3BYHO-CHJOBH W TepUPEepHH CBHIOBH 3a00JSIBaHMSA) M MHUKPOBACKYJIAPHH YCIOKHEHUS
(petnHOMaTHS, HepOoNaTHs U HEBPOMATH). biaronpusaTHUAT epeKT Ha U3MUTBAHUS JIEKAPCTBEH
MPOAYKT BBPXY PAa3BHTHETO HA YCIOXHEHUS B IleJieBaTa MOIyJaIls MOKe Ja ObJe OICHEH
MPAaBUIHO CaMO B JBITOCPOYHH KOHTPOJHMPAHW KIMHUYHU HM3IHUTBAHHUSI. AKO Ca YCTaHOBEHU
CTaTUCTHYECKHU OJIATONPUATHH €PEKTH BBPXY MHKPO - W/HIIN MAaKPOBAaCKyJTapHUTE yCIOKHCHUS B
(dacT OT) 1ienieBara nomyJamus, TakuBa JaHHU MoTat Aa ObJaT BKIoueHu B pa3aen 5.1 ot Kparkara
XapaKTepUCTUKa Ha MpoaykTa. ToBa OM MOSCHMIO, 4e JICYCHHETO, OCBEH 4Ye Noao0psBa
[JIMKEMUYHHUST KOHTPOJI, UMa M JIOKYMEHTHpPaH e(eKT BBPXY pa3sBUTHETO Ha IBITOCPOYHH
yCIOXKHEHUsI. Ba)kHO € M BKIIIOUBAHETO Ha pe3yJTaTH, MOJYYE€HH Bb3 OCHOBA Ha JIOKJIaIH Ha
NMaguCeHTUTE OTHOCHO OLCHKa Ha TEXKECTTa Ha TEpanuAaTa, TIAXHOTO YAOBJICTBOPCHUE,
BB3/ICHCTBUETO BBPXY €XKEJHEBHHS UM XXMBOT M KOHTpOJa Ha quabera. B To3u ciydait e BaxHO
M3IIONI3BaHUTE BHIPOCHUITN WM CKaJIH 32 OIICHKA J1a ca BaJMIUpPaHH 3a U3IOJI3BaHE TP MAIUCHTH
¢ muabet (EMA, 2018; EMA, 2023).

BrurtouBat ce JaHHU OTHOCHO (papMaKOKWHETHKATa M (papMaKoJUHAMUKATa Ha W3ITUTBAHUS
JIIT; w3uckBaHWS 3a TOKAa3aHWS 3a MOHOTEpANHs;, JaHHH OT TOTBBPAMTEIHU W3IHATBAHHS,
0COOCHOCTH TIPH BB3PACTHU MAIMEHTH, Jella W FOHOMW; WHPOpPMAIHs 3a BB3PacT U Tpyla 3a
U3IUTBAHE; OIlCHKA Ha e()UKACHOCTTA M OE30MIaCHOCTTA Ha JIEKaPCTBEHHS MIPOIYKT; JTAHHU 32 MOSIBa
Ha XMIIOTJIMKEMHUSI; 38 ChPJIEUHO-Ch/I0Ba O€30MaCHOCT U UMYHOTE€HHOCT.

Brnpeku ye mppBOHavaITHNATE (hapMaKOKHHETUYHH U3CIIEIBAaHUA MOTaT Aa Ob1aT IPOBEICHH
NP 37IpaBu TOOPOBOJIIM, BAXKHO € Te3W M3CIEJBAHUs Jla ObJaT M3BBPIICHU HPU BCUYKH TPYNU
NMangueHTH, 3a KOUTO € NMPECAHA3HAUCH U3NUTBAHUA TPOAYKT (BKJ’IIO‘II/ITGJ'IHO Jcla U IIallMCHTU B
HampeaHana Bs3pacT). TpabBa na ce B3eMe MpeaBHl, ue (akTOpH KaTo 3a0aBeHO M3Mpa3BaHEe Ha
cTOMaxa WM IpOMEHeHa ObOpedHa (YHKIWS, MOXKE J1a Ce OYakBa Jla YCIOXKHIT 3HAYUTEITHO
abcopOmmaTa W pas3lpeleIeHHeTO Ha JIGKAPCTBEHUS MPOAYKT. MeXaHH3MBT Ha JCHUCTBHE Ha
U3MUTBAHMS TPOIOYKT TPsOBa na Oblie OIeHeH W 00ChaeH. A0 mMa (apMaKOIOTHYHO aKTHBHU
MeTaboJINTH, IPUYNHATA 32 TEPAIeBTUYHH W/WIM TOKCHYHU e(eKTH cieBa aa ce o0chau. Jlocuero
Ha IIPOJIyKTa TpsiOBa Jia ChbpiKa N3NMUTBAHMS 3a ONpe/elTHe Ha 7103aTa, 3a Ja ce 000CHOBE 7103aTa
(ute), M3non3BaHa(M) B HOTBBPIUTEITHU KIMHUYHU H3MUTBaHMSL. [IpenopbyBa ce MpoBekIaHETO Ha
napasiesiHo - TPYIOBH, ABOMHO - CJIEMH, I1aed0-KOHTPOIUPAHN H3UTBAHUS 32 MOHOTEPAITHSL.

[Tpu n3nuTBaHMs ¢ MPOMsIHA Ha J103aTa TPSAOBa Aa ce u3cyieaBaT moHe 3 jo3u ¢ obma dasa
Ha JiedeHue OT Hal-manko 8 cenmuitu. [lokazaTenute, 6a3upaHu Ha TUIA3MEHa TIIIOK03a, TPsOBa J1a
6’[)IIaT OCHOBEH KpPITepPIﬁ 3a OIICHKA ITPY U3IMMUTBAHUA C IIPOMAHA Ha J03aTa C MPOABJIKUTECIIHOCT OT
8 mo 12 ceamurm. CepyMHHUAT GPYKTO3aMHUH CBIIO MOXeE Ja C€ M3MOJ3Ba KaTO KpaliHa TOYKa B
KpaTtkocpounu mnutBaHust (EMA, 2023).

Bwnpeku ToBa HbAlc BuHarm TpsibBa na ObJe OCHOBEH KpUTEpPHUH 3a OLEHKA IpH
U3MUTBAHHUSA C TPOMsSIHA Ha J03aTa C OPOABIDKUTETHOCT > 12 cemmunu. [IpemopwuBa ce
NPOBEXJAHETO Ha IapajelHO — TpPYNOBH, paHIOMHM3MpaHHW, MABOMHO - ciemy, Iuianedo-
KOHTPOJHPAHH U3IUTBAHUS C AKTUBEH KOMITAPaTOP.

[ToTBbpaUTENHNTE U3NNTBAHUS TPSOBA Jla UMAT 3a LIEJ J1a JEMOHCTPHPAT: MPEBB3XOACTBO
HAa WRNWTBAaHUS MPOAYKT Haj IUlanebo B TOHE €AHO U3MUTBAaHE 3a MOHOTEpArus C
MIPOIBIDKUTEITHOCT HE TMO-MajKO OT 3 Mecela, KOeTo MoXe jJa Obne m3nuTBaHe BuB (aza Il c
MpoMsIHa Ha Jo03aTa, u3noyisBamo HbAlc karo mppBHUYHA KpaiiHa TOYKA, WIJIM BKIIOYBaHE HA
mrane6o 3a 3 Mecera B HA4aJIOTO Ha aKTHBHO KOHTPOJIMPAHO W3ITUTBAHE.
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[IpemoppuBa ce ga Ob€ PEICTABEHO MOHE €HO aKTUBHO KOHTPOJIMPAHO N3MUTBAHE 3a€THO
ChC 3agBICHUETO 32 pa3pelnieHue 3a ynotpeda. Jlopu mpuBUIHO MaTKK MPOMEHH B HuBaTta Ha HbA 1c
ca JIOKa3aHM KaTo KIMHUYHO 3HAYMMH [0 OTHOIICHWE Ha HaMaJsIBaHE Ha PUCKa OT pa3BHTHE Ha
qearocpounn ycnoxkueHus. Karo msmo 0,3 % (3 mmol/mol) ce cunTa 3a mpueMinBa rpaHHMIA.
[MoTBBpaUTETHUTE H3NUTBAHUS (C M3KIIOUCHIE Ha M3MUTBAHHUATA 32 MOHOTEPAIHS, KOHTPOIUPAHU
¢ mrane60) OOMKHOBEHO ca C MpPOAB/DKUTEIHOCT 6 Mecella, HO TNOHE €IHO H3IUTBaHe, 3a
NpeANoYUTaHEe AKTHBHO KOHTPOJINPAHO, TPSOBA Ja MOKaXe MOAabpKaHe Ha e(heKTa B IPOABIDKEHIE
Ha noHe 12 mecena. [IppBuyHaTa kpaiiHa Touka TpsiOBa na Ob1e HbAlc, a BropuuHHTe KpaiHu
TOYKH TpsOBa Ja BKIIOYBAT JPYTH MOKa3aTeIH 3a TJIMKEMHUYEH KOHTDOJ, KaKTO U edekTa BhpXY
CBP/ICYHO-CHAOBUTE PHCKOBH (DaKTOPH.

[IpemoppuBa ce T. Hap. MEPHUO HA OTMHUBAHE TIPH MAIIMEHTH, KOUTO IIPEIN TOBA Ca IPHEMaTH
JIEKapCTBEHH NPONYKTH 3a JICUCHHE Ha 3axapeH AnabeT, KOUTO HsAMa ObJaT W3ION3BAaHU B
M3MUTBAHETO. B ciyyail Ha M3MUTBaHUSA C MPOABDKUTEITHOCT > 3 Mecela MOXe 1a He € HeOOXOIiM
Meprol Ha OTMHUBaHe. VI3BBpIIBA ce aHANW3 Ha MOATPYIH 3a MAalMeHTH, KOWTO He ca Owim Ha
(apMakoIOTHYHA Tepamus NpeAd HW3MUTBAHETO W CHOTBETHO TAaKWBa, KOUTO ca OWIM Ha
TIIIOKO30TIOHIDKaBama Tepanus. Jlo3ata Ha JIEKapCTBEHHUTE NPOAYKTH (M3MUTBAH JIEKAPCTBEH
NPOJYKT) TpsiOBa Jja ce MoJyIbpka cTaOMiIHAa, OCBEH aKo HE € HeOOXOJMMO aJalTHpPaHeTo W OT
choOpaXkeHUst 3a 0€30MacHOCT (HAIlp. XUIIOTIIMKeMHUs1). BCHuku mpomeHH B 103aTa U MPUYMHUTE,
KOHUTO T'Y Hajarar, TpsioBa 1a ObaT JOKYMCHTHUPAHHU.

BuHaru ce u3uckBa CpaBHEHHE Ha M3IUTBaHHS IMPOAYKT C Iuianebo B YCIOBHATA Ha
MOHOTepamnusi, 3a Ja Ce OLCHU JCHCTBUTEIHHAT TIJIIOKO30MOHMKaBal] epekT W mnpoduia Ha
0€30MacHOCT Ha M3MUTBAHUS NPOJYKT HE3aBUCHMO OT TOBa JaJM Pa3pelIeHUeTo 3a ynorpeda e
MpeJHa3HAYeHO 3a MOHOTEpamus WM 3a JONBJIHWTENHa Tepamus. [lnmame6o-KoHTpompaHa
MOHOTEpAINus C MPOABIDKATSITHOCT HAJ TPU Mecella TpsOBa Ja ce 3ama3y 3a MAIFeHTH, KOUTO ca
OWJIM HACKOPO MTUATHOCTUIMpaHH. [3mon3BaHeTo Ha mane0o 3a mosede oT 6 Mecena 0OMKHOBEHO
HE Ce MpernopbyuBa. 3a MPEAIOYnTaHe € YIACTHHUIUTE B TE3W W3IUTBAHMA Ja UMAT CPABHUTEITHO
HUCHK HavaseH HbAlc. B mpoTokomuTe Ha M3MHTBaHETO TpsiOBa 1Oa OBIE NPEABHICHO, 4e
MAIMeHTHTe 1€ UMAaT HyXJa ¥ OT Tepamus NPH CIEIIHH CHCTOSHUS, KOSTO € BBBEJCHA IO
peaABApUTEIIHO ONIPEACIICH AJITOPUTHM, aKO TCXHUAT INTMKEMUYECH KOHTPOJI TOCTOSTHHO CE BJIOIIaBa
HaJ| IpeIBAPUTEITHO 3aJa/IeHaTa IIel WK C€ OTTETIIAT oT mpoyuBaneto (EMA, 2022; EMA, 2023).

C'I)IJ.[GCTByBaT MHOTO Bb3MOXXHU TCPAICBTUYHU KOM6HHaHHH OT JICKAPCTBCHU NPOAYKTH 3a
JeyeHne Ha nuader. M300pbT KOM OT TSX Jia ce M3MMTBAT TPsiOBa Jla ce HAlPaBU Bb3 OCHOBA Ha
MIPETNIOPBKUTE 3a JIeUeHHe Ha JualeT, MPEeJAOCTaBeHH OT Hay4yHHUTE IpyxecTtBa (Hamp. European
Association for the Study of Diabetes (EASD), American Diabetes Association (ADA),
International Society for Pediatric and Adolescent Diabetes (ISPAD)), kakTo u Bb3 0OCHOBa Ha
CBBp3aHaTa ¢ TAX ¢ Oe3omacHOCcT. KoMOMHAIMHM, 3a KOUTO ca HAIWIE CIeHUPUIHU TpoOIeMHu ¢
Oe3ormacHOCTTa (HAIp. XUIOTINKEMHs Bb3 OCHOBA Ha MEXaHU3Ma Ha JieiicTBre), TpsiOBa na ObaaT
u3cneiBaHy. Pe3yntatu oT npoyuBaHMs 32 KOMOMHUpaHa Tepamusi ce oTpas3siBar B paszaein 5.1 or
Kparkara xapakTepucTuka Ha MpoAyKTa. M3muTBaHuUsTa 32 KOMOWHUpaHa Tepamus TpsOBa 1a ce
IIPOBEXKIAAT CHPAMO rmaue6o WM aKTHBHA KOHTpPOJIA. HOIIXO}IS{H_H/I Ca 3a IMalMCHTHU, KOUTO HE
nmocTurat TEPANCBTUYHUTE LECJIM CaMO C MOHOTEpAlMd IIPpU MaKCUMajlHaTa IIOHOCHMMa HIJIN
MIPEMOpPBUNTETHA 103a. 32 TE3U TPYIH MAIMCHTH aHaJIH3UTe TPsAOBa a ObaaT cTpaTuduIMpaHy Ha
6azaTa Ha MpeANIIHA TIFOKO30TIOHIKaBala Teparnus. Heo6xoaumo e 1a ce moxdepar nanueHTH cbe
cTabWiIHA 1033 JIEKApCTBEHH MNPOJYKTH Mpe3 mocienHure § no 12 ceamuiy, npeaecTBaLIH
W3NHUTBAHETO, 32 J1a Ce rapaHTupa, 4e € MOCTUTHAT MakcHMalleH e(eKT OT NMpeJHIIHATa Tepanus U
ye HbA1c e cTabunnsupan Ha U3XO0THO HUBO. 32 HAKOM IIPOAYKTH MOJKE Jia ca HE0OXOJMMH MOBEYe
ot 12 cenqmuiy, 3a Aa TOCTHIHAT MakcuMaiHus cu edekt. TpsoOBa na ce u30sArBa agantupaHe Ha
no3ata Ha QoHOBara Tepanus (C yCTAaHOBEHO TIJIIOKO30IOHMXKABAIIO CPEACTBO) IO BpeMe Ha
M3MUTBAHETO, OCBEH aKO TOBA HE € HEOOXOIMMO OT ChOOpakeHNs 3a 0€301acHOCT.

WucynuH ce BpBeXa Hali-4eCTO B TepalusATa IpH MAIUCHTH, IPH KOUTO HE € IIOCTHTHAT
0OBp TIAMKEMHUYEH KOHTPOJ C JPYTUTE KJIACOBE JIEKAPCTBEHH NMPOAYKTH 3a JICUCHHE HA 3aXapeH
nmuabet. B To3m cimywail ymoTpebata Ha HAKOM OT MPEOUITHUTE TIFOKO30MOHMKABAIIN TEPAIHH
MoOJke Jja ObJIe IpeyCTaHOBeHA. BBIIpekn TOBa MAalMEHTHTE, KOUTO BeYE Ca Ha HHCYJIMHOBA TEPaTIHs,
CBIII0 MOKE J1a CE€ BB3IOJI3BAT OT JO00ABIHETO HA IPYT IIFOKO30TOHIDKABAI MPOAYKT. JlaHHHTE 32
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0e30macHOCTTa B pe3ynTaT Ha KOMOWHHpaHa Tepamus Ha W3NHTBAHUS JICKApPCTBEH IPOAYKT C
WHCYJIMH TpsAOBa Aa 0bJaT JOKYMEHTHpPAHHU.

Heob6xonnmo e na 0b/1e OTICHeHO JaJIi Ma IeMOTpadCKy, TCHETUIHHN U METaOOIUTHY (HaTIp.
C- menTun Win ApYyT MoKas3ated 3a (yHKOusATa Ha OeTa-KiIeTKuTe) (aKTOpH, KOUTO MOTAT Oa
TIOBITUSIAIT HA OTTOBOPA KBbM JIaJICH TIIFOKO30TIOHIKABAI JICKAPCTBEH IPOIYKT IIPH YYACTHHUIIUTE B
u3nuTBaHeTo. Te3u pakropu cienasa aa ObAAT WACHTUDUIIMPAHU IPOCHICKTHBHO. [10 OTHOIICHHE Ha
XapaKTCPUCTUKUTE HA W3MUTBAHATA MOMyJAlUs - CIeIBa Ja Ce BKIIOYAT 3HAYUTEICH Opoii
HaIeHTH oT cTpanu oT EC win OT cTpaHu ¢ HAYMH HA JKUBOT U TPIIKHU 32 KOHTPOJ Ha 3aXapeH
nuabeT, KOUTO ca MOJO0OHH Ha YCTAHOBEHUTE B AbpikaBuTe-wicHkH Ha EC.

[pu BB3pacTHU XOpa € BaXKHO Jia ce OmpeAeay Aanu (HapMaKOKHHETUYHOTO MOBEJCHHUE Ha
JIEKapCTBEHHUS MPOAYKT MPH Ta3W IMOMyJNalus € Pa3IdHO OT TOBA IIPH MO-MIJIAIHTE ITAllUCHTH.
BesomacHocTTa Ha M3MHUTBAaHUS MPOIYKT, OCOOCHO MOSBaTa HAa XHUIIOTIHKEMHS, € BBIPOC, KOHTO
mopakJa 3arprkKeHOCT TPH XOopara B HampeaHanta Bb3pact. [lopaam ToBa TpsibBa ma Opaar
TIpeCTaBEeHH JTAaHHU 32 PA3JIMYHU BB3PACTOBH IpymH (65-74; 75-84 u 85+ roamnn), 3a 1a ce OLeHH
CBOTBETCTBHE Ha e(eKTa OT JIeYeHHEeTO M mpodmia Ha OE30MacCHOCT NPU TE3HW IMAlUCHTH C
HETepPHATPUIHNUTE TTAMCHTH. B 3aBUCUMOCT OT JaHHHUTE MOXE [1a Ce HAJO0XXH MPOBEKIAHETO Ha
crneuupUYHN M3MUTBaHKA 32 e(UKACHOCTTAa W OE30MacHOCTTA IPU Ta3u BB3PAaCTOBA MOMYyJIAIHs
(EMA, 2023).

Pasnpocrpanenuero Ha quabeT TN 2 MpH Aela U I0HOIIHU CE YBelIniaBa B CBETOBEH Mallad
YCIIOpEIHO C yBEIMYAaBAaHETO Ha 3aTIBCTABAIIOTO HaceneHue. llopagu BaXKHHUTE NOTEHIMATHU
pa3Iuuus MeX/1y JelaTa/loHOIINTE U Bh3PACTHUTE B HAKOJIKO acleKTa Ha 3a00IIBaHeTo (Harp. 1o-
Obp30 HamMaJsIBaHe HA QYHKIMATA HA OeTa-KJIETKUTE) U MOTEHIMATHH ONAaCeHUs 32 0e301MacHOCTTa
(BB3 OCHOBA Ha MEXaHW3Ma Ha JICHCTBHE HAa M3IMUTBAHUS MIPOAYKT), CIICIIU(QHIHH 3a ITeHaTpuIHaTa
morynanyst (Hamp. IMyOepTeTHO pas3BHTHE, PACTekK, Pa3sBUTHE HA KOCTHTE, HEBPOKOTHHUTHBHO
pa3BUTHE), KAaTO ILUIO Ce TMPENophYBa Aa CE MPOBSKIAAT OTIACITHHU TEAWATPUYIHN HM3IHTBAHUS,
omeHsBamy e(UKACHOCTTa © Oe30MacHOCTTa Ha W3MWUTBAaHHWA TPOAYKT. BbIpekn ToBa
eKCTparnojanusiTa Ha JaHHHU 332 €(PUKACHOCTTA MIPH MJIAIN BE3PACTHU KbM FOHOIIY H/WIIH JIeTa MOXe
I1a ObJle BF3MOJKHA B OTpaHIYEHa CTETICH, aKo € MOIXOAAII0 000CcHOBaHa. JJaHHHTE 32 6€30MacHOCT
CBIIIO0 MOTaT Ja 6bAAT eKCTPANOINPaHH JI0 M3BECTHA CTENEH, HO € Bb3MOXKHO /1a C€ HAJIOKH Ja ce
mpociiean 0e30MacHOCTTa B IBIATOCpoUeH IiaH. [loHacTosmem yectoTaTa 1 pa3npoCcTpaHEeHUETO Ha
nuabeT THH 2 € MHOTO HUCKa IpH fena Ha Be3pacT < 10 rogunu. CpenHaTa BB3pACcT HA pa3BUTHE HA
nuaber tun 2 npu gena € 13-14 roaunu. CrenoBaTeNHO ce TpenophbYBa M3MUTBAHUATA J1a ce
MIPOBEXKAT MPH MalMEeHTH Ha Bb3pacT oT 10 1o 18 rogunm.

[pomsHata B HEUBOTO Ha HbAlc OT M3X0OHO HUBO 3a MOHE 12 cenMumm Moxe aa Obae
MOIXOAAIIA TFPBUYHA KpaifHa TOYKA, HO MPOIBIDKATEIIHOCTTA Ha M3MUTBAHETO U KpallHaTa TOYKa
BHHAry TpsiOBa ga ObIaT 0OOCHOBAHU MO OTHOIIICHHE Ha Kilaca Ha MPOAYKTa (HETOBHAT MEXaHH3bM
Ha JICHCTBHE) W IeJITa Ha U3MUTBaHETO. [IpenopbYUTENHO € 1a ce OCUTYpH O0MI0 Hali-Maiko 12
Mecella eKCIO3HIUS Ha M3MUTBAHKS MPOAYKT NpPEAH M3JaBaHe Ha pa3pelicHHe 3a yrnorpeda mpu
MeINaTPUYHA TOIMyIalys. BCHYKY MallMeHTH 1O BpeMe Ha KIMHUIHOTO U3IMUTBAHE € HEOOXOIUMO
Jla CIa3BaT MOIXOIAIIA JUeTa M HHANBHIYAICH XPAaHUTEIICH PEXHUM, KaKTO U Ja 0baaT GU3nIecKu
AKTHBHH.

3a jIekapCTBEHHU MPOAYKTH C HOB MEXaHU3bM Ha JIEHCTBHE CE MPENOPHYBAT U3MUTBAHUS [IPH
Jleria/ IOHOIIH J]a Ce 3al0YBaT €/1Ba CJIeJ KaTo ca HAIWYHM JOCTATHYHO JAHHU 32 0€30MAacCHOCT U
e(UKaCHOCT OT W3MUTBAHWS I[PH BB3PACTHH. AKO Ca HAIMIE 3HAYMTCIIHA OIACEHHs 32
0e30macHOCTTa Ha Ja/IcH JIEKAPCTBEH MTPOAYKT Bh3 OCHOBA HA JAHHU OT U3IMTBAHUS [IPU Bb3PACTHU
MAIMEeHTH, TOraBa HE Ce MPEmophYBa Ja CE 3alMouYBaT KIMHWUYHH W3MUTBAHUS, BKIIOYBAIIU
MeINaTPUYHA TOMYJIalus, MPEIU 1a € HATPYINaH JOCTAaThYHO OMUT C yrnorpedara Ipu BB3PACTHU
clie]] IyCKaHeTo Ha ma3apa.

[NosiBata Ha HEeXENaHU CHOUTHUS TPsIOBA Ja OBJIC BHUMATEIHO MPOCICICHA 38 W3IUTBAHUS
nekapcTBeH nponykr. CrieBa Aa ce TOJNIOKAT CIHCHHANHM YCHIHMS, 3a Ja Ce JOKYMCHTHUPAT
MTOTEHIMATHN He)XeJIaHU ChONTHS, KOUTO O¥Xa MOTJIH 1a OBbIaT CBbP3aHH C MEXaHW3Ma Ha ICHCTBHE
n papMaKOIUHAMUYHHATE CBOICTBA HAa W3MUTBAHMSA KiIac NMPONYKTH. ToBa MOXKE Ja BKIIOYBA
BB3MO’KHO BIUSTHHE BEPXY UMYHHHS CTaTyC, TYMOP HHAYIHpAIy eheKTH 1 HHPEKINH/Bb3NaJICHAS
(mamp. mankpeatut). [1o oTHOIIeHNE Ha YepHOAPOOHATA PYHKIHS TPSIOBA a ce 0OBPHE CHEITHATHO
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BHUMAaHWE Ha MTOBHUIICHN aKTUBHOCTH Ha YEPHOAPOOHUTE €H3UMH, KOUTO Ce HAOIIOAaBaT MO-4ECTO
mpu 3axapeH nuadet Tun 2. [IpociensBaneTo TpsOBa na 0b/ie BHUMATEIHO, 3a J1a C€ pa3rpaHuyaT
JIEKapCTBEHO MHIYNHPaHNUTEe e(PeKTH BBpXy depHOApoOHaTa (GYHKIHS OT CIIOHTAHHH IIPOMECHH B
aKTUBHOCTTA Ha YEPHOAPOOHHUTE CH3MMH, HaOMIOMaBaHM NpH 3axapeH auaber. [loutn BuUHArHM ce
MIpOSIBSABAT (hapMaKoIMHAMAYHA B3aUMOICHCTBHS C JPYTH TIFOKO30IIOHIKABAIIN IPOXyKTH. Morat
Jla ce HaOJIIoqaBat U Jpyru e()eKTH KaTo Hamp. afuTHBHU ToOKcH4YHH. [Topaau TOBa 3aIbIKUTEITHO
JTaHHUTE 3a Oe301macHOCT TPsOBa 1a ObJAaT NPOYUYEHH B yciaoBuATa Ha MoHoTepanus (EMA, 2023).

CTpaxbT OT XUIOTIUKEMHS YECTO ¢ 3HAYMTEIHA MPEUYKa 33 MOCTUTAHE HA TIIUKEMHYHHUTE
LeJIM W TIOpPaay TOBAa CE HachpyaBa pa3pa0OTBAHETO HA AHTUAMAOCTHU JICKAPCTBCHH MPOIYKTH,
KOHUTO Ca C HUCHK PHUCK OT XHITOTJIMKEMHS, KAKTO U Ha JICKAPCTBCHU MPOJIYKTH, KOMUTO MOTAT Jia
OBIAaT MOAXONAIIA KaTO MOIBIHUTENHA TEpamus KbM JAPYTH TIIOKO3OTIOHIDKABAIIN MPOIYKTH
(ocobeno nHCYynmH). OnpeneneHnsATa 3a XUIMOTINKEMHS B OTJSITHUTE MPOTOKOIH Ha U3IUTBAHETO
TpsiOBa na OBOAT CTaHAAPTH3HpAHH. EMMH OT TpenophUMTENHUTE IOAXOOM 33 IO0J00HO
CTaHJApTU3UPAHE € J1a ce M3II0NI3Ba KiIacu(UKaIuATa, IyOarKyBaHa 0T MeXayHapoHaTa rpyma 3a
H3CJIeBaHEe Ha XUIOTIUKEMISTA, CIIOPEA KOSATO: TEeXKAa XUIOTIUKEMHS € CHOWTHE, W3UCKBAIIO0
HaMmecaTa Ha JPYro JIKIE 3a aKTHUBHO IIpPHJIAaTaHE HA BBIVICXHUIPATH, TIIOKATOH WU IPYTH
peaHUMAIMOHHHM IeHCTBHS. Te3u emu301u MoraT a ObJaT CBhP3aHU C HEBPOTJIMKOIICHHUS, KOCTO J1a
MpeIU3BUKA IPUIAIBK WK KOMa. B Te3u ciiyyan 4yecTo ¢ HEBh3MOXKHO Ja CE U3BBPIINA H3MEPBaHE
Ha HUBATa Ha Ijia3MeHaTa I'JitoKO3a. HpI/I KIIMHUYHO 3Ha4YMMa XUIIOTJIMKEMUS HUBOTO Ha I1J1a3MEHAaTa
IJII0K03a € mo-Hucko oT 3,0 mmol/ | u Boxm no Texxka AMCYHKIMS Ha IEHTpalHaTa HEpBHA
cucTeMa, KOosTO ce HaOllloaBa psijiko, HO € ¢ 0cOOeHa BaXKHOCT TPH Jela/ I0HOIIU U MPH Xopa B
HanpenHana Bb3pacT (IHSG, 2017). Cnema ma ce mnpemocTaBd MOApOOEH aHaIW3 Ha
XUIMOTIIMKEMUYHATE CMU301M, OTOEII3aHM B XOIa Ha KIMHUYHOTO W3MHUTBaHE (HANp. aHAIIN3,
CTpaTH(UIUPAH MO BB3pactT: < 65 roxunan, 65-74 ronuan; 75-84 roguau u 85+ roanHu, BpemMe Ha
OsIBa Ha €MTU30/IUTE BHB BPB3Ka C CKCIIO3UINS HA M3IUTBAHUS MPOAYKT, THEBHO paslpeeieHIe U
3a BCEKH XHITOTIMKEMHUYCH CMTU30/I: BpeMe Ha MOsBa, 1032 Ha JIEKApCTBEHUS MPOIYKT, BpeMe CIIel
MOCTICTHUS TIPHEM Ha JICKApCTBCHHS MPOAYKT, MPOABIDKUTEIHOCT, BPEMe CIIe XpaHEeHe, TeKECT,
H3XO0J] OT XUIOTIUKEMISITa). MI3MepBaHus Ha CTOHHOCTHTE Ha KpBhBHATA 3aXap IIpe3 HoIITa TpsOBa
Jla ce OOMHUCIIAT 3a JICKAPCTBCHH MPOIYKTH, KOUTO Ca CKJIOHHHM J1a MPEAU3BUKBAT XUIMOTIHUKSMUS.
[TpenoppuBa ce U3MOA3BAHETO HA YCTPONCTBA 32 MIPOIBIDKUTEIHO MITFOKO3HO MOHUTOPHPAHE, KOUTO
MPEJOCTABST MO - MbJIHA WHGpOPMAIKA 32 HUBATa HA KPBbBHA 3axap Mpe3 HOIITa ClieA MPHEeM Ha
M3IMUTBaHUA JICKAPCTBEH MMPOJAYKT.

HeobOxoanmo e oxapakTepusupaHe W Ha npoduiia Ha ChPAEYHO - Ch/IOBa OE30MaCHOCT Ha
W3MUTBAHUSA IPOAYKT. TOBA ce OTHACA IO - CIICIIAITHO 32 JICKAPCTBEHH MPOAYKTH C HOB MEXaHU3IbM
Ha JeficTBHE WM TMPOAYKTH, MPHUHAICKAIIA KbM JEKapCTBEH Kiac, 3a KOHTO Mpo(mIbT Ha
ChPICYHO-CHI0BaTa OE30MACHOCT BCE OIIE HE € YCTAHOBEH. AKO M3MHUTBAHUAT MPOAYKT € IPOTEHH,
Tpsi0Ba Ja ce 0ObpHE BHUMAHUE HAa HATMYHETO HA aHTHJICKAPCTBEHH aHTHUTENA. [0 OTHOIIEHHE Ha
o0IHTEe acleKTH Ha OICHKaTa Ha MMYHOTCHHOCT, CE IPaBH IpernpaTtka KbM PHKOBOJCTBOTO
,»Guideline on immunogenicity assessment of therapeutic proteins® (EMA, 2023 ; EMA, 2022;
EMA, 2016; Van der Schueren et. al., 2024).

B kinmHnuHaTa IIpaKTUKa TJIUKEMHUYHHUTE LEJIN Ca WHIAWBUIAYAIHHU W CE€ ONPCACIAT OT
MHOXECTBO (paKTOpI/I, BKJIIOYUTCIIHO BB3pACT Ha MaIMEHTa, CBIbTCTBAIN 3a6OII$[BaHI/IH,
MIPOABDKUTEIHOCT HA )KMBOTA M PHCK OT XHUMOriaukemwus. OOmara eyl Ha JICYCHHETO € J1a Ce
TIOCTUTHAT MWHIAWBUAYAIN3UPAHUTEC LCJIM 3a TJIMKECMUYEH KOHTPOJI ©W Ja C€ I/I36eFHaT
XHUIIOTJIMKEMUYHN C’b6I/ITI/I${. XHHOFJ’[I/IKGMI/ISI, INpuYuHEHA OT yHOTpe6aTa Ha HWHCYJIUH U
CcynpOHWITYpEHHN POIYKTH MOXKE J]a JOBEEC JI0 3HAYUTEIIHA, MTOBTApSINA CE U MHBAIHIU3UpAIIa
3a00J€BaEMOCT M CMBPTHOCT TIPH MAIUCHTUTE ¢ nuader. [lanueHTuTe che 3aXxapeH auader Tum 2
4ecTo MMaT M JPYTH CHITBTCTBANIM 3a00NsABaHUS (HAmp. XpOHHYHO OBOpeyHO 3aboisBaHe,
CBhPJCYHO-CHJIOBA 3a00NsIBaHMsA). 3aTOBa MPH TAX € HU3KIIOYHTEIIHO BAXKHO Ja CE€ OLCHH
0€30MacHOCTTa HA M3MUTBAHHS MPOIYKT M CPUKACHOCTTA My 3a MOJOOpsIBAHE HA TIIMKEMUYHHUS
KOHTPOJI, KaKTO W BIMSIHUETO MY BBPXY IPHUIPY KaBaIly 3a00IIBAHNUS.

HbAlc e BamuampaHa cyporaTHa KpaiHa TOdYKa 3a HaMaJsIBaHE Ha pHUCKAa OT
MHUKpOBACKyJapHHU yciokHeHus. Huara Ha HbAlc TpsOBa ma ce maMmepsT ciex Haii-manko 12
CeIMHUITY CTAOMITHO O3MpaHe Ha M3MHUTBAHMS IIPOIYKT.
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IMox erupmara Ha International Council for Harmonisation of Technical Requirements for
Pharmaceuticals for Human Use (ICH) usrickBanusTa 3a mpoBek1aHe Ha KIMHAYHU U3IMTBAHUS HA
EMA u Food and Drug Administration (FDA) ca HamrbJIHO XapMOHH3MpaHU. Y CTAHOBUXME, Y€ 3a
MOBEYETO KIMHWUYHHU HM3IHTBAHUS IbpPBUYHATA KpaiiHa TOouka 3a e(HKAcCHOCT TpsiOBa Ja ObIe
mpoMsHaTa CHpsAMO HM3XOmHOTO HMBO Ha HbAlc cmen 6 Mecema paHmoMu3WpaHa Tepamus C
JION'BJTHATEIIHA OLIEHKa Ha MPOMsHATa CIIPSIMO M3XOAHOTO HUBO Ha HbAlc Ha 12 Mecena, 3a na ce
OLIEHH JBJITOCPOYHATAa YCTOMYMBOCT Ha Iitoko3onoHmkasamus epext (EMA, 2023; Van der
Schueren et. al., 2024).

3AKJIIOYEHUE

Hanuunero Ha eqMHHN M3UCKBAHUS 33 IPOBEKIAHETO HA KIIMHUYHY M3MUTBAHUS U TAXHOTO
[O3HAaBaHE TapaHTHpPa IMyCKaHEeTO Ha Ia3apa Ha 0e30MacHu U e(pUKACHH JICKapCTBEHH IPOAYKTH 32
JIeYeHNe Ha 3axXapeH auader.
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RECENT THERAPEUTIC APPROACHES FOR THE TREATMENT OF
TYPE 2 DIABETES MELLITUS
Lora Petrova, Kalina Andreevska, Dzhansu llyaz, Emil Hristov
Laboratory of “Social Pharmacy”, Faculty of Chemistry and Pharmacy,
Sofia University “St. Kliment Ohridski”

Abstract: The treatment of type 2 diabetes mellitus is complex. Glycemic control is the main
focus in combination with achieving target values of blood pressure, serum lipids and body weight.
Key approaches include lifestyle modification and appropriately selected pharmacological therapy.

Aim: Analysis of current therapeutic approaches for the treatment of type 2 diabetes mellitus.
Materials and methods: We conducted documentary and content analysis of the European
Association for the Study of Diabetes (EASD), American Diabetes Association (ADA) and national
pharmacotherapy guidelines for treatment of diabetes mellitus.

Results and discussion: Different groups of medicinal products have been introduced into
clinical practice for treatment of type 2 diabetes, with glycated haemoglobin (HbA1c) being the
leading criterion for selection of glucose-lowering therapy. Metformin is traditionally recommended
as first-line therapy in type 2 diabetes due to its high efficacy in lowering HbAlc, minimal risk of
hypoglycemia and good safety profile. Comparative meta-analyses have shown that the addition of
an oral glucose-lowering product from the new classes to Metformin therapy lowers HbAlc by 0.7-
1.0%, and the inclusion of a GLP-1 receptor agonist or Tirzepatide, results in HbAlc lowering up
to >2%. For patients with type 2 diabetes and established atherosclerotic cardiovascular disease,
heart failure, or chronic kidney disease, the use of an SGLT2 inhibitor or GLP-1 receptor agonist
with proven cardiovascular benefit is recommended.

Conclusion: The treatment of type 2 diabetes involves a holistic, patient-centered approach
including management of blood glucose levels, control of body weight and cardiovascular risk
factors, cardiorenal protection, and delay in the development of complications.

Keywords: type 2 diabetes mellitus, glycated hemoglobin, SGLT2 inhibitor, GLP-1 receptor
agonist

BBBE/JIEHUE

3axapHuAT quabeT e MeTaboIUTHO 3a00JIsIBaHe, KOETO Ce XapaKTepU3Npa ¢ XUIEPTIUKEMUs,
pe3yaTaTt OT HapyIieHa HHCYJIMHOBA CEKPeNHs, HapyIIeHO HHCYINHOBO ACHCTBUE MIIM KOMOWHAIIHS
oT nBeTe. B cBeTOBeH Mammab AMadeThT ce CUKTA 3a €IMH OT Hall - 3HAYUMUTE 3APaBHU MTPOOIIEMH.
Crnopen manau Ha MexnyHapoanara nuadetna denepanus (IDF) oxomo 540 MutH. aymmm 1o cBeta
cTpaznar ot 3axapen nuadert. [IporHosure Ha IDF ca, ye no 2045 r. npubnusurenno 783 Muinona
JIYLIH LIe KMBEAT ¢ AnadeT, KoeTo npencrasisisa peet oT 46 % (IDF, 2021). B bearapust uma okosto
519 300 mymmwm ¢ ToBa 3a0osBaHe, KOETO IpecTaBisia 9.9 % or HaceneHUEeTo Ha Bb3pacT MEKIy
20 u 79 ropunn (NCPR, 2023). Knacudukanusra Ha 3axapeH AuadbeT ce 0CHOBaBa HA €THOJIOTHUSTA
Ha 3a0oisiBaneTo. [luaber I 2 € pe3ysTaT OT HeaBTOMMYHHA IPOrpecuBHa 3aryba Ha aJieKBaTHa
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B-xieTpYHA ceKpenrs Ha HHCYJIMH, 9eCTO Ha (JOHA Ha HHCYJIMHOBA PE3UCTEHTHOCT U METabO0JIUTEeH
cuaapom. OOxBaIa JuIa, KOUTO OOMKHOBEHO MMAaT OTHOCHTENCH (a He abCOJIIOTeH) WHCYJIWHOB
nedunuT u neprudepHa HHCYIMHOBA pe3ucTeHTHOCT. [mabet tum 2 npeacraisiBa okono 90 % ot
BcuukH cirydan Ha auadet (Tankova, 2013).

3axapeH auabeT ce AMarHOCTHIMPA Bh3 OCHOBA HAa KPUTEPHH 3a CTOIHOCTTa Ha IIa3MEHa
rimoko3a Ha rnagHo (FPG > 7,0 mmol/L), croiiHocTTa Ha mmasmeHa riroko3a (PG) Ha 2-51 yac B xoza
Ha opajieH rimoko3o-tonepantet tect (OGTT) cbe 75 g rmroko3za (2-h PG > 11,1 mmol/L) unu Huo
Ha riukupan xemorsioonH (HbAlc >6,5%) (ElSayed et al., 2023). OcHOBHUTE aclIeKTH Ha IpiKa 3a
MAlMEeHTUTE ¢ AUabeT BKIFOUBAT HaChpUaBaHe Ha 37PaBOCIOBHO XpaHeHe, (Pu3nuecka akTHBHOCT U
NICUXOJIOTHYECKA TTOJKpEelia, KaKTO W KOHTPOJI Ha TErJIOTO, KOHCYJITHPaHE OTHOCHO CIIMpaHe Ha
TIOTIOHOITYIIICHETO M OrpaHMYaBaHe Ha KOHCYMAIMsATa Ha aJKoXoJ. ToBa 4ecTo ce MpenocTaBss B
KOHTEKCTa Ha 00yUeHHeTO W MOoJKpernaTa 3a caMokoHTpol Ha aquabeta (DSMES). Veenmnuapamust
ce Opoil MHTEPBEHIMHM 3a IOHIDKaBaHE Ha TJIFOKO3aTa — OT IOBEAEHYECKU 10 (hapMaKOJIOTHYHU,
U3II0NI3BaHe Ha Pa3lIMYHU yCTPOHCTBA M XHPYPIUUSCKH METOOHM M HapacTBallaTa HHopMaruys 3a
NOJIBUTE W PUCKOBETE OT TAX MPENOCTABAT IMOBEYE BBH3MOXKHOCTU 3a Xopara ¢ OuadeT, HO
YCIIOKHSBAT B3EMaHETO Ha pemieHne 3a m30op Ha tepanus (Davies et al., 2022).

IlenTa Ha HacTOSIIETO NPOy4YBaHE € Ja NPEICTaBUM U aHAM3UpaMe ChBPEMEHHUTE
TCPANICBTUYHU NOAXOAU 3a JICUCHHUC Ha 3axXapCH }II/Ia6eT THII 2 B MECXKIAYHApOACH ACHEKT M Ha
HAIMOHAITHO HUBO.

MATEPUAJIM U METOIHN

IIpoBeneH e MOKYMEHTaJeH aHAJIW3 M aHAIW3 Ha CHABPKAHMETO Ha PBHKOBOJACTBATA 3a
JedyeHne Ha 3axapeH nuaber Ha EBpomeiicka acommanus 3a m3ydaBaHe Ha amabera (EASD),
Awmepukanckara pamabetHa acommanus (ADA), HamumonamHOTO —(papmMako-TepaneBTUIHO
PBKOBOJICTBO IO €HJOKPHHOIOTHS B O0JIeCTH Ha 0OMSIHATa 1 Ha MPEMOPBKHUTE 3a 100pa KIMHAIHA
IIPaKTHKa IpH 3axapeH auadet. 3a 1a ce nAeHTH(UINPAT T0-HOBHU J0Ka3aTelICTBa, Oellle H3BbPIIEHO
ThpceHe B PubMed 3a mpoBeneHM paHAOMU3MpPAHM KIWHWYHU HW3IHMTBAHUS, CHCTEMaTHYHU
Tpervie I ¥ MeTa-aHallu3M, TyOIMKyBaH! Ha aHITUICKY e3uK B mepuona 2018 . - 2023 .

PE3YJITATHU U OBCBHXKJIAHE

CranoBumero Ha AMepukaHckara nuaberHa acormanus (ADA) u EBponeiickara aconmanus
3a n3yuyaBaHe Ha nuabeta (EASD) 3a nedeHne Ha XUNEPIIUKeMHUs MPU MAIMEHTHTE ChC 3aXapeH
JadeT THI 2 OTpeiesisi HOAXOASIINS TePalleBTHYEH MOJX0]] U ITOCIIeIOBATEIHOCT 32 BKIIIOYBAHE Ha
HAJIMYHUTE IJTIOKO30TIOHMKABAIIM JIEKAPCTBEHU IPOAYKTH, B3E€MaHKH MPEIBU JIBITOCPOUHHUTE
pe3yaTaTH, MpeAuMCTBaTa U HEJOCTAThIUTE HA BCEKH €AMH OT TsX. [IpernoppuBa ce XOIMCTHYEH,
OpPHEHTHPAH KbM MHIAMBUAYAIHUS MAIMEHT MOAXO0, OTYNTAL CIIOKHOCTTa Ha KOHTpOJIA Ha 1nabet
TUN 2 W CBHIBTCTBAUTE TO MHKPO- W MAaKpOBAacCKylapHH ycioxHeHus. Ilpm mn3zbopa Ha
(hapMakoJIOTHYHA Tepanus 3a Bb3pacTHH MAIMEHTH CJIe/Ba /1a C€ B3eMar IIpeABN I e(UKaCHOCTTA Ha
JIEKapCTBEHNUS MPOAYKT 32 ITOCTUraHe Ha JIOObp INIMKeMHYEH KOHTPOJ Npu AuadeT THIl 2, epeKThbT
My TOpH CHIIBTCTBALIM CHPJACYHO — CHIOBH M OBOpeUHH 3a00JISIBAHUS, PUCK OT Pa3BUTHE Ha
XMIOTJIMKEMUSI, TOTCHIMAJIHA PEeIyKIUs Ha TEJIECHOTO TeIVIO, PUCK OT HEXeJaHU PEaKUuu U
MOHOCUMOCT, Pa3Xo/iy 3a TepanusiTa U A0CThIHOCT. [locTHraneTo Ha 100BP TIIMKEMUYEH KOHTPOI
BOJM JI0 3HAYMTEJIHO M TpailHO HamalsiBaHE Ha TOsBaTa W MPOTrPECcHsATa HA MHUKPOBACKYJIApPHU
ycnoxxaenus. [lenesa croitHOCT 3a HUBOTO HAa HbA 1¢ 32 moBeueTo Bb3pacTHU MAIUEHTH € OKOJIO 7%
win no-manko. IlepmoanmdHo TpsiOBa Ja ce WM3BBPIIBA MpeOleHKa Ha (hapMaKoJIOTHYHHS
TepareBTHYEH IUIaH (HalpuMep Ha BCEKH 3-6 Mecela) U Jla ce KOpUrupa Ipu Heooxoaumocrt. Ilpu
Bb3pacTHH MMAIMEHTH ITbPBOHAYAIHO MOXKE Ja ce OOMHCIM Ha3Ha4aBaHETO Ha KOMOWHHMpaHa
TEeparus ¢ Lell ja ce CbKPaTH BPEMETO 3a IIOCTUraHe Ha MHINBHYaTHUTE TEPANIeBTUYHH 1IEJIH, KaTo
3abJDKUTEITHO Ce Ipernopbyar v IPOMEHH B HaunHa Ha kuBota (Davies et al., 2022). [Ipomsnara B
HayMHAa Ha JKMBOT, BKJIOYBANIAa (pU3nMYecKa aKTUBHOCT M IOAXOMSII XPAHHUTEICH PEXKHUM, € OT
M3KITIOYXATEITHO TOSIMO 3HAYCHHUE B JIEUEHUETO Ha 3aXapeH Auadet Tur 2. Bendky nmamuenT Tpsaosa
I1a 6p1aT 00y4eHH OTHOCHO MPEOICHKA Ha CTHJIA MM Ha )KHMBOT OILE NIPH MOCTABSHE HA AWAarHo3ara
Ha 3a0omsiBaHeTo. HeoOxomumMo € W TEpPHOAWYHO pPEoOyUeHHE, HWHTETPHUPAHO B ISUTOCTHHS
TepaneBTHIEH moaxo . IIpu manuenTn ¢ HaZHOPMEHO TeIo 1 AnadeT Tul 2 € HeoOXoaruMa yMepeHa
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penykuus Ha Terioro (5 %), 3a Ja ce MOCTUrHAT OJAarONpHATHH PE3yJTaTd IO OTHOIICHHE Ha
DIMKEMHYHUS KOHTPOI. [IpenopbsKuTe OTHOCHO XpaHUTEIHUS PEXKUM TPSAOBa 1a ca MHIVBHUIYaIHH
U NalyeHTUTe qa ObaT HaChkpYaBaHH a KOHCYMHpAT 3paBOCIOBHH XPaHHU, CbOOPAa3EeHH C TEXHHUTE
npenmoynTanyud. [IpueMbT Ha BbIVIEXUIpATH, 0asupaH Ha H3YUCICHHE HA XJICOHM €AWHUIN, ©
KJIIOYOB MOMEHT 32 IIOCTUTaHe Ha NOObp IIMKeMHYEH KOHTPOI. MoIensT Ha [uabeTHaTa YHHHUS €
YEeCTO M3IMOJ3BaH BU3yaJleH IOJXOJ 3a MPEJOCTaBsiHE HAa OCHOBHM HACOKM 3a IUIaHUpaHE Ha
XpaHEHETO IPH MalMEHTH ChC 3axapeH auader. ChIiiacHO HEro MoJOBHHATA OT YMHMATA TPsOBa /1a
3aeMar 3€JeHYyLH, elHa YeTBHPT MPOTEHMHM, a OCTaHajara eIHa YeTBHPT - BBIVIEXUJAPATH.
[IpenoppuBa ce BKIIOYBAHE B AMETaTa Ha IBJIIHO3BPHECTH XPaHH, SIIKH, CEMEHa, Oe3CKOpOSITHU
3eJIeHYyLH, IUIOJI0BE, OOOOBH pacTeHHs M HHUCKOMACICHHW MJICYHU INPOAYKTH M CBEXKAAHE 10
MHHHMYM Ha KOHCYMAIHATa Ha Meco, MOACNAICHU ChC 3aXap HAUTKH, CIaAKUIIN. MequIHCKaTa
XpaHHUTEIHA Tepalus NpH MALKUeHTH ¢ JHabeT ¢ CBbp3aHa ¢ aOCONIIOTHH HaMaJICHUS] Ha HUBATa Ha
HbAlc or 0,3-2,0 %. IlpenopsuBa ce moHe 150 MHHYTH yMEpEeHO WHTEH3MBHA (Hu3HUecKa
AKTUBHOCT CEIMHYHO, KaTo HE TPsAOBa 1a MMa IoBedYe OT 2 IOCICAOBATEIHH AHH 0e3 aKTHBHOCT.
PuckoBere, CBBp3aHHM C KOHCYMAllHMATa Ha aJKOXOJI, BKIIFOYBAT XHMIOIIMKEMHsS /WM 3a0aBeHa
XHIOIIHKeMUs (0COOCHO NMpH MAalMeHTH, KOMTO Ca Ha WHCYJIMHOBA Teparus), yBelddyaBaHe Ha
TEIJIOTO M XUINEepIIUKeMus (3a MalUeHTH, KOUTO KOHCYMHUpPAT MPEKOMEPHU KOJIUYECTBa).
OOyyenuero M mojkpenara 3a camokoHTpon Ha nuabera (DSMES) ce cBbp3Ba ¢ nomoOpeHu
MO3HAHMs 3a 3a00JsIBaHETO, MO-HUCKM HKMBa Ha HbAlc, mO-HHCKO TENEeCHO Tero W MoAoOpeHo
kadecTBO Ha *kuBOT. (Davies et al., 2022; Tankova, 2012; Tankova, 2015; BSE, 2019; ElSayed et al.,
2023).

Tadauna 1. TepaneBTHIHN KITacOBE JIEKAPCTBEHH IIPOAYKTH 3a JICUCHHE Ha 3axXapeH IuadeT THIl 2
(NCPR, 2023).

TepaneBTHYEH KJac INN JlneBHAa 1032
CyndoHmrypeiiHE POTYKTH Glibenclamide 2.5-20 mg
Gliclazide 80 -320 mg
Glipizide 2.5-30mg
Glimepiride 1-8mg
MernuTHHUAN Repaglinide 0.5-16 mg
Bursanuau Metformin 500 - 3000 mg
AJ1a-IiII0K03UAa3HM MHXUOUTOPH Acarbose 50 - 300 mg
Tua3oauIuHANOHN Pioglitazone 15 - 45 mg
DPP-4 unxuduropun Sitagliptin 25 -100 mg
Vildagliptin 50 - 100 mg
Saxagliptin 2.5-5mg
Linagliptin S mg
SGLT-2 nunxuburopn Dapagliflozin 10 mg
Empagliflozin 10 - 25 mg
Canagliflozin 100 — 300 mg
Ertugliflozin 5-15mg
GLP-1 penenTopHH arOHUCTH Exenatide 10- 20 pg
Lixisenatide 10-20 pg
Liraglutide 0.6-1.8mg
Dulaglutide 1.5 mg/cenmu4HO
Semaglutide 0.5 mg - 1.0 mg/cenmuyno
3 mg /7 mg/14 mg/BenHbX THEBHO
GLP-1/ GIP penienTopHi aroHMCTH Tirzepatide 5 mg/10 mg/15 mg/ cenmuyno

W3non3BaHuTe KIIACOBE JICKAPCTBECHH MPOIYKTH 3a JIeYeHUe Ha quabet Tui 2 (Tabnuna 1) ca:
OurBaHuAM, CYI(QOHWIYPEHHN TPOAYKTH, METIMTHHUAM, anda- TIOKO3WAa3HH HHXUOWTOPH,
THa3oMMIUHANOHN, DPP-4 (munenrumwn-nentumaza - 4) waxuouropu, SGLT-2 (marpueso-
IJTIIOKO3€H KO-TpaHcmopTep 2) maxuburopu, GLP-1 (Tmokaron-momobeH menTuna-1) penentopHu
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aronucty, neiaropeiicrBan; GLP-1/GIP  (1rok0303aBHCHM  WHCYJWHOTPOIICH — ITOJMATICTITH)
peneniropen arouuct (NCPR, 2023).

Metformin TpaanuIIIOHHO CE IPETIOPBYBA KaTO MbPBA JIMHHSA IIIFOKO30IOHIKABAIIA TEPATIH
3a KOHTPOJ Ha quadeT THIl 2 TOopaal BUCOKaTa CH e(hUKacCHOCT OTHOCHO MoHmKaBaHe Ha HbAlc,
MHUHAMAJICH PUCK OT XWIIOIIMKEMHS, KOTaTO CE W3IO0J3Ba KaTO MOHOTEPAIHs, HEYTPAIHOCT II0
OTHOIIICHHE Ha TETJIOTO C MOTEHIMAJ 3a yMepeHa 3aryda Ha Terio, 1o0bp npodui Ha 6e30macHOCT
W HHUCKa IIeHa. BeIpeku ToBa ce mpuema, 4e Apyry MOAX0AM MOXe Aa ca noaxoxsamu. Metformin He
TpsiOBa Jja ce M3II03Ba MPH MAlMEHTH C N34UCIIeHaTa CKOpOCT Ha mioMepyinHa Gunrpanus (eGFR)
<30 ml/min na 1,73 m? u TpA6Ba 1a ce 0OMUCIM HaMalsABaHe Ha 103aTa, korato eGFR e <45 ml/min
na 1,73 m? Vnorpebara My € NpOTMBOIOKA3aHa INPH CHPJEYHa, OBOpeYHa M YepHOAPOOHA
HE0CTaThYHOCT, KaKTO U NIPH OCTHP CTaIui Ha MH(APKT Ha MUOKapaa. HexenaHute peakunu npu
IpHUeMa My ca CTOMAIIHO-YPEBHU HapyIICHHU KaTo JUapus, TajeHe, MOBPBIIaHe, METAICH BKYC B
ycrara (Davies et. al., 2022; NCPR, 2023).

Cyagouuaypeiinure npoanykru (CYII) mMaT BrCOKa ITIOKO30TIOHIDKaBama ¢QUKaCHOCT,
KaTo MpPEeINMCTBO €, Y€ ca €BTHHH M JOCTBIHM. YNOTpedaTa MM € CBbp3aHa C MOBHINEH PHCK OT
XHIIOTINKEMUS, KOSITO € TI0- CHITHO M3pa3eHa MPHU IbJITOACHCTBAINTE TIPOLYKTH —

Glibenclamide > Glipizide > Glimepiride > Gliclazide. (NCPR, 2023). Taxuara ynorpeba ce
CBBP3Ba U C yBeJIMYaBaHe Ha Ter10To. HeOGmaronpusiTHUTE pe3ynTaTH OTHOCHO ChPJEYHO-ChI0BaTa
UM 0€301acHOCT B 00CEpBaIlIOHHU MTPOYYBAHHUS TIOPAKAAT 3arPHIKEHOCT.

Tuazonuaunauonute (TZD) noBumaBaT WHCYITMHOBaTa YyBCTBHTEIHOCT M Ca C BHCOKa
IJIIOKO30TIOHMKaBala e(pUKacHOCT. YIoTpedaTa UM He € CBbp3aHa C PUCK OT XMIIOTIMKEMHUS U Te
HMar 10 - TBJITOCPOYCH €(PEKT BbpXy HUBaTa Ha KpbBHATA 3axap B cpaBHeHHE che CYII. Be3MoxkHU
HeXenaHn peakiuu Ha TZD ca 3aabpkaHe Ha TEYHOCTH M 3aCTOHHA ChPAECYHA HEAOCTATHYHOCT,
yBeIM4YaBaHEe HA TEIVIOTO M MOBHUILICH PHCK OT KOCTHH ()PAKTypH, KOUTO MOTaT a ObJaT HAMaJICHH
Ype3 U3MOM3BaHE Ha MO-HUCKH JI03U 1 KOMOWHHMpaHe Ha Tepanus Ha ThasonuanHauoH ¢ SGLT2i n
GLP-1 penenrroper aroHuct. braronpustan epexT BbpXy HeankoxoieH creatoxenmaTtut (NASH) u
BBPXY JIMITUIHATE TTOKA3aTeNN ca HaOlfonaBaHu npyu ynotpedara Ha Pioglitazone. Ymorpebara uMm e
MIPOTHBOIIOKA3aHa MPH ChpAevHa HegoctaThaHOCT (Davies et. al., 2022).

HecyndonunypeiiHuTe MHCYJIMHOBH CEKPETAr03W WM TaKa W3BECTHUTE MEITIMTUHUIU
CTHMYJIUpPAT CEKpEeLUsITa Ha MHCYJIHMH OT B-KJIETKUTE Ha NaHKpeaca. MakCMMalHU HUBA Ha MHCYJIHH
ce gocturar 1o 1 yac cien mpueM Ha METIMTUHU U eeKThT MPOoAbKaBa B paMKHUTE Ha 3 vaca.
MerMTHHUINTE HE YBEJIMYaBaT PHUCKA OT HEXKeJaHa XHIIOIIMKEMHs Ipe3 HOIITa W MEeXIy
XPaHCHUATA M KbCHA XUIIEPUHCYIMHEMHS 32 pasiuka ot cyidonmwtypeute (Tankova, 2013).

O-TJTI0KO3MIA3HUTe HHXHOMTOPH NON00PSBAT NIMKEMUYHHS KOHTPOJI Ype3 HaMaJsiBaHe Ha
MOCTIPaHUaTHATA XUIIEPITIMKEMHS M MOTaT J]a OCUTYPAT CHENU(UIHHM TIOJI3U IIPH AUETA C BUCOKO
BBIVIEXUAPATHO XpaHEeHe. Yrmorpebara WM HE € CBbp3aHa C PHUCK OT XHUITOTIMKEMHUS.
ITpOTHBONIOKA3aHU Ca TIPH KPEATHHMHOB KJIUpBHC 1oj 25 ml/min /1,73 m? (Davies et al., 2022;
NCPR, 2023).

HNuxuburopure Ha punentuaunia mnentugaza-4 (DPP-4i) wuHxuOupar eH3UMHOTO
WHAKTHBHPAHE HA €HJAOTEHHUTE WHKpEeTHHOBH XopMoHU — GLP-1 u GIP, xoeTo Boam 110 3aBHCHMO
OT ITIOKO3aTa OCBOOOXKJaBaHE HAa MHCYIIMH U HaMaJIiBaHE Ha CEKPEIUATa Ha TIIFOKaroH. Te umar mo-
yMepeHa IIII0KO30TIOHIDKaBaIla e(prKkacHOCT U HEyTpaJieH e(peKT BEPXY TENIOTO U Ce MOHACST 100pe
C MMHHMAJICH PUCK OT XUIIODIMKeMusl. Pe3ynTati oT npoy4aHusi, OLEHsBAIN ChPACYHO — ChIOBHS
pHUCK, moKa3BaT Oe3omacHocTTa Ha ciexaure DPP-41 — Saxagliptin, Alogliptin, Sitagliptin u
Linagliptin. HamansBane Ha pHCKa OT mporpecupaHe Ha anOyMUHypHs ce HaOogaBa IpH
Linagliptin. IIpu Saxagliptin e ycTaHOBEH MOBHIIIEH PUCK OT XPOHMYHA ChPJCYHA HEAOCTATHYHOCT
U MMa pPeaKH ChOOIIEHHS 32 apTPaITHs U PEaKLIMK Ha CBPBXUyBCTBUTEIIHOCT.

SGLT2 unxuéutopute HamaisBar peabcopOIysiTa Ha NIIOKO3a OT TIIOMEPYIHHS QUIATPaT
ype3 Onokupane Ha SGLT2 penentopa, KaTo 10 TO3M HAYMH CE MOHIKaBa BUCOKATa KOHIIEHTPAIHs
Ha IVIIOKO3a B IUIa3Mara. Te umar cpeJHa 0 BHCOKa INIMKeMUYHa e(pUKacHOCT, HO IpU HAalMEHTH C
MIOHIKEHA CKOpOCT Ha TioMmepyinHa ¢untpanus (eGFR) 14 HamansBa. B KIMHUYHN M3NMTBAaHUS €
MOTBBPACHA W TAXHATa e(UKAaCHOCT 3a HaMalsIBAaHE HAa pPHCKAa OT TOJEMH HEONAaronpusTHH
cepaedno-cuaoBu choutus (MACE), nHpapkT Ha MUOKap/a, XOCIMUTAIN3AIUS TIOPaaN ChpaedHa
HenocrarbuHocT (HHF) u momoOpsiBane Ha ObOpeYHUTE YCIOKHEHHS TPY MAIUEHTH C YCTaHOBEH/
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BHCOK PHCK OT ChPJICUHO - ChI0BO 3abomsaBane (CC3). Ynorpebara UM € cBbp3aHa ¢ MOBUIIIEH PHCK
OT TEHUTAJHU MUKOTHYHH MH(EKINH, 33 KOUTO C€ ChOOIIaBa, 4¢ OOMKHOBEHO Ca JIEKU U JCUNMH.
SGLT2 naxubuTopruTe MOXE Ja yBeInJar prcka ot quaderHa keroanumo3a (DKA), Ho wectorara e
Hucka — ot 0,1-0,6%, ¢ MHOro HHUCKM HuBa HpH cbpraeuHa HemoctarbuyHOCT (CH) M XpoHHMYHA
6p0peuna nenocrarpuHOCcT (XBH) (Davies et al., 2022; NCPR, 2023).

GLP-1 penenTopHuTe arOHHCTH YBEJIMUABAT TIIIOKO30-3aBUCHMATa CEKPELUS Ha WHCYINH
U TMOTHCKAT CEKpelMsiTa Ha TIIIOKaroH, 3a0aBsT W3Ipa3BaHETO HA CTOMaxa, HaMallsiBaT aleTuTa,
SHEPrUHUA IPHEM U TestecHOTO Terto. OcBeH nmoaoopsiBaHeTo Ha HUBaTa Ha HbA 1c npu Bb3pacTHH
¢ mnabet tun 2, Hsakon GLP-1 penentopHy aroHHCTH CBIO ca 000pEeHH 32 HaMalsIBaHe Ha pUCKa
or MACE (Dulaglutide, Liraglutide n mogxoxken Semaglutide), kakTo u 3a peayKIHs Ha TEJIECHOTO
terno (mopkoxeH Liraglutide, tutpupan mo 3,0 mg BemHBXK AHEBHO; MOAKOXKeH Semaglutide,
TUTPUpPaH 10 2,4 mg BenHbxK cenmMuaHo). GLP-1 penentopHuTe aroHNCTH 00MYaifHO ce Mpriiarat
MIOAKOKHO, HO WMa W eIWH pa3pemieH 3a ymorpedba mepopaneH GLP-1 pemenropen aronuct
(Semaglutide). Haii-uectrure He)XelaHU PEaKIMX MPU TO3H KJIac Ca CTOMAITHO-YPEBHH HAPYIICHHUS
(ranene, noBpbINaHe U auapus). [IpenoppuBa ce MOCTENEHHO TUTPUPaHE Ha po3ara. Pesynararute
MIOKA3BarT, Y€ HAMAa YBEJIHUYCH PUCK OT pa3BUTHE HA OCTHP MAaHKPEaTHT, KapIUHOM Ha MaHKpeaca u
MeylapeH KapIlHOM Ha IIMTOBHIHATA )kKjie3a MpH ynorpedara um. Te ca mpOTHBOIIOKA3aHH MPH
nmanMeHTd ¢ (amMuiIHa aHaMHe3a 3a MeAylIapeH KaplMHOM Ha IIMTOBHIHATA JKJe3a WU
MHOXKECTBEHAa EHIOKPHMHHA HEOIUIa3usl TN 2. YCIOXHEHHATa Ha AuabeTHa pEeTHHOIATHS,
HaOuonaBany 1o BpeMe Ha knuHu4HOTO M3nutBane SUSTAIN 6, usriexaa ce qbmokar Ha Obp30TO
HamassiBaHe Ha HuBata Ha HbAlc mpu marnuenTu ¢ npenmecrsaiia nuabetna perunonarus. GLP-1
RA cbI110 ce cBbp3BaT C MO-BUCOK PUCK OT 3a00JIIBaHMS Ha SKITBUHUS MEXYP M HKIBYHUTE BTHIIA.

[Ipe3 cenrremBpu 2022 1. e pa3permieH 3a ynorpeda Tirzepatide — mparogeiicram GIP u
GLP-1 penenrTopeH aroHMCT 3a IOIKOXHO IPWIOKEHUE BEAHBXK CEIMHUYHO. B KIMHUYHH
n3nutBanus Baza III Tirzepatide nemoHCTpHpa BUCOKA e(hUKAaCHOCT 32 HaMallIBaHE Ha HUBaTa Ha
HbAlc cnpsmo mname6o, mogakoker Semaglutide 1,0 mg cemqmurano, Insulin degludec u Insulin
glargine. Hamanssanero na HuBara Ha HbAlc e ¢ -1,91%, 1,93% u 2,11% c Tirzepatide cboTBEeTHO
5, 10 u 15 mg, xaro ce HaOmMoOmaBa U PeIyKIHA Ha TEIECHOTO TerIo ckC 7-9,5 kg. Bb3 ocHOBa Ha
Mera-aHanu3y, Tirzepatide npeBb3xoXkia APYrUTE MIFOKO3OMOHIIKABAIIM KIIACOBE, BKIIOYMTEIIHO
nearofeiictBamu GLP-1 aronucty, HO yrnorpe6ara My ce CBbP3Ba € IIOBUIIIEH PUCK OT CTOMAIITHO-
YpEBHU HapyUICHHs! Kato rajieHe. KparkocpouHU JaHHH OT PaHJIOMU3UPAHU KIIMHUYHU U3IUTBAHUS
npeanonarat, 4e Tirzepatide He nmosumasa prcka or MACE, HO BbIIpEKH TOBa, JOCTOBEPHH JaHHU
3a HEroBara JBJITOCPOYHA ChPACYHO-CHA0BA OE30MACHOCT e ObJaT HAJHMYHHU CleA NPUKIIOYBAHE
Ha m3nutBaHeTo SURPASS-CVOT (Davies et al., 2022).

I1oko3omoHMzkaBama Tepanusi NPH  Bb3PACTHH MNANMEHTH CbC CBITBTCTBALIU
3a00,11BaHUSA

ITpn BB3pacTHU ¢ auabeT THI 2 ¢ YCTaHOBEH WJIM BHUCOK PHUCK OT aTe€pPOCKJICPOTHYHO
chpaevHO - cbnoBo 3abomsBane (ASCVD), ceprneuna HemocrarsyHOCT (CH) w/miim XpOHHUYHO
6bp0peuno 3abonsaBane (Xb3), mmaHbT 3a jedeHHe TPAOBa Ja BKIOYBA JICKAPCTBEH IMPOIYKT C
JIOKAa3aHU CBPACYHO - CHIOBH W OBOPEYHHM ION3M KAaTO WHXHOMTOPM Ha HATPHUEBO-TIIIOKO3EH
xotpancrioprep 2 [SGLT2i] w/unu mrokaroH-nmogo6eH nentun 1 penentopHu aronuctu [GLP-1
RAY]). SGLT2 unaxubutopute u GLP-1 penenropHuTe aroHNCTH c€ CBHP3BAT C HO-HUCHK PUCK OT
xunorukemusi, a npu namueHTH ¢ ASCVD, CH m XBb3 ce HaOmofaBa TMOBHINEH PUCK OT
xunornukemus. CUCTEeMaTHYHH Tperyie i AEMOHCTPHUPAT, Ye Hall-roJIsiMO HaMaJleHHe Ha HUBOTO Ha
HbAlc uma nipu ynorpedara Ha uacynuH, GLP-1 penentopan aronuctu (ocodbeno Semaglutide) u
nearozeiictBanius GIP/GLP-1 peuenropen aronuct Tirzepatide. [1pu Be3pacTan ¢ Hanmuue Ha CH
(c HamaseHa win 3amaseHa (pakiys Ha HM3TIAcKBaHe), ce IpernopbyBa ymorpebara Ha SGLT2
HHXUOUTOP.

ITpu BB3pacTHU cbC 3axapeH auadeT THI 2, KOUTO MMaT XpOHWYHO OBOpedHo 3aboisiBaHe
(XB3) ¢ moTBbpacHa OLleHEeHa CKopocT Ha iomepyiiHa Guintpanus [eGFR] or 20-60 ml/min va 1,73
m? u/unn anbyMuHypus, TpsAOBa aa ce usnonssa SGLT2 MHXMOUTOp 3a 3a0aBSHE HA MPOTPECHATA
Ha Xb3. I'mukemuanante momsu ot SGLT2 uaxuburopure Hamansasat nmpu eGFR <45 ml/min ma 1,73
m?2,

[Ipu BB3pacTHU ¢ HaNpeaHaI0 XpOoHHYHO O0b0peuHo 3abomsaBane (eGFR <30 ml/min na 1,73
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m?2) npu u36opa Ha Tepanus ce npexnounta GLP-1 RA mopanu mo-HUCKHS PUCK OT XUITOTIIMKEMHAS
U 32 HaMalsBaHe Ha CHPIEYHO - CHIOBHUTE HEXEJIAaHH CHOMTHA. MHOTO BHCOKa €(hUKACHOCT 3a
moHmkaBaHe Ha HuBaTa Ha HbAlc ce mabmromaBa cien mpuiaranero Ha GLP-1 pemenropaute
aroancti Dulaglutide (Bucoka mo3a) m Semaglutide, rpATOHEHCTBAIINS TIIFOKO303aBUCHM
nacynmuHoTporeH nomunentun (GIP) u GLP-1 RA Tirzepatide, nHcynuH, koMOMHUpaHa IepopaiHa

Tepanus U KOMOWHUpaHa HHXKEKIMOHHA Tepanus (Purypa 1).

Tpeouenka
Ha

[ 3/1paBOC/I0OBEH HAYHH HA JKHBOT, CAMOKOHTPOJI HA 1Ha0eTa, COMATHH 1eTEPMHHAHTH HA 3‘]paBeT0\“a Beexn 3-6

TepanusTa

Mecena

T

SGLT2i ¢ nokazanu E¢uxacnoct 3a EduxacHocr 3a pexykuust Ha
TOJI3H 32 HamaJsiBane Terao0To
HamaJsiBane Ha HHBATA HAa KPHBHA
+ ASCVD/ nuaukaTopu 3a nporp)e(c];n;Ta Ha 3axap : MHoro BHCOKA:
BHCOK PHCK .
Hsnon3sane Ha MHoro BHcoKa: Semaglutide
SGLT2i npu eGFR Dulaglutide, Tirzepatide
>20 mL/min /1.73 Semaglutide,
m2 Tirzepatide
GLP-1RA SGLT: Insulin Bucoka:
J1a ce U3I0JI3Ba J10 KombOunnpana . . .
3amo4BaHe Ha MHDKCKIHOHHA Dulaglutide, Liraglutide
[ Axo HbAlc e nax ueara ] HATH3a WIH Tepanus: GITP_l RA/
TpaHCILIAHTALAS Insulin Cpeana:
3a nanwenTy na GLP-1 RAua'ce """ WIn----- Bucoka : GLP-1 RA, GLP-1 RA (u3BBbH
obMmucan nodaBsine Ha SGLT2i ¢ . . .
Metformin, SGLT2i, ropensdpoennte), SGLT2i
JI0Ka3aHa CbPAEYHO - Cb0BA M0JI13a GLP-1RACc Cyndonmnypes, TZD
u obpaTHoTo, TZD JI0Ka3aHa ChPJIEYHO- ¥ Ypet,
\\ J CBJI0BA 10113a, AKO Heyrpaien:
SGLT2ie . . .
T —— Cpeana: DPP-4i DPP-4i, Metformin

Lleﬂ: Hama Ha )i P JTHUSI PUCK MPH NAHEHTH I.len: Ilocturane u noAAbPKAHE HA TVIMKEMHYHUTE LeJTH
¢ auaber THn 2 M HAMAaJIsiBaHe HA TeJeCHOTO Terjo
+ASCVD +AnauKkaropu +CH +Xponuuno Ioaxox, KoiiTo TlocTaBsine HA HHAMBHAYAJTHH
' PR— 32 BHCOK pUCK On0peuno ocurypsisa e/ 32 NOUIbPKAHe HA
yeTanoBeno > 55 roumn ¢ 3abossBane eukacHocT 3a TerjioTo
ChpJIeUHO- J1BA WM 1I0BeYe (XB3) NOCTHUTAHE HA
ChI0BO PHCKOBH TIIMKEMHYHHTE Hauun na TIporpama
3a00a1s1Bane; daxropn : eGFI_? <60 e JKHBOT: 3a
mL/min/1.73 no/UIbpiKaHe
MHOKapJeH 3aTIIBCTSABAHE, m? Xpanurenann Ha
HHQapKT, N
(apxr, XMIICPTOHHUS, Metformin win HABMIH, TeJIeCHOTO
HMHCYINT, TIOTIOHOITYLIEHE, u/uim 6 Gusuyecka Terjio
HCXCMHYHA JUCITHITUAEMHUA, anbyMuHypHs KOMOMHHpaHa AKTHBHOCT
aTaKa, anGymuHypus Tepanus
KOPOHapHO
apTepHaIHO N36sarsane Ha Tpu u3bop na
3abosiBaHe SGLT2i XMIIOTIUKEMHS IPH TJII0KO030MOHMKABAILA
BHCOKOPHCKOBH Tepanusi: Jla ce ooMuCTH
¢ MALHCHTH PeXHM ¢ BUCOKa e(hMKaCHOCT 3a
AloKazana HaMaJsABaHe HAa HUBATA HA
fonsa KPBBHA 3aXap M TEJICCHOTO
npu CH ﬂ Tero

Y

®urypa 1. M360p Ha DIIOKO30MOHIDKABAIA TEPAITUS IPH MAITUEHTH C AHa0eT THII 2.

ChpBpeMEHHHUTE TEPANICBTUYHHU TIOAXOMU BKJIFOYBAT MOCTAITHO N00aBSHE HA IPYT'H KJIACOBE
JeKapcTBeHN poaykTu kbM Metformin ¢ nien xonTpor Ha HbAlc. Korato HbA1C e >1,5 % ¢ Han
WHAWBUIyaJIHATA [IEJ, IPH MHOTO IALMEHTH IIe € HeoOXoAnMa BOWHA KOMOWHUpaHa Tepanus, 3a
Jla ce IOCTUTHE M MOAIbpxKa JoObp koHTpor Ha HbAlc.

PesynratuTe OT CpaBHHTENHH METa-aHAJHM3M IIOKAa3BaT, Y€ BCEKHM HOB KIJAC TIEPOPATHH
IJTFOKO30TIOHIKABAIIN TIPOAYKTH, [100aBeHM KbM IThpBOHa4ajgHaTa Tepamus ¢ Metformin,
obukHoBeHO moHMkaBa HbAlc ¢ okxomo 0,7-1,0%, a ako ce pgo6au GLP-1 RA wmm
nearoneiicteainus GIP u GLP-1 penenitopen aronuct Tirzepatide, ce ouaka nonmkenune Ha HbAlc
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c 1 mo >2% (ADA, 2024).

BbBe:kaaHe Ha MHCYJIUH B TepanusTa

[Ipu BB3pacTHH ¢ nradeT THN 2 TPsOBA Ja ce 0OMHUCIIH BbBEXKaHE HAa MHCYJIWUH B TEPAIUATA,
aKo FIMa TaHHM 32 TPOABIDKaBAIl KaTabomn3bM (Halp. HeodakBaHa 3ary0a Ha Teryio), ako ca HaJIUIIe
CHUMIITOMH Ha XUTEPIINKEMHSI WIIH Korato HuBata Ha HbA 1 ¢ mimu kpbhBHATA 3aXap ca MHOTO BUCOKH
(T.e. HbAlc >10% wnu kpbBHA DirOK03a >16,7 mmol/L).

BwMecto nncynuH ce npennounta ynorpedara Ha GLP-1 penentopeH aroHUCT, BKITFOYHTEITHO
JIBOEH DNIIOK0303aBUCHM MHCynuHOTponeH noiunentun (GIP) m GLP-1 RA. Jlo3ara Ha nHCynuHa
TpsiOBa na Obae kopurupana npu podassae Ha GLP-1 RA wnm nBoen GIP u GLP-1 RA. 3a na ce
CBeJie IO MUHUMYM PUCKBT OT XUIOTJIMKEMUS TIPU 3all0YBAHE HA WHCYJIMHOBA Tepamnus, TpIOBa 1a
ce TpeoleHN HEOOXOMMMOCTTa OT INPOABIDKaBAHE Ha yHOTpebara Ha JIEKapCTBEHH IIPOIYKTH,
CBBp3aHU C BHCOK PHCK OT XHIOIIIMKEMUS, Karo CylI(oHWTypeinn mponykru. Ilpeamounrta ce
ynotpebara Ha 6a3aneH HHCYTH. HagamHuTe 1031 Morar J1a ce H34HCIIAT Bb3 OCHOBA Ha TEIECHOTO
terno (0,1-0,2 eqMHWIIN/KT/IEH) M CTETIeHTAa HAa XWUNEPIIIHKEMHs, KaTo TPH HEOOXOOUMOCT ce
Tpujiara HHANBUIYATHO TUTPUPAHE B MPOABDKCHHUE Ha JTHH JIO CEIMHUIIH.

LemeBn cTOWHOCTH HAa HMBAaTa Ha TIIOKO3aTa Ha IIaJHO € BB3MOXKHO Jla C€ IOCTHTHAT C
yoBewiku NPH wHCynuH wim gbiarofedcTBal] MHCYJIMHOB aHajol. B KIMHUYHM W3NUTBaHUS €
JI0Ka3aHo, ue apironeiictBamure 6azannu ananosu (U-100 glargine wiu detemir) HamansiBaT pucka
OT XUIIOTNIMKEMUS OT BTOPO HUBO U HOIIIHA XUNornkemus B cpaBHeHne ¢ NPH uncynun. bazannute
WHCYJIMHH OOMKHOBEHO C€ Npwiarar Mpeny JisraHe, HO C HO-HOBHTE WHCYJIMHOBU aHAllO3U €
BB3MOXKHA MTO-TOJIIMAa I'bBKABOCT BbB BPEMETO Ha MHKEKTHPaHE Ha MHCYIUH (T.€. [0 BCSIKO BpeMe
Ha jieHs1). Axo HbA 1¢ e Hajl IPHUIIETHOTO HUBO € HEOOXOIUMO Jia ce T0OaBH HHCYJIMH MPEIH XPaHCHE
— TIPENNOYHUTAHIST PEXKUM € 0azamHo-0onyceH, Mpu KOHTO ce 100aBs Obp30AeHCTBAI HHCYIUH /
aHaJor KbM Oazanmuus uHCYNUH. [Ipu HuBa Ha HbAlc nox 6,5% TpsOBa HE3abaBHO Aa ce CIpe WiIn
HaMalll [103aTa Ha JICKAPCTBEHHUTE INPOAYKTH, CBBP3aHU C IMOBHUIICH PHCK OT XHITOTIUKEMHS.
Hammaam ca nBe xomOuHanmu ¢ ¢pukcupano croTHOomeHue Ha GLP-1 RA u aHamo3mu Ha 6a3ancH
nacynmuH: Insulin degludec u Liraglutide (IDegLira) u Insulin glargine ¢ Lixisenatide (iGlarLixi).
KomOuHammsta ot 6a3anes nacymmH ¢ GLP-1 RA Bomu 1o mo-romsma epuKacHOCT 3a IOHM)KABaHE
Ha HuBOTO Ha HbAlc, mo-manko HanjaBaHe Ha TEIIO M IO-HUCKM HHMBAa Ha XUIOTIUKEMUS,
OTKOJIKOTO TPH MHTCH3U(UIMPaHH WHCYIMHOBH CXEMH, KaKTO M MO-100pa CTOMallHO-YpeBHA
MMOHOCHUMOCT, OTKOJIKOTO U3MOJI3BaHEeTO UM caMocTosTenHO (ADA, 2024; NCPR, 2023).

B mera-ananu3 Ha 453 mpoydBaHH, OLEHSBAILIM TIIOKO30IIOHMKABAIIAaTa €(hUKACHOCT Ha JIEBET
JIEKapCTBEHH KJlaca, 3HaUNTeNTHO HamansBaHe Ha HbAlc ce ycTaHOBsIBa IPH MHCYJIMHOBH CXEMH U
ynotpe6a Ha GLP-1 RA.

MpexoBHU MeTa-aHaJIN3H, CPaBHABAIIN e(DUKACHOCTTA HA JIGKAPCTBEHUTE MPOAYKTH OTHOCHO
PEmyKIMsST Ha TEJIECHOTO TErI0 M KPBHBHOTO HAJATaHE, TMOKA3BaT, 4e T ¢ Hall-3HaunMa TpHU
mpWiIoKeHUe Ha monxkoxkeH Semaglutide, mocnensan ot apyrure GLP-1 penentopHu aroHHCTH H
SGLT2 unxuburopu, Kato MpU Te3H KIAcoBe ce HaO01aBa U IOHW)KaBaHEe HA KPBBHOTO HAJISTAHE.
HearoneiictBammsar GIP u GLP-1 RA Tirzepatide ce cBbp3Ba ¢ 110-100bp KOHTPOJI Ha HUBATa Ha
HbAlc, kaTo 1o OTHOIIIEHNE Ha PEAYKIHUATA HA TETIIOTO € Mmo-edukaceH ot Semaglutide 1 mg.

Jlokato TBOMHUTE MeTa-aHAIM3HU U U3MUTBAHUS 32 ChpeuHO- ChIoBUTE pe3yntatu (CVOTs)
MTO3BOJISIBAT M3BO/M 32 IIUIOCTHATa €(MKACHOCT W 0€30MacHOCT Ha HOBHTE TNIFOKO30IOHM)KABAIIIN
Tepamuy, HUTO €AWH OT TiIX He cpaBHsiBa ampektHo SGLT2i ¢ GLP-1 RA. Bwmopexu ToBa,
cpaBHHUTENHATa e()eKTUBHOCT Ha TE€3H JIBa KJlaca JIEKapCTBEHH ITPOAYKTH € OIICHEHA B TPH CKOPOIITHH
MpPEKOBU MeETa-aHaIM3HW, KOWTO YCTAaHOBSBAT, Y€ MpHW manueHTd ¢ auabetr tunm 2, SGLT2i
npeBb3xoxaar GLP-1 RA mnpu HamansBaHe Ha XOCHUTAJIM3ALMUTE TOpaad ChpAeyHa
HEIOCTaThYHOCT W TOBJIHsIBaHE Ha ObOpeuHm ycnmoxHeHus, mokaro GLP-1 RA wsrmiexnar mo-
e(heKTHBHM 3a HaMaJIsBaHE Ha PUCKa OT MHCYIT. HsMa 3Ha4MMuU pa3inmdus MEXIy JBaTa Kiaca

JICKAapCTBCHU NPOAYKTH 11O OTHOIICHUE Ha HUBATAa HA CMBPTHOCT U APYTU CbpACYHO-CHA0BU MOJI3N
(ADA, 2024).

3AKJIIOYEHUE
Hamnunu ca pa3HOOOpa3HHM CHBPEMEHHU TEPANeBTUYHH BB3MOXKHOCTH 3a JICUCHHE Ha
3axapeH AuadeT TUM 2, KOUTO BHHATH TPSOBA Ja ObJaT MpHIaraHd B paMKHTE Ha TIOJX0I, B IIEHTHPa
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Ha KOWTO € MAalMCHTHT. BCHYKHM PELICHUs] OTHOCHO JICYCHHETO TPsiOBa Jja c€ B3EMAaT, KOTaTto €
BB3MOXHO, CbBMECTHO C TMAIMEHTa M Ja ca ChOOpa3eHU C HETOBUTE MPEAIOUUTAHMA, HYXKIH H
LHEHHOCTH. [JIMKEeMUYHWTE WeIM W IJIOKO30IOHIKABaliara Tepamust TpsOBa 1Ja ca
WHIVBHUIYalU3UpaHd. XPaHUTCTHUAT PEXHUM, (U3MUECKaTa aKTUBHOCT M OOy4EHHETO OCTaBaT
OCHOBaTa Ha BCEKH TEPANEBTHICH MOAX0A. MeT(hOpMUH € ONTHMATHOTO CPEACTBO HAa IBPBH 300D
OCBEH B CIlyyaWTe C HAJIMYHU [IPOTUBONOKa3aHusl. KomOMHMpaHa Tepanus ¢ 100aBsHe Ha eAWH WIN
JIBa MEPOPaTHU WU HHXEKLIIMOHHY JIEKApCTBEHU NPOAYKTa € OIpaB/iaHa, KaTo LeJITa € 1a Ce CBeJar
JI0 MUHUMYM HEKeJIaHUTE JICKapCTBEHU peakuyi. MHOTo MalMeHTH 1ie UMaT Hy>kK/Ja OT HHCYJIMHOBA
Teparnusi, CAMOCTOSITEITHO MJIM B KOMOMHALIUS C JIPYTH JIEKAPCTBEHU MPOJYKTH, 32 Ja Ce TOAbpKa
IJIMKEMUYHUAT KOHTpos. IIpuabpkaHeTo KbM Ha3HaueHaTa Tepamus U MOCTOSHCTBOTO IpH
OCHTYpPSIBAaHETO Ha (hapMaKOIOTHYHM U TOBEACHUYCCKI NHTEPBEHIINH 3a MOAIbPKaHE Ha ChPICTHO-
O0BOpEeYHOTO 37paBe, HaMAISIBAHE HA CHPACYHO-CHAOBHSA PHUCK M IOCTHIAHE HA WHIUBHIYaTHUTE
LIENT OTHOCHO IIMKEMHYHMS KOHTPOJ M TETJIO IE MIPEAOTBPATH Pa3BUTHETO HA YCIOKHEHHS U IIIe
ONTHMHU3Upa KadeCTBOTO HA )KMBOT HA MAaIMEHTUTE ¢ AuabeT Tun 2. BrirrouBaHeTo B TepanuaTa Ha
GLP-1 penentopuure aronuctd U SGLT2 wHXHOUTOpUTE OCHUTYpSBa IOMBIHUTEIHH ITON3U 3a
BHCOKOPUCKOBH MAaIMEHTH C aTepOCKICPOTHYHO CBHPAEYHO — CHIOBO 3a0ONsABaHE, CHpIACUHA
HEJOCTaThbYHOCT WM XPOHMYHO OBOpPEYHO 3a00JsIBAHE W IPEACTABIsIBA BaXKEH HANpeIbK B
JICYEHUETO, HACOYCHO KBbM HaMallsiBAHE Ha MPOTrpecHsiTa W TEeKECTTa Ha nuabera W HEroBUTE
YCIIOKHEHHUSL.
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HISTOLOGICAL REACTION OF THE PULP ON THE 90™ DAY AFTER
DIRECT VITAL PULP CAPPING WITH DIFFERENT MATERIALS AND
PREPARATION BY ER: YAG DENTAL LASER
Vesela Stefanova, Mariela Tsanova-Stamatova, Kostadin Zhekov
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Abstract: Introduction: The true state of the dental pulp can be determined only
histologically, but for obvious reasons this is impossible after vital pulp capping in humans.

Aim: To study and compare the connective tissue histological reaction of the pulp on the 90 ™ day
after direct vital pulp capping with different materials and preparation by Er: YAG dental laser.
Material and Methods: The study was carried out on three clinically healthy dogs. The preparations
were done on premolars and molars of both jaws distributed in four groups. Cavities are prepared
by using the Er: YAG dental laser and settings for Caries Removal — Deep Cavities HT and tips
d=0.8mm, 1=17mm. Communications with the pulp < 1 mm were done. The cavities with Dycal,
MTA and hemostatic sponge (without pulp capping agent) are sealed with glass ionomer cement,
and those with Biodentine are filled with it. The histomorphological analysis was performed using
Olympus BX 51 light microscope with a built-in camera.

Results: On the 90" day in the samples without pulp capping material there are traces of
necrosis; in those with calcium-hydroxide calcium metaplasia is found; for MTA the rate of the
healing process is slower, less developed but well filled blood vessels are observed. Data are found
for normalization of the structure of the dental pulp in the teeth on which Biodentine has been placed.

Conclusion: Histomorphological evidence of healing process after direct pulp capping in an
experiment with animals by forming a dentine bridge are found on the third month in the teeth
prepared with Er: YAG dental laser and tricalcium silicate cement (Biodentine).

Keywords: Er: YAG dental laser, direct vital pulp capping, Dycal, MTA, Biodentine

1. INTRODUCTION

The true state of the dental pulp can be determined only histologically, but for obvious
reasons this is impossible after pulp capping treatment in humans. In scientific literature, there is
data on several conducted research on experimental animals in order to prove the effect of different
lasers in vital pulp therapy and in particular direct pulp capping. In 1985 Melcer et al. (Melcer et al.,
1985) published results that CO; the laser induces the formation of cell-free newly formed dentin
changes in pulp tissue after irradiation of dental cavities in dogs and primates. Two years later, the
same researchers (Melcer et al., 1987) used CO laser to treat exposed pulp tissue, thereby achieving
hemostasis again on canine and primate teeth. The procedure is performed on dentin exposure with
an energy of 2x103 J/cm2, then the first cellular layers of the pulp show thinning and cellularity
degeneration. After three months, a new formation is observed mineralized dentin with a thickness
of about 300 um, resulting in the most possibly from stimulation of the odontoblasts or from the
production of others pulp cells. When an energy of 103 J/cm2 was applied, within the one month,
partial pulp necrosis was detected along with signs of inflammation and almost constant regeneration
and formation of 200 pum thick dentin bridge. The ones presented by Suzuki et al. (Suzuki et al.,
2005) research results of direct pulp plating in rats show that CO; laser radiation (0.5 W for 3 sec)
can be used for bacterial field decontamination. However, the group of CO; lasers show a very
irregular fibrous dentinal matrix near the denatured and carbonized tissues without being
conclusively proven reparative dentin formed. According to Anic et al. CO; lasers are the most well
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to be used at 1W for less than 1 sec, under anesthesia and air cooling during pulp tissue irradiation
(Ani¢ et al., 1996).

The aim is to study and compare the connective tissue histological reaction of the pulp on the
90" day after direct vital pulp capping with different materials and preparation by Er: YAG dental
laser.

2. METHODS AND MATERIALS

The study was carried out on three dogs aged one year and a half and weight 20-25 kg and
permanent dentition. The experimental animals were clinically healthy, without dental and
periodontal diseases. The preparations were carried out in general twenty-four premolars and molars
of both jaws distributed in four groups. During the period of the experiment, the dogs were fed a
complete, easily digestible diet and raised under same conditions. General anesthesia was used
during the treatments which occurs after 15 minutes and lasts 30-60 minutes. Cavities 3-5 mm are
prepared on the vestibulo-gingival surfaces of the teeth, by using the Er: YAG dental laser and
factory device settings for working with deep carious defects (Caries Removal — Deep Cavities HT,
Non-Contact, 250 mJ, 30 Hz, water spray 8) and new sapphire tips d=0.8mm, I=17mm. It is being
created communication with the pulp, not exceeding 1 mm, as a sign of this the occurrence of light
bleeding was accepted. After rinsing with 0.9% sodium chloride solution and drying with dry sterile
cotton the materials were applied randomly. They are prepared and implemented according to the
manufacturers’ instructions. Cavities with Dycal, MTA and hemostatic sponge (without pulp
covering agent) are sealed with glass ionomer cement, and those with Biodentine are completely
filled with it. After 14, 30 and 90-day follow-up animals were euthanized at random principle after
general anesthesia with Thiopentanal-sodium (10-20 mg/kg) through administration of Evtanazin
(5% solution of magnesium sulfate) 1 ml/kg intravenously. This was followed by fixation of the
resected jaws in a 10% neutral solution buffered formalin for 30 days, running water wash,
preparation of sections of the prepared teeth, about 5 mm thick and placed in decalcifying solution.
To protect fibrous structures from swelling, after decalcification preparations are placed for 24 hours
in a 5% solution of Na,SO4. After thorough washing in running water, the samples were included in
paraffin blocks. Histological serial sections were prepared with thickness 5 micrometers and after
deparaffinization were stained with hematoxylin-eosin. The histomorphological analysis was
performed using an Olympus BX 51 light microscope with a built-in camera. During the
observation, the change in the odontoblastic zone was considered, the presence of an inflammatory
reaction, blood-vascular changes, and the formation of a dentine bridge.

3. RESULTS

The postoperative period for the animals included in the experiment passed without
complications. All fillings were present. The permanent premolars and molars of dogs were chosen
because of their morphological similarity to those of man. They are made of enamel, dentin and
cement, and their dental pulp is in a pulp cavity divided into pulp chamber and root canals in which
it is located respectively crown and root pulp. Dogs possess similar to that of human circulation and
innervation in this area. For these reasons their teeth turn out to be the most suitable for carrying out
the present one histological experiment.

Microscopically, the prepared cavities are clean and smooth, dentine walls with a normal
structure of hard dental tissues, the dentinal tubules are well visible, unfortunately in the process of
decalcification and preparation some of the placed materials were lost and cannot always be
observed. On the third month, data for the normalization of the structure of the dental pulp in the
teeth on which Biodentine has been placed is observed. Normal odontoblasts are found in regularly
arranged rows with normal nuclei. The subodontoblastic zone in the crown part of the pulp in
proximity to the preparations has a well-developed capillary system (Figure 1).

In the samples without pulp capping material there are traces of necrosis. The normal
elements of the pulpodentine complex are not detected. There are no young blood vessels, although
the blood circulation is partially preserved, especially in the root part of the pulp (Figure 2). In the
samples with pulp capping material MTA, the rate of the healing process is slower, less developed
blood vessels, but well filled (Figure 3).
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Figure 1. Biodentine, (x10), dentine bridge. Figure 2. Without pulp capping agent (x40).

-

-
L/ J

Figure 3. MTA (x40), healthy pulp. Figure 4. Calcium-hydroxide (x20), calcifications.

Despite histological evidence of the presence of a healthy pulp with normal blood network
on day 90 in the samples with calcium-hydroxide, signs of calcium metaplasia are found (Figure 4).
We believe that it plays a major role in the late histological changes of the calcium ion, which is the
bioactive ingredient of the material, and several mechanisms lead to pulp recovery (Hilton, 2009).
It's less and less significant of the fact that the preparations were not made with rotary tools. Data
on a true healing process in the samples from the third month was found in those obturated with
Biodentine. The formed dentine bridge is made of dentine canals, under which several rows of
odontoblasts are observed, organized in well pronounced odontoblastic zone (Figure 1). Below it
histological evidence of a healthy pulp with a normal vascular network is seen.

4. DISCUSSION

There is published data on histological experiments evaluation of the pulp after pulp capping
of rat and cat teeth (Dammaschke et al., 2010). After preparation with an Er: YAG dental laser (200
mJ/pulse, 5 Hz, 15 sec) Hasheminia et al. (Hasheminia et al, 2010), apply calcium hydroxide and
MTA on mechanically exposed canine pulp in cats, found no pulp inflammation and invasion of
neutrophilic granulocytes, dilated capillaries during the first one or two weeks of the experiment,
which also coincides with our finding in dogs. They also did not detect reparative dentin in this early
stage after treatment. In the study with cats, it was also proven that the better result when combining
MTA and Er: YAG laser compared to conventional methods. Jayawardena et al. (Jayawardena et
al., 2001) prove the recovery pulp capacity by demonstrating formed dentine bridges after pulp
exposure with Er: YAG laser (150 mJ/ pulse, 10 pulses) in rats. Reparative dentin formation was
noted in canine teeth 4 days after Er: YAG laser exposure by Widgor et al. (Wigdor et al., 1993).
Keller and Hibst (Keller & Hibst, 1991) present data on newly formed calcified dentin at the sixth
and eighth week after Er: YAG laser radiation (150-300 mJ/pulse, 50 pulses) in canine dental pulp.
However, based on their experience, the authors do not recommend using these parameters at people
in clinical practice. An Er,Cr:YSGG laser (25 mJ/pulse, 0.5 W, 20 Hz) was used by Toomarian
(Toomarian et al., 2008) in dental pulpotomy in dogs and found no data of clinical, pathological or
radiological changes. Based on the research of Tsanova and Tomov (Tsanova & Tomov, 2010) in
which it is proved the absence of a smeared layer after laser preparation of dentine and open dentin
canals and give possibility of showing a stronger bioactive potential of the calcium ion from
pulpcapping agents. It can be stated that despite the undeniable qualities of the Er:YAG dental laser
before rotary instruments, namely the lack of thermal and mechanical damage to the pulp during the
preparation itself and reducing the amount of bacteria in the operative field (Afkhami et al., 2023;

98



Huang et al., 2023), as the most important in the context of successful biological treatment, the
convalescent process in the late stages of development depends mostly on the physico-chemical and
bioactive potential of the pulp capping agent.

5. CONCLUSIONS

Histomorphological evidence of healing process after direct pulp capping in an experiment
with experimental animals by forming a dentine bridge are found on the third month in the teeth
prepared with Er: YAG dental laser and pulp capping agent tricalcium silicate cement (Biodentine).
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Abstract: Composite materials are widely used for dental fillings because they can mimic
the original color and texture of the patient’s tooth. Femtosecond laser technology is still in research.
Aim: To study the interactions of femtosecond laser radiation and dental composite surface. A
sample of Clearfil Majesty Esthetic opaque OA3 (Kuraray Noritake Dental Inc., Japan) was used,
with dimensions 8x11x1 mm, light cured with standard clinical light source. Laser - Pharos model
Ph2-10-1000-02-HO0-B (Light Conversion UAB, Lithuania), with an automated harmonic generator
was applied as a laser source. The composite polymer sample was treated with the 1030 nm laser
wavelength at 100 kHz repetition rate. We processed an area of 0.5 x 0.5 mm using a scanner
intelliSCAN se 14 (SCANLAB GmbH), equipped with an F-Theta, at different settings — number of
cycles drawn, number of hatches in a cycle and step, at different laser pulse energies. The effects of
the treatment were observed with the help of a confocal microscope ZEISS LSM 900. Digital images
of x10 magnification were obtained as well as 3D profiles. The 3D profiles measurements show that
the depth of the treated areas increases linearly with the applied pulse energy while keeping all other
parameters fixed for given processing preset. The same linear correlation is observed when varying
the number of cycles which were performed for given preset. Further studies of different regimes of
the femtosecond laser will be performed to understand the optimal parameters for processing of
dental composite materials.

Keywords: Femtosecond laser, composite material, confocal microscope

1. INTRODUCTION

Human teeth are an important part of the human body, and their maintenance and repair are
of great importance. Since teeth cannot regenerate after damage, various fillings have been created
to repair them. Fillings in the past made of alloys and metals have been replaced nowadays by
composite materials created from silicon dioxide and polymer resins. They have better qualities, and
they are better for overall human health (Rangreez, 2019). The aim of our research is to study the
interaction of laser irradiation with a commercial composite polymer and find the most appropriate
laser parameter for its treatment. With the help of the femtosecond laser, scanner and microscope,
we were able to find the best settings for optimal processing.

2. METHODS AND MATERIALS

The commercial composite polymer used in the study was Clearfil Majesty Esthetic opaque
OA3 (Kuraray Noritake Dental Inc., Japan). The test sample has dimensions of 8x11x1 mm
(width/length/thickness), which was pre-irradiated with a standard clinical light source with
wavelength 450 nm for 60 seconds. The femtosecond laser is a Pharos model Ph2-10-1000-02-HO-
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B (Light Conversion UAB, Lithuania) with an automatic harmonic generator operating at three
wavelengths 1030 nm (10 W), 515 nm (5.9 W), 343 nm (2.9 W). For the study, we used the
fundamental wavelength at 1030 nm with a pulse length of 170 fs, due to the widespread use of
lasers operating at this wavelength. The output powers of the laser radiation at the given wavelength
is finely attenuated by internal power control, giving the possibility to set the appropriate value of
power densities on the treated areas.

Scanner IntelliSCAN se 14 (SCANLAB GmbH), equipped with an F-Theta lens with focal
length of 150 mm, was used in combination with the laser. It deflects the laser beam so that areas
can be irradiated, or images can be created on the surface of the studied material. It was used with a
combination of different settings - number of cycles of a preset image drawn, number of hatches in
a cycle and step between marking lines, which are particularly important for conducting the
experiment. The interactions of the laser light with the material were observed and processed using
a confocal microscope ZEISS ZenBlue LSM 900 with Airyscan 2 (with resolution - lateral (XY)
down to 120 nm, axial (Z) 350 nm), creating 2D and 3D images.

3. RESULTS

Using the laser configuration: 1030 nm, 100 kHz, 10 W, 100 pJ (at 100%) in combination
with the scanner, we processed 56 areas each with dimensions 0.5x0.5 mm with the different
combinations of the settings: humber of drawn cycles — 1 & 10, number of hatches in a cycle - 1 &
2, and step between the marking lines - 10 pm & 25 um, - at different laser pulse energies: 2 pJ, 4
wJ, 6 ul, 8 ul, 10 ul, 15 uJ, 20 pJ, respectively 2%, 4%, 6%, 8%, 10%, 15%, 20% of the total energy.
Figure 1 shows the sample of the composite material after laser irradiation.

Figure 1. The composite after the Figure 2. Methods of measuring the depth of the

irradiation reaction — XY plane and 3D
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Graph 1. Dependance of the depths of the treated areas from the different laser and scanner
parameters
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As seen in Table 1 and Graph 1 there is a linear dependence of the depth from both number
of hatches and the number of cycles. Due to the difficulty of correctly measuring the depth at low
energies, we can assume that the results are linear despite the initial skew in the plot. Linear
dependence is also found with increasing the energy and the step. We find that the change in the
number of cycles from 1 to 10 is increasing the depth about 10 times and about 7.5 times,
respectively at 25 pym and 10um step. Also comparing the change in the number of hatches from 1
to 2 shows that this increases the depth around 2 times (1 cycle), 1,5 times (10 cycles,10 step) and
2 times (10 cycles, 25 step).

Table 1. Measured depths of the treated zones

Step (um)|Cycle (N2)[Hatch (N2 2u) 4y 61 8y 10p) 15p) 20

10 1 1 0,00 0,00
10 10 1 000 1203
10 1 2 0,00 0,00
10 10 2 000 1111
25 1 1 0,00 0,00
25 10 1 000 1567
25 1 2 0,00 0,00

2 000 1452

[ == [

Figure 3. Comparison between Figure 4. Comparison between Figure 5. Comparison between
treatments 10/10/2 15% and  treatments 10/10/1 8% and 20%  treatments 25/10/2 10% and
20% 20%

Figure 6. Comparison between treatments Figure 7. Comparison between treatments
25/10/1 20% and 10% 10/1/1 20% and 10%

Figure 8. Comparison between Figure 9. Comparison between Figure 10. Comparison
treatments 10/1/2 20% and 10% treatments 25/1/2 20% and 8% between treatments 25/1/1 8%
and 20%

4. DISCUSSION

From the obtained results, we understand that when irradiated with 2% of our laser
configuration, no reaction with the material occurs. A weak reaction occurs only from 4 to 6%, and
the maximum energy that should be used should be up to 20%, because at higher energies the
material is burnt and excessively damaged. The graph shows some similarities in the results at
different settings. Since the software has fine tuning, it will be interesting to see what can be
achieved to improve the experiments in the future. Other authors investigate the effects of
femtosecond laser on hard dental tissues (Lagunov, 2022; Rapp, 2023). It is the first time to study
the interaction of the femtosecond laser and that dental composite material.
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5. CONCLUSIONS

For rough treatment the higher energies are more appropriate, while for precise removal of
material lower energies (6pJ — 8 wJ) should be applied. Further studies of different regimes of the
scanner settings will be performed in order to better understand the optimal parameters for
processing of dental polymer, as well as other polymers with application in dental medicine. The
effects of treatment of the Clearfil dental polymer with other laser wavelengths will be done to find
the most suitable for processing.
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Abstract: Denticles are defined as calcified masses that can be detected in the coronal or,
less frequently, radicular pulp cavity of any deciduous or permanent teeth. They can be found in
healthy or impacted teeth and may hinder the access to the root canal or its apex thus worsening the
outcome of the endodontic treatment. Incidence of pulpal calcification in older patients is recorded
to be ten times higher than in young patients. Pulp canal obliteration occurs commonly following
traumatic injuries to teeth. However, we report a case of pulpitis in a 16-year-old boy with no
relevant medical history of recent trauma with a few denticles in the pulp chamber and the roots of
the left first maxillary molar. The pulp cavity was prepared and the denticles were removed. We
conducted endodontic treatment using ultrasonic tips and ProTaper rotary file. The removal of pulpal
calcifications from the pulp chamber is a difficult and time-consuming process, which requires skill
and right equipment and magnification devices. Also, the knowledge of the denticle distribution can
help dentists in the clinical treatment. However, a small number of studies regarding pulp or
radicular stones in young patients have been published. Hence, we believe that our case report will
be useful for dental practitioners in their endodontic treatment.

Keywords: denticles, root canal treatment, pulpal calcification, pulpitis

INTRODUCTION

Successful endodontic treatment requires accurate location, cleaning, shaping and obturation
of the whole root canal system (Hammad et al., 2009). Pulp calcifications present difficulties in
endodontic treatment, the orifices might be blocked which hinges the pulp access and increases the
risk of instrumental breakage (Hsieh C.Y et al., 2018). Denticles are calcified deposits which can be
found in the coronal or root part of the pulp, in permanent or deciduous dentition (Langeland et al.,
1974, Rodakowska, 2011). Pulp canal obliteration occurs most commonly after traumatic injuries to
the teeth. Denticles can be found in young patients with no relevant history of trauma very rarely as
it is in the following case report.

CASE REPORT

A 16-year-old, generally healthy boy visited the
dental practice with long-lasting pain from cold,
characteristic of acute pulpitis. The pain was in the maxillary
left jaw. The clinical examination of the upper first molar
(16) revealed an obturation on its medio-occlusal surface and
pain on vertical percussion as long as to thermal stimuli.
Periapical dental X-ray was taken (Fig. 1).

Figure 1
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Based on the symptoms and radiography, irreversible pulpitis with vital pulp was diagnosed.
After isolating the tooth with a rubber dam and injecting an anesthesia with 4 % articain
hydrochloride, the obturation was removed, the pulp was revealed, and the dental cavity was
prepared. After the pulpal roof was removed, the presence of pulp stone blocking the vestibular

canals was confirmed. With the use of an ultrasonic tip the denticle were removed and the pulp was
prepared (Fig. 2, Fig. 3).

Figure 2 Figure 3

Then access to all canal orifices was established, all canals were cleaned and shaped to full
length using an apex locator with rotary files (Fig. 4, Fig. 5).

Figure 4 Figure 5

The root canal treatment was held during three subsequent visits. The canals were prepared
chemo-mechanically by step-back technique using 5.25% sodium hypochlorite (NaOCI 20 ml) and
15 % EDTA (10 ml) solutions and then filled with the thermal method of gutta-percha (Fig. 6).

The canal orifices were secured with a flowable, colored composite material. Control X-ray
was performed, all canals appeared properly filled and the patient was referred to for final restoration
(Fig. 7).

Figure 6 Figure 7
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RESULTS

During the treatment, the pulp stone was removed, allowing access to all the canal orifices
and preparing them to their full length (MV-19.5 mm, DV- 19.7 mm, P- 23.6 mm). Obturation of
the entire canal system was performed and control X-ray was taken.

DISCUSSION

Pulpal calcifications appear radiographically as dense, radiopaque masses. However, if their
diameter is smaller than 200 pm, they can not be detected using dental radiography (Pietrzycka et
al., 2020). Not many studies describing the denticle location have been published. According to
some researchers pulp stones occurred in the pulp chambers of 69.4 % of the cases and only in 3.5
% of the cases they were found in the canals (Syrynnska et al., 2010). According to the database
pulp stones are more common in maxillary teeth. This is in accordance with our case. On the other
hand, more cases in the literature are reported in adult teeth of after trauma of the tooth (Hsieh,
2018). However, we detected a pulp stone in the pulp chamber of a young boy with no relevant
history of trauma blocking both vestibular orifices.

Denticles may be caused by the differentiation of secondary fibroblasts into hard tissue
producing cells by the fibroblasts (Bargholz et al., 2007). Another reason is the apoptosis of
odontoblasts and fibroblasts and accumulation of hydroxyapatite crystals which leads to formation
of tertiary dentin, dental atrophy and the tooth chamber reduction. Dental inflammation also causes
formation of denticles (Baranskia-Gachowska, 2011). Furthermore, pulp stones accompany
different diseases such as renal pathology, dental dysplasia, dentinogenesis imperfections, enamel
pearls, taurodontism (Zdziemborska, 2011).

Denticles can be classified due to their structure to genuine and alleged. Genuine pulp stones
are like dentin, have some regular dentinal tubules and are located usually in the apical foramina
(Kmie¢, 2006). The alleged denticles are not like the dentin, formed by dead or calcified pulp cells.
Denticles can be classified also according to their position to the dentin to free, adjacent and
intradentinal denticles (Baranskia-Gachowska, 2011). Denticles can be compact, scattered, fibrous,
radial and lamellar according to their dimensions (Bargholz et al., 2007).

CONCLUSION

Denticles are pulp degeneration which can worsen the endodontic treatment outcome, and
their removal is obligatory to perform successful treatment. It is a complex and difficult procedure
which requires knowledge of dental anatomy, its pulp cavity and root canal system, professional
operation skills and appropriate equipment. Such preparation will help clinicians to avoid
complications such as perforation or instrument breakage.
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AREA OF RESIDUAL GUTTA-PERCHA EVALUATION AFTER
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AN IN VITRO STUDY
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Abstract: Introduction. Endodontic retreatment requires thorough removal of the existing
root canal filling materials.

The AIM of the present research is to evaluate the area of residual gutta-percha, after
preparation of root canals, previously filled with hydraulic condensation technique of gutta-percha
and BioRoot RCS sealer.

Materials and methods. For this in vitro study samples of 12 mm have been obtained from
single rooted human extracted teeth (n=50). The root canals have been prepared and obturated with
hydraulic condensation technique and BioRoot RCS sealer with matching gutta-percha points. In
group 1 only Pro Taper Retreatment (PTR) files are used. In group 2 ultrasonic tips are used in
conjunction with PTR files. In group 3 the Self Adjusting File (SAF) is used in conjunction with
PTR files. In group 4 after PTR files, chloroform is added during the preparation with SAF for one
minute, and in group 5 - 40% citric acid is used instead of chloroform. Digital optical microscopy
and ImageJ® software is used to measure the area of residual gutta-percha for each third of the root
canal.

Results. In the coronal third, residual gutta-percha was absent in most experimental groups,
while in the apical third, the highest amount was found in the SAF group without the addition of
solvent or chelator. No significant differences were found in between the experimental groups
(p>0.05).

Conclusion. Gutta-percha cannot be fully removed from the root canal in the course of
endodontic retreatment after hydraulic condensation of gutta-percha and BioRoot RCS sealer.

Keywords: gutta-percha, endodontic retreatment, hydraulic condensation, BioRoot RCS,
bioceramic sealer

1. INTRODUCTION

Endodontic retreatment is a critical procedure in restorative dentistry, often necessitated by
persistent or recurrent periapical infections due to incomplete debridement or inadequate sealing
during the initial treatment (Zhekov, 2020). The success of retreatment hinges on the complete
removal of previous filling materials, predominantly gutta-percha and endodontic sealers
(Torabinejad, 2009). Gutta-percha, due to its semi-solid properties, and endodontic sealers, which
provide a hermetic seal, are standard in contemporary obturations. However, their removal poses a
significant challenge (Peters, 2004; Zhekov, 2024).

The objective of this study is to evaluate the efficacy of various endodontic retreatment
techniques in removing residual gutta-percha from root canals previously filled using the hydraulic
condensation technique with BioRoot RCS sealer.
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2. METHODS AND MATERIALS

Sample Preparation

Fifty extracted human teeth (n=50) were selected for this in vitro study. Inclusion criteria:
freshly extracted human lower premolars without caries, with single, straight root canals and a
curvature of less than 5 degrees, selected after preliminary radiography. Exclusion criteria: teeth
with previous endodontic treatment, calcifications in the root canal system, dental caries, and
external and/or internal resorption. The teeth were extracted for orthodontic reasons from young
patients aged 18 to 42 years, who remained anonymous. The coronal part of each tooth was removed
using a diamond separator to obtain samples with a length of 12 mm. Root canals were prepared
initially with a #10 K-file, followed by the PathFile system for glide path preparation, and finally
shaped with the ProTaperGold (PTG) F2 system. Irrigation was performed with 2.5% sodium
hypochlorite (Cloraxid) after each insertion and removal of the endodontic instrument. The final
irrigation included sequential application of 2.5% sodium hypochlorite and 15%
ethylenediaminetetraacetic acid (EDTA) solution. Each solution was activated using passive
ultrasonic irrigation (PUI) for 30 seconds, with a #25 ultrasonic file held strictly passive in the center
of the root canal lumen. Drying was accomplished using sterile calibrated F2 paper points from the
ProTaperGold system. Root canals were obturated using the hydraulic condensation technique with
BioRoot RCS bioceramic sealer and calibrated F2 gutta-percha points (PTG).

Experimental Groups

All previously obturated root canals using hydraulic condensation with bioceramic sealer and
gutta-percha were subjected to secondary preparation (i.e., endodontic retreatment) using different
approaches. The samples were divided into five experimental groups (h=10 per group) according to
the retreatment technique and additional treatment applied to remove the canal filling material:

Group 1: ProTaper Retreatment (PTR) files only.

Group 2: PTR files combined with ultrasonic tips (ProUltra 6, 7, 8).

Group 3: PTR files combined with Self Adjusting File (SAF).

Group 4: PTR files followed by SAF with chloroform for one minute.

Group 5: PTR files followed by SAF with 40% citric acid (Cercamed) instead of

chloroform.

For Group 1 (n=10), preparation was completed upon reaching the apical foramen with an
F3 file (PTG). Each file was discarded after being used in five root canals.

For Group 2 (n=10), after completing the preparation of the obturated root canals, passive
ultrasonic activation of the irrigating solution was performed using ProUltra Endo Tips with
numbers 6, 7, and 8 (Dentsply Sirona). Solutions of 17% EDTA (for 1 min) and 2.5% sodium
hypochlorite (for 2 min) were activated sequentially, with an intermediate irrigation using saline
solution during solution replacement in the root cana. Finally, the root canals were dried with sterile
calibrated paper points.

For Group 3 (n=10), after reaching the working length with an F3 file, additional preparation
was performed using the SAF system file (ReDent Nova, Ra'anana, Israel). Initially, the glide path
was checked. The SAF file requires a pre-prepared glide path up to size 20.02 for straight canals and
20.04 for curved root canals. Before mounting it on the endomotor, an attempt was made to reach
the working length by passive insertion of the file. If it did not reach the working length, the glide
path was adjusted. If it reached the working length by passive insertion, no further adjustments were
needed, and the file was mounted on the endomotor. Finally, the root canal was rinsed with saline
solution and dried using a paper point.

For Group 4 (n=10), the SAF system preparation was combined with the use of a chloroform
solvent. After 2 minutes of work with the SAF file under continuous irrigation with 2.5% sodium
hypochlorite and sequential removal of the irrigant by rinsing with saline solution, the root canal
was dried using a paper point. Then a drop of chloroform was introduced into the root canal, and the
SAF file was reintroduced. The peristaltic pump was turned off, and simultaneous irrigation was
stopped. The movements, speed, and amplitude of the SAF file work were analogous to those in
Group 3, with the only difference being the absence of simultaneous irrigation. The working time
of the SAF file in the presence of chloroform was 1 minute per root canal. After the specified time,
the root canal was rinsed with saline solution and dried using a paper point.
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For Group 5 (n=10), the method was identical to that of Group 4, with the only difference
being the type of solvent used. In this group, a 40% citric acid solution (40% Citric Acid, Cerkamed)
was used instead of chloroform.

Measurement of Residual Gutta-Percha

To prepare the samples for optical microscopy, the samples needed to be split longitudinally
to expose the root canal without disrupting the position and quantity of the residual material.
Longitudinal grooves were made on the buccal and lingual surfaces of the samples using a 0.2 mm
thick diamond disc, taking care not to penetrate the root canal. A straight spatula was then inserted
into these grooves and twisted to split the tooth into two longitudinal halves.

Each half of the sample (n=100) was photographed using a Sony Alpha 7 digital camera
mounted on a Flexion Advanced microscope (CJ-Optik, Germany). The images from each sample
were processed using the ImageJ software. ImageJ has a tool for manually outlining the region of
interest (ROI), which then automatically calculates its area. The numerical values of the area
occupied by the canal filling material in the root canal were summed to obtain a total value for each
sample.The residual root canal filling material was recorded for the entire canal (n=20 per group)
and for each third of the canal separately. The area of residual material was calculated for the entire
canal within each group and for each third within the same group. Additionally, the area for each
third was calculated across the different groups. The obtained average values were used for statistical
analysis.

The data were subjected to statistical processing using ANOVA and Pairwise Comparisson
analysis by SPSS software v26.

3. RESULTS

The results demonstrated that residual gutta-percha was present in all samples, regardless of
the retreatment technique used. The extent of residual material varied significantly between different
techniques and sections of the root canals (Table 1). No significant differences were found in
between the groups and coronal, middle and apical parts of the root canals (p>0.05).

Table 1. Average Area of Residual Gutta-Percha in mm?
PART\GROUP GROUP1 GROUP2 GROUP 3 GROUP 4 GROUPS5

CORONAL 0,1585 0 0,0551 0 0
MIDDLE 1,1360 0,39325 0,4172 0 0
APICAL 0,24045 0,2227 0,36853 0,0658 0,1320

4. DISCUSSION
The study demonstrates that digital optical microscopy is a valuable tool for evaluating
residual gutta-percha in root canals in in-vitro research after retreatment preparation procedures.

Coronal Third

In the coronal third, most experimental groups exhibited minimal to no residual gutta-percha.
Absence of gutta-percha was obsedved in the ultrasonic group and the groups involving SAF system
with chloroform or chelator. This can be attributed to the easier access and larger diameter of the
canal, which facilitates more effective mechanical removal (Agrafioti, 2015; Keles, 2014;
Marinova-Takorova, 2018).

Middle Third

In the middle third, the area of residual gutta-percha was slightly larger than in the coronal
third but still relatively low for all groups. The combination of PTR files and additional techniques
(SAF system with chloroform or chelator ) showed improved effectiveness in removal compared to
the use of PTR files alone (Marinova-Takorova, 2018; De Siqueira Zuolo, 2016).
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Apical Third

The apical third posed the greatest challenge, with the highest amount of residual gutta-
percha. None of tested systems for preparation and removal of root filling material exhibited
absolute removal in the apical part. Particularly, the group using SAF without a solvent or chelator
displayed the most significant amount of residual material, which marks this system the least
effective. The addition of solvents like chloroform or chelators like citric acid enhanced gutta-percha
removal, although not completely (Solomonov, 2012).

Comparative Analysis

e PTR Files Only: Effective in the coronal and middle thirds, but less effective in the
apical third.

e Ultrasonic Tips + PTR: Improved removal in the coronal and middle thirds, but
moderate in the apical third.

e SAF + PTR: Better than PTR files alone, but still mostly challenged in the apical third.

e SAF + Chloroform: Moderately effective in all thirds, especially in the apical third.

e SAF + Citric Acid: Enhanced effectiveness, comparable to chloroform, suggesting that
chelators can be a viable alternative to solvents.

5. CONCLUSIONS

Complete removal of gutta-percha after preparation of root canals previously filled with
hydraulic condensation technique of gutta-percha and BioRoot RCS sealer remains challenging. The
coronal third allows for more thorough cleaning, while the apical third consistently shows the
highest amount of residual material. The use of solvents and chelators improves removal efficiency,
particularly in the apical third. Future research should focus on refining these techniques and
exploring new materials and methods to achieve complete removal of endodontic filling materials.
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HH®OPMUPAHOCT HA AEHTAJTHUTE CIIEHIUAJINCTH OTHOCHO
BJIUAHUETO HA NIPOTESHUTE AAXE3UBU BbPXY 'OBOPHATA
OYHKIIUA
Maxxen XyceuH
YacreH genrajen kaouner — Ilnosaus

Abstract: Restoration with total dentures in patients with severely atrophied alveolar ridges
is not always associated with satisfaction, even when the dentures are flawlessly fabricated. Patients
mainly complain of problems with the retention and stability of the prosthesis, difficulty in chewing
and speech disturbances. The purpose of the present study was to investigate the level of awareness
of dental practitioners regarding the impact of full denture adhesives on the retention and patients'
speech. Units of observation are 369 dentists in our country. The survey was conducted for 5 months,
and the dentists participating in it are from 70 settlements (67 — cities and 3 — villages). Their
participation in the study is random, without prior selection, which determines the representativeness
of the sample. The results of the present study show that 93.40% of dental professionals indicate
that overall satisfaction is significantly higher when applying adhesives in patients with alveolar
ridge atrophy with conventional full dentures for the purpose of retention and stability, which in turn
leads to improvements in speech and masticatory function, as well as a sense of physical and
psychological comfort. There is a need for greater awareness among dental practitioners regarding
the use of denture adhesives. Practitioners may keep themselves updated on new materials by taking
continuing education courses, thus enhancing the level of care for prosthodontics patients.

Keywords: adhesives, speech function, total dentures

1. BBBEJAEHMUE

3arybara Ha 3b0M 3acsra CBETOBHOTO HACEJICHHE W MMa MCUXOJOTHYECKH MOCIEAHIU U
MOCJIEIUIH IO OTHOIICHHE KaYeCTBOTO Ha KHBOT, 0c0OeHO 1pu Bh3pactHute xopa (Ettinger, 1987;
Leao, 1996; Hazari, 2015 ). Hsixkou OT TSIX ca CBbp3aHH ¢ MPOOJIEMH ChC CAMOOIIEHKATa, COI[HATHOTO
B3aUMOJIECTBUE M Mcuxoyoruueckoto 3zapase (Davis, 2000). 3arybara Ha 3b0M 3acsira |
CTOMAaTOrHaTtHara CUCTEMaA. ECTCTI/IKaTa, ToBOpHaTa (pyHKLH/If{ U ABbBKAaTCJIHATA CHUJIa U e(beKTI/IBHOCT
HaMaJIsIBaT, KOETO BOM JI0 OOIIX 3/IpaBOCIOBHH MPOOJIEMH Ha MallMeHTA.

AJleKBaTHATA ISUIOCTHA MPOTE3HA TEPAIHS TONPHHACS 3 TO00PsIBaHE HAa ChCTOSIHHETO Ha
OpAJTHOTO 3[IpaBe Ha CyOEKTa, HO KOTaTo MAlMEHThT NMa CHITHO Pe30pOrpaHy aBeoNIapHH TpedeHH
WIK HIMa TMOJIXOAIIA HEBPOMOTOPHH YMEHHs, MOXE Ja Ce MpUOerHe 10 H3IMOJI3BAHETO Ha
MPOTE3HH AJIXE3MBH, 3alIOTO 3abPKAHETO HA MPOTE3UTE MMa KIFOUOBA POJISI MPU ONPEIENIHE
ynosierBopeHoctta My (Kelsey, 1997; Sato, 2003; Polyzois, 2014). Muoro 4ecto obaue Te ca 00eKT
HA CIIOPOBE — MAIIMEHTUTE CMSATAT, Y€ MPEJIOKESHUETO 3a M3MOI3BAHE HA aJXE3HBH € CBBP3aHO C
HEKaYeCTBEHO U3pab0TEHH MPOTE3H, a JACHTAJIHUTE JICKAPH CMATAT, Y€ yrnorpedara Ha aJXe3UBH €
JIOIIA aTeCTaIHs 32 YMEHHUSTA UM.

[ManpenTuTe M3rNIeXKaa JECHO MPUEMAT M3I0JI3BAHETO Ha aJXE3HMBHU 3a MPOTE3HU CJeJ] KaTo
koMdopTHT U yaoBieTBopenrero uM ce yBeandasa (Kulak, 2005; Papadiochou, 2015; Bekiroglu,
2012). Hsixou 10pH CMATAT M3MOI3BAHETO MM KaTO YacT OT JieueHueTo. IIpodecrnonanucture obaue
ca mo-konebnuBru. CTOMAaTONOTHIHATAa OOIIHOCT CMsTa, Y€ 3J0ynoTpedara ¢ aaxe3uBU MOXKE Ja
YBEJIMYH BEPTUKAIHUSI pa3Mep Ha OKITy3HsTa, Ye MPOAbIDKUTEIHATA UM YHOTpeda MOXKe J]a MacKHpa
NPOMEHH B THKAHWUTE, KOMTO MOrar ja ObJaT BPEAHH 3a OCTaHAjlaTa KOCT, CHINO Taka, 4e
NPOTE3HUTE AJXE3UBH HE ca HEOOXOAMMHU MpU JoOpe mocTaBeHu mpote3u (Grasso, 2004). Hskou
MHEHHUSI Ce CMSITAT 38 MUTOBE, JPYTH 33 HCTUHA, HO IPOTUBOPEUYHSTA BCE OII[E CHIIECTBYBAT MEKLY
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3p0osIekapuTe. V30I3BaHeTo Ha aXe3UBH CE PEKIaMHUpa KaTo MOMOIIHO CPEACTBO 3a M30sTBaHe
Ha HEYJ00HH CHTYAITHH [0 BpeMe HapUMEp Ha TOBOPEHE MM XPaHCHE U MAIHEHTHTE OOUKHOBEHO
pa3yuTaT Ha W3IMOJI3BAHETO MM, BBIPEKH 4e ca mHpopMHUpaHu OT 3bp0OOJIEKapuTe CH, 4e J00pe
MoCTaBeHara IpoTe3a He U3KMCKBa mojo0Ho crabummsupane (Kelsey, 1997, Adisman, 1989; Ahila,
2011).

[IpOTUBOpPEUMBHUTE MHEHUS MPU JCHTAIHHUTE CICHUAINCTH OTHOCHO H3IOJI3BAHETO Ha
HPOTE3HU aJIXE3UBHU € JJOHAKb/IE UHAUKAIMS 33 HEJOCTAThUHA UHPOPMAIUS U TIO3HAHUS OT TAXHA
CTpaHa o OTHOIICHHE POJIATA U Lee00pa3HOCTTa OT U3MOA3BAHETO Ha MPOTE3HH aXC3HBH, KAKTO
u 3a ynorpebaTa Ha Meku pedasupamu matepuanu (Hristov, 2017).

JlekapuTe MO [JCHTAJIHA MEIHIMHA TpsOBa qa ObaaT m0Ope 3amo3HaTH ¢ (QYHKIHHTE Ha
npOTeanme anxesuBu (Apostolov, 2020; Adisman, 1989; Ahila, 2011):

IMoBwmraBat BpeMeTO Ha TPECTOM Ha MPOTE3UTE B YCTHATA KYXHHA,

- TloBuImaBaT MakCHMaJHATa CHJIa Ha 3aXallKaTa 3a 3aJpbKHOTO ICHCTBHE;

- TTomoGpsiBat ToBOpHATa (YHKITHS M 3ByKOBaTa apTHKYJIAIINS;

- Ocwurypssar KoM(OpT, CHTYPHOCT ¥ CAMOYBEPEHOCT Ha MallHeHTa,;

- CKkbesBaT QIaNTAHOHHNUS TIEPHOJ] KbM HOBHTE TIPOTE3H;

- He mo3BomsiBaT Ha XpaHaTa Jia momaaa MeX/Iy JTUraBUIlaTa 1 IpoTe3aTa;

- Hawmanssar passutreto Ha Candida kynrypwu;

- Hamanssat yckopeHaTa pe3opOius Ha MOJIeKAIIUTE ThKaHU;

[To3HaBaiiku no0Ope (QyHKIMUTE MM JieKapuTe [0 JACHTaJHA MEAMIMHA Morar Ja
NpeAnprueMaT KOHKPETHH M e(eKTHBHHU JeHCTBUS 3a TSAXHOTO IpHJIaraHe B IPAaKTHKAaTa CH.
Be3cmopHO MOBEYETO OT (QYHKIHHUTE Ha aJXe3MBHTE CE OCH3HABAT HABPEME OT JICKYBAIUTE U CC
TIPUCTHIBA KbM TSAXHOTO TIPUIOKEHNE B KIMHUYHATA TIPAKTHKA. Bpb3kaTa Ha TOBOpHATA (YHKITHSI
Ha MAIMEHTHTE W TEXHUTE MPOTE3H 00ade OOMKHOBEHO € MAJIKO MOAICHABAHA OT CIICIHAIMCTHUTE,
MOpagd HEOOXOIMMOCTTA OT MO-CHEM(HUYHN TTO3HAHUS B Ta3H 00JacT. 3aToBa KOHIIEHTPUPAXME
BHMMAHHETO CH KbM MH(POPMHPAHOCTTA Ha JIEKapUTe IO JEHTATHA MEJUIMHA OTHOCHO BPB3KaTa
aJIXe3WBH 3a [€JIH MPOTE3N U TOBOPHA QYHKIMS Ha TAal[MEHTHUTE.

Ilenra Ha HACTOANMIOTO W3CieABaHe Oe Ja ce YCTaHOBHM CTEMEHTa Ha WHPOPMHPAHOCT Ha
JICKapUTE 1O ACHTaJIHA MCAUIIMHA OTHOCHO BJIMAHUETO Ha aJAXC3UBUTC 3a NCIU IMPOTE3U BBHPXY
roBopa.

2. MATEPUAJIM U METOHU

C uen ycraHoBsBaHe WH(GOPMUPAHOCTTA Ha JIEKapuTe MO JeHTanHa MmeaunuHa (JIIM)
OTHOCHO U3MEHEHHMATAa HAa TOBOpPHATa (PYHKIMS MPU MAallMeHTH C IEJIM MTPOTE3N NpH IpUIaraHe Ha
MIPOTE3HH a/IXe3MBHU O€ HAaIpaBeHO aHKETHO NpOoyUYBaHe cpea 369 nekapu 1o JIeHTaIHa MeTUINHA Y
Hac B IPOABJDKEHNE Ha 5 Mecena. B mpoy4BaHeTo yyacTBaxa JeKapH 1o AeHTaJIHA MeaAnIrHa oT 70
HaceneHH MecTa (67 Tpaga u 3 cena). Y4acTHETO UM B IPOYYBAHETO € Ha CIy4aeH NpUHIUI, 0e3
IpeBapUTEIICH T10100p, KOETO 00yCiIaBs penpe3eHTaTUBHOCTTA Ha N3Ba/IKATA.

Ankerara Ha JI/IM Ge cbcTaBeHa ot 10 BbIIpoca, BKIrouBaia o0ma 9act (5 BbIpoca), KosaTo
obcenBa KaTo NMpHU3HAIM HAa HAOMIOJCHHE IOJI, BB3PACT, TPYIOB CTax, mecTropabora M B3era
CIICIUAJTHOCT HAa YYaCTHHUIUTEC. BTopaTa YaCcT OT aHKETaTa CbhbAbpiKa 5 BBIIPOCAa, BKIIOYBAIN
oTnenHu (HaKTOpH, CBBP3aHU C TOBOPHATa (PYHKIIWSA, MOBIUSHU OT BB3JACUCTBUETO HAa MPOTE3HNUTE
aaXe3uBU — BIMSHUE Ha MPOTE3WTE: AeOeHa Ha MPOTE3UTE, IICHTPATIHA OKIy3us U aTpodus Ha
ajBeoNapHUs TpeOeH BBPXY TroBOpHATa (DYHKIMS W EMOIMOHAIHHUS W COIMAJeH CTaTyC Ha
MAIMEeHTHTE C HapyIIeHa TOBOPHA (YHKIIHS.

3. PE3VJITAT U OBCBHbXKXJAHE

Pasnpenenenuero Ha 369-Te nekapu 1o JCHTAJHA MEIUIMHA, BKIFOUCHH B W3CIICABAHETO
cropen coruo-aeMorpadckaTa XxapakTepUCTHKA € TpencTaBeHo Ha Taou. 1.

OT miegHa TOYKa HAa MeCTOpaboTaTa Ha JCHTATHHUTE CICHUAIUCTH HE YCTAHOBUXME
CHIIECTBEHA PA3JIMKA MEXK/IY TE3H, KOUTO MPAKTHUKYBAT B FOJIEMHUTE IPajIOBE U TE3H, KOUTO PA0OTSIT
B MaJIKUTe rpanoBe wi cena (p > 0,05).
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Tabéuauna 1. XapakTeprucTHKa Ha H3CIEIBAaHUTE JICKApH M0 JEHTATHA MEIUIIIHA.

Mokazares JlekapH Mo AeHTAJTHA MeTUIIMHA
(n=369)
TOJISIM Tpaj 300/ 82,90 %
Mecrtopabora
MaJTBK TPaj U CeJo 62/ 17,10 %
MBX 175/ 48,30 %
IMoa
JKeHa 187/ 51,70 %
25-35T. 68/ 18,50 %
3545 . 118/ 32,20 %
Bw3pact

45-55 . 113/ 30,80 %

Hag 55T 68/ 18,50 %

o5 42/11,40 %

5-10T. 54/ 14,70 %

Tpynos craw 10-151. 72/ 19,60 %
15-20 1. 88/23,90%
Hag 20T 112/ 30,40 %
0€e3 CIenMaIHOCT 228/ 62,10 %

CrienuajHocT o01ma AeHTaaHa MEAULIUHA 78/21,30 %
MIPOTETHYHA JE€HTaJHA MEIUIINHA 22/ 6,00 %

Jpyra CreHragIHoCT 39/10,60 %

ITo oTHOIIEHME Ha TOJIa, BBIIPEKH JIMIICATA HA CTATUCTHYECKH 3HAUMMa Pa3JIMKa MBXKETe
JIEKapH 110 JeHTaTHa MEJUIMHA CE ONPEeNAT KaTo MO-MOArOTBEHU U MO-MH(DOPMHUPAHHU OT KEHUTE
(p > 0,05).

IIpu u3cnenBaHeTO Ha CHENMANMCTHTE CHOPE] BB3PACTOBHS MOKA3aTelN MpH JISKapUTe IO
JIEHTaJTHa MEeIUIMHA TpeobiagaBaT ClenralIiCcTUTE BB Bh3pacToBara rpyna 35-45 r. (32,20 %),
KaTO MHOKECTBOTO Ca IPaKTHKYBAIINUTE B TOJIEMUTE TpajjoBe (ChOTBETHO §2,90%).

Pesynrature criopen TpyJOBUS CTaKk MOKa3BaT, Y€ 3HAUYNTEIHATA YacT OT aHKETHPAaHUTE ca
C HATpyNaH KIMHUYCH ONMT, KaTo IpeodiiasiaBa OTHOCHTEIHMAT A Ha JIEKApUTE MO JCHTAJHA
MemuIHa cbe ctax Hax 20 1. (30,40 %).

Oo0e3nokosBal ¢akT e, 4e MoBeve OT MOJOBHHATA JIEKapH IO JACHTAIHA MEIUIMHA ca 0e3
creruantHocT (62,10 %) m camo 6,0 % wMar mpumoOWTa CHEMUATHOCT B O0JlacTTa Ha
MIPOTE3NPAHETO.

He ycranoBuxMe HaJIM4Me Ha CHIECTBEHH PA3IIHKH CIIOPE I10JIa, BB3PACTTa, TPYIOBHS CTaX
1 HaJIMYMETO Ha crienranHocT Ha JIJIM B rosieMuTe 1 MaJIku rpajioBe.

ChImecTBeHa pa3inKa € HaMepeHa M0 OTHOIIEHHE Ha BB3PAcTTa Ha JIEKapHuTe 10 JeHTaIHA
MeJIUIMHA U HH)OPMHUPAHOCTTa UM OTHOCHO BJIMSIHMETO HA CHEMaeMUTE NPOTE3HU KOHCTPYKIHUU
BBpXy roBopHara Qpynkmus (x2=12,53; p < 0,05), karo e ycraHoBeHa M ci1aba 3aBUCUMOCT MEXILY
BB3pactra Ha JIJIM u uadopmupanocrra (1=0,113; p = 0,031). Jlekapure, kouto ca Hait-miaau (25-
35 r.) ca Hali-MaJKo 3aro3HATH.

Jlornuno 6m GUIO ¢ HATPYNBAaHETO HA TPYAOBHS CTaX MEJUIMHCKUTE CIEIHAINCTH Jia ca
noseye MHYOPMUPAHH 32 BIMSHUETO HA CHEMAEMOTO NPOTE3NpaHe BEPXY T'OBOpHATa (DYHKIHS, HO
pe3yiTaTuTe OT HAIETO M3CJE/BaHE MOKa3BaT, 4ye CTAXBT HAMA BPb3Ka ¢ MHOOPMHPAHOCTTA, a
BEPOSITHO TSI C€ IBIDKU Ha APYTH (PaKTOPH, KOMTO Ca MO-CKOPO MHAMBUAYATHU M Ca CBBP3aHH C
KEJTaHHETO HAa MEAWIMHCKHUTE CHEHHAINCTH 3a JONBJIHHUTENHA MH(POPMAIHS, KOSITO B MOBEYETO
ClTy4ad Ce CBbP3Ba C HUBOTO HAa KBATN(HUKALIUITA UM.

MenuuuHCKHUTE CIENUATINCTH, KOUTO MMAaT NMPHIOOHTA CIELHUATHOCT CE OMPENCNAT KaTo
MHOTO NO-MH(GOPMHPAHK B CpaBHEHHE C TEXHUTE Koneru 6e3 crenmansoct (x2=11,58; p < 0,01),

114



kato 69,50% ot JI/IM cbc crenmuasHOCT MOCOYBAT, Y€ ca OTIMYHO WH(POPMHUPAHH 32 BCHYKHUTE
(hakTopH, KOUTO MOBJIUABAT TOBOPHATA (DYHKITHSI.
Jlekapure cBC CHENMATHOCT MPOTETHMYHA ICHTATHA MEIUIMHA ca HaH-MHGOPMUpPAHH
OTHOCHO BIIMSIHMETO HA CHEMAEMOTO IIPOTE3UPAHE BbPXY roBopHata Gpynkuus (x>=17,64; p < 0,01).
Manko Haj MONOBMHATa OT JEKApUTE [0 JACHTAJIHA MEAWIMHA OLEHSBAT CBOSTA
MH(OPMHUPAHOCT OTHOCHO BIMSHUETO HA CHEMAaEMHTE NPOTE3HW KOHCTPYKLUUH BBPXY TOBOpHATa
¢ynkims karo onyHa (58,70 %), T.e. Mo3HaBAT BCHYKH (DaKTOPH, KOUTO MOBIHUSIBAT FOBOPHATA

¢ynkiys (dur. 1).

2.20%

B OT/IMYHA - NO3HABAM BCMUKM GAKTOPW, KOUTO NOBAMABAT roBOpPHATa dyHKUMA (N=217)
H 3an03HaT CbM 0T4acTu (n=144)

i He cbm 3ano3HaT (n=8)

®@ur.1. OreHka Ha JISKapuTe 110 ISHTATHA MEAUIIHA 32 HHPOPMHUPAHOCTTAa IM OTHOCHO
BIIMSIHACTO Ha CHEMAEMUTE MPOTE3HH KOHCTPYKIIMHU BHPXY FOBOpHATa (hYHKIIUS.

Jlebenuuara Ha mpore3ata cropen 84,70% OT JjekapuTe MO JCHTAJHA MEIUIMHA HMa
OTPHIIATENIHO BIIMSIHME BBbpPXY roBopHaTa (yHkums. Jlebenara mpore3a oOKa3Ba OTPHLATEIHO
BJIMSIHHE BHPXY roBOpHarta (YHKIHMs 3al0TO HamalsiBa o0eMa Ha MPOCTPAHCTBOTO, B KOETO ce
JIBIDKH €3UKBT U 110-TO3W HAYMH Ce M3MEHS TOBOpA Ha MalMeHTHTe. A TpH HaHACSHE HA IPOTE3CH
aJIXe3MB C LeJ1 TOCTHTaHe Ha MO-ToJIIMa YCTOMYMBOCT M IPEIO3UPaHe HAa KOJINYECTBOTO My MOXKeE
Jla ce CTUTHE M JI0 OTpaHW4YaBaHe oOeMa Ha IIPOCTPAHCTBOTO B YCTHATa KyXWHA M HapylllaBaHe Ha
roBopHaTa (QyHKIHs. HeoOXoMMMOTO KOJIMYECTBO NMpH HAHACSIHE HA a/[X€3MBHATA 11acTa € OKOJIO
0,5-1,5 rpama. Bcsiko mpeBuInaBaHe Ha KOJIMYECTBO OM HapyIIWIO JECHCTBHETO HA TPOAYKTa
(Kelsey, 1997).

Cropent 90,50 % OT aHKeTHpaHWTE ACHTATHU JIEKapH HETPaBHIHOTO BH3CTAHOBABAHE Ha
LEHTpaHATa OKJIy3usl OKa3Ba BIMsHHE BbpXy (oHeTHkara. B ciiyyanrte nmpu HaHacsHe Ha IO-
roJieMH OT HEeOOXOJMMHTE KOJMYECTBA aIXE3UB Ce MOJyuaBa IOBHUIIABAHE Ha 3axarkara M
cmymienus B roBopa (Adisman, 1989).

B mpoTeTHYHOTO JieyeHHe NpW CUIIHA aTpodus Ha ajBeosiapHHs rpedeH ce W3MON3BaT
aJIXe3MBH 3a 3aKpelBaHe Ha npore3ara. LlenTa UM e 1a 3aabpxKaT v crabuiiM3upar nporesara, 3a jaa
ce moJo0pH AbBKaTeJIHATa M TOBOpPHaTa (QYHKIMA. Pesynrarnte oT HM3cieqBaHETO IMOKa3Bar, 4e
93.40% oT meHTANHHUTE CHENMAINCTH MOCOYBAT, Y€ KaTo IPUIO YAOBIETBOPEHUETO € 3HAYMTEITHO
MI0-BHCOKO, ITPU TIPHJIaraHe HA aJXe3WBH NPHU MAIMEHTH C aTpo(dusl Ha aiBeoJapHUsI IpedeH c
KOHBEHIIMOHAJIHY LIEJIU TTPOTE3H C LeJT 3a/IbprKaHe U CTAaOMIIHOCT, KOETO OT CBOSITA CTpaHa BOJIH JIO
NoJ00peHusl Ha TOBOPHATa M JAbBKaTelHa (QYHKIHS, KaKTO U JIO ycellaHe 3a (DU3UYECKH H
ricuxojoruaecku koMmpopt (dur. 2.).

Criope[1 3HAUMTEIIHA YaCT OT JIEKapuTe 1Mo AeHTanHa Mmeaunuaa (95,10 %) Bb3CcTaHOBSIBAHETO
Ha rOBOpHaTa (DYHKIHS C IPOTE3HU KOHCTPYKIIMH € OT OTIPE/IEIIsI0 3HAUSHNE 32 EeMOIIMOHAIHHS U
COLIMAJICH CTaTyC Ha MAllUCHTHUTE.

ITpn n3BBPIIBAHETO HA MYJITHPETPECHOHEH CTHIIKOB aHAIH3 3@ ONPEICISTHE HA OCHOBHHUTE
(haKTOpH OT JICYEHUETO C LETH NMPOTE3N BBPXY ICUX0-EMOLHOHATHOTO ChCTOSHUE HA MAIUCHTUTE
YCTaHOBHXME, Y€ TOBa ca (PaKTOPUTE CBBP3aHH ChC 3aIbPKAHETO U CTAOMIIN3UPAHETO HA IpOTE3aTa
— HeoOXBalllaHETO Ha KiamaHHaTa 30Ha Ha mpote3ara (B=0,190; p<0,001) u u3nmon3BaHeTO Ha
aJIXEe3MBH IIPH CHJIHA aTpodus Ha anBeonapHus rpeden (f=0,112; p=0,031).
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3.60%

H JA (n=345) HE (n=13) & HE CbM 3AMO3HAT (n=11)

®durypa 2. M3non3BaHe Ha aaxe3uBH (JIenuia) 3a MoJjoOpsiBaHe HAa roBOpHaTa (DyHKLUS MIPU
CHJIHA aTpodus Ha aJIBEOJIapHUS rpedeH.

4. 3AK/IIOYEHHUE

B MuHanoTo agxe3wBUTE ca OMJIM CYMTAHU 3a MOIXOISIIM 32 YHOTpeOa camo IMpH JIOLIO
n3pabOTeHN MO OTHOIICHHE Ha 3aibp)KaHe LENM NPOTEe3M M 3a MPOTE3H, NPU KOMTO Ce Hajara
pebazupane. B Hamm gHM TOBa MHEHHE ce NMpoMeHHU. Jloka3aHO e, 4e aJXxe3UBHTE MOraT Ja ce
M3II0NI3BAT IIOYTH IPH BCSIKA TOTATHA MPOTE3a, Tl KATO Te OCUrypsBaT GYHKIHS, OMH3Ka 10 Ta3H
Ha €CTECTBEHOTO Ch3bOHe. [lo TO3M HauMH Te momarar Ha MalUeHTa Ja IPeojosee I0-JIECHO
3ary0aTa Ha eCTECTBEHHTE CH 3b0H, J]a C€ HAMaJIST Bh3MAJICHNATA Ha JINTaBUIIATa U []a CE TOCTUIHE
MEIUKO-OHOJIOTHYCH U TICUXHYECKHU e(DeKT.

A):[Xe?;I/IBI/ITe Ca MOJIE3HO JOMN'BJIHCHHUC NTPU MPOTETUYHOTO JICUCHUEC CHC 3L0HH npoTe3un, CbC
cneuuduyHa posis KakTo BbB (ha3ute Ha N3paboTKa, Taka U BB (asute cies nocrassHe. Camo upes
JOIBJIIHUTETHO 00y4eHHe 3b0osekapuTe OMxa MOCTUTHAIM JBOMHY LIENM 32 MaKCHMH3UpPaHE Ha
TMIOJIC3HUTE ACTIEKTH OT M3IOJI3BaHETO Ha MPOTE3HHU aIXE3HBH, KATO CHIICBPEMEHHO MUHUMH3UPAT
snoymnorpebara ¢ Tax (Ahila, 2011; Polyzois, 2017; Muneer, 2013; Saini, 2023).

Heobxonuma e ome mo-roisMa HHGOPMHUPAHOCT Cpei  MPaKTHKYBAIHUTE JEKapH IO
JCHTaTHA MEIMLHMHA OTHOCHO pOJISATa M HMHIUKALMUTE 332 yHoTpeOda Ha ICHTAJTHUTE aJXE3UBH.
[IpakTUKyBamMTe MOTraT Ja ce MHGOPMUpPAT M 32 HOBH MaTepHalH, OCeIaBaiiku KypcoBe 3a
mpoaAbJIKaBalio O6y‘-IeHI/Ie, KaTo 1O TO3W HAYUMH MOBHIIAT HWUBOTO HA TPHMXHUTE 3a MAITUCHTUTC
¢ HEOOXOJUMOCT OT MPOTE3UpaHe.
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MODERN 3D PRINTING MATERIALS IN PROSTHETIC DENTISTRY
Mariana Dimova-Gabrovska, Yoana Brusarska
Department of Prosthetic Dentistry, Faculty of Dental Medicine,
Medical University — Sofia

Abstract: Introduction: In prosthetic dentistry, the rise of 3D printing builds on the clinically
proven CAD/CAM technology, necessitating the development of new, suitable materials for 3D
printing. In recent years, hybrid materials designed for fixed prosthetics, such as VarseoSmile
Crown plus (BEGO, Germany) and CROWNTEC (SAREMCO, Switzerland), have been
introduced.

Aim: This study aims to create a laboratory protocol to evaluate the mechanical and physical
properties of next-generation dental materials with ceramic inclusions, to clarify their characteristics
and clinical applicability.

Materials and Methods: A literature review demonstrated the need for a custom protocol for
testing. The study includes evaluating material adhesion with various composite cements, wear
resistance, and light transmittance of 3D-printed specimens from these materials.

Results: A protocol was developed for laboratory testing of adhesive bonding, wear
resistance, and light transmittance of specimens produced from VarseoSmile Crown plus and
CROWNTEC.

Conclusion: Despite the growing use of additive manufacturing in dental medicine, the
limited experimental research on hybrid materials for fixed permanent structures hinders objective
comparative analysis of their clinical value. This study underscores the scientific need for in-depth
laboratory investigations to validate next-generation dental materials and provide reliable
information on their practical applications.

Keywords: 3D printing in prosthetic dentistry, materials with ceramic inclusions for additive
manufacturing, additive fixed permanent structures

1. INTRODUCTION

Computer-aided design (CAD) and digital manufacturing (CAM) were developed in the
1970s. This system involves digital scanning followed by the creation of a three-dimensional digital
model, which is used to manufacture actual prosthetic structures (Dimitrova et al., 2022; Tomova et
al., 2023). Thanks to this technology, new possibilities for treatments and procedures in dental
medicine, particularly in prosthetic dentistry, have been introduced, enhancing approaches and
techniques (YYanakiev et al., 2022; Yanakiev, Kostova-Kamburova et al., 2023; Yanakiev, Velikov
et al., 2023; Dimova-Gabrovska, 2023).

Based on CAD/CAM technology, which has proven itself and globally transformed the
therapeutic approach and procedures in prosthetic dentistry, 3D printing has also emerged,
necessitating the development of suitable new materials (Dimitrova et al., 2023; Katreva et al., 2016;
Vlahova & Zlatev, 2021).

In 2020, a hybrid material for 3D printing — VarseoSmile Crown plus (BEGO, Germany) —
was introduced to the dental market for the first time (Strietzel et al., 2020). Later that same year,
Formlabs (Formlabs, Inc., USA), in collaboration with BEGO (Bremen, Germany), released a
material under the trade name Permanent Crown Resin (Formlabs, Inc., USA) (Permanent Crown
DENTAL RESIN, n.d.). In 2022, SAREMCO (Switzerland) introduced its material - CROWNTEC
(SAREMCO, Switzerland) (Permanent 3D Printed Crowns CROWNTEC, n.d.). These materials are
designed for creating fixed permanent structures — single crowns, inlays, onlays, and veneers.
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Information about their mechanical and physical properties is mainly derived from the technical
specifications provided by manufacturers, while experimental research on these materials remains
limited.

A review of current literature allows for the selection of certain scientific studies examining
the mechanical properties of VarseoSmile Crown plus (BEGO, Bremen, Germany) and
CROWNTEC (SAREMCO, Switzerland) materials. In 2021, Grzebieluch et al. investigated the
hardness of VarseoSmile Crown plus (BEGO, Bremen, Germany) using the Vickers hardness test.
The authors divided the specimens into two groups based on printing orientation — Group A was
printed vertically to the platform, while Group B was printed at a 45° angle. The study was
conducted using a Vickers indenter (Shimadzu HMV-2T, Japan) with a load of 980.7 mN (HV 0.1)
and a dwell time of 10 seconds, creating five indentations on random spots of the specimens. Group
A reported values of 25.8 (£0.7) HVO1, and Group B reported 28.16 (£1.42) HVO01, demonstrating
that material hardness varies depending on the printing layer orientation.

Abdalla Alkandari, (2019) published experimental findings on the flexural strength and
modulus of elasticity for both materials. Using a three-point bending test with an Instron 5566 testing
machine (Instron, USA), the study showed superior flexural strength for CROWNTEC
(SAREMCO, Switzerland) at 126.38 MPa compared to VarseoSmile Crown plus (BEGO, Bremen,
Germany) at 91.16 MPa.

In a 2023 study, the wear resistance of single-unit crowns made of VarseoSmile Crown plus
(BEGO, Bremen, Germany) was examined. Occlusal surfaces of crowns subjected to a simulated
10-year in vivo mastication, with 2.4 million chewing cycles, a load of 50 N, a lateral movement of
0.7 mm, and 12,000 thermocycles at temperatures between 5°C and 55°C, exhibited material loss of
0.275 mm (Strietzel et al., 2020).

In terms of the physical properties of VarseoSmile Crown plus (BEGO, Germany) and
CROWNTEC (SAREMCO, Switzerland), a literature review identified only one scientific study. In
2022, Intralawan et al., examined color change and translucency in VarseoSmile Crown Plus
(BEGO, Germany) specimens. The samples were divided into three groups and immersed in 100 ml
of water, coffee, and cola, respectively. Using a VITA Easyshade spectrophotometer (VITA, North
America), the study observed that the material is prone to color and translucency changes.

The goal of this study is to establish a protocol for laboratory testing of the mechanical and
physical properties of new-generation dental materials with ceramic inclusions.

2. METHODS AND MATERIALS

The literature review prompted the creation of an original protocol for investigating the
mechanical and physical properties of new-generation materials with ceramic inclusions. The
protocol's development was based on the contemporary relevance of these new materials for additive
manufacturing in fixed prosthodontics and the necessity for laboratory and clinical studies to
validate their application. The growth of additive manufacturing in prosthetic dentistry, which now
comprises a significant portion of dental laboratory work, further supports the need for this protocol.

For their scientific experiment, approved by the Medical Science Council at MU-Sofia, the
research team formulated the working hypothesis that, by analyzing the mechanical and physical
properties of 3D-printed materials with ceramic inclusions, certain characteristics critical to clinical
use will be identified. The team prioritized materials currently available for cementing constructions
made from VarseoSmile Crown plus (BEGO, Germany) (also marketed as Permanent Crown Resin
by Formlabs, USA) and CROWNTEC (SAREMCO, Switzerland), focusing on their adhesive
properties to dentin. Additionally, an important objective of the research team was to verify or
disprove the materials' wear resistance and adequate light transmittance.

3. RESULTS

To accomplish the set objectives, the following protocol was created for laboratory testing of
the mechanical and physical properties of next-generation dental materials with ceramic inclusions,
VarseoSmile Crown plus (BEGO, Germany) (also known as Permanent Crown Resin by Formlabs,
USA) and CROWNTEC (SAREMCO, Switzerland):

Evaluate the adhesive bond between the materials and various types of cements, and provide
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a comparative analysis. For the experimental studies, test specimens made from dental composites
were created. The specimens were adhesive-bonded with three types of composite cements: RelyX
Unicem (3M), Variolink Esthetic DC and Monobond Plus (lvoclar Vivadent) and Panavia V5
(Kuraray, Noritake) on dentin slices with a thickness of 2.5 mm from extracted natural teeth. The
experiment was conducted using a MultiTest 2.5-i universal testing stand.

Examine and compare the wear resistance of specimens produced via 3D printing using two
types of dental composites reinforced with ceramic inclusions intended for the additive
manufacturing of fixed permanent constructions. For the wear resistance testing, specimens were
made from composites with ceramic inclusions designed for fixed permanent structures. The testing
was conducted using the “Sofia” chewing simulator (Chakalov, 2014), and due to the machine’s
specifications, the test specimens were cylindrical, with an external diameter of 25 mm and a height
of 9 mm. Factory-made silicon nitride (Si3N4) spheres were used as antagonists. The results were
recorded by measuring the weight of the test specimens before and after the chewing simulation
using a BEL ENGINEERING analytical balance (Monza, Italy).

Examine and compare the relative intensity of light passing through the details of test
specimens produced via 3D printing using two types of dental composites with ceramic inclusions
for the additive manufacturing of fixed permanent constructions. The materials were tested for light
transmission intensity through the details of test specimens produced via 3D printing. Specimens
measured 25 mm in length, 5 mm in width, and had thicknesses of 1 mm, 1.25 mm, 1.5 mm, 1.75
mm, and 2 mm in four orientations of the normal vector relative to the printing platform.
Measurements were taken with an “STS-UV Miniature Spectrometer” (Ocean Optics) in the 200-
600 nm range at three points on three specimens of identical parameters to ensure statistically
significant results. A standard light source with a continuous spectrum in the tested range was used
for measurement.

4. DISCUSSION

This research protocol offers a structured approach to examining the mechanical and physical
properties of 3D-printed materials with ceramic inclusions, particularly for prosthetic dental
applications. Focusing on materials like VarseoSmile Crown plus (BEGO) and CROWNTEC
(SAREMCO), which are known for their applicability in permanent crowns (Permanent 3D Printed
Crowns CROWNTEC, n.d.; Strietzel et al., 2020), the study evaluates essential properties for
clinical use: adhesive bonding to dentin, wear resistance, and light transmittance. Adhesion testing
with different cements, wear assessment using a chewing simulator, and light transmission analysis
provide a comprehensive understanding of each material’s performance under realistic conditions.
The protocol’s results aim to guide material selection in fixed prosthodontics, bridging laboratory
findings with clinical applicability and supporting the advancement of 3D-printed ceramics in
permanent dental restorations (Chakalov, 2014).

5. CONCLUSIONS

This study establishes a detailed protocol for evaluating the mechanical and physical
properties of innovative 3D-printed dental materials with ceramic inclusions, specifically aimed at
their application in permanent prosthetic constructions. By examining key characteristics — adhesive
bonding to dentin, wear resistance, and light transmittance — with materials such as VarseoSmile
Crown plus and CROWNTEC, the research provides practical insights that connect laboratory data
with clinical needs in prosthetic dentistry. The results aim to support informed material selection
and contribute to the safe and effective integration of 3D-printed hybrid materials in permanent
dental restorations, potentially setting a standard for future studies on similar materials in this field.
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OPPORTUNITY FOR CRAFTING OF EXPERIMENTAL BODIES FROM
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Abstract: Introduction. With the development of technologies and materials, the options for
long-term temporary fixed prosthetics are increasing, which requires a more in-depth study of the
possibilities of materials.

Aim. This study aims to present an object of industrial property - a protected utility model,
representing a device for the manufacture of experimental bodies from polymer materials for crowns
and veneers with the possibility of reinforcement.

Materials and Methods. According to ISO 10477:2020 test bodies for measuring the flexural
strength of polymer-based materials for the fabrication of crowns and veneers in dentistry with
dimensions of 2 x 2 x 25 mm are made using a steel plate matrix. CAD software SolidWorks 2016
of Dassault Systémes, France was used for the design, which starts with the creation of a working
drawing and setting the parameters of the individual elements.

Results. The goal was achieved by creating a device for making test bodies, consisting of
matrix base, plates for tightening and fixing the threads, retaining screws, forming plate. It is
registered as a protected subject of industrial property (utility model) in the Patent Office of the
Republic of Bulgaria No. 4383 Ul. An advantage of the device is the possibility of making 12
experimental bodies at the same time.

Conclusion. For the first time in Bulgaria, the in vitro mechanical properties of the dental
materials used for the production of preliminary non-removable prosthetic structures and their
dependence on the presence or absence of the reinforcement factor were investigated.

Keywords: device, experimental bodies, reinforcement

1. BBBEJEHMUE

[MoncunBaHeTo Ha MOJIMMEPHH MaTEpPHANN 3a MPEABAPUTEITHH HECHEMAaEMH KOHCTPYKIMH €
OIMCAaHO KaTO METOJI3a Ch3/aBane Ha cpeanocpoun (1 10 6 mecena) u gbarocpounu (6 mecena 1o 2
TOAVMHM) TPEABAPUTEIHH MPOTETHYHU KOHCTpykumu (Pietrobon, 1996) 3a ciydwamte, korarto ce
HaJara rmoJi3BaHeTO MM B XO/ia Ha KOMIUIEKCHH, My ITHINCIMIUTHHAPHY JTeueOnu mianose (Kamble,
2012). Metomute 3a W3pabOTBAHETO WM Ca JUPEKTHU (KIMHUYHH), MHAAPEKTHH (1a00OpaTOpHN),
TUPEKTHO- HWHAWPEKTHH (KIMHUKO-TA0OpaTOpPHHW) W WHAMPEKTHO-TUPEKTHH (JabopaTopHO-
KJIMHUYHH).

KiauHUYHWTE WM JUPEKTHH METOJM CIIECTSBAaT BPEME M CPEACTBA Ha KIMHUINCTA U
nanuenTta. 3a u3paboTBaHETO MM Hal-4ecTo ce mpernopbuBarT (aOpUYHN WM WHIUBHAYaTHH
Marpuiy (BBHIDHM (OpMOOOpasyBaTeld Ha NpEABApPUTEIHM HECHEMAaeMH KOHCTPYKIHUH),
MIOCPEACTBOM KOWTO ce€ M30srBa BPEMEEMKOTO AMPEKTHO MojeiaupaHe Ha 3b0HHTE popmu. Kato
MHUHYCH Ha JUPEKHUTE METOAN CE€ OCOYBAT alePrU3UPALIMAT NOTCHIMA Ha HEMTOJIMMEPU3NPAINTE
Marepualid 3a IMpeABAPUTEIHN HECHEMAeMH KOHCTPYKIHH, MOCTABEHH BBPXY OPAIHUTE ThKaHH
(Mnmanos, 2022), TepMAYHaTa TpaBMa M CCHCHOMIM3UPAHETO HA TpEmapHpaHUTe 360, aKko ca
sutajnau (Torabi, 2015), mo- jomara MapruHaiHa ajanTalys Ha KOHCTPYKIUKUTE HOPain HyXKIaTa
OT M3BaXKIaHE TI0 BpeMe Ha TymMooOpa3HaTa (as3a OT IpemapupaHuTe ITbHYETA, 3a Ja ce M30erHe
OnoKWpaHe B EBEHTyalHH ITOJMOJHH IPOCTPAHCTBA, HyXJaTa OT OOy4YeHHWE Ha IepcoHala B
JICHTAJTHATA TIPaKTHKA 3a U3padoTBaHe, GUHUpPaHE U MONUPAHE HA KOHCTPYKIMUTE U TOBEICHUETO
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mMm mipu pynakmms (Myagmar, 2021). TloacuiBaHeTo Ha TakWBa KOHCTPYKIIMM MOXKE Ja ce
OCBILECTBH MTOCPEICTBOM TOJMETHICHOBH WM CTHKIICHH BJIAKHA, aAalITHPAHU HHTPAOPATHO BBPXY
MpenapanuuTe U MOCTaBEHN BIIOCIEICTBHE B MHIUBHIyaJlHATA MaTPHUIA, 3a€AHO C MaTepHaia 3a
MpeaBapuTeTHN HecHeMaeMn KoHcTpykuumu (Hammond, 2016). M3BectHm ca W MeToam Ha
¢ukcupann 0e3 OOHA € TEYEH KOMIIO3UT IIOJHETHICHOBH WM CTBKJICHH BIAKHA BBPXY
MOJICYIICHUTE TbHYETA TPE/IH MOCTaBsHe Ha MaTpHiata ¢ moiaumepa (Hamza, 2004).

W3cnenBanero Ha edekra BbPXY MEXaHMYHUTE KaueCTBAa Ha apMHPaHUTE NpEIBAPUTEIHU
HECHEMaeMH KOHCTPYKIMHM Ha Pa3IMYHUTE METOJH 332 apMHPAHETO MM IOCTaBsi aKIEHT BBPXY
HEOOXOAMMOCTTa OT TPEIBApUTEIHN HAayYHH W3CJICABAHUS B J1a0OpAaTOpHH YCIOBUS Ha
apMmupoBkuTe upe3 onuTHM Tena (Hamza, 2014). TakuBa HaydyHu cBeJEHMs IIe II03BOJIABA
ONTHMHU3UpPAHE ¥ HAa KIMHUIHATE METOJW 3a apMHUpaHe Ha IPEABAPUTEIHOTO INPOTE3UpaHE B
€)KETHEBHATA ACHTAIHA IPAKTHKA.

PasrnenannTe B nWTepaTypaTa HaydHHM CBEICHHUS IIO3BOJIIBAT Jla CE€ IOCTaBH PabOTHA
XMIIOTE3a, CIOpE] KOATO KOHCTPYHpaHETO Ha NpuOOp 3a n3paboTBaHE HAa ONMUTHU Tela OT
noyumepHu Marepuanu 3a [THIIK ¢ apmupoBka mie mo3Boim HM3BEXJaHE Ha PENpe3eHTATHBHU
CTOMHOCTH 3a SIKOCT Ha OTbBAaHE, MAKCHMAJIHA CHJIA MPEAM CUYIBAaHE M MOJYJ HA €JIACTUYHOCT.
OOEKTHBHUTE pE3YNTAaTH IIE Ch3JaJaT YCJIOBHS 32 MHOTOKpaTHa MOBTOPSIEMOCT U JOCTOBEPHO
CpaBHsIBaHE HAa MATEPUAITUTE 110 3aJI0)KEHUTE KPUTEPHUH.

IenTa Ha pa3paboTkaTa € 1a ce MPOeKTHPa, U3pabOTH M 3aLIUTH ¢ OOEKT Ha MHYCTPHAIHA
coOCTBEeHOCT (TI0JIE3eH MO/IelT) MPHOOP 3a M3pabOTBaHE HAa OMUTHH TEJa OT MOJMMEPHU MaTEPUAITH
3a KOPOHKH U (paceTu ¢ Bb3MOXKHOCT 32 apMHUPOBKa.

2. METOJM U MATEPHUAJIN

Crnopen ISO 10477:2020 onutHUTE Tena 3a U3MEPBAHE Ha SIKOCT Ha OI'bBaHE HA MaTepUaU
Ha MOJIMMEpPHA OCHOBA 32 N3pab0TBaHE HA KOPOHKH U (haceTH B ICHTAIHATA MEAUIIMHA C pa3MepH 2
X 2 X 25 mm ce u3paboTBaT ¢ IOMOLITA HA MaTPULIA OT CTOMaHeH! uiacTiHY (dur. 1).

Dimensions in millimetres

®@urypa 1. Cxema 3a MaTpHIa oT MeTaiHH IacTuHu 1o ISO 10477:2020

Hocera B crienuanu3npaHara TeOpHs U MPAKTHUKa HE ca M3BECTHH NPUOOPH MIIN YCTPOHCTBa
3a I/I3pa6OTBaHe Ha HAKOJIKO OIMMTHH TEJIa C NO3UITMOHHUPAHU IMTOJACHIBAIIIN HUIIKHA — HACOKUTE B ISO
10477:2020 ca n3XOJeH MaTepuan 3a W3TOTBSHETO Ha TAaKbB NPHOOp. 3a MPOEKTUPAHETO €
m3nomBan CAD codtyep SolidWorks 2016 Ha xommanmsita Dassault Systémes, ®dpanrms.
[Ipoextnpanero Ha mnpubopa crapTupa C U3pabOTBAHETO Ha pPAaOOTEH HYEPTEeX U 3aJaBaHe
rapamMeTpuTe Ha OT/ICIHUTE SIIEMEHTH.

[TpuGopbT 32 M3paboTBaHE HA ONUTHU Teja OT MaTepHald Ha IOJMMEpHA OCHOBA 3a
n3paboTBaHe Ha KOPOHKH M (paceTH B ICHTaHATa MENIMHA ¢/0e3 BKIIIOYEeHa apMupalla HUIIKa ce
cbcTOM OT: Marpuua (1), 3aapeKHU NIACTUHY 32 apMHUpAIUTe HUIIKY (2), IPUKPENSI BUHTOBE
(3). IlpuKpensmuTe BUHTOBE CE MPHUCTATAT C IECTOrpamed Kiod N5 (4) (¢ur. 2).
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®durypa 2. CxemaTu3upaHa CHUMKa Ha Pa3TIIO0CHUTE eIeMEHTH Ha pubopa

3. PE3VYJITATH

[Ipoektupan e u e u3paboTeH NpuOOp 3a M3pabOTBaHE HA ONMTHH TeJa OT IOJUMEPHHU
MaTepuali 32 KOPOHKH U (haceTH ¢ Bb3MOXKHOCT 32 apMHUPOBKa. 3aj1a4aTa € pellieHa ype3 Ch3/1aBaHe
Ha npuOop 3a u3paboTBaHe Ha onuTHU Tena mo [ISO 10477:2020, ¢heTosIIT Ce OT CISTHUTE CIIEMEHTH
— MaTpUYHa OCHOBA, IUIACTHHU 33 MPUCTAraHe U (PUKCUpPAHE HA HUIIKHUTE, 33 {bPKAIl[il BUHTOBE,
odopmsma cTpKIeHa IodKa (¢pur. 3).

®urypa 3. [IpubopsT B pa3niodeH BHULT ®urypa 4. [lo3unnonrpaHe Ha HUIIKUTE
BBB BBHIIIHUTE KaHAIIYETa IIPU MPUCTETHATH
3aJpBKHU IIIACTHHU

IMpeaumcTBO Ha mpuOOpa € BB3MOXKHOCTTA 3a M3paboTBaHe Ha 12 Oposi ONMUTHHU Tela
eaHoBpeMeHHO. [lo3uIMoHNpaHeTo Ha BCSAKAa OT HUIIKWTE B CHENMATHM BBHIIHM KaHaI4eTa Mo
BBHIIHUS pHO Ha OCHOBATa IO3BOJIIBA ONTHUMAJHO OIbBAaHE HA HUILKUTE Hpenu (GpuHaIHOTO
NPUCTATaHEe Ha 33JPBKHUTE IUIACTUHU OT JBETE CTPAaHHU, KOETO (MKCHpA HUIIKUTE B MO3UIHS,
I03BOJISIBAIIA BIIOCIIEACTBHE T€ J1a Ca PA3IOJI0KEHH B cpeiaTta Ha ONUTHHTE Tena (dur. 4).

[TpubGopbT € 3amuTeH Kato OOEKT HAa MHAyCTpHAHA COOCTBEHOCT (IOJIE3€H MOJEN) B
[MarentHOTO BenomcTBO Ha PermyOmuka bwarapus Ne 4383 Ul cwe cnenHoTo HasBanue: [IPUBOP
3A U3PABOTBAHE HA OIIMTHU TEJIA OT ITIOJIMMEPHU MATEPUAJIN 3A KOPOHKU U
OACETHU C BB3MOXHOCT 3A APMHPOBKA.

4. OTUCKYCUS

Kato OCHOBHO mpeuMyllecTBO Ha mNpubopa € ompelelieHa Bb3MOXHOCTTa 3a TOYHA
MOBTOPSIEMOCT Ha M3CJICBAHMSATA IIPH Ch3AaBaHETO HA OIMTHH 00pa3ly OT HoNuMepH. PaznuanunTe
o0Opasnu Morar Ja Obaar m3pabOTeHH ¢ MOMOIITa Ha MpUOOpa ¢ WiK 0e3 BKIIOYEHH, apMHUpaIln
HHUIIKK OT pa3id4yHu MaTepuanu. [IpeauMCcTBO € BB3MOXKHOCTTa 3a IIOBTOPSEMOCT IIPH
n3paborBaneTo Ha crangapTusupanu mo SO 10477:2020 onutau Tema. C moMornTa Ha mpruodopa 3a
OBPBM IBT Yy HAac W B MEXKIyHapoAeH Mamad ca H3CICJBaHM MEXaHUYHHTE KadecTBa Ha
cra"gaptusupanu crpsmo ISO 14077 onutHu Tenaa OT MaTepually 3a NPEABAPUTEIHA HECHEMAeMHU
NPOTE3HH KOHCTPYKIMHU C BKJIIOYEHA apMHpalla HUIIKA, 00EKT Ha CIIeABAIIN HAYYHHU IPOYYBaHUS
Ha aBTOPCKUS KOJICKTHB.
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5. 3AK/IIOYEHHE

ChpImecTByBa aKTyajqHa HEOOXOAMMOCT OT TIOBHIIABAaHE Ha MEXaHMYHATA YCTOHYMBOCT Ha
MpEeIBApUTETHUTE HECHEMaeMH IPOTe3HH KOHCTPYKIHMH 3@ JBJITOCPOYHA  yroTpeoda.
BB3MOXKHOCTHTE B TOBa OTHOIIECHHWE Ca CBBP3aHM KaKTO C HABIM3AaHETO HA HOBH MaTepuaid U
TEXHOJIOTHH B JICHTAJTHATA MEUIINHA, TAKA U C aPMUPAHETO HA KOHCTPYKIMUTE, KOTATO MOJJIeKAT
Ha JparocpouHa ynorpeda. [IpubopbT 3a n3paboTBaHE HAa ONMUTHU TeJa OT MOJIMMEPHU MaTepUalIH
3a KOPOHKH U (paceTu ¢ Bb3MOXKHOCT 32 apMHUpPOBKa [T03BOJISIBA M3pa0OTBAHETO Ha OMUTHH 00pasiy
OT ChbBPEMEHHH IMOJIMMEPHH MaTepUaIN ChC MM O€3 apMUpAIy HUIIKH OT Pa3InYHO €CTECTBO 32
LIEJTUTE Ha HACTOSIIM U OBJICIIH Ja00PaTOPHHU U3CIICABAHUSL.
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Abstract: The integration of digital workflows is becoming increasingly prevalent in modern
dentistry, revolutionizing traditional approaches. Among these innovations, 3D smile design
software stands out for its ability to leverage specific photos and digital analysis. This technology
enables clinicians to pre-plan treatment outcomes, considering individual facial characteristics and
patient preferences, thus streamlining communication among clinicians, dental laboratories, and
patients. This study aims to underscore the advantages of incorporating 3D smile design into non-
removable esthetic restorations within a multidisciplinary framework. Materials and Methods: A
patient presenting with partial edentulism, and anterior maxillary dental crown defects underwent
comprehensive multidisciplinary treatment, encompassing periodontal, surgical, therapeutic, and
prosthetic interventions. Intraoral scans of the maxillary and mandibular arches were obtained using
an OVO scanner (3Disc), while facial scans were acquired utilizing the Bellus 3D Facial Scanner
(3Shape). Data were processed using 3Shape design software. Results: After a well-conducted initial
periodontal therapy, a gingivectomy was performed, removing the overgrown gingiva around the
available tooth structures in the maxillary front region. This allowed endodontic treatment and the
construction of dental structures. A digital model of the future aesthetic construction was created.
Working models were printed, from which silicone keys were removed in order to perform a precise
preparation, on which a temporary structure was again made using a silicone impression.
Electrocautery re-correction of the gingiva was required, guided by digital planning, with the goal
of improved harmony and esthetics. The final structure was made of metal-ceramic. Conclusion:
Utilization of 3D smile design enhances teamwork and elevates the quality of prosthetic
rehabilitation with aesthetic considerations, fostering seamless communication within a
multidisciplinary treatment paradigm.

Keywords: 3D smile design, aesthetics, multidisciplinary approach

1. INTRODUCTION

The digitization of the work process is increasingly successfully finding its place in modern
dentistry. What is 3D Digital Smile Design? — this is software that is based on specific photos and
digital analysis. Through it, the preliminary planning of the final result is achieved, which is tailored
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to the facial features and individual characteristics of the patient (Jafri, 2020; Mangano, 2016;
Haidar, 2023). Surgical manipulations for the correction of hypertrophied tissues can be laser
gingivectomy and gingivoplasty, as well as electrocautery. However, in order to retain the result, a
strict analysis of the causes is necessary - oral hygiene, drug therapy, etc. (Shankar, 2013; Prato,
1995; Saaiq, 2012).

The aim of this poster is to demonstrate the advantage of using 3D digital smile design in
esthetic restorations with fixed constructs when approached in a multidisciplinary manner.

2. METHODS AND MATERIALS

It concerns a 62-year-old patient with partial edentulousness (Kennedy type 4) (only tooth
12 is missing - lateral incisor on the right) and a defect of the dental crowns in the area of the front
of the upper jaw. Clinically, there was hypertrophied gingiva and extensive crown defects in the
maxillary anterior region from the first premolar on the right to the lateral incisor on the left.
Radiologically, healthy root structures of the respective teeth are observed, there are no pathological
periapical changes/minimal periapical changes in the form of fibrous periodontitis (fig. 1 and 2).

Figure 1. Initial situation. Figure 2. Panoramic radiograph.

Performing an intraoral scan of the upper and lower jaw with the OVO (3Disc) scanner. A facial
scan using Facial scanner Bellus 3D (3Shape) was also applied. The information was processed with
3Shape design software, on which a digital model of the future aesthetic construction was created.

3. RESULTS

The first step was well-conducted periodontal therapy, which included patient motivation and
education to maintain adequate oral hygiene, and professional plaque and calculus removal (supra-
and subgingival). The second step was surgical treatment - gingivectomy using Er:YAG and
gingivoplasty of the hypertrophied crown around teeth 13,11,21,22 was performed in order to
lengthen the clinical crowns of the corresponding teeth (fig. 3 and 4).

Figure 3. Er:YAG gingivectomy. Figure 4. Periodontal bandage.

This allowed the therapeutic procedures to be carried out, which were as follows: teeth 13,
11, 21, 22 were re-treated with non-surgical endodontic treatment due to the consideration that the
old root canal filling agent had been exposed to saliva contamination for a period of about 1.5 years.
After the endodontic treatment, Teeth 21,22 were restored by cementing a fiber post and building
with a composite in the form of dental stumps. Due to the more extensive defects of teeth 13,11 —
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were restored using cast metal pin abutments. Tooth 14 was devitalized due to the need for pin
construction — a fiber pin was cemented in the vestibular canal with the double-polymerizing
composite cement Panavia (fig. 5).

Flgure 5. Restored frontal teeth. Figure 6. Printed working models.

Working models were printed from the created preliminary design (fig. 6), from which
silicone keys were removed in order to perform a precise knife-edge preparation (fig. 7). Then, again
from a silicone impression taken from the printed model, a temporary bridge structure was fabricated
in clinical conditions (fig. 9). Since the prosthetic structures are placed only in the frontal region,
the height of the occlusion was not changed. Electrocautery re-correction of the gingiva was
required, guided by digital planning, with the aim of improved harmony and esthetics (fig. 8). It was
made a metal-ceramic bridge and it was cemented with glass-ionomer cement (fig. 10).

Figure 7. Preparation junction with a silicone key.

Figure 9. Temporary bridge. Figure 10. Final metal-ceramic bridge.

4. DISCUSSION

Gingivectomy is a known method for shaping and changing the shape and volume of the soft
tissues in the oral cavity. This procedure is often used for aesthetic and functional improvements to
a patient's smile and dentition. Guided soft tissue reconstruction can be achieved by properly shaping
the temporary constructs and exposing them long enough in the patient's mouth. Temporary
structures play a key role in the healing and adaptation process of soft tissues, allowing the dental
professional to model and adjust their shape and volume until desired results are achieved (Shankar,
2013).

In case of insufficient visible hard dental tissues, orthodontic extrusion can also be applied.
This technique involves gradually moving the teeth through orthodontic appliances, allowing them
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to be extracted to a more suitable position in the dental arch. Orthodontic extrusion helps not only
to improve aesthetics, but also to provide sufficient space for future restorations and improve the
function of the dentition (Gonzéalez-Martin, 2020).

In order to maintain the obtained clinical result, the active participation of the patient in the
care of the soft tissues around the teeth is of particular importance. Regular hygiene and careful
maintenance of the teeth and gums are essential to prevent infections and inflammation that could
compromise the results of gingivectomy and other dental procedures. The patient should be
informed and motivated to follow the instructions of their dental professional regarding hygiene and
oral care (Nyvad, 2015).

From a prosthetic perspective, esthetics and function are the most important components.
Prosthetic structures must meet high aesthetic requirements, striving to reproduce the natural
appearance of the teeth and to fit harmoniously into the patient's smile. At the same time, they must
also provide functionality, which includes comfort in chewing and speaking. But apart from them,
it is necessary that the constructions are placo-non-retentive. This means that the surfaces of the
prostheses must be designed and treated in such a way that they do not retain plaque and are easily
kept clean. In this way, the soft tissues are kept in clinical health, inflammation and infection are
prevented, and the aesthetic effect is improved. Regular check-ups with the dental professional are
also essential to maintain the health of the soft tissues and the longevity of the results achieved
(Abad-Coronel, 2022).

5. CONCLUSIONS
3D smile design facilitates and improves the quality of teamwork in prosthetic rehabilitation
with esthetic structures, significantly improves communication in a multidisciplinary approach.
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INTRODUCTION

Endometrial polyps are the most common benign neoplasms of the endometrium. They are
diagnosed at all ages, with the highest frequency in perimenopausal women, most often between 40
and 49 years old. Endometrial polyps can be asymptomatic, but in most cases, they are the leading
cause of abnormal uterine bleeding. In recent years, data has accumulated that classifies endometrial
polyps as preneoplastic diseases of the uterine body with varying frequency of their malignant
potential in women in pre — and postmenopausal with genital bleeding (Nijkang et al., 2019).

A thorough understanding of the hormonal theory as part of the etiopathogenesis of
endometrial polyps will reveal new horizons in their diagnosis, treatment, and prevention. The
literature review presents modern theories about the origin and development of endometrial polyps
related to the expression of estrogen and progesterone receptors.

The aim of this study is to evaluate the literature. Presenting a review considering: expression
of estrogen and progesterone hormonal receptors in endometrial polyps.

RESOURCES AND METHODS

A literature search of PubMed data base was conducted. More than 37 publications were
found for the last 35 years, which reflect the interest of researchers over the years and the relevance
of the problem today.

RESULTS AND DISCUSSION

An analysis was performed for the period 1990-2024 by filtering seven open access
publications included in the literature review.

In 1953, Scott published an article titled “The Elusive Endometrial Polyp" and concluded
that "the endometrial polyp remains an enigma as it relates to frequency, bleeding potential, and the
possibility of malignant transformation.“ To this day, the exact causes of the appearance of
endometrial polyps are not known, but there is accumulated knowledge from studies that prove the
leading role of the increased expression of estrogen and progesterone hormone receptors in the
etiology and pathogenesis of these benign neoplasms (Nijkang et al., 2019).

Estrogen and progesterone are essential hormones for the maintenance and functioning of the
endometrium. Their effects are mediated by specific nuclear receptor proteins, ER-alpha, ER-beta,
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PR-A and PR-B, which are present in endometrial stromal and epithelial gland cells. Five studies
have investigated the distribution of ER and PR in polyp tissue (McGurgan et al., 2006). McGurgan
and Gul (Gul et al., 2010) compared polyps from premenopausal and postmenopausal women
without hormone treatment. Both demonstrated that ER and PR expression differed in polyps from
these two groups. Cohen and McGurgan investigated the effect of tamoxifen treatment on polyps in
postmenopausal women. Both observed that glandular ER expression was lower in tamoxifen polyps
and concluded that this may be due to the weak estrogen-like effect of tamoxifen (Cohen et al.,
1997).

Only one study evaluating ERs and PRs according to patient age was found. The
immunohistochemical reactivity of postmenopausal endometrium was studied by Koshiyama et al.
(Koshiyama et al., 1996). using monoclonal antibodies against ER and PR in 33 postmenopausal
patients. The endometrium was thicker in patients who had been postmenopausal for up to 10 years
than in patients who had been postmenopausal for more than 10 years. The mean age of patients
with ER-positive reactivity in the glands was significantly lower than that of patients with ER-
negative reactivity. Furthermore, the endometrial thickness of patients with ER- or PR-positive
reactivity in the glands was significantly greater than that of patients with ER- or PR-negative
reactivity (Koshiyama et al., 1996).

The pathogenesis of endometrial polyps remains poorly understood, and few studies have
investigated their association with obesity. Armando Antunes et al. 2010 conducted a study to
evaluate the effect of obesity on the expression of hormone receptors, Ki67, Bcl-2 and Cox-2 in
benign endometrial polyps. Obesity has been shown to be associated with PR and Cox-2/Bcl-2
expression in the glandular endometrial compartments of postmenopausal women (Pinheiro et al.,
2014).

In the study by Anderson Pinheiro et al. 2014, the high levels of ER expression found in
polyps were similar to those seen in other studies. The comparison of ER expression revealed no
differences in outcomes between obese and non-obese, premenopausal and postmenopausal women.
This finding is in agreement with a study by Belisario et al., based on 35 cases of polyps and atrophic
endometrial tissue samples from postmenopausal women. The authors also failed to find an
association between ER expression in polyps and BMI. The authors suggest that elevated serum
estrogen levels observed in obese women are able to reduce ER expression in atrophic endometrium
but not in endometrial polyps (Pinheiro et al., 2014; Belisario et al., 2006).

CONCLUSION

The etiology and pathogenesis of endometrial polyps are still a matter of debate. The
literature review outlines the current aspects and the leading role of the expression of estrogen and
progesterone steroid receptors in the pathogenesis of endometrial polyps, the causes of their
formation in obese women and the main pathophysiological mechanisms of hormone receptors.
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Abstract: In 2017, an innovative and high-tech educational structure, the Medical Simulation
Training Center, was opened at MU Plovdiv, the only training base in Eastern Europe recognized
and accredited by the American College of Surgery. The material and technical support of the center
includes a wide range of modern simulators, which serve for the training of students and the
additional qualification of interns, specialists, and health specialists in various clinical interventional
disciplines, including in the field of midwifery. The role of simulation-based training in improving
the management of obstetric emergencies associated with a high incidence of maternal and neonatal
morbidity and mortality worldwide and in our country is leading. Failures in stress-related
emergency settings in clinical settings lead to a number of adverse consequences. Studies show that
obstetric emergencies associated with high levels of stress have an impact on obstetric gynecological
teams. As a result, symptoms of depression, post-traumatic stress disorder, and loss of professional
confidence can occur, leading to self-doubt, isolation, defensive medicine practice, and fear. Levels
of stress induced by emergency obstetric pathology in simulation conditions relative to a real clinical
setting are the subject of an inter-university research project. Its main purpose is the assessment,
prevention, control, and preparation of models of behavior and stress management in obstetric
emergencies.

Keywords: simulation training, obstetric emergencies, stress

INTRODUCTION

In 2017, an innovative and high-tech educational structure, the Medical Simulation Training
Center (MSTC), was opened at MU Plovdiv, which is the only training base in Eastern Europe
recognized and accredited by the American College of Surgery. A wide range of modern simulators
serve for the training of students and the additional qualification of interns, specialists and health
professionals in various clinical interventional disciplines, including in the field of obstetrics, the
subjects of which are pregnancy, childbirth, and the postpartum period. A key point is that
obstetricians and midwives take care of two patients at the same time: the mother and the baby.
Emergency obstetric situations during pregnancy and childbirth are associated with an increased
incidence of maternal and neonatal morbidity and mortality worldwide and in our country (Medical
University of Plovdiv, 2024).
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These unexpected and unpreventable events induce stress. The World Health Organization
defines stress as any type of change that causes physical, emational, or psychological strain. Stress
is the body's reaction to anything that requires attention or action. A high level of stress is associated
with impaired performance and results and could provoke errors that threaten patient safety (Stress,
2022).

The levels of stress induced by emergency obstetric pathology, in the conditions of
simulation referred to as a real clinical environment, are the subject of an inter-university research
project of MU Plovdiv and PU "Paisii Hilendarski". The main goal is to assess the level of stress,
provide guidelines for its prevention and control, and prepare models of behavior and stress
management in emergency obstetric conditions related to life-threatening complications for both the
mother and the fetus.

DISCUSSION

The term simulation refers to a situation in which an artificial representation of real-world
conditions is created to achieve educational goals — learning through experience. Interest in
simulation midwifery revived in the late twentieth century. With the advent of modern obstetric
simulation, medical education and patient safety are enhanced, thanks to team training and the
increased complexity of scenarios, allowing for a multidisciplinary approach and knowledge of
critical care (Medical University of Plovdiv, 2024).

Obstetric emergencies are characterized by their unpredictable nature. About 95% of all
maternal deaths occurred in low- and lower-middle-income countries in 2020, with the main causes
being bleeding after childbirth (postpartum hemorrhage), infections after childbirth or abortion, and
high blood pressure with proteinuria at the time of pregnancy (preeclampsia and eclampsia). Other
emergency conditions are shoulder dystocia - the impossibility of delivery of the shoulder girdle of
the fetus; cardiac arrest in the course of amniotic embolism; prolapse of the umbilical cord;
intrauterine asphyxia of the fetus; etc. (Reynolds et al., 2011; Draycott et al., 2008)

It is clear from these examples that obstetric simulation training is versatile and adaptable to
awide range of scenarios. It can be modified and adapted to specific conditions. Emergency obstetric
simulations provide a safe space for trainees to reflect on their management and practice skills
(Reynolds et al., 2011; Siassakos & Fox et al., 2011).

The MSTC is equipped with a modern high-tech simulator, the VICTORIA S2200 from the
manufacturer Gaumard, which is an established manufacturer of simulators in the field of healthcare
worldwide with over 75 years of experience and sales in more than 70 countries. The simulator has
over 60 characteristics, general and specific, providing the possibility of computer-controlled
descent of the fetus with basic rotations, programming of normal and breech birth, shoulder dystocia,
instrument-assisted birth, caesarean section, and intra- and postpartum bleeding. Through it, a full-
term newborn with realistic dimensions and weight is born with a programmable heart, breathing
sounds, crying, cyanosis, and movement. With the help of VICTORIA, it is also possible to simulate
a multi-layer fourth-degree episiotomy with hemorrhages and rupture of the vagina, as well as
cervical tears. Programmable uterine stiffness allows the simulation of postpartum hemorrhage as
well as the placement of a balloon tamponade (Gaumard® Scientific, 2024).

Each of the described obstetric situations is associated with different levels of stress for
different specialists: obstetrician-gynecologist, midwife, and neonatologist. Studies show that
obstetric emergencies associated with high levels of stress have an impact on obstetrician-
gynecologists and midwives. As a result, symptoms of depression, post-traumatic stress disorder,
and loss of professional confidence can occur, leading to self-doubt, isolation, defensive medicine
practice, and fear (Reynolds et al., 2011; Siassakos & Fox et al., 2011; Siassakos & Bristowe et al.,
2011).

Severe pathology leading to an obstetric emergency is associated with critical events that can
lead to maternal and neonatal morbidity and mortality. In this regard, they are often the subject of
clinical and simulation training in order to reduce the morbidity and mortality resulting from
maternity care (Draycott et al., 2008; Siassakos & Fox et al., 2011; Siassakos & Bristowe et al.,
2011).

Several authors have shown evidence for the efficacy of simulation training in obstetric
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management. Reynolds et al. observed an improvement in self-perceived knowledge and skills
following participation in a 1-day obstetric emergency simulation course (Reynolds et al., 2011;
Siassakos & Bristowe et al., 2011).

However, since obstetric emergencies are rare and therefore more difficult to learn,
simulation-based medical training is considered an excellent supplement to the traditional learning
model. On the other hand, a high level of stress is associated not only with disturbances in
productivity and results but also with an increase in motivation to learn (Siassakos & Bristowe et
al., 2011).

The introduction of simulation-based training in emergency obstetric conditions would lead
to lower levels of stress, greater confidence and speed of decision-making by the medical team, and
hence to improved results and the outcome of the treatment carried out. From 2022 until now,
MSTC, the Department of Obstetrics and Gynecology, together with the Department of Midwifery
Care from the MU Plovdiv with the help of the Department of Psychology at the PU "Paisii
Hilendarski", is developing a research project that aims to study the levels of stress in medical teams
during obstetric emergencies in clinical and simulation environments and to develop guidelines for
its prevention and control, as well as for the adequate management and behavior of the team in
emergency conditions.

CONCLUSION

In conclusion, the study of stress levels in medical teams during obstetric emergencies in a
clinical and simulation environment is the basis for the development of guidelines for its prevention,
control, and adequate management and behavior in emergency conditions.

Studying the leading stressors and implementing strategies to reduce their intensity can
improve the satisfaction of health care professionals and students in training in the specialty, as well
as promote quality and safe care for the mother and newborn in the obstetric emergency setting.

REFERENCES

Reynolds, A., Ayres-de-Campos, D., & Lobo, M. (2011). Self-perceived impact of
simulation-based training on the management of real-life obstetrical emergencies. European Journal
of Obstetrics, Gynecology, and Reproductive Biology, 159(1), 72-76.
https://doi.org/10.1016/j.ejogrb.2011.07.022

Gaumard® Scientific. (n.d.). VICTORIA® S2200 - Advanced Obstetric Patient Simulator.
Retrieved from https://www.gaumard.com/s2200-victoria-childbirth-simulator

Draycott, T. J., Crofts, J. F., Ash, J. P., Wilson, L. V., Yard, E., Sibanda, T., &
Whitelaw, A. (2008). Improving neonatal outcome through practical shoulder dystocia training.
Obstetrics and Gynecology, 112(1), 14-20. https://doi.org/10.1097/A0G.0b013e31817bbc61

Siassakos, D., Fox, R., Crofts, J. F., Hunt, L. P., Winter, C., & Draycott, T. J. (2011).
The management of a simulated emergency: Better teamwork, better performance. Resuscitation,
82(2), 203-206. https://doi.org/10.1016/].resuscitation.2010.10.029

Siassakos, D., Bristowe, K., Draycott, T. J., Angouri, J., Hambly, H., Winter, C., Crofts,
J. F.,Hunt, L. P., & Fox, R. (2011). Clinical efficiency in a simulated emergency and relationship
to team behaviours: A multisite cross-sectional study. BJOG: An International Journal of Obstetrics
and Gynaecology, 118(5), 596-607. https://doi.org/10.1111/j.1471-0528.2010.02843.x

Stress. (2022, June 17). Retrieved from https://www.who.int/news-room/questions-and-
answers/item/stress

Medical University of Plovdiv. (2024, May 27). Retrieved from https://mu-
plovdiv.bg/en/about-us/centres/simulation-centre/general-information/

135


https://doi.org/10.1016/j.ejogrb.2011.07.022
https://www.gaumard.com/s2200-victoria-childbirth-simulator
https://doi.org/10.1097/AOG.0b013e31817bbc61
https://doi.org/10.1016/j.resuscitation.2010.10.029
https://doi.org/10.1111/j.1471-0528.2010.02843.x
https://www.who.int/news-room/questions-and-answers/item/stress
https://www.who.int/news-room/questions-and-answers/item/stress
https://mu-plovdiv.bg/en/about-us/centres/simulation-centre/general-information/
https://mu-plovdiv.bg/en/about-us/centres/simulation-centre/general-information/

Hayuynu tpynoBe Ha Cbro3a Ha yuyeHure B boarapus—Iliosaus. Cepus I.
Menununa, ¢papmanusi u geHragHa meamuuHa T. XXXI. ISSN 1311-9427
(Print), ISSN 2534-9392 (On-line) 2024. Scientific works of the Union of
Scientists in Bulgaria-Plovdiv, series G. Medicine, Pharmacy and Dental
medicine, Vol. XXXI. ISSN 1311-9427 (Print), ISSN 2534-9392 (On-line) 2024.

TUMOR MICROENVIRONMENT — A NEW TARGET FOR
ONCOLOGICAL THERAPY
S. Chiloval, G. Raycheva??, I. Nenova??
! Clinical laboratory, UMHAT “St. George”, Plovdiv
2 Clinic of medical oncology, UMHAT “St. George”, Plovdiv
3 Department of clinical oncology, Medical University of Plovdiv

Abstract: Introduction: In recent decades, new methods for tumor control based on
impacting the tumor microenvironment have been introduced and used alongside the traditional
methods for treatment in oncology.

Goal: To present a modern scientific concept of the tumor microenvironment and the
opportunities for therapeutic influence.

Methods: The literature review includes medical literature published in scientific journals in
refereed and indexed medical journals in world-renowned databases.

Results and discussion: Tumor microenvironment as a ‘“normal” cell microenvironment is a
complex cell group of cells and intercellular substance. The cell content is presented by endothelial
cells, smooth muscle cells, pericytes, macrophages, fibroblasts, adipocytes, osteogenic precursors
and immune cells. In contrast with the tumor cells, stromal cells have genetic stability. Structural
proteins, cytokines, chemokines, enzymes and signal molecules are located in the extracellular
matrix. Each of these elements has a specific and multifaceted role in the oncogenesis. In their
evolution, tumors can modify this microenvironment. Complex interactions are performed via direct
cell contact between tumor and stromal cells or molecule signals.

Conclusion: Modern understanding of the tumor microenvironment is based on molecular
biology and genetics. Modern technologies offer new treatment opportunities among which the key
role belongs to immunotherapy and gene therapy. In oncology, angiogenic inhibitors, checkpoint
inhibitors, and anti-inflammatory cytokine inhibitors are successfully incorporated and used
alongside traditional antitumor agents.

Keywords: tumor microenvironment, immunotherapy, gene therapy

Introduction

In recent decades, new methods for tumor control have been implemented alongside
conventional oncology therapy. Targeting tumor microenvironment (TME) plays a key role in these
modern therapeutic approaches.

Goal
The aim of this project is to outline the innovative scientific concept of TME and its impact
on treatment strategies.

Methods

The literature review includes medical literature published in scientific journals in refereed
and indexed medical journals in world-renowned databases. The search was limited to articles that
were published in English in the electronic databases between 2010 and 2023.

Results and discussion

The term TME has been redefined multiple times as its understanding has evolved via the
works of Virchow and Hanahan. (Ming-Zhu Jin, 2020)

Components of TME

1. cells - endothelial cells, smooth muscle cells, pericytes, fibroblasts, leucocytes, glial cells,
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immune cells, fat cells; 2. extracellular matrix - including structural proteins and signaling
molecules; 3. structural and functional complexes - bone marrow niche, endothelial niche, hypoxic
niche, acidic niche. TME is either in the vicinity or at a distance from the primary malignancy.

Characteristics of TME

Stromal cells are genetically stable with reduced risk of therapeutic resistance. Infection,
inflammation and impaired immune responses are a known cause of cancer. This allows the
application of anti-inflammatory and immunomodulatory drugs, cardiovascular, antibiotics,
antiviral either alone or in combination with cytostatic or targeted therapies. (Grivennikov 2010)

TME has diverse capacities to induce both beneficial and adverse consequences for
oncogenesis and this is the challenge for the treatment.

The tumor impacts the TME and turns it into a submissive accomplice. (Borros 2020).

TME can cause therapeutical resistance in oncology. (Salemme 2023)

Interactions between tumor cells and TME influence tumor initiation, progression and
patient’s prognosis. This abnormal interplay consists of cell-cell contact and active molecular
crosstalk.

The surveys on the TME are possible thanks to modern technologies: single Cell RNA
sequencing, multi-omics (transcriptomics, proteomics, metabolomics, and microbiome).

Cells of TME and their role

Macrophages (TAMSs) release VEGF, EGF, MMP2, IL - 8 and proteases such as cysteine
cathepsins (key factors for tumor progression and therapeutic resistance). (Quail, 2013)

Macrophages have two polarization states M1 and M2. “Classically-activated” M1
macrophages produce proinflammatory cytokines and have antitumorigenic functions.
“Alternatively-activated” M2 macrophages provide an antiinflammatory response and have
protumorigenic functions.

The switching between tumor suppression and tumor promotion is not clearly understood
yet. The significance of hypoxia in the growing tumor should be taken into consideration.

Cancer - associated fibroblasts (CAFs) have undergone a phenotype change which put them
in a state of constant activity and gave them protumorigenic functions. They are unable to apoptosis.
(Xing 2010) CAFs remodel extracellular matrix by direct cell - cell contact and secretion of
regulatory molecules and extracellular vesicles. An example of direct cell - cell contact is
cooperative tumor invasion, which is a result of an active adhesion between N - cadherin of CAFs
and E - cadherin on cancer cells. (Zhang, 2013)

The tumor vasculature

Tumor vessels do not have normal architectonics. They often have arteriovenous shunts and
are connected with an increased secretion of vascular endothelial growth factor (VEGF). VEGF is
secreted by the tumor cells directly and by fibroblasts and inflammatory cells in the stroma.
Abnormal tumor vessels, accompanied by intensive metabolism, increase tissue hypoxia and
Hypoxia-inducible factors (HIFs, cellular transcription factors), resulting to neovascularisation.
Cytostatics’ penetration in tumor vasculature is difficult.

Growth factors, secreted by stromal cells are: (Hanchen, 2007)

e Transforming growth factor- beta (TGF- b) - an immunosuppressive factor and growth
inhibitor; it stimulates tumor proliferation and metastasis.

e Matrix metalloproteinases (MMPs) by stromal fibroblasts and macrophages; they
hydrolyze proteins /collagen, laminin, elastin, fibrinogen, fibronectin, and vitronectin/.
There are tissue inhibitors of metalloproteinases (TIMPs) (Whatcott,2011)

e Hypoxia - inducible factors (HIFs) — key for neovascularization, survival, and tumor
spread. Hypoxia is a typical characteristic of the tumors. It is a result of cellular
overgrowth, abnormal metabolism and deformed vasculature. Identification of hypoxic
gene signatures associated with tumor progression and treatment resistance is a new
trend (Zhuang, 2023).

Vasoendothelial niche (VEN) is a part of any vascularized tissue and consists of endothelial

cells, hemodynamic factors, matrix proteins, pericytes, parenchymal and stromal cells of
corresponding tissue. It can stimulate angiogenesis, immunosuppression, inflammation and
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permeability enhancement. This ability is very important for metastasizing tumors with abnormal
metabolism. Therapeutically modified, VEN would become inhabitable for tumor cells (Lei Z,
2022).

Bone marrow (BM) niche is a special case of VEN (Chiara, 2023). It consists of mesenchymal
stromal cells (MSCs), endothelial cells, osteoblastic cells, nerves from the sympathetic nervous
system and accessory cells (macrophages, megakaryocytes, and T cells). BM niche participates in
normal hematopoiesis, manifestation and progression of myeloid malignancies (Tomasoni, 2023).

The term VEN has moved from ecology to oncology. Metastatic tumors are known to prefer
special niches. (Quail, 2013) Endothelial cells play a key role not only as a regulatory barrier
between blood and tissues but also as a humoral substances’ deliverers. Endothelial cells choose to
differentiate into hematopoietic stem cells, endothelial or mesenchymal stem cells. VEN reacts to
this process by secretion of platelet derived growth factor (PDGF) and nitric oxide, release of
inflammatory factors, VEGF, epidermal growth factor, alternations in tight junction proteins. VEN
changes in a specific way in different tumors. For example, tight junctions that connect the
endothelial cells and are a physiological barrier for VEN, change in colorectal cancer. VEN cells
secrete adhesion molecules (integrin family, selectin family, immunoglobulin superfamily, and
cadherin family) that regulate cell-to-cell adhesion, cell-to-matrix adhesion. Hypoxia changes VEN
into a typical for tumors hypoxic niche. Endothelial cells are considered to be genetically stable.
However, some mutations in VEN cells have been discovered. VEN cells with JAK2V617F
mutations are typical of myeloproliferative malignancies. Endothelial cells are a potential target for
therapy in oncology.

Some authors have introduced terms defining the different subtypes of TME: mechanical
(intracellular neurofilaments, extracellular actin and fibrin fibers); metabolic (increased metabolism
of glucose, lipid, glutamine typical for cancers), innervation (nheurotransmitters and neuropeptides)
(Ming-Zhu Jin, 2020).

Opportunities for therapeutic impact on TME

¢ Non-steroidal anti-inflammatory drugs (NSAIDs) for treatment of cancer - associated
inflammation. Aspirin was recommended to prevent colorectal cancer in 2015.

e Checkpoint inhibitors (Meng L 2024)

Examples of checkpoint proteins include PD-1/PD-L1 and CTLA-4/B7-1/B7-2. Inhibitors of
programmed death ligand 1 (PD-L1) on tumor cells and programmed death 1 (PD-1) on normal cells
are of clinical importance for T - cell antitumor response stimulation. FDA approved anti — PD — 1
antibodies such as Pembrolizumab, Nivolumab and Atezolizumab are used in the therapy of lung
cancer, metastatic renal cancer, metastatic melanoma and refractory Hodgkin’s lymphoma.

T — cell antitumor response induction demands co- stimulation of CD28 on the T — cell
surface and B7 molecules on antigen presenting cells’ surface. CTLA-4 is a CD28 homologue that
has higher affinity to B7. It blocks T — cell co- stimulation. Ipilimumab, an antibody against human
CTLA-4, is suitable for metastatic melanoma. Thanks to the similar mechanisms of actions a
simultaneous application of CTLA-4 and PD-1 checkpoint inhibitors has become a practice.

o Small molecules targeting FAP, VDR and PDGFR in CAFs with resulting chemotherapy

response enhancement; (Xiao Y, 2021)

The surface targets of CAF include FAP (fibroblast activation protein, a serine protease
expressed on activated CAFs), vitamin D receptor (VDR) and platelet-derived growth factor
receptor (PDGFR), both of which can be targeted by small molecule inhibitors (multikinase
inhibitors — Sorafenib, Sunitinib).

Small molecule inhibitors inhibit FAP activity and cause in experimental models selective
cell death of fibroblasts, pericytes, and endothelial cells. The same activity is typical for antibody-
conjugated toxin and cell-based immunotherapies (Bremnes R, 2011).

e Antiangiogenic therapy (inhibition of VEGF and VEGFR) for drug delivery and efficacy
enhancement by creating a more mature and functional vasculature: monoclonal
antibodies such as Bevacizumab, Ramucirumab, Aflibercept u small molecules Axitinib,
Regorafenib (Pitt, 2016; Ahmed 2008)

e New areas of development include highly selective MMPs inhibitors and hypoxia —
targeted therapy (blockage of sHIF-1 and HIF-1 target genes) (Zhuang Y, 2023)
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e Immunomodulatory Treg as a target:

CD4+CD25+ FOXP3+ regulatory T (Treg) cells prepare the so called premetastatic niche.
Low continuous (‘metronomic’) doses of cyclophosphamide (CTX), as an example, promote tumor
immunity by selectively targeting and eliminating Tregs. Similar effect can be attributed to
Gemcitabine, Paclitaxel, Arsenic trioxide, Sunitinib.

e  Gene therapy is one of the most promising cancer treatment strategies (Wan 2021). Gene
therapy products include : Matrix-degrading enzymes; Bispecific antibodies targeting
FAP; Monovalent antibodies such as anti-CTLA-4 and anti-PD-L1 antibodies; Soluble
VEGFR receptor to block the VEGF/VEGFR.

e Some authors recommend combined effect on multiple types of TME including
conventional (NSAID) and specific agents. More than 200 non — cancer drugs
(cardiovascular, antibiotics, antiviral, antipsychotics) have shown off-label antitumor
effects. The most popular such drugs are Aspirin, Celecoxib, B-adrenergic antagonist,
Metformin, and Statin (Swartz 2012; Pottier 2015).

Conclusion

The tumor microenvironment is a constantly evolving term. Modern understanding of the
TME is based on molecular biology and genetics. Familiarization with its components enhances
their potential as a target for upcoming and experimental drugs. Modern technologies offer new
treatment opportunities among which the crucial role belongs to immunotherapy and gene therapy.
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Abstract: Introduction: Infective endocarditis (IE) is a disease whose profile has changed
significantly over the past decades. The routine implantation of prosthetic valves, prosthetic
materials for valve and vascular reconstruction, intracardiac devices and catheters has significantly
altered the spectrum of predisposing cardiac conditions. Knowledge of these is of paramount
importance for the prevention and treatment of this life-threatening disease.

Obijective: We aimed to investigate the predisposing cardiac conditions for IE.

Material and Methods: The study is single center, retrospective and includes 270 patients
treated at UMBAL University Hospital "St. Georgi" - EAD, Plovdiv for the period 01.2005 -
12.2021.

Results: We described predisposing cardiac conditions in 10 categories. In the largest
percentage of cases with IE there is no predisposing heart disease - 44.8%. The most common
predisposition is the presence of a prosthetic heart valve - 28.2%, followed by cases of persistent IE
- 7.4%; congenital heart defects - bicuspid aortic valve and mitral valve prolapse together - 7.1%;
degenerative heart disease - 5.6%. Rheumatic heart disease was found in only 4%; intracardiac striae
in 2.2%.

Discussion: Almost half of the cases had no known valvular disease and were therefore not
subject to prophylaxis according to current treatment guidelines. About 1/3 of the patients had
prosthetic IE, in which the diagnosis is difficult and often delayed, the treatment is long and often
unsuccessful, and re-prostheses are necessary. Rheumatic valvopathy is greatly reduced. A new type
of IE associated with temporary and permanent intracardiac devices and catheters has emerged.

Conclusion: Knowledge of predisposing cardiac conditions is of paramount importance for
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both prevention and timely diagnosis and treatment of this life-threatening disease.
Keywords: infective endocarditis, predisposing cardiac conditions, prosthetic heart valves

1. INTRODUCTION

Infective endocarditis (IE) is a disease whose profile has changed significantly over the past
decades (Delgado et al., 2023; Murdoch, 2009). The routine implantation of prosthetic valves,
prosthetic materials for valve and vascular reconstruction, intracardiac devices and catheters has
significantly altered the spectrum of predisposing cardiac conditions. Knowledge of these is of
paramount importance for the prevention and treatment of this life-threatening disease.
Obijective: We aimed to investigate the predisposing cardiac conditions for IE.

2. METHODS AND MATERIALS

The study is retrospective, single-centered, including 270 patients with a diagnosis of IE,
according to the modified Duke criteria (Durack et al., 1994), treated at the University Hospital "St.
Georgi", in the city of Plovdiv for the period January 2005 — December 2021. The hospital capacity
is 1500 beds, and the cardiology clinic is a reference center for the treatment of IE for a large part
of southern Bulgaria. The medical records of treated patients with codes 133, 138, and 139 for the
described period were used.

Definition and Classification of IE

The diagnosis was defined as definite IE or possible IE according to the modified Duke
criteria. Surgical treatment of IE was defined as early when the surgery was done during antibiotic
treatment.

Statistical Methods

Categorical variables were summarized using absolute (n) and relative (%) magnitudes. Man-
Whitney test for independent samples was used to compare quantitative variables between two
groups. A z-test was used to compare the relative shares of categorical variables between the studied
groups. A p-value<0.05 (two-tailed test) was considered statistically significant for all tests.
Statistical analysis was performed using SPSS, version 26.0 (IBM corp., NY, USA).

3. RESULTS

We described predisposing cardiac conditions in 10 categories. In the largest percentage of
cases with IE there is no predisposing heart disease — 44.8%. The most common predisposition is
the presence of a prosthetic heart valve — 28.2%, followed by cases of persistent IE — 7.4%;
congenital heart defects — bicuspid aortic valve and mitral valve prolapse together — 7.1%;
degenerative heart.

Table 1. Predisposing heart conditions.

2005-2021 2005-2015 | 2016-2021
. o n=270 n-119 n-151 p-value*
Variables, n % Go Gl o
Gender man, n (%) 177 (65.6) 79 (66.4) 98 (64.9) 0.7968%*
Age (years), mediana (IQR) 65 (23) 62.0 (29.0) 67 (22) 0.023+
Time symptoms to hospitalization
30 (40 30 (46 30 (40 >0.05

(days), mediana (IQR) (40) (46) (40) f
Risk groups, n (%)
Low 136 (50.4) 36 (53.7) 100 (49.3) | 0.5322%*
Moderate 44 (16.3) 10 (14.9) 34 (16.7) 0.7291*
High 90 (33.3) 21 (31.3) 69 (34.0) 0.6844*
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Table 2. Predisposing heart conditions.

Predisposing heart conditions, 200_5_2021 2005-2015 2016-2021
n (%) n=270 n-119 n-151 p-value*
GO Gl G2

Prosthetic valve 76 (28.2) 33 (27.7) 43 (28.5) 0.899*
Past IE 20 (7.4) 10 (8.4) 10 (6.6) 0.575%
Past IE prosthetic 14 (5.2) 7(5.9) 7(4.6) 0.632*

Past IE native valves 6 (2.2) 3(2.5) 3(2.0) 0.782*
Rheumatic heart disease 11 (4.0) 7 (5.9) 4 (2.6) 0.172*
Congenital heart disease 2(0.7) 1(0.8) 1(0.7) 0.924*
Degenerative valve 19 (7.0) 8 (6.7) 11 (7.3) 0.848*
Bicuspid Ao valve 11 (4.1) 5(4.2) 6 (4.0) 0.934*
Mitral valve prolapse 8 (3.0) 4(3.4) 4 (2.6) 0.734*
Intact valves 123 (45.6) 51 (42.9) 72 (47.7) 0.432*%

*z-test
Table 3. Predisposing cardiac conditions — a comparative analysis deceased/alive.
Variables Total Deceased Alive p-value
n. % n=270(G0) | n=67(G3) | n=203(G4)

Prosthetic valve 76 (28.2) 19 (28.3) 57 (28.0) 0.949
Past IE 20 (7.4) 6 (9.0) 14 (6.9) 0.569
Past IE prosthetic 14(5.2) 3 (4.5) 11(5.4) 0.773

Past IE native valves 6 (2.2) 3 (4.5) 3(15) 0.151
Rheumatic heart disease 11 (4.0) 1(1.5) 10 (4.9) 0.221
Congenital heart disease 2(0.7) 1(1.5) 1(0.5) 0.410
Degenerative valve 19 (7.0) 7 (10.5) 12 (5.9) 0.202
Bicuspid Ao valve 11 (4.1) 4 (6.0) 7 (3.5) 0.372
Mitral valve prolapse 8 (3.0) 1(1.5) 7 (3.5) 0.406
Intact valves 123 (45.6) 28 (41.7) 95 (46.8) 0.467

4. DISCUSSION

Predisposing cardiac conditions are an important part of the pathogenesis of IE. Their
spectrum and distribution have changed significantly in recent decades, with significant differences
in geographical and socioeconomic status between countries. In the past, the most common
predisposing conditions were rheumatic heart disease and congenital heart disorders, which continue
to be the most common in under- and medium-developed countries - India, Iran, Pakistan, Vietnam.
In our results, the largest proportion of patients without previous heart disease is 45.6%. It has been
shown that 30-40% of degenerative valve lesions are of unknown etiology (Horder TJ, n.d.).
According to our data, the most common predisposing factor is the presence of a prosthetic heart
valve - 28.2%. These data are similar to those in European and other economically developed
countries, where PVIE cases are increasing. In comparison, PVIE cases in ICE-PCS were 21%
(Murdoch, 2009); France - 25% (Sunder et al., 2019); Euro Heart Survey - 26% (Tornos, 2005);
EURO-ENDO - 30% (Bohbot et al., 2022). Rheumatic heart disease has decreased significantly
(4%). The percentage of device-related IE is increasing. A new group has emerged: device-
associated IE.
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5. CONCLUSIONS
Infective endocarditis is a variable disease. Knowing the predisposing conditions for the
development of IE helps to make a timely diagnosis and start appropriate treatment.
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Abstract: Introduction: Infective endocarditis (IE) has an increasing morbidity and high
mortality despite scientific and technological advances in medicine. Early identification of high-risk
patients and more aggressive treatment with early surgical intervention may improve the short- and
long-term prognosis of these patients.

Objective: We aimed to investigate routine laboratory parameters and their dynamics as
predictors of 30-day mortality in patients with IE.

Material and Methods: The study is single-centre, retrospective and includes 270 patients
whom we divided into two groups - deceased (67) and survivors (203), treated at the UMBAL
University Hospital "St. Georgi" - EAD, Plovdiv during the period 2005 - 2021. We studied the
following routine laboratory parameters - hemoglobin (Hb), white blood cells (WBC), erythrocyte
sedimentation rate (ESR), C-reactive protein (CRP), creatinine (Crea). Their dynamics were
followed on the first, seventh and fourteenth day.

Results: In the comparative analysis deceased - alive we found a significantly lower Hb 1st
day - 97 (29) versus 107 (22) (p=0.029); higher WBC on day 14 th- 12.56 (12.49) versus 7.54 (4.17),
(p-0.014). We find higher CRP day 7th - 87.5 (107.3) vs. 49 (66), (p=0.027) and CRP day 14th - 73
(85) vs. 39 (60), (p=0.022); higher Crea on day 7th - 148.5 (189) vs. 113.5 (132), (p=0.018) and
Crea day 14th - 378 (288) vs. 123 (108), (p=0.001). No significant decrease in the dynamics of WBC
and CRP in the deceased. In the group of survivors, a significant decrease in CRP was observed
until day 14th. No significant difference between the two groups for ESR on admission and in
dynamics.

Discussion: The reported CRP and WBC results in the deceased group were associated with
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persistent infection and a high risk of death. Persistent infection is one of the main indications for
early surgical treatment, which has been shown to improve prognosis. Worsened renal function in
this group is also a negative predictor of death.
Conclusion: The use of these routine and accessible laboratory parameters can help in the
clinical assessment of high-risk patients and decision making for early operative intervention.
Keywords: infective endocarditis, laboratory parameters, prognosis, surgical treatment

1. INTRODUCTION

Infective endocarditis is a disease with a poor prognosis and the profile of the disease has
changed over the last few decades. Despite advances in diagnosis, including new imaging
modalities, in treatment with the use of new antibiotic molecules and early surgical treatment, in —
hospital mortality in IE remains high at 16-25% (Yang et al., 2022; Murdoch, 2009). Early
identification of high-risk patients and more aggressive treatment with early surgical intervention
can improve the short-term and the long-term prognosis of these patients.

2. METHODS AND MATERIALS

The study is retrospective, single-centered, including 270 patients with a diagnosis of IE,
according to the modified Duke criteria, treated at the University Hospital "St. Georgi", in the city
of Plovdiv for the period January 2005 — December 2021. The hospital capacity is 1500 beds, and
the cardiology clinic is a reference center for the treatment of IE for a large part of southern Bulgaria.
The medical records of treated patients with codes 133, 138, and 139 for the described period were
used. The patients we have divided into two groups - deceased (67) and survivors (203). We studied
the following routine laboratory parameters: hemoglobin (Hb), white blood cells (WBC),
erythrocyte sedimentation rate (ESR), C-reactive protein (CRP), creatinine (Crea). Their dynamics
were followed on the first, seventh and fourteenth day.

Definition and Classification of IE

The diagnosis was defined as definite IE or possible IE according to the modified Duke
criteria. Surgical treatment of IE was defined as early when the surgery was done during antibiotic
treatment.

Statistical Methods

Quantitative data are presented as median and interquartile range (median (IQR)) according
to the type of distribution of the variables (Kolmogorov-Smirnov test). Man-Whitney test for in-
dependent samples was used to compare quantitative variables between two groups. Friedman test
— to compare the results of one and the same sample measured at three or more points at 1) time or
2) conditions. A p-value<0.05 (two-tailed test) was considered statistically significant for all tests.
Statistical analysis was performed using SPSS, version 26.0 (IBM corp., NY, USA).

3. RESULTS

In the comparative analysis deceased vs. alive, we found significantly lower Hb on day 1 -
97 (29) vs. 107 (22) (p=0.029); higher WBC on day 14 — 12.56 (12.49) vs. 7.54 (4.17), (p-0.014) in
the deceased vs. alive group. We found higher CRP on day 7 - 87.5 (107.3) vs 49 (66), (p=0.027)
and higher CRP on day 14 — 73 (85) vs 39 (60), (p=0.022), higher Cr on day 7 — 148.5 (189) vs 113.5
(132), (p=0.018) and Cr on day 14 — 378 (288) vs 123 (108), (p=0.001). We report a lack of
significant decrease in the dynamics of WBC and CRP in the deceased group. In the alive group, a
significant decrease in CRP was observed until day 14. There was no significant difference between
the two groups in ESR on admission and in dynamics.

4. DISCUSSION

The reported CRP and WBC results in the deceased group were associated with persistent
infection and a high risk of death. Persistent infection is one of the main indications for early surgical
treatment, which has been shown to improve prognosis (Delgado et al., 2023; David et al., 2007).
The persistent high level of CRP was reported as of independent predictor of death (Mohanan et al.,
2018; Tascini et al., 2020). Renal function in this group is also a negative predictor of death (Habib
Khan et al., 2015).

145



Table 1. Laboratory indicators 2005 - 2021.

value

. Difference
Variable Dre]cEaGS;J d nA_"%/g?’ between groups
Mediana (IQR) - - at a given time
...... = ——— - p — value, T
Hb 1st day L 97(29) , L 107(22) | | —9.0297
Hb 7th day 92.5 (28); ' 103(25) 1| |——=0.053T
Hb 14th day I 955 (28)! 1 101(22) | | ——=0.7221
Difference between time \[/ """"" -
points in a given group, p=0.105f p=0.001f
p-valwef | -  — 1
WBC 1st day i 10.45(4.9) 1 19.97(5.81) |' | —=0.3807
WBC 7th day " 9.10(7.66) . 1 9.08(5.28) |1 | ——=0.814¢
WBC 14th day ' [12.56 (12.47), \ 154 (4.17) 1| —9.0141
Difference between time \t/'. ...... — [ {------ '
points in a given group, p=0.074f p=0.000f
p — value f === === [ ,
ESR 1st day Il 66.0 (45.5) 1 165.00 (47.0) 1 | —0.849%
ESR 7th day 1| 68.50 (59.3) , 1 68.00 (54) i | —9.6767
ESR 14th day [, 55.50(68.3)" 161.50 (43.5) , | —0.398T
Difference betweentime | [~-=====-= | }|=====-= !
points in a given group, p=0.072f p=0.129f
p — value f - - 1 jm=====
Fbg 1st day ' 456 (1.35) , 482(157)| | ——0.055¢
Fbg 7th day I 3.43(3.06), ' 4.43(L7) —0.0317
Fbg 14th day 1 3.6(3.16) ! 1 429 £1.52 1 —0.1477
Difference between time \[ """ \l: """ ’
points in a given group, p=0.135f p=0.078f
p — value f 1-- T """ " ‘ |\=----- N
CRP 1st day 1 |_95.00 (118) s , 81.00(91) | | ——0.180%
CRP 7th day ' 87.50(107.3), | | 49.00(64) ,| | —9.027T
CRP 14th day il 7385 ! I 39(60) | | ——9.022%
Difference betweentime | [~ """~~~ | [~~~ "~
points in a given group, p=0.640f p=0.000f
p — value f Pm====- 1 === I
Cr 1st day . 118(118), [, 101(64) | | ——9.068¢
Cr 7th day ' 1485(189) | 1135(132)} | ——9.018T
Cr 14th day ' 379(288) ! ,_123(110) i | —#.0017
Difference between time \l/ \l/
points in a given group, p — p=0.780f p=0.016f

f - Friedman test; TMann-Whitney U Test; Hb-Hemoglobin; WBC — White Blood Cells; ESR — Erythrocyte
Sedimentation Rate; Fbg — Fibrinogen; CRP — C reactive protein; Cr — Creatinine
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5. CONCLUSIONS
The use of routine and accessible laboratory parameters, such as WBC, CRP and creatinine,
can aid in the clinical assessment of high-risk patients with IE and in the decision for early surgical

intervention.
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Abstract: Introduction: Infective endocarditis (IE) has an increasing morbidity and a high
30-day mortality of up to 25%. One of the reasons is the changing profile of patients, who are older
with more comorbidities, which is directly related to outcome.

Objective: We aimed to investigate comorbidities in patients with IE.

Material and Methods: The study is single center, retrospective and includes 270 patients
treated at UMBAL University Hospital "St. Georgi" — EAD, city of Plovdiv for the period 2005-
2021 (G0). The patients we divided into two groups — G1 (2005 - 2015) and G2 (2016-2021)
according to the period and according to the survival — deceased G3 (67) and survived G4 (203).

Results: We describe comorbidities in 14 categories. The most common were arterial
hypertension — 63.3%, chronic heart failure (CHF) — 45.9%, previous cardiac surgery — 35.2%,
chronic kidney failure (CKF) — 25.9%, coronary arterial diseases (CAD) — 23.7%, diabetes mellitus
— 18.9, atrial fibrillation (AF) — 18.1%, post-stroke condition — 14.8%. We found a statistically
significant increase in Charlson comorbidity index (CCl) (p=0.000), CKF (p=0.001), AF (p=0.006%)
and CAD (p=0.018*) in the G2 group. Between decedents and survivors, we found a significantly
higher proportion of patients with high CCI (p=0.000), CKF (p=0.006), AF (p=0.033) and previous
stroke (p=0.044) in the deceased group.

Discussion: Comorbidities are an important part of the IE patient profile and a predictor of
disease outcome. The presence of high CCl, CKF, AF and CAD were associated with higher
mortality.

Conclusions: Knowledge of comorbidities and their impact on survival is of utmost
importance to identify high-risk patients with IE and to choose a more aggressive management of
this life-threatening disease.

Keywords: infective endocarditis, comorbidities, mortality
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INTRODUCTION

Infective endocarditis (IE) has an increasing morbidity and high 30-day mortality, up to 25%
(Habib et al., 2019; Murdoch, 2009). Despite advances in diagnosis, including new imaging
modalities and treatment with the use of new antibiotic molecules and early surgery. One reason is
the changing profile of patients, who are older with more comorbidities, which is directly related to
outcome. Identifying high-risk patients and deciding on more aggressive treatment and early surgical
intervention is key to survival.

Objective: We aimed to investigate comorbidities in patients with IE.

METHODS AND MATERIALS

The study is retrospective, single-centered, including 270 patients with a diagnosis of IE,
according to the modified Duke criteria (Li et al., 2000), treated at the University Hospital "St.
Georgi", in the city of Plovdiv for the period January 2005 — December 2021 (GO0). The hospital
capacity is 1500 beds, and the cardiology clinic is a reference center for the treatment of IE for a
large part of southern Bulgaria. The medical records of treated patients with codes 133, 138, and 139
for the described period were used. The patients we divided into two groups — G1 (2005-2015) and
G2 (2016-2021) according to the period and according to the survival — died G3 (67) and survived
G4 (203).

Definition and Classification of IE

The diagnosis was defined as definite IE or possible IE according to the modified Duke
criteria (Li et al., 2000). Comorbidities were defined according to the current definitions and
guidelines. Surgical treatment of IE was defined as early when the surgery was done during
antibiotic treatment.

Statistical Methods

Quantitative data are presented as arithmetic mean+standard deviation (mean+SD) or median
and interquartile range (median (IQR)) according to the type of distribution of the variables
(Kolmogorov-Smirnov test). Categorical variables were summarized using absolute (n) and relative
(%) magnitudes. Man-Whitney test for in-dependent samples was used to compare quantitative
variables between two groups. A z-test was used to compare the relative shares of categorical
variables between the studied groups. A p-value<0.05 (two-tailed test) was considered statistically
significant for all tests. Statistical analysis was performed using SPSS, version 26.0 (IBM corp., NY,
USA).

RESULTS
We found a significant increase in age in the second period, as well as a significantly higher
age in the group of deceased compared to survivors.

Table 1. Distribution of patients by gender and age.
Variables 2005 - 2021 2005 - 2015 2016 - 2021
n=270 GO n-119 G1 n-151 G2 p-value
Age (yrs.) X+ SD 60.86 £16.83 58.13 £ 17.71 63.01+ 15.84 0.023+
Mediana (IQR) 65 (23) 62.0 (29.0) 67 (22) )
Gender, man, n (%) 177 (65.6) 79 (66.4) 98 (64.9) 0.7968*

*z-test; TMann-Whitney U Test; y- arithmetic mean value; SD — standard deviation.

The comorbidities variable includes 14 categories and the results are shown in Table 1. and
Figure 5. The data show a high percentage of comorbidities, the most common being arterial
hypertension — 63.3%, followed by CHF — 45.9%, previous cardiac surgery — 35.2%, CKF —25.9%,
CHD - 23.7%, diabetes mellitus — 18.9, atrial fibrillation — 18.1%, post-stroke condition — 14.8%
and other conditions in smaller percentages. Subgroup analysis showed a statistically significant
increase in group G2 for CKF (p=0.001*), AF (p=0.006*) and CAD (p=0.018*). The Charlson
Comorbidity Index (CCI) has a median value of 3; 3 for GO, 3; 3 for G1 and 4; 4 for G2. A
statistically significant increase in CCI was seen in G2 compared to G1 (U — 12342.500; p=0.0007).
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Between the deceased and survivors, we found a significantly higher proportion of patients with

high CCI (p=0.000), CKF (p=0.006), AF (p=0.033) and stroke (p=0.044) in the deceased group.

Table 2. Comorbidities by periods 2005-2021, 2005-2015, 2016-2021.

Variable 2005 —2021 | 2005-2015 | 2016 —2021
n=270 n-119 n-151 p-value
GO Gl G2
Comorbidity, n (%)
Arterial hypertension 171 (63.3) 69 (58.0) 102 (67.5) 0.108*
Chronic Heart failure 124 (45.9) 61 (51.3) 63 (41.7) 0.279*
Previous cardiac surgery 95 (35.2) 43 (36.1) 52 (34.4) 0.772*
Chronic kidney failure 70 (25.9) 15 (12.6) 55 (36.9) 0.001*
Coronary arterial diseases 64 (23.7) 20 (16.8) 44 (29.1) 0.018*
Diabetes mellites 51 (18.9) 19 (16.0) 32(21.2) 0.279*
Atrial fibrillation 49 (18.1) 13 (10.9) 36 (23.8) 0.006*
Past strock 40 (14.8) 16 (13.4) 24 (15.9) 0.566*
Gastrointestinal diseases 32 (11.1) 13 (10.9) 19 (12.6) 0.668*
Malignancy 30 (11.1) 11 (9.2) 19 (12.6) 0.377*
COPD 21 (7.8) 6 (15.0) 15 (10.0) 0.213*
Hemodialysis 14 (5.2) 325 11 (7.3) 0.077*
Chronic liver diseases 13 (4.8) 7(5.9) 6 (4.0) 0.470*
Systematic diseases 4 (1.5) 1(0.8) 3(2.0) 0.416*
Charlson index, mediana (IQR) 33 33 44 0.00%
*z-test; T - Mann-Whitney U Test
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Figure 1. Comorbidity by period.
Table 3. Comorbidities — comparative characteristics between deceased and alive.
Total Deceased Alive
Comorbidity, n (%) n=270 n =67 (G3) n =203 p-value
(GO) (G4)
Avrterial hypertension 171 (63,3) 43 (64.2) 128 (63.1) 0.860*
CAD 64 (23.7) 19 (28.4) 45 (22.2) 0.302*
Past heart surgery 95 (35,2) 20 (29.9) 75 (36.9) 0.292*
Chronic heart failure 124 (45.9) 32 (47.8) 92 (45.3) 0.728*
Diabetes 51 (18.9) 11 (16.4) 40 (19.7) 0.551*
Atrial fibrillation 49 (18.1) 18 (26.9) 31 (15.3) 0.033*
COPD 21 (7.8) 5 (7.6) 16 (7.9) 0.936*
Gastro-intestinal diseases 32 (11.1) 6 (9.0) 26 (12.8) 0.580*
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Malignancy 30 (11.1) 6 (9.0) 24 (11.8) 0.517*
Systemic diseases 4 (1.5) 0(2.0) 4 (2.0 0.247*
Chronic kidney failure 70 (25.9) 26 (38.8) 44 (21.7) 0.006*
Hemodialysis 14 (5.2) 5 (7.5) 9 (4.4 0.332*
Liver diseases 13 (4.8) 4 (6.0) 9 (4.4) 0.6108*
Past stroke 40 (14.8) 15 (22.4) 25 (12.3) 0.044*
Charlson index, menuana (IQR) 3(3) 4(3) 3(4) 0.000*

*z-test; TMann-Whitney U Test

Independent-Samples Jonckheere-Terpstra Test for
Ordered Alternatives

12,00

10,00

Charlson comorbidity index

00
nodKHan KB
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DISCUSSION

Increasing age in patients with IE is an important indicator closely related to increased
comorbidity and survival. We found a mean age of 60.8 & 16.8 for the whole period and a significant
increase from 58.1 & 17 in G1 to 63 & 15 in G2. These data are consistent with data from EURO-
ENDO (Habib et al., 2019), ICE-PCS (Murdoch, 2009) and other surveys from countries with high
socio-economic standards (Sunder et al., 2019; Maguire et al., 2021).

We reported a wide range of comorbidities in IE. Our data are comparable to those published
by EURO-ENDO (Habib et al., 2019) — for arterial hypertension 63.3% vs 48.3%; CHF 45.7% vs
23.3%; previous cardiac surgery — 35.2%, chronic renal failure 25.9% vs 17.8%; CAD - 23.9% vs
21.5%; diabetes mellitus — 18.9%; AF — 18.1% vs 26.3%; previous stroke — 14.8% vs 11.9%.

Our data showed a significant increase in CKD, CAD, AF and CCI in G1 vs G2. These
indicators are also associated with increased mortality. Similarly, in EURO-ENDO, predictors of in-
hospital mortality include high CCI, chronic renal failure, congestive heart failure, and brain
complications (Habib et al., 2019).

CONCLUSIONS

Knowledge of comorbidities in IE and their impact on survival is of utmost importance to
identify high-risk patients and to choose a more aggressive management of this life-threatening
disease.

REFERENCES

Habib, G., Erba, P. A., lung, B., Donal, E., Cosyns, B., Laroche, C., Popescu, B. A,
Prendergast, B., Tornos, P., Sadeghpour, A., Oliver, L., Vaskelyte, J.-J., Sow, R., Axler, O.,
Maggioni, A. P., Lancellotti, P., Gale, C. P., Beleslin, B., Budaj, A., ... Uzokov, J. (2019).
Clinical presentation, aetiology and outcome of infective endocarditis. Results of the ESC-EORP
EURO-ENDO (European infective endocarditis) registry: A prospective cohort study. European

152



Heart Journal, 40(39), 3222-3232. https://doi.org/10.1093/eurheartj/ehz620

Li, J. S, Sexton, D. J., Mick, N., Nettles, R., Fowler, V. G., Ryan, T., Bashore, T., &
Corey, G. R. (2000). Proposed modifications to the Duke criteria for the diagnosis of infective
endocarditis. Clinical Infectious Diseases, 30(4), 633-638. https://doi.org/10.1086/313753

Maguire, D. J., Arora, R. C., Hiebert, B. M., Dufault, B., & Thorleifson, M. D. (2021).
The epidemiology of endocarditis in Manitoba: A retrospective study. CJC Open, 3(12), 1471-1481.
https://doi.org/10.1016/j.cjc0.2021.07.014

Murdoch, D. R. (2009). Clinical presentation, etiology, and outcome of infective
endocarditis in the 21st century. Archives of Internal Medicine, 169(5), 463.
https://doi.org/10.1001/archinternmed.2008.603

Sunder, S., Grammatico-Guillon, L., Lemaignen, A., Lacasse, M., Gaborit, C.,
Boutoille, D., Tattevin, P., Denes, E., Guimard, T., Dupont, M., Fauchier, L., & Bernard, L.
(2019). Incidence, characteristics, and mortality of infective endocarditis in France in 2011. PLOS
ONE, 14(10), e0223857. https://doi.org/10.1371/journal.pone.0223857

153


https://doi.org/10.1093/eurheartj/ehz620
https://doi.org/10.1086/313753
https://doi.org/10.1016/j.cjco.2021.07.014
https://doi.org/10.1001/archinternmed.2008.603
https://doi.org/10.1371/journal.pone.0223857

Hayuynu tpynoBe Ha Cbro3a Ha yuyeHure B boarapus—Iliosaus. Cepus I.
Menununa, ¢papmanusi u geHragHa meamuuHa T. XXXI. ISSN 1311-9427
(Print), ISSN 2534-9392 (On-line) 2024. Scientific works of the Union of
Scientists in Bulgaria-Plovdiv, series G. Medicine, Pharmacy and Dental
medicine, Vol. XXXI. ISSN 1311-9427 (Print), ISSN 2534-9392 (On-line) 2024.

INPUJIO’)KEHUE HA MEJJUKAMEHT-U3/IBbYBAILIl BAJIOHEH
KATETBHBP I1PU NAITMEHTHU C OCTHP KOPOHAPEH CUHIPOM CbhC
ST-EJIEBALIUA
HBan Kyumos!, llersp Hukosos?, Bucrpa Jloopesa-SIuena?

! Kapauonornuna kannauka, YMBAJI "Cs. I'eopru" EAJI-IlnoBaus
2 Cexunst Kapauosorus, IIbpsa Kareapa no Berpeumnu 6osiectn,
MeauuuHcku pakyarer, Meanuusacku ynusepceurer — Iliiosaus

USE OF A DRUG-ELUTING BALLOON CATHETER IN PATIENTS
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Abstract: Percutaneous coronary intervention (PCI) with a drug-eluting balloon catheter
(DEB) is a treatment option to optimally dilate an existing coronary stenosis and deliver an anti-
proliferative drug to the vessel wall without implanting a drug-eluting stent (DES). Balloon
angioplasty with DEB has comparable results to DES and is preferred to POBA (the old balloon
angioplasty). Short dual antiplatelet therapy (DAPT) over a period of 4 weeks is a major advantage
in terms of a revascularization strategy with DEB, which is not applicable to most of the currently
used DESs. However, currently the majority of PCI end with the implantation of a DES, which
allows local delivery of an anti-proliferative drug via a polymer. This results in a lower rate of in
stent restenosis (ISR) compared to bare metal stents. On the other hand, DESs have suboptimal
results in small calibre vessels - less than 2.8 mm — which occur in about 20-30% of patients with
symptomatic coronary artery disease (CAD). Late (beyond 30 days) and very late (beyond 12
months) stent thrombosis remains an unresolved problem due to delayed stent endothelialisation.
This leads to prolonged use of DAPT, which is associated with an increased risk of bleeding,
complications and mortality, especially in older patients.

Keywords: Drug-eluting stent (DES), Drug-eluting balloon (DEB), in stent restenosis (ISR),
acute coronary syndrome (ACS)

Acute coronary syndrome (ACS) is a continuum that passes through several phases:
unstable angina, non-ST-elevation myocardial infarction (NSTEMI) and ST-elevation myocardial
infarction (STEMI). To reduce the risk of early or late complications, as well as mortality, the time
between presenting symptoms and undergoing cardiac catheterization is essential. With regard to
revascularization methods: the inflation of a DEB, the implantation of a DES, fibrinolysis or bypass
surgery, studies are underway with the main aim of achieving optimal results with a minimum of
side effects.

We present a clinical case of a 53-year-old male patient with STEMI under the conditions
of COVID-19, successfully revascularised with DEB 2021 year. He was admitted to the Emergency
Department of Saint George University Hospital, Plovdiv with typical anginal symptoms -
widespread retrosternal pain radiating to the left upper limb and lasting more than 40 minutes. The
pain occurs at rest. Also reports asthenoadynamia and muscle and joint pain. Denies any
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comorbidities, family history of CAD and smoking.

Normal physical status. Presents with rhythmic heart activity, frequency 70 beats per minute,
clear tones, no additional murmurs. From the performed ECG with data of inferiolateral myocardial
infarction (Fig. 1). Transthoracic echocardiography showed apical septal hypokinesia, mild mitral
and tricuspid regurgitation with preserved left ventricular ejection fraction. Laboratory tests (Table
1) confirmed the diagnosis and the rapid antigen test for SARS-CoV2 showed the presence of
COVID-19.
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Figure 1. ECG: Inferolateral STEMI

Table 1.
Marker Value Range

Creatinkinase (CK) 748 U/l 25-200 U/1
Creatinkinase-MB (CK-MB) 26 U/l 0-22 U/
Troponin I (Tnl) 0,07 ng/ml 0,00-0,04 ng/ml
Total cholesterol (TC) 11.8 mmol/l 3-5,2 mmol/l
LDL-cholesterol (LDI-C) 10.3 mmol/l 1-3,9 mmol/I
HDL-cholesterol (HDL-C) 1.0 mmol/l 1,03-1,6 mmol/I
Triglyceride (TRIG) 17.1 mmol/l 0,4-1,7 mmol/l
Glucose (GLUC) 17 mmol/l 2,8-6,1 mmol/l

Coronary angiography revealed single-vassel CAD with evidence of thrombotic occlusion
in a distal segment of the left anterior descending artery (LAD). After successful thromboaspiration
and predilatation, the DEB was inflated. Also, Tirofiban infusion was started.

Postprocedural therapy with Aspirin 100 o/d; Ticagrelor 90mg - b/d; Ramipril - 10mg o/d;
Bisoprolol — 10mg o/d; Eplerenone 25mg — o/d; Torasemide 10mg — o/d; Molsidomine 2mg — b/d;
Rosuvastatin/Ezetimibe 40/10mg — o/d; Metformin 1000mg — t/d. was initiated. At three-month
follow-up, the patient has no symptoms of heart failure. Achieved LDL-C target of 1.3 mmol/l and
good diabetes control.

Interventional procedures for coronary artery disease have improved significantly over the
years. In the majority of cases, a DES is implanted, which significantly reduces the rate of in-stent
restenosis (ISR) compared to a bare metal stent (BMS) (Katz et al., 2015). However, the
complications that are associated with DESs are significant — late (over 30 days) and very late (over
12 months) stent thrombosis, malposition, delayed endothelialization or ISR (Thomas & Bates,
2017; Theodoropoulos et al., 2016). Another disadvantage of DESs is that they cannot be implanted
in small vessels, less than 2.8 mm in diameter (Unverdorben et al., 2013).

Several studies have shown worse outcomes in diabetic patients with implanted DES
(Armstrong et al., 2014; Wang et al., 2017). DES implantation is associated with an increased
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frequency of repeat revascularisation, increased mortality due to ISR and stent thrombosis. DEBs
are designed to avoid these complications. The absence of a foreign body in the vessel wall makes
it possible to decide whether subsequent revascularisation is necessary.

DEBs are coated with a thin layer of antiproliferative agent that is transferred to the
neointimal layer of the vessel wall by inflation of the balloon. The main indication for the use of
DEB is an ISR. The procedure is short - 30 to 60 seconds. It is a preferred method over the old
balloon angioplasty (POBA). The lack of a clear advantage of DESs over DEBs, the safety of the
procedure due to the shorter duration of DAPT and the lack of a statistically significant difference
in major adverse cardiovascular events (myocardial infarction, all-cause mortality, repeat
revascularization and heart failure) make DEB an alternative treatment option for patients with
STEMLI.

The RELEVATION (Paclitaxel-Coated Balloon Angioplasty Versus Drug-Eluting Stenting)
trial (Vos et al., 2019) demonstrated the appropriate patient profile: new-onset lesion with no
significant classification, less than 50% residual stenosis after balloon predilatation or
thromboaspiration. Thromboaspiration per se does not reduce mortality, but is of paramount
importance as optimal preparation for DEB infection. The optimal lesion for DEB treatment is a
focal, non-calcified lesion causing occlusion due to a non-significant plaque rupture.
RELEVATION is the first prospective, randomized clinical trial of DEB versus DES in STEMI.
The study showed noninferiority of DEB to DES and demonstrated improved safety, mainly due to
the shorter duration of DAPT. The DEB strategy is also being studied in other trials (Vos et al.,
2019): PAPPA (Safety and feasibility of a PAclitaxel-eluting balloon angioplasty in Primary
Percutaneous coronary intervention in Amsterdam) and DEB-AMI (drug eluting balloon in acute
ST-segment elevation myocardial infarction): a multicentre randomized comparison of drug-eluting
balloon plus bare-metal stent versus bare-metal stent versus drug-eluting stent in primary
percutaneous coronary intervention). A 2018 meta-analysis of 23 clinical trials confirmed the
efficacy and safety of DEBs and concluded that DEB may be considered as an alternative choice for
treatment of CAD (L. Liu et al., 2018b).

With the clinical case presented, we demonstrate the possibility of using DEB in patients
with STEMI, although at present DEB balloon angioplasty is mainly indicated in patients with
significant ISR and those with contraindications to long-term DAPT. Data from large randomised
clinical trials confirming the advantages of DEB over DES in patients with STEMI are still lacking.
However, in certain cases, DEB inflation in STEMI may be the most appropriate solution for the
patient.
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RHEUMATOID FACTOR AND ANTI-CCP ANTIBODIES - THE ROLE
OF LABORATORY TESTS IN THE DIAGNOSIS
OF RHEUMATOID ARTHRITIS
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Medical University of Plovdiv

Abstract: In the 1987 criteria of the American College of Rheumatology, positive
rheumatoid factor was one of the seven criteria for the diagnosis of rheumatoid arthritis. Later,
antibodies to cyclic citrullinated peptides, which are characterized by high specificity and
sensitivity, were included in the diagnostic criteria. The detection of rheumatoid factor or anti-CCP
antibodies in the serum of patients with rheumatoid arthritis defines the form of rheumatoid arthritis
as seropositive or seronegative. The positivity of each of these markers defines features in relation
to the period of initial disease manifestation, to the clinical picture, and the degree of response to
therapy, including separate groups of medications, synthetic or biological disease modifiers.

The role of laboratory tests, particularly those of rheumatoid factors and anti-CCP antibodies,
is undoubtedly significant in daily medical practice, both for the diagnosis and treatment of patients
with rheumatoid arthritis.

Keywords: rheumatoid arthritis, diagnostic criteria, antibodies

1. BbBEJEHUE

1.1. Onpenenenne, eTHOJIOTHs, MATOTeHE3a U KIIMHUYHA KapTHHA

PesmaTonmnusaT aptput (PA) € XpOHHYHO CHCTEMHO aBTOMMYHHO 3a00JIsIBaHe, KOSTO 3acsra
CTaBHTE C Pa3BUTHE HAa XPOHUYEH epo3uBeH apTpuT. Kato cuctemHo 3a001siBaHe MOKe Ja aHTaKupa
CBIIIO PA3IMYHU OPTAHU U CUCTEMH B X0Jla HA UMYHHHS BB3NAIUTENICH MPOoIiec. XapaKTepusupa ce
C XPOHMYHO CTaBHO BB3MAJIEHWE — CHHOBHAJIHA XUIIEPIUIa3us W oOpasyBaHe Ha TpaHyJIallMOHHA
ThKaH (MaHyC), MPOU3BOJICTBO HA CIENM()UIHU aBTOAHTHUTENA, AECTPYKIIHMS HA CTABHUS XPYIIST U
oJIeXxanara KocT, CHCTEeMHH HapyILIeHus, oOpa3yBaHe W OTHESHE B 30HWTE HAa BB3MAJICHHWE Ha
KIo4oBH  npoBb3nanurenHu  nurokuHn  (IL-6, IL-1, TNF-0), cbmio Ha MaTpUKCHH
METaJONPOTENHA3U U IPYTH MPOTEOTUTUIHN CH3UMH.

OtnmuuuteneH Oener Ha Oonectra PA e mporpecMpamioro U CHMETPUYHO YBPEKAaHE Ha
3aCErHATUTE CTABU — M3PA3CHO C MOayBaHe, 00JIKa, CYTPEUIHA CKOBAHOCT, OTPAHHYCHU JIBUKCHUS U
CHOTBCTHU PEHTreHOrpad)CKU TPOMEHU — CTCCHSABAaHE HAa CTaBHATa MEXJIHWHA, OOpa3yBaHE Ha
epOo3uH, ACCTPYKIH Ha MOAJISKAIaTa KOCT, U3pa3eHu AedopMaiun, CyoryKcanuu.

W3BbHCTaBHM mposiBU ce cpewiar npu okojo 40% ot ciayuyaute. CUCTEMHHUTE MPOSIBU
BKJIIOYBAT aHTXHpaHe Ha Oenn npodoBe, OhOpeln, Koxa, 3purenieH aHaimzarop u ap.(Giles, 2019).
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1.2. ACR! knacupuxanuonnu kputepun (1987)

B peBmaronornyHaTa mpakTHKa ce IpuiIaraT T. Hap. KIaCH()HKAMOHHN KPUTEPUH, YHUATO
ILIET € CPeA MAMEHTHTE C apTPHUT Ja ce AU(EPEHINPAT Te3H, IPH KOUTO PUCKBT OT Pa3BUTUTE HA
€pO3UBEH apTPHUT € BUCOK, IPUIIATAT ce 3a Auardosara Ha panen PA (ACR/EULAR? kpurepuu 2010
r.). C Hali-mmpoxo KImHUYHO nprioxkerne ca ACR kpurepunre 3a PA ot 1987 1.

3a mocraBsHe Ha JuarHosara PA e HeoOXoaMMO Ja ca M3MBJIHEHHW IIOHE YEeTUPU OT
n3bpoennte ceneM kpurepus (ACR, 1987): apTput Ha Tpu win HoBeue CTaBH; apTPUT HA CTABHUTE
Ha pBLETE; CUMETPUYEH apTPUT; CYTpEeIIHAa CKOBAHOCT; PEBMATOMIHM BB3JIM; HaJTMYUE Ha
peBMaTouIeH (paKTOp W/WIM aHTHUTENa CPenly HUKINYHE HIATPYIMHUPAHN NETTUIN; THITHYHH 32 PA
peHTreHorpa)CKy MPOMEHH, OIMCAHH B YUETUPH CTEIIEHHU Ha TEXKECT.

1.3. ABToanTuTeNa pu PA

B anarHocTHYeH IUIaH € BayKHA POJIATAa Ha aBTOAHTUTENATa, CeNU(UYHH 32 3a00JISIBAHETO.
XapakrepHute 3a PA aBroaHTHTENa MOTar Ja OblaT CHCTEMAaTH3UPAHU B HAKOJIKO OCHOBHH T'PYITH:
aHTHTeNna cpemy uutpyinuHupand nentuan (ACPA) B 4YacTHOCT aHTUTeNA CpeIly LHMKINYHH
wurpynuaupanu nentuau (anti-CCP), anturena cpeury kapObamunupanu nentuau (anti-CarP),
peBmarounuu ¢akropu (RF), aHTHTena cpelly aneTHIMpaHH MCNTHIOHM, AHTHTENa CpPELLy
okcuaupanu nentuad anti-PAD4, anti-RA-33, anti-hnRNP A2 (de Brito Rocha, Baldo & Andrade,
2019). Ot tax RF u anti-CCP ca BK/IIOYEHU B JUaTHOCTHYHHUTE KPUTEPUH.

2. METOI1 U MATEPUAJIN

W3BbpiueH e nuTepatypeH 0030p Ha YyKIeCTpaHHU U OBIrapCKU HAyYHH ITyOJHKALMH 110
TeMaTa, ¢ LeJI MPEICTaBsIHe Ha akTyanHa uHdopMarus 3a poiira Ha RF u antu-CCP anTurenara,
KaTo Ja0OpaToOpHN HIMYHOJIIOTHUYHU TECTOBE 3a IMATHOCTHKA Ha 3a0oisaBaneTo PA.

3. PE3YJITATH

YcraHOBsIBa ce pa3nnyHaTta crnenuuaHocT U ceH3uTuBHOCT Ha RF m anti-CCP anTHTeNnata
B cepyma Ha OomauTe oT PA. Bsixa aHanmm3mpaHu AaHHWTE OTHOCHO NO3WTHBHOCT Ha TE3HU IBa
Mapkepa, CIIpsIMO NepHoa Ha M3siBa KbM HA4YaI0TO Ha 3a00JIIBAaHETO, 0COOEHOCTUTE B KIIMHUYHATA
KapTHUHA M CTENEHTAa Ha MOBJIMsBAHE OT TepanusiTa. ExeHEeBHO B NMpakTHKaTa Ha MEIUIMHCKUTE
nabopatopun, paborara Ha JIAOOpAaTOPHHUTE JICKApW M HA MEIUIIMHCKUTE J1abopaHTH, OHBAT
paborenn tecroBe 3a anti-CCP antutena u RF. [onydeHure pesynraté gaBaT BB3MOXKHOCT 3a
HaBPEMEHHO 3all0YBaHE Ha JICUYCHUETO U MPOCHesIBaHe Ha eheKTa OT MpHIaraHaTta Tepamnms.

4. TMCKYCuUs

4.1. Pesmatounen ¢paxrop (RF)

ABTOaHTHTENATa, HacCOYEeHH cpemty Fc gparMeHTa Ha YOBEIIKUS cepyMeH Y-TJI00yIIHH, ca
onucaHu 3a IbpBU BT Ipe3 1940 r., a npe3 1948 r. e oTkpuTa U cCUIHATA UM KIMHUYHA aCOLHALUs
¢ PA. Tlopaan Ta3u mpuuMHA ca HapeueHHM PeBMAaTOMAHU (akTopH. UyBCTBUTEIHOCTTa UM IIO
otHotreHne Ha PA Bapupa mexay 60 u 90%, a cnennduunoctra — ot 48 10 70%. ToBa ce onpenens
ot naHHHTE, 9e RF Moske 1a Ob/ie OTKPHUT IPH 9acT OT OOIHUTE ChC CHCTEMEH JIYIyC €pUTEMaTo3yC,
CHHIIPOM Ha Sjogren, CHCTEMHA CKJIepP03a, MPH BB3PACTHU MHIWBHUIHN, IPU XPOHUYHU HH(DEKIUH,
KPHOTTIOOYJTMHEMUS, KOJIareHO3H, XPOHUYHH YepHOIPOOHN 3a00IsIBaHNs, BUPYCHH 3a00JIIBaHUS —
xenarut, HIV, CMV (Mc Ardle, Flatley, Pennington, et all., 2015). Cro0pa3Ho HaTUUUETO WU
oTcecTBHEeTO Ha RF, peBMaTOMmHMAT apTpUT ce KIacHU(HUIHpa, KaTo: CEPOIO3UTHBEH HWIIH
ceponeraruBeH. RF — ot ximacose IgM, IgG u IgA, Hepsako ce OTKpUBAT MapaieTHo B CEpyMHTE Ha
GoJtHHUTE, KaTO KOMOMHHPAHOTO MM M3CJIE[BAHE CE€ OTJIMYaBa C BUCOKA JHArHOCTHYHA CTOMHOCT.
Poisata Ha RF B maroreneszara Ha PA mosxe 1a o0sicHu agutuBHOTO ferictBue Ha ACPA u anti-CarP
aHTUTENaTa, KOeTo OJaronpusTcTBa 00pa3yBaHETO Ha MMYHHHM Komiuiekcu. [losBara Ha RF BbB
BHCOK TUTBHP € CBbp3aHo ¢ xunepdyHkuus Ha B-xietkure. M3n05xeHOTO 10 TyK 100pe 00sICHSIBA 1

! American College of Rheumatology — AMepHKaHCKH KONEX 110 peBMaTONIOTHS
2 European Alliance of Associations for Rheumatology — Eeponeiicku anuaHc Ha aconuanuure mno
PEeBMATOJIOT UL
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CHJTHATa Kopenanus Mexny TuTbpa Ha RF m akTuBHOCTTA Ha cTtaBHOTO Bh3maneHue (Rao, Gurish,
Marshall, et all., 2017), HO moOKa3Ba, 4Ye ACCTPYKTHBHATa poJii U MiIcToTo Ha RF B
npouHdamMaTopHaTa Kackajaa npu PA ca 3aBHCHMHU OT HaJMYMETO HA JPYrH aBTOAHTUTENA U
MosiBaTa Ha MPEAIISCTBAIIO0 CHHOBUATHO Bh3najeHue. RF ce oTKpiBa B HA4aJIOTO HAa KIIMHUYHATA
n3sBa Ha 3a0omsaBaneTo PA, 3HaunTEeTHO MO-decTo crpsimo anti-CCP.

4.2. AnTHTesa cpemy nUTpyanHUpaHu nentuau (ACPA) B 4aCTHOCT aHTHTeJIa Cpenry
UUKJIMYHA DUTPYJIuHUPaHu nentuam (anti-CCP)

Tepmunbsr ACPA e cnOupareneH u € BbBEICH, 3a Jia C€ CHCTEMaTH3UpaT ToJsIM Opoi
aBTOAHTHUTENA, pearupamly Cpelry LUTPYJIMHUPaHu COOCTBEHHM CTpPYKTypu. Hskonm aBTOpm
npeaigarar ¥ o0oOIaBalMs TEPMUH LUTPYJIMHH, LEISN] Ja OOXBaHE pPasIMYHH COOCTBEHH
AQHTUTEHH, INPETHPISBAINN BTOPHYHA MOAM(UKAIMA, CBbpP3aHa ChC 3aMECTBAHE Ha ApTHHUH H
muTpyinH. 3a wepBu IpT ACPA momazar B mojie3peHHEeTo Ha HaydHaTa oOmHOCT mpe3 1964 r.,
KOTaTo MOCPEACTBOM MHAMPEKTHA MMyHO(IOypeceHusa B cepyMa Ha 6oiaHM 0T PA ca oTkputn
aBTOAHTHUTENA, pEarupanid CpeIly LUTOCKEICTHHS NpPOTEHH KepaTwH. [IbpBOHAaYamHO Te ca
OTIMCaHM, KaTo aHTHIICpUHYyKJIeapeH (akTop. BrocneacTsue penuna apyru cOOCTBEHH CTPYKTYpH
chIIo ca uaeHTH(uIupany, kato TapretHu 3a ACPA mpu peBMaTouIeH apTpHT, KaTo Harpumep
XHCTOHH, (UOPUHOTreH, BUMEHTHH, (DUOPOHEKTHH, 0-CHOJA3a, IUTOKEPAaTHH. BbIpeku cBos
pasHoponeH chcraB, ACPA mpurekaBaT BUCOKAa JUAarHOCTHYHa crenuduuHoct 3a PA — 98%.
OtkpuBar ce npu okouno 2/3 ot nauuenture (Song & Kang, 2009). AnTuTenara cpeury HUKINYHA
uutpynuHupanu nentuan (anti-CCP) morar na ce mosBAT cpeqHo Okojo 14 roauHu mpeau
KJIMHUYHOTO pasrpbliaHe Ha peBMmatouguus aptput (Willemze, Trouw, Toes, et all.,, 2012).
IToBuiraBaHeTO Ha TEXHUTE HUBA KOPEIUPA MPSIKO C aKTUBHOCTTA U TEXKECTTa HAa CTABHOTO 3acsiraHe
(Moeez, John & Bhatti, 2013). ACPA morar na 6bsaaT ot knac IgM, IgG, IgA, u IgE. ACPA ot kiac
IgM u IgA ce otkpusat npu 60% ot manuenture ¢ PA (Jonsson et al., 1998). ACPA ot m3otun
IgG1 u IgG4 ca mannunu npu okono 99% ot ACPA-nonoxurenaute nanuentu, a ACPA or knac
IgG2 u IgG3 morar ga 6pmar yctaHoBeHH B cepyma mpu cboTBeTHO 80% m 60% ot ACPA-
nosioxxuteaaute nanuentu ¢ PA (Willemze et al., 2012). UuTepec npeacTaBisiBa GakThT, ye Opost
Ha wm3otunHUTE cnennpudHocTn Ha ACPA curHnpukaHTHO Kopenupa ¢ pHcKa 3a Obaemu
pamrorpadcku npomenn (Bax et al., 2014). Tanuu mokassar, 4e MpH XPOHUYEH NAPOIOHTHUT MO/
JeiicTBueT0 Ha MHKpoOHata (iopa W OCHOBHO Ha Oaktepuss Porphyromonas gingivalis ce
cTuMynupa obpasyBaHero Ha anti-CCP aHTHTeNa, KaTo 4acT OT MAllMEHTUTE pa3BUBAT B CIEIBAII
etan PA.

4.3. JlagopaTopHu Metoau 3a onpenensine Ha RF n anti-CCP anTurena

B cpBpeMeHHaTa MMYHOJIOTHYHA JTabOpaTopHa MpakTHKa, 3a onpenensHero Ha RF u anti-
CCP anTHTeNa Ce mpuwiaraT T.H. IMyHOXUMHYHHA MeTOAH. VIMyHOXHMIYHHATE METOIM CE OCHOBAaBAT
Ha peakIMATa MKy aHTHT'€H U aHTUTSUI0. Te ca M3KITF0OYNTENHO crieliu(UIHY 32 UICHTUDHIIUPAHE
1 KOJIMYECTBEHO ONpE/IeNISTHE Ha aHTUTE€HH, XallTeHU ¥ aHTUTEJa.

Haii-uecro mnpuiaranure Meronu 3a ompenenssHe Ha RF B cepym ca aupexrHure
UMYHOXUMHYHU METOJHM — UIMYHOTYpOUANMETpPHS (38 KOJIMYECTBEHO OIPEAEIIIHE, MEpHA €JHHHUIIA
IU/ml) u nmpo6a nHa Waaler-Rose (mmosie3en npu npereHka xojia Ha 3a00JsIBaHETO). 3a onpenessHe
Ha anti-CCP anTnTena B cepyM ce mpmiiaraT IpeIUMHO HHIUPEKTHUTE IMyHOXUMHUYHNA METOIH —
XeMWIyMUHHACIIeHTeH uMyHeH aHaimn3 (CLIA), enexkTpoXeMHIyMHHHCIIEHTEH HUMYHEH aHallu3
(ECLIA).

5. U3BOJIN

[NosutuBupanero Ha RF nmpu PA o6uyaifHO ce yCcTaHOBsIBA OIIlE B ITBPBHUTE MECEIHM HA U3sSIBA
Ha Oonectra. OTHOCHO anti-CCP — Te OexexaT MHOTO BUCOKA crienu(UIHOCT — 110 98%, 0OnvaitHO
ce M3sIBSIBAT 10 Kpas Ha IIbpBaTa roJuHa ot AeOroTa Ha PA.

OOenMHSBAaHETO YCIIUATA HA KIMHUYHUTE U JTJAOOPATOPHU CIICI[HATHCTU € OT ChIIECTBEHO
3HAYCHUE 32 pPaHHATa JMArHOCTHKA Ha Oornectra PA W 3amouBaHe Ha afieKBaTHA Teparus, KOSTO
OCHUTYpsIBa ITO-T00pO Ka4eCTBO HA KUBOT.
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HOOAI'PA — TABOPATOPHHU TECTOBE 3A TUATHOCTUKA U
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GOUT - LABORATORY TESTS FOR DIAGNOSTIC AND
THERAPEUTIC MONITORING
Yana Todorova, Vladimir Blagoev, Mariya Proshenska, Mariya Panchovska
Speciality of Medical Laboratory Assistant, Medical College,
Medical University of Plovdiv

Abstract: Gout is a chronic and progressive form of inflammatory arthritis. Its main
characteristic is the disturbed purine metabolism, inducing hyperuricemia. The deposition of
monosodium urate crystals in the tissues leads to changes in the affected joints, organs and tissues.
Gout is among the earliest diseases known to mankind and perhaps the oldest known form of
arthritis. Literary sources from antiquity associated gout with the intake of purine-rich foods and
excessive alcohol consumption, hence its description as "the disease of kings."

In recent decades, the morbidity of gout has been on the rise due to a number of medical
conditions and lifestyle factors such as: presence of primary diseases (diabetes, obesity, chronic
kidney disease, etc.); taking medications used in transplant patients or for the treatment of heart
failure and hypertension; traumatic conditions provoking the development of the disease.

The role of laboratory medicine in the diagnosis and control of diseases has been proven, and
gout is no exception. Laboratory tests assist the attending physician in creating a personalized plan
for the patient both to prevent new crises and future disability, and to improve the overall health of
the patient.

Keywords: gout, arthritis, laboratory tests

1. BBBEJEHUE

[onarpara e cpen Haii-paHHUTE 3a00JsIBaHUs, N3BECTHH Ha 4OBeuecTBOTO. JlutepaTypHure
M3TOYHUIIM OT APEBHOCTTA sl CBBP3BAT C IpHeMa Ha Oorarata Ha IypUHM XpaHa W IIPEKOMEpHaTa
KOHCYMAIIMsl Ha aJIKOXOJI, OTKBJIETO UJ[BA M ONHCAHUETO H KaTo ,,0051ecT Ha Kpajere™.

Ionmarpara Moke Aa MpoTHYa C OCTPU CTaBHU KPHU3M MIIM KaTO XPOHHYHA IpOrpecupalna
¢opma Ha BB3naNMTENCeH apTpUT. OCHOBHA XapaKTEPHUCTHKA Ha 3a00JIIBAHETO € HApYIICHUST
ITypUHOB MeTa0O0IM3bM, IPEAN3BUKBAI XUIepypuKkeMus. [Ipu 31paBu Xopa MUKOYHATAa KUCETHHA
ce HamMHpa B pPa3TBOPEHO CHCTOSHHUE B KPBBTA M THKAHHUTE TEYHOCTH O (hopMaTa Ha HATPHEBU
ypatu. [Ipu BUCOKM HUBa KpUCTaNH3upa o popMa Ha MOHOHATPHEB YpaT MOHOXHIPAT U CE OTiIara
B 0OBMBKAaTa Ha CTaBaTa, Oypcara WIN CyXOXXWIMATa KaTO IPUYMHABA Bh3naneHue. [1pu mosede ot
MOJIOBMHATA OT MAIMEHTHTE C MOJarpa ce 3acsara rnajeloBara CTaBa Ha Kpaka, KaTo oOpa3yBaHUTE
OKOJIO CTaBaTa ypaTHH KpUCTalW MPUYMHSBAT MOAyBaHe M Oosika. Ha mpsxoTo BB3xeiicTBHE Ha
KpHUCTaJINUTE CE IbJDKAT U IPOMEHHUTE B APYrUTe opraHu u cucreMu. HactenBamure n3MeHeHus ce
MOTBBPKAABAT OT JIADOPATOPHHUTE U3CJICABAHUS U IPOMEHHUTE, 00CKT Ha HACTOSAIIOTO MPOYYBaHE.

IIpe3 mocnenuurte neceTuieTHs 3a00jeBaEMOCTTAa OT Hojarpa OeJeXH TEHAEHLHMS KbM
NOBUILCHKE. Peania MeANIMHCKY ChCTOSIHUS U (h)aKTOPH, CBBP3aHU C HAYMHA Ha JKHBOT, BOJAT JIO
xunepypukemust. [lonarpara Moxe a ce pa3Bue kato mbpBu4Ha opma Ha Oojectra- ¢ paMuIHOCT
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1 BPOJICHH €H3MMHH JIe(eKTH B OOMsIHATa HA MyPHHNUTE WK KaTO BTOPHUYHA IT0/Iarpa, ChITbTCTBAIIA
IPYTH BPBUYHU 3a00JSIBAHNS M CHCTOSHUSA: XEMOIAaTHH, OBOpedHa HEJOCTAaTHYHOCT, IIPHEM Ha
OTIpe/IeIeHN MEIUKAMEHTH - aCIIUPHH, THA3UIHH JUYPETHIIH, IMyHOCYIIPECOPH.

2. MATEPHUAJI U METO/

3a mpoyuBaHe Ha KIMHUYHO-JabopaTtopHHs npodui Ha OosiectTa mojarpa Oe HampaBeH
CHUCTEMaTH4YeH Nperjiel Ha akTyamHute myOmmkannu B Medscape, Medline, Springer link u
enekTpoHHHUTE 6a3u maHHU (Science Direct, Scopus), kacaemu poisaTa Ha Ta0OPaTOPHUTE TECTOBE
3a IMarHo3aTa Ha 0oJiecTTa M IpocieqsBaHe Ha e()eKTa OT JICUCHUETO.

3. PE3YJITATH

[Mogarpara mMoxe aa ObAe OUAarHOCTHLMpPAaHa Bb3 OCHOBA Ha KIMHUYHHTE CHMIITOMHU:
00JIe3HEH OTOK C IPHUCTHITHO Pa3BUTHE HA apTPUT B Hali-4ecTO B €/HA CTaBa WM IPH I0- TOJsIMa
JTaBHOCT Ha OoJiecTTa — C pPa3BUTHETO HAa XPOHWYHA MoJarpo3Ha aprpomarusi. OOudaiiHO ce
Ha3HA4YaBaT 1abOPATOPHU TECTOBE, KOUTO [Ia MOTBBP/ISIT WITH OTXBBPIIAT HUarHo3aTa nogarpa (Mary
Anne Dunkin, 2022). OcaoBeH 1abopaTopeH MoKa3aTes B JHarHOCTHKATa Ha ToJarpa ¢ MHKOYHaTa
kucenuHa. Ilpyn HuMBa B KpbBTa Haa 416 umol/l ce moctura rpaHunaTa Ha pa3TBOPUMOCT Ha
MOHOHATPHEBUs ypaT, KO€TO BOAW [0 MOBHIICH PUCK OT Pa3BUTHE HA IOJArpa M ypoOJHTHAa3a.
XunepypukeMusiTa € CBhCTOSHHE Ha IIOBHIIEHA INHMKOYHA KHCEIMHA, HO 0€3 pa3BHTHE Ha
XapaKTEepHUTE BB3MAIUTEIHN CTaBHU KpHM3WM, TUIMYHM 3a Oosectra momarpa. [lokasaHa e
CHITBTCTBAIIATA MOBUINEHA MTMKOYHA KHCEIWHA B KPBHBTA (XUIEPYypPHKEMUs) MpH AuabeT THll 2,
xuneptonusi, UbC, crearo3a Ha depHus npod. [loBuineHara MMKoYHA KHUCEIMHA CE NMpHEMa KaTo
CaMOCTOSTEINCH ChPJEYHO-CHI0B PUCKOB (akTop. JlabopaTopHHUTE N3CIeABaHIS IIPH NALMCHTHUTE C
nojiarpa M XMIepypHKeMHsi BKIIFOUBAT ChIO: XeMorpama (IIbJiHa KpbBHA KapTHHA), Bb3MAIUTEITHA
MapkepH (ckopoctTa Ha ytasiBane Ha eputpouutute (CYE), C-peakTUBeH NpOTEeUH), METa00INTEH
MaHeN: KpbBHA 3aXap, MHCYJIMH, ypesl, KpeaTHHHUH, TPaHCAMUHA3H, JIUITUIEH NPO(UI — X0JIeCTepOt
U XOJIECTEPOJIOBH (DPAKLUK, TPUIIIMLEPHIH, ChIIO YPUHEH aHaiu3. AOCONIOTEH JMAarHOCTHYEH
KpHUTEpHii 32 OoJiecTTa nojarpa € MACHTU(GUIMPAHETO Ha XapaKTEPHUTE KPUCTAIN HAa MOHOHATPUEB
ypar B CHHOBHAJHA TEYHOCT WIM Marepuajl OT TO(pH 4Ype3 CBETJIMHHA WU MOJspU3UpaHa
MHUKPOCKOTIHSI.

3a audepeHnuanta Anardo3a Ha 1mojarpa MoraT Jia ce W3BbpIIAT JOIBIHUTEIHN TECTOBE 32
anTuHYyKIeapHU aHTUTena (ANA), peemaronneH ¢akrop (RF) m HLA TpkaHHO THUNH3HpaHEe, THi
KaTo MMa M Jpyrd (OpMH HA apTPHUT C MOJOOHM Ha rojarpara cumnrTomu. [loBuineHa nMukoyHa
KHCEJIMHA Ce YyCTAaHOBsIBa 00NYaIHO IPH O0JIECTTa ICOPUA3HC U MALMEHTHTE C IICOPHATHIEH apTPHT.
Bunaru e HeoOxoqumo na ce oneHsiBa ObOpeuHaTa (yHKIUS, OPaJ MPHUIEITHOTO Pa3BUTHE HA
1oJIarpo3Ha HedponaThs pu OOJHUTE OT MOZArpa.

Jleuenunero Ha GoJiecTTa Hojarpa € HacO4eHO KbM IOHM)KaBaHE M JIOCTHIaHE HAa TapreTHH
HHBa Ha MMUKOYHA KHCcenuHa B KpbBTa /moa 350 pmol/l 3a Mexe u mox 300 pmol/l 3a sxenwn/. 3a
MOHHUTOPHHI C OlLleHKa €(EeKTHBHOCTTa Ha Ha3HAa4YeHATa Tepamus, PEryJIsipHO Ce H3BBPIIBAT
7a00paTOPHU H3CIIE[BAHUS HA CepyMHAaTa NUKOYHA KHUCEIWHA, MeTaboiuTHHs mpodus Ha
MaMeHTHUTE, Ipocie/saBa ce ObOpeuHara QyHKIU.

4. TMCKYCHUA

KoHmeHTpanusaTa Ha TUKOYHA KUCEITUHA B KPBBTA MOKAa3Ba MHAWBUAYAIIHU U KOJcOaHHS B
3aBHCHUMOCT OT JIMETA, TI0JI ¥ BB3PAcCT, KaTO 3aBUCH OT 0ajaHca MEXIy XPaHUTEIHUS [TPUEM, CHHTE3
U eKkckperws. [loBUIIEHUETO € BOACI] AMArHOCTHYCH KPUTEpHH 3a moaarpa. HeoOuvaiiHo BUCOKO
CEepyMHO HMBO Ha MHMKOYHA KHCETHHA 0e3 IposBa Ha MOAArpo3eH apTPUT WK HedpoIuTHa3a e
XapaKTepHO 3a ChbCTOSHUETO HA XHUIIEPYPUKEMHUSI, KOETO MOXKE Ja MPOABIDKH HEOTIPEIEIECHO IBITO.
XunepypuKeMHATa € YeCTO CPeIIaHo MeTaboNIUTHO HapyIIeHHe, KOeTO He BHHATH IPOTrpecupa 10
mojarpa. BaxkHo e ma ce momdepTae, ge 1Mo BpeMe M HEIOCPEACTBEHO Clie TOAArpo3eH MPUCTBHII,
MOJXKE [1a C€ PErHCTpHpaT HOPMAaJHW CTOHHOCTH Ha NMHWKOYHATa kucennHa. [lo Bpeme Ha ocTpm
MOJIAaTPO3HU IPUCTHITH, CEPYMHUTE HUBA HA MUKOYHA KHCEJIMHA HE BUHATH Ca TI0JIC3CH UHIUKATOP,
THI KaTO T€ MOTAT Jia BapHpaT OT HUCKHU J0 BUCOKH. Jopy HOpMATHUTE CTOHHOCTH HE U3KITIOYBAT
nuarHosara nmojaarpa. Heo6xonumo e mpociesiBane Ipu JeUeHUe U ChOTBETHO KOPUTHPAHE JO3UTE
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Ha ypaTOIIOHMKaBalllaTa Tepanus IpH HaMEeHTH ¢ oJarpa.

ITo Bpeme Ha ocTpa Kpu3a /HOAArpo3eH apTpUT/ BBH3HHUKBA BBH3MAIUTENIEH OTTOBOD.
Kpucranure muxo4Ha KUCENIMHA BOAAT JO aKTUBHPaHE Ha KIACHYECKHUTE U aJTepPHATUBHU IIbTUIA
Ha KOMIUIEMEHTa, Ha HeyTPO(UIIN U 0CBOOOKIaBaHe Ha TOJISIM OPOM IIPOBB3MAIUTEIIHE INTOKHHH.
Kpucranure Ha MOHOHATPHEBUS ypaT OMBAT (parOLUTHpPaHU M MHULIUHMPAT Kackajxa, BOJCMIa 10
ocB0oOOX/1aBaHE Ha MPOTEa3H, MPOCTAarJaHIWHM, JIEBKOTPHEHH, oOpa3yBaHe Ha CBOOOJHH OT
kuciopoa paaukani. OCTpOTO Bb3NaJCHUE ONpesielisi MOBUILCHUTE CTOWHOCTH Ha CKOPOCTTa Ha
yrasiBane Ha epurporuture (CYE) u C-peakTuBeH MpOTEHH, KaKTO M peaKTUBHATa JIEBKOLMTO3a
IIPU M3CJIeABaHe Ha XxeMorpama (II'bJiIHa KpbBHA KapTHHA).

AHaIM3bT HAa CHHOBHAJIHATA TEYHOCT MPU IMAIMEHT C OCTpa MoJarpo3Ha Kpu3a, BKIIOYBA!
Opoii TEBKOLUTH, U3UUCIICHHE Ha ChOTHOIIEHHeTO Ly/Neu, naeHTnduKams 1 aHaau3 Ha KpUCTAIIH,
OLIBETSBaHE Ha Iperapar 1o I'paM M u3cieaBaHe HA MHKPOOHOJIOTHYHH KYJITYpPH (32 OTXBBPIISTHE
Ha CENTHYEH apTPHUT), M3CICABAHE Ha TIIIOKO3a (3a OTXBBpPISHE Ha OakTepuanHa WMH(eKuws) u
orHocutenno Termo (Judkins & Cornbleet, 1997). Kpucramure MOHOHATpUEB ypar ce
uIeHTHGUIUpAT Ype3 CBETJIMHHA M HOJISPU3ALHOHHA MHKPOCKOMUS. YPAaTHUTE KPUCTAIH ca
JBOITHO NpevyNBaLly CBETINHATA ¥ UIIIOBUIHU. VI30poeHuTe Ki1eTkH B HopMa ca 1oz 200 KIIeTKH B
MWIWIATBD (HaJM4Yhe Ha EpPUTPOLMTH ce HabmonaBa npu TpaBma). [IpeoOnanaBaHe Ha
HeyTpodwiIuTe B JIeBKOIMTapHata (opmyna JuMQOunTH/HEYTpODUIM € ToKasaTel 3a OCTPO
BB3MAJICHHUE.

OrpannueHue Ha ObnOpeuHaTa MUCQYHKIHUSA CE Pa3BHBAa NMPH MHOTO OT MAI[MEHTHTE C
XHIIEpTOHHMS U mojarpa. [lopanu ToBa ce npocnensBar T. Hap. ObOpeUHH MMOKa3aTeN — KPeaTHHUH
u ypes. XunepypukemusaTa uMa npsk edekt BbpXy ObOpeuHHTe KpHbBOHOCHM chloBe. OT npyra
CTpaHa, HaTPYNBAHETO Ha KPUCTAJIH IMKOYHA KUCEINHA B ObOpEUHHs TAPSHXUM BOJH 10 Pa3BUTHE
Ha WHTEpPCTHLHMAJCH HedpuT, KOWTO mporpecupa no OvOpedHa HenocrtarbuHocT. PasBuBa ce
BTOpUYHa, OBOpedHa XurepToHus. M3cienBaHeTo Ha CEpyMHHs KpPEaTHHHH IO3BOJISIBA Ja Ce
pasrpaHAYaT MBPBUYHHATE OT BTOPHYHHATE (PopMH Ha Oonectra (pu OBOpedHU 3a00JIABaHUS C
XBH).

[TukoyHaTa KHCENIMHA € HOpMaJIeH KOMIIOHEHT Ha ypuHaTa. O0pa3yBa COJIH, H3BECTHH KaTo
ypaTH ¥ KUCEIMHHM ypaTu (aMoHHeB ypat). [Ipu BHCOKO HMBO Ha MHMKOYHA KHCEIWHA B KPHBTA U
ypHHATa MOTar Jia ce o0pa3yBaT KOHKPEMEHTH, T.e. ypoiuTuasza. [lokazano e, ue 10% oT BCUYKH
KaMbHU B ObOpennTe ca CBbpP3aHH C MOBHIIIEHA TMKOYHA KicenuHa. [Tanuenture ¢ Todu /XpoHryYeH
CTaI[I/Iﬁ nojaarpa, [aBHOCT Ha HCKOHTPOJMPAHO IMMOBUIIICHA MTMKOYHA KUCEJIMHA HAal 5 FOI[I/IHI/I/, 4yeCcTo
MMarT ypoJiuTHasa.

[poyuBanusaTa mpe3 nocinenuute 10 r. MpoMeHNXa CXBALIaHUATA 3a POJISITA HAa MUKOYHATA
KUCEJIMHA 33 3[PaBeTo OTBB] yPOJIMTHA3aTa U MOAArpaTa. ACHMITOMHATA XUIEPYPHUKEMHS MOXE
Jia ToBeJie 10 HapylIeHHe B METaO0OJUTHUTE MPOLIECH, IPUYMHA 33 peIHLa XPOHHYHHU 3a00JsIBaHHS.
[Manpenture ¢ mojmarpa 4ecTto CTPaaaT OT XHICPJIMIHJIEMHUS, HHCYJIMHOBA PE3HCTEHTHOCT,
XHUIIEPTOHHMSI, KOpOHAPHA apTepuanHa 601ecT 1 3aTabcTABaHe. ChOTBETHO C€ ONPEIEIIT CEPyMHHUTE
JMIHAIM ¥ KPbBHATA 3aXap MPH MALUEHTHTE C Moarpa.

JlokazaHa € MoJIOoKUTEJIHATa BPb3Ka Ha BHCOKHTE CEPyMHH HHBA Ha MHMKOYHA KHCEJHMHA C
METabOJIUTEH CHHIPOM, KOETO BKIJIIOYBA H3CIEIBAHETO M KaTO MAOMBJIHHUTENECH MapKep MNpu
CKpUHHUHT Ha Te3u cheTostaust (Magalhdes et al., 2021).

XunepypukeMusaTa € TSACHO CBBbp3aHa C pa3BUTHETO Ha AuadeTa W HErOBHTE XPOHUYHU
yenoxueHus. Ome npe3 90-Te e ycTtaHOBeHa Bpb3Ka MEXAY Mojarpara W IIOBHIICHUS] PUCK OT
HWHCYJIMHOBA PE3UCTCHTHOCT U )II/IaGCT Tum 2. BucoknTe HUBA HA MUKOYHA KHUCEIWHA CIIOMArar 3a
MHCYJIMHOBA PE3UCTEHTHOCT YPe3 HHIyIMpaHe HA MUTOXOH/IPHAJIEH OKCUIATHBEH CTPEC U CTeaTo3a
(MacTHa nereHepauus). [IMKOYHATa KHCENWHA MPEAW3BHKBA BB3MAJCHHE B MAcCTHAaTa THKaH ¢
HaMaJsiBaHe Ha IPON3BOJICTBOTO HA aAMIIOHEKTHH (XOPMOH, KOWTO MOAYJIMpa PEANIa METa0OINTHA
NPOLIECH, BKJIIOUHUTEIIHO PETYJIMpaHe Ha IIII0K03aTa U OKUCIICHUE Ha MACTHHU KHUCEIIMHU.

XunepypukeMusiTa € He3aBUCHM PHUCKOB (hakTop 3a MCXeMUuHa OonecT Ha cbpuero (Saito,
2020). CxopoNIHA MPOYYIBAHUS JOKA3BAT, Y& XUIMOYPUKEMHITA MOXKE J1a ObJIe MOTEHINAJIEH PUCKOB
¢dakrop 3a CC3, momobHO Ha xunepypukemusaTa. Huckara cepyMHa MUKOYHA KUCEJIMHA MOXE JI1a
MOBHIIN PUCKA OT Pa3BUTHE HA aTEPOCKICPOTHYHH 3a00IBaHUS IOPa i HAMAJICH aHTHOKCHAAHTCH
kananutet ( Zou et all, 2022).
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5. 3BAKJIIOYEHUE

Ponsita Ha nmaGopaTopHara MEIHMIIMHA 32 JHATHOCTUKATA W KOHTPOJA Ha 3a00JIABaHUATA €
6e3ycnosna (Olver et al., 2023). JTabopatopHuTe U3CIeABaHKS, BKIIOYBAIIH OCHOBHU J1ab0paTopHU
MOKa3aTeJM KaTo MbJIHA KPhbBHA KApTHHA, BB3MAIUTEIHN MapKEpH, ITbJICH META0OJUTEH MaHel,
aHaJIM3 HAa ypHHA U CHHOBHAJHA TEYHOCT, CE M3MOJI3BAT HE CaMo 3a THarHo3a Ha 60JiecTTa Moaarpa,
HO CBINO M 3a KOHTPOJ Ha edeKTa OT JEUCHHETO, KaKTO W yBpelara Ha MPHICTHUTE OpraHH.
JlaGopaTopHuUTE M3CIEABAHMS TIOAMIOMAraT JICKyBaIIKs JICKap 3a U3rpakIaHe Ha MepCOHATH3HPAH
MOXO/T KbM TAIMEHTa U TOCTUTAHE HA OTITUMATHU PE3YITATH OT JICUCHHETO.
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Abstract: Introduction: Depression is a common and serious mental disorder that negatively
affects the feelings, thoughts and actions of affected individuals. Depression and related mental
disorders have a significant impact on all aspects of life, including school performance, work
productivity, relationships with the family, social environment and friends. Objective: To identify,
research and summarize the methods of diagnosis and treatment of depressive disorders. Materials
and methods: We reviewed scientific publications and analyzed the aspects in the diagnosis and
treatment of depression. Results: The most frequently applied methods for the treatment of
depression are psychological and pharmacological. Between 80% and 90% of people with
depression respond well to drug therapy. Psychotherapy is used to treat mild depression. For
moderate to severe depression, psychotherapy is often used along with antidepressants.
Antidepressants are grouped into five main pharmacological classes - tricyclic antidepressants,
selective serotonin reuptake inhibitors, serotonin and norepinephrine reuptake inhibitors,
monoamine oxidase inhibitors, and atypical antidepressants. Electroconvulsive therapy is most often
used in patients with major depressive disorder who have not responded to other treatments.
Conclusion: To achieve optimal results in each patient, an individualized treatment approach should
be used depending on the form and degree of the depressive state. Mental health is key to a fulfilling
and productive life. However, many Europeans have mental health problems.

Keywords: Depression, treatment, diagnosis, mental health

1. BbBEJIEHUE

Jemnpecrsta € 4eCTO CPEIIaHO U CEPUO3HO IICUXUYHO 3a00JIIBaHe, KOETO BIIMSC HETaTUBHO
BBPXY YyBCTBaTa, MECJINTE U JCHCTBUATA Ha 3acerHaTuTe MHIUBUAN. KoraTto ce moBTaps ¢ ymepeHa
WM T€KKa HHTCH3UBHOCT, JICTIPECHITA MOXKE JIa C€ IPEBBPHE B CEPHUO3HO 3JJPaBOCIOBHO CHCTOSIHUE.
ToBa Kapa 3acerHaTUTE JIMI[A Ja W3MUTBAT CTPagaHWe M Aa BiOmAT ()YHKIHMOHMPAHETO CH B
CceMeicTBOTO, Ha paboTa, B yumwnuine u T.H. Cropen nanayn Ha CBETOBHATA 3/IpaBHA OPraHU3aIUs
(C30), B cBeToBeH Mamabd oxoio 3,8% oT HAaCENEHUETO € 3aCEerHaTO OT JENPecHs, KaTo Ce I0CoYBa,
4e T4 € BOJIelIa MPUYUHA 32 NHBAMIHOCT U € OCHOBEH (haKkTop 3a II00amHOTO OpeMe Ha OosrecTuTe
(WHO, 2023). Jlenpecusta MpUYMHABA TEKKA CUMIITOMH, KOUTO 3acSITaT HA4WHA, IO KOWTO YOBEK
ce 4yBCTBA, MHCIIM U C€ CIPaBsi C ©XKEJAHEBHHUTE ACHHOCTH, KaTO ChH, XpaHeHe win padora. Tosa
MOJKE Jia TOBEJC IO Pa3iIMyHU SMOIMOHAHY U (pU3HYSCKU TPoOIeMH U Ja HaMalli CIIOCOOHOCTTa
Ha YOBEK Ja (YHKIIMOHHPA HOpMAITHO. Jlenpecusara Moke 1a HapYIIH eMOIMOHAIIHOTO PABHOBECHE
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Ha YOBEK 3a MPOJBJDKUTEIHO BPEME U 3HAUYUTETHO /1a BIOIIM Ka4eCTBOTO My Ha JKHBOT (TpyHoBa
aKTHBHOCT, INYHN OTHOIICHHMS U T.H.). [leprnoanTe Ha nempecust MoraT Ja HacTBIIBAT BEJHBX, 1Ba
WJIN TIOBEYE ITBTH B XKMBOTA. JlenpecusaTa U CBbP3aHUTE C HEsl IICUXUYHH Pa3CTPOMCTBA MOrar Ja
nMar IbJI00K e()eKT BbPXY BCHUKHU ACIEKTH Ha KMBOTA, BKJIFOYNTEIIHO NMPEICTABSIHETO B YUMIIHIIE,
MIPOM3BOJUTEIHOCTTa Ha pPaboTa, B3aMMOOTHOIIECHHATA CBHC CEMEHCTBOTO M MPUSATEINTE U
cHocoOHOCTTa 3a y4yacTHe B oOmHocTTa. Edexture oT nenpecusita Morar 1a ObAaT JbAr0oTpaitHu
WJIN TIOBTApSIIM CE U MOTaT IPACTHYHO Ja MOBIHSAT HAa CIIOCOOHOCTTA Ha YOBEK Ja (YHKIHOHHPA
U J1a )KMBEE ITbJIHOIICHEH KHBOT.

CuMnTOMHTE Ha JIeNpecusi MOraT Jia BapHpar OT JIEKH O TEKKH W MOraT Aa BKIIIOYBAT:
TBXKHO WM MOTUCHATO HacTpoeHue; UyBCTBO Ha OE3HAIENKIHOCT MJIM NECUMHU3bM; UyBCTBO Ha
Pa3pasHUTEIHOCT, HEYIOBIETBOPEHOCT WM 0€3MOKONCTBO; UyBCTBO 3a BHHA, OE3MOIE3HOCT HIIH
6e3momMonIHoCT; 3ary0a Ha HHTEpEeC WK yIOBOJICTBHE OT X00HTa U AeiHoCcTH; [IpoMeHH B aneTuTa
- 3ary0a WM HaAJaBaHe Ha TETJI0, HECBBP3aHU ¢ AueTa; TpyAHOCT P KOHIIEHTPHPAHE, 3aIIOMHSHE
WM B3eMaHe Ha penieHust; [Ipobiemu cbe ChbHS, TPYJHO 3aCIIMBaHE MM TBBPJEC MHOTO ChH; 3ary0ba
Ha €HEprusl WIM TOBHIIEHA yMopa; YBelnWdyaBaHe Ha Oe3lenHara (pU3MUEcKa aKTHBHOCT WIIH
3a0aBeHH ABWKEHUS WM roBop; Pusmyecka 0oika, IIaBoO0IMe, CIIa3MH MM XPaHOCMHUIIATEITHA
npoOiemu; 3aTpyJHEHO MHCJIEHE, KOHLIEHTPALMS NI B3eMaHe Ha penieHus; Muciu 3a CMbpPT WK
CcaMOyOHUICTBO WJIH OTIMTH 32 CAaMOYOHMUCTBO U JIp.

3a ;a Ob/ie IOCTaBeHa TUarHo3a Jenpecus, CAMOTOMUTE TpsiOBa Aa ObAaT ¢ NPOJbIDKEHNE
Hali-MaJKO JIBE CEIMHLM U Jia TPEJCTaBIsABAT IPOMSHA B NPEAUIIHOTO HUBO HA (DyHKIIMOHUpPAHE
Ha yoBeka. Cropen NaHHM Ha AMepHMKAaHCKaTa INCHXHATpUYHA acolMalus, AelpecusTa 3acsra
NpUOJIM3UTETHO €AMH Ha BCEKH 15 Bb3pacTHH Ipe3 /1a/ieHa TO/IMHA U €IMH Ha BCEKH LIECT JYIIH IIe
H3IUTA JCTIpechs B NaJcH MOMEHT oT kuBoTa ¢ (APA, 2020). lempecusiTa MoXKe /a 3aceTHE Xopa
OT BCHYKH Bb3pacTH, PacH, €THOCH 1 NOJIOBE. T MO’Ke J1a BB3HUKHE 0 BCIKO BpEME, HO CPEHO 32
IIBPBH IIBT CE MOSABSBA B Kpas Ha THHHEHIDKBPCKUTE T'OAWHHU OO0 cpexata Ha 20-Te TOAWHH.
Jemnpecusra ce cpema npu jela W IOHOIIM, BBIPEKH Y€ Jernara Morar Ja HM3passiT IoBede
Pa3/pa3HUTEIHOCT, OTKOJKOTO Thra. MHOIO XPOHMYHH pPAa3CTPOWCTBA Ha HACTPOCHHETO W
TPEBOKHOCT IPH BB3PACTHH 3aI10YBAT KaTO BUCOKH HUBA Ha TPEBOXKHOCT B IETCTBOTO. Y CTAHOBEHO
€, 4e JKEHHTE ca ITO0-CKJIOHHU OT MBXETe Ja M3MHUTAT Aenpecusd. HaunHbT, Mo KOWTO M3pa3sBaT
CHUMIITOMHTE U IOBEJICHUETO, KOSTO M3MOJI3BAT, 32 JIa CE CIIPABST C TAX, MOXE J]a C€ pa3indaBa npu
MBXKeTe U keHuTe. IloBumeHara ynorpeba Ha aJIkoXoJl WIM HApKOTHUIM MOXe Ja Objae crparerus
3a CIIpaBsiHE 32 BCEKU YOBEK C JAEMPECHsi, HO BBIIPEKH TOBAa MBKETE Ca MO-CKIOHHH J1a M3II0JI3BAT
AJIKOXOJI WJIM HapKOTHIM, KaTO CPEJICTBO, KOETO Ja UM IIOMOTHE Ja ce crpaBsar. [IpudaunnTe 3a
MOsIBaTa Ha JICMPECHs BKIIFOUBAT CIIOXKHU B3aMMOJCHCTBHS MEXK/Y COIMAIIHH, TICUXOJIOTHIYECKH U
OouomorndHu (akTopu. JKuTelcku chOUTHS KaTO HEIacTHE B JETCTBOTO, 3ary0a W Oe3paboTuia
JIOTIPUHACST 32 ¥ MOTaT Jla KaTaJi3upaTr pa3BUTHETO HA JITIPECHSL.

Wwma paznmuan BUJJOBE AEITPECHS, HAKkoM OT KOMTO ce pa3BUBAT MOPAaN CIEHU(DUIHI
obcrositenictea (NIMH, 2023): TosiMOTO JenpecMBHO Pa3CTPOiCTBO - TOBa € Hal-4ecTo
cpemanara ¢popma Ha genpecus. Bkirousa KOMOMHAIMS OT CUMIITOMH, IPEYEIIH Ha ChHs, paboTara,
00ydJeHHeTo M XpaHEHeTO. 3acerHaTUTE JIMIa He M3MHUTBAT YIOBOJCTBHE OT JACHHOCTHUTE, KOUTO
0OMKHOBEHO IpeAM3BUKBAT TakoBa. HabmrogaBa ce ChIO IUIaWINBOCT, YyBCTBO 3a 0€3MOJIE3HOCT,
BUHA U CyMIUIHHA MHUCITH. KOraTo HSKOJIKO OT Te3H CUMIITOMH C€ IMOSBAT IO €/IHO U ChIIO BpeMe U
MPOABIDKAT TOBEYEe OT 2 CEeAMHIM, Ce Hajara MOpo(QecHOHATHO JieYeHHe. Y CTOHYHBOTO
JAeNpecuBHO Pa3cTPOicTBO (HApUUIAHO OIIE TUCTHMHUS WM AUCTUMHYIHO Pa3CTPONUCTBO) - CHCTOU
ce OT IMO-JIEKH CHMIITOMH Ha JeTIpecHs, KOUTO MPOJIBIDKABAT MHOTO IT0-IBJIT0, OONKHOBEHO Haii-
MaJIK0O 2 TOJWHHU. YCTOWYHMBOTO JENPECHUBHO pa3CTPOICTBO 4YECTO 3armoyBa B JIETCTBOTO,
IOHOIIECTBOTO WIJIM paHHATa 3psia Bb3pacT. VIHAMBUIMTE C MNEPCHCTHPAILIO JIETIPECUBHO
Pa3CcTPOICTBO YECTO OMUCBAT HACTPOESHUETO CH KaTo THXHO. CUMITTOMHTE IPUYNHSBAT 3HAYUTEIICH
JICTPEC WM 3aTpyJIHEHUs B paboraTa, COLMAIHHUTE ACHHOCTH MM IPYrd Ba)KHW 00JIaCTH Ha
¢dyHKIMOHMpaHe. Bbpekn ue BB3ACHCTBHETO Ha IEPCUCTUPAILOTO JIETIPECUBHO Pa3CTPONCTBO
BBPXY paboTaTa, B3aMMOOTHOIIEHHATA M €KEIHEBHETO MOXE Jla Bapupa B IIMPOKH T'PAHUIIH,
HeroBuTe e(exkTH MoraT Aa ObJaT TOJKOBA TOJIEMHM WIM IO-TOJIEMH OT TE€3H HAa TOIAMOTO
JICTIPECUBHO pa3CTpoiicTBo. bumoaspHa aenpecus (penyBaHe Ha JACHPECHBHH W MaHHHHH
€MM30/11) — XOpaTa ¢ OUITOISIPHO Pa3CTPOMCTBO CHIO U3NUTBAT JETIPECUBHHU EITU30H, 110 BpEME Ha
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KOUTO C€ YyBCTBAT THXHH, Oe3pa3nuiyan nin Oe3HaJekKIHU, ChYCTaHH C MHOTO HHCKO HHBO Ha
akTHBHOCT. Ho doOBeKk ¢ OHWIIONSAPHO pPa3CTPOMCTBO CHINO M3MHWTBA MAHUMHHM CMH30IM HITH
HEOOMYaiiHO TPHUIOBAWTHATH HACTPOCHHSA, IPH KOUTO MOXE Ja C€ YyBCTBa MHOTO IIACTIIHB,
pa3apa3HUTENICH WIH C MTOBHUIICHO HUBO HAa aKTHBHOCT. CHMIITOMHUTE BKITIOUBAT HaMaJIeHa HyX/a
OT CBH, CaMOHAJEIHOCT, CBPBX CAaMOYYBCTBHE, Oe3npuumHHa eydopus. Ilepunarainarta
Aempecus € Jienpecus, KOsITO Bb3HUKBA 110 BpeMe Ha Wi ciell OpeMeHHOCT. Jlenpecusra, KOATo
3ar04Ba 110 BpeMe Ha OPEMEHHOCT, € IPEeHaTaIHa JACNPECHs, a Ta3H, KOATO 3a1l04Ba cje]] PaXKJaHeTO
Ha Oebeto, e cnmenponwiHa jaenpecusi. CUMNTOMHTE MOraT Ja BKIIIOYBAT YyBCTBO HA ThIA,
TPEBOXKHOCT WJIM HPETOBapBaHEe, MPOOJIEMH ChC ChHS WM XPAHEHETO, YYBCTBO 3a BHUHA WM
OesnoniesHocT W 3aryba Ha wWHTEepec KbM oOu4aiiHu JneiiHocTH. Ce30HHOTO adeKTHBHO
Pa3CcTPOIiCTBO € enpecs, KOATO UBa M CH OTHBA ChC CE30HUTE, KATO CHMIITOMUTE OOMKHOBEHO
3armoyBaT Npe3 KhCHATA €CCH W HAYaloTO Ha 3WMara W W34e3BaT Ipe3 IPOJIeTTa M JIATOTO.
CHMIITOMHUTE MOTAT Jia BKIIIOYBAT yMOPA, HAUCKA €HEPTHs, 3aTpyJHEHA KOHIICHTPAIH, YyBCTBO Ha
Thra Wi O€3HAICKITHOCT U HaJIaBaHe Ha Terio. JlenpecusiTa cbC CHMIITOMH HA NMCHX03a € TeXKa
(dopma Ha Ienpecust, TP KOSITO YOBEK M3MHUTBA CUMIITOMH Ha TICHX03a, KaTo 3a0JIyAn (CMyIIIaBaIlHy,
(ammmBY BApBaHMS) WX XATIONWHAIMA (YyBaHE WM BIDKJAHE Ha Hella, KOUTO IPYTHTE HE UyBaT
wim BIkAaT). ToBa € cepro3HO IICUXUYHO 3a00JIsIBaHe, KOETO Ce MPOSIBABA, KOraTO YOBEK MMa KaKTO
TEXKa JEeTPecHsi, Taka U NCUX03a. ATHIIMYHA JAeNPecust - TO3U THII JISIPECUs] Ce XapaKTepu3upa
ChC CHMIITOMH, KOUTO OOMKHOBEHO HE CE€ CpellaT 3aeJHO0, KaTo JENPECHBHO HACTPOCHHE U
TPEBOYKHOCT, MPEKOMEPHA CHHIMBOCT, MOBHUILECH aleTHT M HaJJaBaHe Ha Teryio. ATUIHMYHATA
Jierpecusi Moke 1a ObJie TpyZHa 3a JUAarHOCTUIMpPaHe, Thil KaTo HEHHHWTE CHUMIITOMH MOraT Ja
Ob/1aT MOJOOHU HA TE3U MPHU PYTU CHCTOSHUSL.

Hemnpecnsita, 0coOCHO B CpefHA WM MO-HAlpeIHalla Bh3pacT, MOXKE J1a Ce MOSBU 3a€THO C
JIPYTH CEpUO3HU 3a00JsIBAHUS KaTO AUadeT, paK, ChbpACUHH 3a00siBaHus U OonecT Ha [lapKUHCOH.
Xoparta, KOUTO CTpagaT eAHOBPEMEHHO OT IEIPECHs U APYTH 3a00JSIBAHUS ca CKIIOHHH J]a UMaT I10-
TEXKH CUMIITOMH W Ha jBeTe 3abomsBanma. Crnopen mpoyuBaneto Household Pulse Survey Ha
Lentspa 3a KOHTPON W TPEBEHNUS Ha 3a0oisiBaHmsATa B CheAMHEHHUTE MIaTH, TCHICHIIUHUTE B
CHUMIITOMHTE Ha TPEBOXKHOCT FUTH JCTIPECUBHO Pa3cTPOHCTBO B iepuoa aBryct 2020 1. — dpeBpyapu
2021 1. ca B CBHOTBETCTBHE C TEHIECHIMUTE B CEAMHYHHUS Opoil JOKIaJBaHU clydyan Ha
kopoHaBupycHa 0osecT ot 2019 . (Coronavirus disease 2019 - COVID-19) u ce Teoperusupa, 4ye
yBEJIMYEHUSITA HAa TE3M IMOKa3aTedd 3a IICMXWUYHO 3JIpaBe CHOTBETCTBAT HA MNaHJIEMUYHHUTE
teuaeHun (Vahratian A, 2021).

2. EJ
I[a I/IZ[GHTI/I(I)I/H_II/IpaMe, npoyunum Hu O606H.[I/IM METOAUTE 3a AUArHOCTHUKA M JICYCHHE Ha
JACPECUBHU CbCTOSHUS.

3. MATEPHUAJIM U METOAHN
W3Bbpimxme 0030p Ha HAyYHU MyOJIMKALMK U aHAIN3UPAXMeE acleKTUTE B JUarHOCTHKATa
U JIEYEHUETO Ha JCIPECHsl.

4. PE3YJITATU U OBCBHKIAHE

Hempecusata € cpen  Hai-TednMUTEe ICUXWYHM  pascTpoiictBa.  ChIiecTByBaT
TICUXOJIOTHYECKH ¥ (apMaKOJOTUYHN HAYMHU 3a JiedeHue 3a jaenpecus. Mexay 80% u 90% ot
Xopara C Jenpecusl pearupar Ao0pe Ha JICYUCHHETO, KAaTO IMO-TOoJIsIMaTa 4acT OT MAaIl[HCHTHTE
MOJTy4YaBaT M3BECTHO OOJICKYECHHE Ha CUMITOMHTE CH. [lempecusra, HOpU W TPU Hail-TEKKUTE
cly4ad, MOXKE Ja ce JeKyBa. Tsi OOMKHOBEHO ce JICKyBa C JICKapCTBA, IICUXOTEPAIUS WIIH
KOMOMHAIIUS OT JIBETE.

Jleuenuero e mo-eeKTUBHO, KOTATO CE 3alI0YHE B PAHCH €TaIll.

1. Hcuxorepanmusa. TlcuxoTrepanusara CaMOCTOSATEIIHO CE HM3IOJI3BA 32 JICUCHHE Ha JICKa
JIenpecHs, a 3a yMepeHa JI0 TeXKa JIENPechs T ce€ KOMOMHUpPA C aHTHIICTIPECAHTH. Y CTAHOBEHO €,
4e KOTHUTHBHO-TIOBEJIEHUIECKaTa Tepamnus ¢ eeKTUBHA MPH JIeYeHUe Ha Jenpecus. ToBa e Gpopma
Ha Tepanws, pOKycHpaHa BBPXY peliaBaHeTo Ha mpobiemu. TS momara Ha YOBEK Ja pas3no3Hac
CBOETO HETaTHBHO MHCJICHE M Jia IPOMEHU KaKTO MHUCIUTE, Taka W TIOBEJICHUETO U HABUIIMTE CH,
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KOWTO JOTPHHACAT 3a Aenpecusra. [lcuxoTepanusara Moxke fa Obae MHAWBUAyalHA, HO MOXE Ja
BKIIIOYBA M WICHOBE HAa CEMEHCTBOTO MM OpadeH MapTHBOP C LEN CIpaBsiHE C MPOOIEMUTE BHB
B3aUMOOTHOIICHUATA. [Ipyr Ha4MH 3a NMPOBEKAAHE HA IICHUXOTEpamlMs € rpynoBaTta Tepamus. T
BKIIFOYBA XOpa ChC CXOJTHM 3a00IABaHMA M MOJKE /1a IOMOTHE Ha YOBEK J1a HAy4H KakK JIPyTHUTE ce
CHpaBsT B MOJOOHH CHTyallMd. B 3aBHCHMOCT OT TEXeCTTa Ha ACHPECHATA, JICUCHHETO Upe3
MICUXOTEPAITUsl MOXKeE J1a OTHEME HSKOJIKO CEMUIM WIIX MHOTO ITOBEYE.

2. JlekapcTBeHa Tepamusi. AHTHJCIPECAHTUTE HE INPOU3BEXKAAT He3abaBeH KIMHHYCH
otroBop. HeoOxomumu ca 2-4 cenqmuiy 3a IOJOOpEHHE B EMOLMOHAIHUTE CUMITOMU M 6-8
CeIMHMLM 10 TOCTUTaHE Ha WBJIHM aHTHAenpecaHTHH edektu. [loBedyeTo aHTHIETIpEecaHTH
MOTEHLUPAT, IPSIKO WIN HHAMPEKTHO, ISHCTBHATA HA HOPETMHE(PUH H/UIIN CEPOTOHHH B MO3bKa.
Antunenpecantu: 1) Tpunukiauunau antugenpecantu (Tricyclic antidepressants — TCA) —
JIEWCTBAT KaTO yBENWYaBaT KOHIICHTPAIMUTE Ha /1BA OCHOBHH HEBPOMEAWATOpa (CEPOTOHMH H
HOpenuHe(pPUH), UYUIATO AKTHBHOCT € MOTHCHAaTa IIPH JCTPECHs, B ONpPEACICHH 30HM Ha
HneHTpanHaTa HepBHa cucreMa. TCA ca eeKTHBHH IIpH JICUeHHE Ha yMEPEHa 10 TEKKa ACTIPEChs H
IpU HAKOM TAIMEHTH C IAHWYECKO pPa3CTPOHCTBO. IIpOABIKHTENHOCTTa Ha JICUCHHUETO €
MHIMBHIyaJlHa, KaTO OOMKHOBEHO € He MMo-KpaTtka oT 6 Mecena. [IpencraButenu ot rpynata Ha TCA
ca Imipramine, Amitriptyline, Nortriptyline, Clomipramine u npyru. 2) CeJieKTHBHM HHXHOMTOPH
Ha 00paTHOTO 3axBaliaHe Ha cepoToHuHa (Selective serotonin reuptake inhibitors - SSRISs).
CepOoTOHMHBT € OCHOBEH Meauarop, HeoOxXoauMm 3a merabojM3Ma Ha XOPMOHHMTE Ha CTpeca.
Huckute My HUBa B IIEHTpajiHaTa HEPBHA CHCTEMa CE CBBP3BaT KaKTO C JIENPECHUsITa, Taka U C pell
TPEBOKHU pa3cTpoiicTBa. Penauma [pyru ICUXMAaTpUYHM Ppa3CTPOMCTBA CBINO pearupar
OnaronpusitHo Ha SSRIs, BKIIOYHTENHO 0OCECHBHO-KOMITYJICHBHO pa3CTPOHCTBO, MaHUYECKO
pa3cTpOiCTBO, TCHEPAIM3UPAHO TPEBOXKHO  Pa3CTPOHCTBO, IOCTTPABMATHYHO  CTPECOBO
Pa3CcTpOICTBO, COLMATHO TPEBOXKHO Pa3CTPOICTBO, MIPEAMEHCTPYATHO ANC(HOPUIHO pa3CTPOICTRO.
Kato mpenumcTBa Morar na ce oTOenexaT JeCHO HO3UpaHe, CPAaBHUTETHO 100pa MOHOCHMOCT H
HUCKa TOKcW4YHOCT. [IpencraBurenn ot tasum rpyma ca Citalopram, Escitalopram, Fluoxetine,
Fluvoxamine, Sertraline, Paroxetine. 3) MUuxu6uropu Ha 06paTHOTO 3aXBalllaHe HA CEPOTOHHH
u HopajapeHauH (Serotonin and norepinephrine reuptake inhibitors - SNRIS). Te ca mupoko
pa3npoCTpaHeHH, MMaT BHCOKAa €(PEeKTUBHOCT M I0-MAJIKO HEXeJlaHW e(peKTH B CpaBHEHHE C
OCTaHAINTE aHTHIENpecaHTd. Morar na ObAaT eQEeKTUBHM IpH JICYSHHWE Ha Jenpecusi Npu
nanuenTty, npu kouto SSRIs ca HeedekruBHu. OcBeH 3a JieueHUe Ha JCTIPECHUs CE U3IIOJI3BAT OLIe
B TepamusTa Ha OE3MOKOHCTBO, MAaHUYECKO pa3CTPOMCTBO, MNEPUMEHONAy3aJHU CHMIITOMH,
HeBpomatuyHa Oonka W Jpyrd. MHxuOuTopn Ha O0OpaTHOTO 3axBallaHE HA CEPOTOHUH U
HopampeHannH ca  Venlafaxine, Desvenlafaxine, Duloxetine. 4) HWuxudutopnm Ha
MoHoaMuHOOKcHAa3aTa (MAO wunxuéuropn). MAO HHXHONTOpUTE WHAKTHBHPAT CH3MMAa
MOHOAaMHHOOKCH/Ia3a, KOETO TI03BOJIsIBA IIOBHIIABAHE HHUBAaTa Ha JONAMHH, aJpEHAaJMH,
HOpaJpeHAIMH U CEPOTOHHH B HEPBHATA CHUCTEMa, Ype3 KOETO OKa3BaT CHJICH aHTHJETPECHUBEH
epexr. MAO nHXMOUTOpPUTE ca TOKa3aHW 3a MAIUEHTH C AENpecHs, KONTO He pearupar WiH ca
aneprudan KbM TCA MM KOUTO M3MNTBAT CHIIHA TPEBOXKHOCT. Te3H JieKapcTBa ChIIO Ca MOJE3HU
U TIpH JIe4YeHHeTo Ha GoOMitHN cheTosSHIA. MAQO MHXMOUTOPHUTE ca W3MOJI3BAHU TIPH JICUCHUE Ha
aTMIIMYHATA JICTIPECHsl, TPH KOSITO Ca HAIMIE CHUMIITOMH Ha TPEBOXHOCT, MaHWKa, (oduw,
MIOBHIIICHAa CKIOHHOCT KbM CBH. B To3m kmac nekapctBa Bim3aT Phenelzine, Tranylcypromine,
Isocarboxazid, Selegiline, Moclobemide. 5) Atunuunu antTugenpecantu - Te ca cmeceHa rpymna
OT JIeKapCcTBa, KOWTO JeiCTBAT 1O pa3fiMuyHM MexaHu3Mmu. [IpumepH 3a TakuBa JieKapcTBa ca
Bupropion, Mirtazapine, Nefazodone, Trazodone. Bympommon e wHXuUOMTOp Ha O0OpPaTHOTO
3axBalllaHe Ha JONAaMHH W HOpenuHeppuH. MupTrazanuH nomoOpsBa HEBPOTPAHCMHUCHATA Ha
CEpOTOHUH M HOPEHNMHE(QPUH Ype3 MEXaHW3MH, CBBP3aHH ChC CIIOCOOHOCTTa My Jia OJIOKHpa
npecuHanTuuHUTe anda-2 peuenropu. Hedazonon u Tpasonon ca cnabu HHXHOMTOPH Ha 0OPaTHOTO
3axBalllaHe Ha CEPOTOHMHA. BbIpeku pa3nuyHUTe CH MEXaHU3MHU Ha JIeiiCTBHE, BCHUKH JIEKapcTBa
OT Ta3H rpyIa OKa3BaT aHTUACIPECUBEH EEKT.

N360pbT Ha JeKapcTBO ce 0Oa3upa BBHPXY NpeodiamaBamuTe CUMITOMH, OTTOBOpa Ha
MANMEHTa KbM aHTHJICTIPECAHTA, KAKTO U CIIPSIMO CTPaHWYHUTE epeKTh. OT M3KIIIOUNTETHO BAXKHO
3HAUEHME TIPH JICYCHHETO Ha KOHKPETHHUTE MANMCHTH € MHAMBUAYaJIM3MPaHE Ha J03aTa, KOSATO
MI03BOJISIBA JIOCTAThYHA MIPOIBIDKUTEIHOCT Ha ACHCTBUE Ha JIEKapCTBOTO. JIeueHneTo Ha aenpecus
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obOxBarmia octpa ¢asza, IpoabDKATETHA Qa3a 1 nmoaabpxkaima (asza. [IpekpaTsaBaHeTo Ha TepanusTa
ce OCBIICCTBABA IUIABHO U C TIOCTEIICHHO MOHIKEHHUE Ha 103aTa 32 HaMAJIIBaHE Ha PHCKOBETE OT
pa3BUTHE HAa CHHIPOM Ha OTHEMaHe. BHe3amHOTO mpeycTaHOBSIBaHE Ha JICYEHNUETO KpUE PHCKOBE
OT TI0sIBa Ha TPEBOKHOCT, TaicHe, 0€3ChHUE, TPUTIONOI00HH MPOSBU U JPYTH.

3. EfneKTpOKOHBYJICHBHA Tepanus. HAkou oT manueHTuTe, THarHOCTUIIMPAHH C ICTIPECcHs,
MOraT Ja u3nuTaT (hapMaKOpPE3UCTCHTHA ACTIPECHs, KOSTO Ce MOSIBSIBA, KOTaTo YOBEK HE e Mo100pu
CJeJl KaTo € OMUTAJ MOHE JIBa THIA aHTUACIPECAHTH. AKO JICKapcTBaTa M ICHUXOTEparusira He
HaMalsBaT CHMIITOMUTE Ha JICTIPECHUs WIM HUMa HEOOXOTUMOCT OT OBp30 OOJeKuaBaHE Ha
CUMIITOMHTE, TEpamusirta 3a MO3bUHA CTUMYyJAlMsd MOXE Ja ObJe OmNIMs 3a JICUYCHUE.
EnexTpoKOHBYJICHBHA Tepamusl Hal-4eCTO Ce MpHjara MpH MAIMeHTH C TEKKa ToJisIMa JICHPEecHs,
KOHUTO HE ca ce TOBJIIIN OT APYTH JICUCHHS. 15 BKIIOYBA KpaTKa eJICKTpUUEcKa CTUMYJIAlUs Ha
MO3bKa, TOKaTO MAlMEeHTHT € IO/ aHecTe3us. TepannuTe 3a MO3bYHA CTUMYJIAIH IeHCTBAT upes
aKTUBUpAHE WIM HHXUOWpaHE Ha MO3BKa C EJICKTPHUIECTBO. EJEKTPHUECTBOTO Ce MmojaBa JUPEKTHO
Ype3 eNeKTPOAH, UMIDIAHTUPAaH! B MO3bKa, WIH WHAUPEKTHO Upe3 €IeKTPOIH, IOCTABCHH BBPXY
ckaxima. Berpeku ge Tepanuute 3a CTUMYJIHPaHEe Ha MO3bKa CE H3IIONI3BAT MTO-PSIKO OT JISKapcTBaTa
U TICHXOTEpaNuATa, T¢ MOTaT Jla UTPasT Ba)KHa POJI TP JICUCHHETO HAa IICUXWYHH Pa3CTpoiicTBa
MIPH XOpa, KOUTO HE pearupaT Ha APYTH METOMHM 3a JICUCHHUE.

Camonomoin u cnpaBsine. Mima peauma Mepku oT oOI xapakTep, KOUTO Morar ja Obpaar
MIPUJIIOKEHH, 3a J]a HaMalAT CUMIITOMUTE Ha Jenpecus. 3a MHOTO XOpa PEelOBHUTE YIPAaKHEHUS
nomaratr 3a momoOpsiBaHe Ha HacTpoeHHeTo. [lonyuaBaHeTo Ha JOCTaThYHO KauyeCTBEH ChH,
3PaBOCIIOBHOTO XpaHEHe U M305ATBaHETO Ha aJKOXOJI ChILO MOTaT Aa IIOMOTHAT 3a HaMaJlsiBaHe Ha
CUMIITOMUTEC Ha ACTIPCCUA.

5. 3AKUIIOYEHHUE

JempecusTa € 4ecTo CPElIaHo U CEPHO3HO NICUXMYHO 3a00JBaHe, KOSTO BIIMAC HETATUBHO
BBPXY UyBCTBaTa, MUCIIUTE U JICHCTBUATA HA 3aCETHATUTE JIULA. Ts MPUYMHABA TEKKU CUMIITOMH,
KOUTO 3acsraT Ha4MHa, 110 KOWTO YOBEK CE€ YyBCTBA, MUCIIU U CE€ CIPaBs C €XKEIHEBHUTE NEHHOCTH.
ToBa Moxe Ja mOBele A0 Pa3IMYHU EMOIMOHAIHU M (GU3MYECKH MpoOIeMH M Jla HaMaln
CrocoOHOCTTA HA YOBEK J1a U3BBPIIBA HOPMAIHUTE CH €XeIHEBHH AeHHOCTH. OCHOBHUTE METOAM
3a IMarHOCTUKA U JICUCHUE HA JIENIPECUBHM CBHCTOSHMS BKJIIOYBAT IICUXOTEPAINMs, JEKAPCTBEHA
TepaInus U eJIEKTPOKOHBYJICUBHA Tepamnus. Mo3byHaTa CTUMYJIAlMs € CbBPEMEHEH METOI, KOWTO ce
M3II0JI3Ba IIPH JIeUeHHE Ha (hapMaKOpe3UCTeHTHA JAENPEecHsi, HO BCE OIIE HE € JOCTAThYHO IIUPOKO
3acThIIEH. 3a MOCTUTaHE Ha ONTHUMAJIHU PE3YJITaTH IPU BCEKM MAIMEeHT TpsiOBa Ja ce M3MOoJ3Ba
WHIMBHUIYJIU3UPaH 10JIXO0/] Ha JICYEHHE B 3aBUCHMOCT OT (hOpMaTa M CTEIIeHTa Ha JIETIPECUBHOTO
cbeTosiHKME. [ICMXUYHOTO 31paBe € OT KIII0YOBO 3HAYEHHUE 32 ITBJIIHOLCHEH U MPOAYKTHBEH >KUBOT.
Bbrnpekn TOBa MHOro eBpomeiinM WMaT TNPoOJIEeMH ¢ ICUXWYHOTO 3xapaBe. CTpaHuTe OT
EBporneiickus cpro3, B TOBa yrcio u beirapus, padoTsT 3a moo0psiBaHe Ha IICHXWYHOTO 3/paBe Ha
HACEJICHUETO.
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Abstract: Introduction: Cognitive decline and sleep dysfunctions are among non-motor
features, significantly contributing to the disability of patients with Parkinson’s disease (PD).

Aim: To evaluate the cognitive functions and sleep in newly diagnosed, treatment naive
patients with early PD.

Materials and methods: The study comprised 30 newly diagnosed patients with PD according
to the Movement Disorder Society — Parkinson’s Disease criteria. Unified Parkinson's Disease
Rating Scale (UPDRS) was used to determine the severity of motor impairment. Cognitive functions
were assessed by Montreal Cognitive Assessment (MOCA) and Mini Mental State Examination
(MMSE) tests. Sleep disturbances were evaluated by Parkinson’s disease sleep scale (PDSS-2).

Results: More than 2/3 of the patients showed abnormally low score on cognitive tests (93,3%
on MOCA and 76,7% on MMSE). Moderate negative correlation was found between MOCA score
and the age of the patients (rxy = 0,513, p = 0,004), between MOCA score and the age at the disease
onset (rxy = 0,489, p = 0,006), and between MOCA score and UPDRS-total (rxy = 0,407, p = 0,025).
According to PDSS-2 53,3% of the patients had sleep disturbances. Individual assessment of sleep
disorders based on PDSS-2, shows the highest score on the third item — staying asleep (mean 1,33+),
followed by second (specifically difficulty initiating sleep/insomnia) and eight one (nocturia) (mean
1,13+). Strong positive correlation was found between UPDRS-total and PDSS-2 score (rxy = 0,598,
p < 0,0001).

Conclusion: The presented study shows a significant incidence of cognitive impairment and
sleep disturbances in patients with early PD. Patients’ age and age at disease onset are factors
associated with an increased risk of cognitive decline. Sleep quality and nocturia are the most
common sleep disturbances in these patients. Higher degree of motor deficit is associated with more
severe cognitive impairment and sleep disturbances.
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INTRODUCTION

Parkinson's disease (PD) is the second most common neurodegenerative disease. It is
characterized by motor (tremor, rigidity, bradykinesia and postural instability) and non-motor
(cognitive decline, sleep disturbances, depression, psychosis, autonomic disorders) symptoms.
Cognitive deficit occurs up to six times more often in individuals with PD compared to the healthy
population (Aarsland, 2021). Mild cognitive impairment can be found in about 20% of PD cases at
diagnosis (Goldman, 2020). In the course of the disease, it can affect up to 60% (2) of patients.
Dementia is diagnosed in 30 to 40% of patients with PD, and can reach 80% with increasing age
and duration of the disease (Goldman, 2020; Chandler, 2021). Among the various non-motor
symptoms in PD, sleep disturbances, including daytime sleepiness, insomnia, restless legs
syndrome, and rapid eye movement (REM) sleep behavior disorder (RBD), impact over 90% of PD
patients with rates increasing during the course of the disease (Stefano, 2011; Lama, 2017).

AIM
To assess cognitive function and sleep disturbances in newly diagnosed, treatment naive
patients with early PD.

MATERIALS AND METHODS

Patients: The study included 30 patients selected by the Expert Committee for diagnosis and
treatment of PD at UMHAT “Kaspela”, by the following criteria:

Inclusion criteria:

1. Age 40-80 years;

2. Newly diagnosed patients with Parkinson's disease according to the MDS-PD criteria;

3. Written informed consent to participate in the study.

Exclusion criteria:

1. Patients with decompensated heart, lung, kidney, endocrine or liver diseases;

2. Patients with sleep apnea;

3. Patients with mental diseases (schizophrenia, bipolar affective disorder);

4. Pregnancy;

5. Patients abusing alcohol, narcotic substances and medications;

6. Patient subjected to anti-PD treatment.

7. Inability to declare informed consent.

Methods:

1. Clinical methods: medical history, assessment of neurological status, determination of
the degree of disability using the Unified Parkinson's Disease Rating Scale (UPDRS).

2. Neuropsychological tests to study the state of cognitive functions:

- Montreal Cognitive Assessment (MOCA),

- The Mini-Mental State Exam (MMSE).
3. Test to study sleep disturbances — Parkinson’s disease sleep scale (PDSS-2).
4. Statistical methods.

RESULTS
Thirty newly diagnosed according to MDS-PD criteria treatment naive patient were included
in the study. Demographic and clinical characteristics of the study cohort are presented in Table 1.

Table 1. Demographic and clinical characteristics of the studied contingent

Sex (number/%)

women 20/66,7%
men 10/33,3%
Age

mean + SD 69,00+7,51
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(years)
Age at onset of complaints

mean + SD 67,80+7,07
(years)
Duration of the complaints before diagnosis

mean + SD 14,7+11,0

(months)
Total UPDRS score

mean + SD 38,7+15,31

(points)

Results of the cognitive tests MOCA and MMSE are presented in Table 2.

Table 2. Cognitive assessment

Test Mean+SD minimum maximum
MOCA 20,37+3,98 11 28
MMSE 25,23+2,82 18 29

Only 6.7% of our patients (n=2) demonstrated normal score on MOCA. The remaining 93.3%
(n=28) had varying degrees of cognitive deficit. According to MMSE test, 23.3% (n=7) showed
normal results, and 76.7% (n=23) had an abnormally low score. The distribution of patients
according to the severity of cognitive deficit assessed by MMSE is presented in Figure 1.

x
o
]
[a2]
N

B Normal

M Risk

mMCI

Moderate Dementia

M Severe Dementia

FREQUENCY OF COGNITIVE DEFICIT
0%
0%

COGNITIVE DISFUNCTION
Figure 1. Distribution of patients according to the severity of cognitive deficit assessed by MMSE

According to PDSS-2 53.3% of the patients had sleep disturbances. Individual assessment of
sleep disorders based on PDSS-2 are shown in table 3.

Table 3. Assessment of sleep disturbances
Test Mean+SD minimum maximum
PDSS-1 0,97+1,12 0 4

| PDSS-2 1,13£1,07 0 4 |
| PDSS-3 1,33£1,24 0 4 |
| PDSS-4 0,87+1,04 0 4 |
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PDSS-5 0,60+0,97 0 4
PDSS-6 0,50+0,86 0 3
PDSS-7 0,03+0,18 0 1
PDSS-8 1,130,81 0 3
PDSS-9 0,67+1,02 0 4
PDSS-10 0,33+0,60 0 2
PDSS-11 0,60+0,77 0 3
PDSS-12 0,17+0,46 0 2
PDSS-13 1,00£1,31 0 4
PDSS-14 0,57+0,93 0 3
PDSS-15 0,20+0,61 0 3

Correlation analysis found a strong positive correlation between UPDRS-total and PDSS-2
score (rxy = 0,598, p < 0,0001). Moderate negative correlation was found between MOCA score
and patients' age (rxy = 0.553, p = 0.002), as well as with age at onset of complaints (rxy = 0.528, p
=0.004). No statistically significant correlation was found between MMSE, patient age, age at onset
and disease duration.

DISCUSSION

The present study registered cognitive deficits in more than two-thirds of the patients, which
corresponds to the results of Wan et al., 2023, who reported cognitive impairment in 75.4% of their
cases with early PD (Wan, 2023). Mild cognitive impairment was observed in 25% of our patients’
population according to the MMSE. These results are in line with those of Hemphill et al., 2023
(25%) and Litvan et al., 2011 (26.7%) (Hemphill, 2023; Litvan, 2011) and slightly differ from data
of Jaramillo-Jimenez et al., 2023 (36%) (Jaramillo-Jimenez, 2023). The reasons for these differences
should be sought in the heterogeneity of the studied contingent (accompanying diseases, the age at
the onset of complaints, etc.), the different neuropsychological tests used for the assessment of
cognitive functions and/or in different criteria for defining cognitive decline.  Patients’ age and
age at onset of the disease are factors associated with an increased risk of cognitive decline in early
PD.

The present study found sleep disturbances in more than a half of the patients’ population
according to PDSS-2. Close results are presented by Kumar et at., 2002 (42%) (Kumar, 2002), and
Gianpaolo et al., 2023 (46%) (Gianpaolo, 2023).

Only a handful of studies have addressed sleep dysfunction in untreated PD patients. These
studies have largely focused on excessive daytime sleepiness (EDS) and periodic limb movements
sleep (PLMS). A holistic assessment of the multifactorial nature of sleep dysfunction in PD is still
to be attempted (Fabbrini, 2002; Wetter, 2000). The prevalence of sleep disorders increases over
time and become the most common non-motor features in late stages of the disease (Maggi, 2023;
Xu, 2022). Further reserch is needed to determine if treatment of sleep disorders in PD can alter
other symptoms of the disease and their progression with the time.

CONCLUSION

The presented study shows a significant incidence of cognitive impairment and sleep
disturbances in patients with early PD. Patients’ age and age at disease onset are factors associated
with an increased risk of cognitive decline. Poor sleep quality and nocturia are the most common
sleep disturbances in these patients. Higher degree of motor deficit is associated with more severe
sleep disturbances.
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Abstract: The role of Helicobacter pylori (H. pylori) as an etiological factor in the genesis
of several gastric diseases such as functional dyspepsia, chronic atrophic gastritis, and peptic ulcer
of the stomach and duodenum, which affects more than 10% of the population, is indisputable. The
proven malignant potential of the bacterium is why H. pylori is classified as a type | carcinogen by
the World Health Organization. Because of chronic H. pylori infection, gastric adenocarcinoma
develops, which is the fifth most frequent and third malignant neoplasm globally. Invasive and non-
invasive methods diagnose H. pylori. The current diagnostic and therapeutic approach is challenging
due to false negative results and increased antibiotic resistance of the bacterium. H. pylori
extragastral manifestations are still underestimated, although the variety of examples of correlation
between liver, neurological, hematological etc. diseases with the presence of H. pylori. We are
aiming to address these questions and to give the current approach to this global chronic infection.

Keywords: H. pylori, diagnosis, therapy

INTRODUCTION

H. pylori is a Gram-negative spiral microaerophilic bacterium, which is spread worldwide
and is nowadays the most common widespread chronic infection as its prevalence ranges from
50.8% to 84%. H. pylori infection is a public health problem in both developing and developed
countries (Zamani, 2018). H. pylori is transmitted by oral-oral and oral-faecal routes, usually
between family members and can begin during early life. Urbanization and poor socioeconomic
status are risk factors for transmission (Zamani, 2018). Barry Marshall and Robin Warren first
identified H. pylori as a stomach infection causing ulcers in 1983 (Warren, 1983). For this discovery,
they both received in 2005 a Nobel Prize in physiology or medicine. H. pylori is a pathogen that
resides in the human stomach and overcomes gastric defense mechanisms using its flagella and
urease production. H. pylori infection leads to dyspepsia and chronic gastritis, further progressing
to erosions and ulcers, gastric atrophy and metaplasia. Moreover, H. pylori is a cause and risk factor
for the development of gastric adenocarcinoma and MALT lymphoma (Li, 2020). H. pylori was
classified in 1994 by the World Health Organization’s International Agency for Research on Cancer
as a human carcinogen type | (IARC, 1994). H. pylori is associated with many extra gastric diseases,
including cancers, cardiovascular and cerebrovascular diseases, respiratory disorders, endocrine
diseases, neurocognitive disorders, idiopathic thrombotic purpura etc. (Li, 2020). Guidelines in the
last decade promote screening and treatment strategies for H. pylori infection. The last Maastricht
VI/ Florence consensus report from 2022 accepts the "test-and-treat strategy™ in patients with
dyspepsia; patients with hematological disorders (iron deficiency anaemia, immune
thrombocytopenic purpura, vitamin B12 deficiency); high-risk patients on aspirin therapy or before
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starting a long course of NSAIDs (Malfertheiner, 2022). Accurate diagnosis is of great importance
for proper treatment and eradication with appropriate antibiotic regimens.

METHODS AND MATERIALS

In clinical practice, there are various methods for the diagnosis of H. pylori. Finding the best
diagnostic method is a great cornerstone for clinicians and microbiologists. In general, the methods
are divided into invasive and non-invasive. Non-invasive methods include stool tests, Urea breath
tests and serological tests. Among the invasive methods used in clinical practice are Rapid urease
test, Molecular-based testing, culture and histology, which requires an endoscopic examination (Lee,
2022). Each of the methods has its advantages, disadvantages and limitations.

RESULTS AND DISCUSSION

According to the Maastricht I/ Florence consensus report, patients under 50 years of age
with dyspepsia without risk factors and alarming symptoms should be screened by non-invasive
tests for H. pylori - Urea breath test, faecal antigen test, 1IgG anti-H. pylori in serum and urine,
Polymerase Chain Reaction (PCR) in faeces. Patients over 50 years of age with dyspepsia or patients
with alarming symptoms should undergo invasive tests for H. pylori - Rapid urease test,
histopathology, biopsy culture, and biopsy PCR (Malfertheiner, 2022). Based on the presence or
absence of current infection, we decided to administrate the type of treatment. Testing for H. pylori
infection is mandatory for the monitoring of the effectiveness of treatment and disease management
(Ansari, 2022). For best diagnostic accuracy, tests’ sensitivity and specificity should exceed 90%.
Choosing a method depends on several factors such as its accessibility, availability, cost, the
equipment of the laboratories, the condition of the patient and the expected false positive or false
negative results. The sensitivity of the rapid urease test, histology and culture is lower, compared to
the non-invasive tests (50-95% vs. above 95%). However, specificity is more than 90-95% in almost
all tests as only the serology test is less specific (60-90%) (Lee, 2022).

False-negative results are possible both in invasive and non-invasive tests (faecal stool
antigen test, urea breath test, rapid urease test, histology and culture). On the one hand, the use of
antibiotics, PPIs or bismuth can decrease the bacterial load; therefore, patients should stop taking
them for at least 2-4 weeks before the test performance (Ansari, 2022). On the other hand; low
bacterial colonization, decreased sensitivity in patients with bleeding, intestinal metaplasia,
achlorhydria, and alcohol consumption can give false negative results. For proper cultural tests, ideal
conditions for storage, transportation and highly qualified personnel are required (Lee, 2022). False
positive results are also seen by serology tests, rapid urease tests and urea breath tests. 1gG anti-H.
pylori in serum — last positive at least 1 year after eradication. Achlorhydria leads to overgrowth of
non-H. pylori urease-producing organisms such as Streptococcus salivarius, Proteus mirabilis,
Klebsiella pneumoniae, Enterobacter cloacae, Citrobacter freundii and Staphylococcus capitis
(Talebi, 2018; Lee, 2022). No single test is considered the gold standard for diagnosing an infectious
disease; therefore, accuracy is enhanced with a combination of diagnostic tests.

Performing endoscopy to approach for invasive test, we need at least six biopsies from the
fundus, corpus, and antrum, greater and lesser curvature with additional biopsies for ulcerative and
localized lesions. The rapid urease test requires at least two biopsies from the antrum and corpus.
Corpus biopsies increase the detection of H. pylori in patients with atrophic gastritis and long-term
PP1 use. NBI, chromoendoscopy and magnifying endoscopy increase the diagnostic accuracy in case
of inflammatory lesions, mucosal atrophy, focal abnormalities, and assessment of mucosal
microvascular architecture (Monzani, 2021; Elbehiry, 2023). Staining in histology (Haematoxylin
eosin (H&E), Giemsa, H. pylori silver staining) and immunohistochemistry differ as H&E is more
sensitive but less specific compared to Giemsa. Fluorescent nucleic acid peptide in situ hybridization
has 100% accuracy, but is a time-consuming method, and requires special equipment and
interpretation of results. As H. pylori causes chronic gastritis that can progress to gastric atrophy
and intestinal metaplasia, staging of gastritis changes using OLGA and OLGIM histological
classifications is of great importance (Elbehiry, 2023). Stool antigen test is an easy, fast and cheap
method, based on enzyme immunoassay (monoclonal or polyclonal) or immunochromatography
(Elbehiry, 2023). 13C-Urea and 14C-Urea breath tests have comparable specificity and sensitivity
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according to a meta-analysis of 41 studies (Shypulin, 2020). Citric acid in test food reduces gastric
emptying and increases the contact of the substance with the mucosa and H. pylori urease, increasing
the accuracy of the test (Elbehiry, 2023). The serology tests use ELISA methods for detecting IgG.
They do not distinguish active from past infection and cannot be used for control after eradication.
To reduce false negative results of other tests, serology tests can be performed in patients with
bleeding from peptic ulcer, MALT, gastric atrophy and on PPI therapy (Elbehiry, 2023).

The World Health Organization has declared clarithromycin-resistant strains of H. pylori as
one of the 12 priority pathogens for which the development of new antibiotics is urgently needed.
H. pylori's resistance to amoxicillin and tetracycline remains less than 10% in all WHO regions.
Maastricht VI / Florence guidelines recommend routine antibiotic susceptibility testing (molecular
or cultural) when available, including before first-line therapy (Malfertheiner, 2022; Savoldi, 2018;
Brennan, 2016). Using molecular tests, we can determine the resistance of H. pylori to some
antibiotics, including clarithromycin, levofloxacin, tetracycline, rifampicin, metronidazole and
amoxicillin (Godavarthy, 2023). Recent data emphasize guided, after the determination of PCR
resistance, over empirical treatment (Celiberto, 2023). The molecular methods - PCR, real-time
PCR, whole genome sequencing, and digital PCR, can detect H. pylori in gastric biopsy, saliva,
dental plaque, and faeces. Fresh samples, rapid urease tests and paraffin blocks provide equally
reliable substrates for H. pylori DNA analysis. Faecal PCR results can be influenced by the cut-off
for bacterial concentration in the stool. The molecular tests give an accurate rapid detection and
measurement of target DNA, however, they are expensive and labor-intensive and still not available
for routine clinical practice (Elbehiry, 2023).

CONCLUSIONS

Among physicians, pathologists and scientists H. pylori has attracted much attention as a
widespread and complex pathogen, leading to socially significant gastral and extra gastral diseases.
Early detection, proper follow-up and effectively treatment regiments are needed. Principles of
antimicrobial stewardship should be the basis of a strategy to slow the spread of antibiotic resistance.

ACKNOWLEDGMENTS: This research is supported by the National Science Fund,
Bulgaria, Grant Ne KP-06-H33/1, 2019 (KI1-06-H33/1, 2019).

REFERENCES

Ansari, S. (2022). Helicobacter pylori infection, its laboratory diagnosis, and antimicrobial
resistance: a perspective of clinical relevance. Clinical Microbiology Reviews, 35(3), e0025821.
https://doi.org/10.1128/cmr.00258-21

Brennan, D. E. (2016). Molecular detection of Helicobacter pylori antibiotic resistance in
stool vs biopsy samples. World Journal of Gastroenterology, 22(41), 9214-9221.
https://doi.org/10.3748/wjg.v22.i41.9214

Celiberto, F. (2023). The state of the art of molecular fecal investigations for Helicobacter
pylori (H. pylori) antibiotic resistances. International Journal of Molecular Sciences, 24(5), 4361.
https://doi.org/10.3390/ijms24054361

Elbehiry, A. (2023). Helicobacter pylori infection: current status and future prospects on
diagnostic, therapeutic and control challenges. Antibiotics (Basel, Switzerland, 12(2), 191.
https://doi.org/10.3390/antibiotics12020191

Godavarthy, P. K. (2023). From antibiotic resistance to antibiotic renaissance: A new era in
Helicobacter pylori treatment. Cureus, 15(3), e36041. https://doi.org/10.7759/cureus.36041

IARC Working Group on the Evaluation of Carcinogenic Risks to Humans. (1994).
Schistosomes, Liver Flukes and Helicobacter pylori. Lyon, France: International Agency for
Research on Cancer. IARC Monographs on the Evaluation of Carcinogenic Risks to Humans, No.
61.

Lee, Y. C. (2022). Diagnosis and treatment of Helicobacter pylori infection. Annual Review
of Medicine, 73, 183-195. https://doi.org/10.1146/annurev-med-042220-020814

Li, L. (2020). Association between Helicobacter pylori infection and health outcomes: an
umbrella review of systematic reviews and meta-analyses. BMJ Open, 10, e031951.

179



https://doi.org/10.1128/cmr.00258-21
https://doi.org/10.3748/wjg.v22.i41.9214
https://doi.org/10.3390/ijms24054361
https://doi.org/10.3390/antibiotics12020191
https://doi.org/10.7759/cureus.36041
https://doi.org/10.1146/annurev-med-042220-020814

https://doi.org/10.1136/bmjopen-2019-031951

Malfertheiner, P. (2022). Management of Helicobacter pylori infection: the Maastricht
VI/Florence consensus report. Gut. Published online August 8, 2022. https://doi.org/10.1136/gutjnl-
2022-327745

Monzani, A. (2021). The best is the enemy of the good: Time for a biopsy-sparing approach
for Helicobacter pylori diagnosis and treatment in children in the COVID-19 era? Helicobacter,
26(4), e12826. https://doi.org/10.1111/hel.12826

Savoldi, A. (2018). Prevalence of antibiotic resistance in Helicobacter pylori: A systematic
review and meta-analysis in World Health Organization regions. Gastroenterology, 155(5), 1372—
1382.e17. https://doi.org/10.1053/j.gastr0.2018.07.007

Shypulin, V. (2020). Clinical experience of use of 13C-breath tests in
oesophagogastroduodenal diseases: selective questions. Przeglgd Gastroenterologiczny, 15(2),
126-130. https://doi.org/10.5114/pg.2019.90080

Talebi, A. (2018). Diagnosis of Helicobacter pylori using invasive and noninvasive
approaches. Journal of Pathogens. https://doi.org/10.1155/2018/9064952

Warren, J. R. (1983). Unidentified curved bacilli on gastric epithelium in active chronic
gastritis. The Lancet, 1(8336), 1273-1275. https://doi.org/10.1016/S0140-6736(83)92719-8

Zamani, M. (2018). Systematic review with meta-analysis: the worldwide prevalence of
Helicobacter pylori infection. Alimentary Pharmacology & Therapeutics, 47, 868-876.
https://doi.org/10.1111/apt.14561

180


https://doi.org/10.1136/bmjopen-2019-031951
https://doi.org/10.1136/gutjnl-2022-327745
https://doi.org/10.1136/gutjnl-2022-327745
https://doi.org/10.1111/hel.12826
https://doi.org/10.1053/j.gastro.2018.07.007
https://doi.org/10.5114/pg.2019.90080
https://doi.org/10.1155/2018/9064952
https://doi.org/10.1016/S0140-6736(83)92719-8
https://doi.org/10.1111/apt.14561

Hayuynu tpynoBe Ha Cbro3a Ha yuyeHure B boarapus—Iliosaus. Cepus I.
Menununa, ¢papmanusi u geHragHa meamuuHa T. XXXI. ISSN 1311-9427
(Print), ISSN 2534-9392 (On-line) 2024. Scientific works of the Union of
Scientists in Bulgaria-Plovdiv, series G. Medicine, Pharmacy and Dental
medicine, Vol. XXXI. ISSN 1311-9427 (Print), ISSN 2534-9392 (On-line) 2024.

DIETARY PATTERNS AND EFFECT ON BMI AMONG MEDICAL
STUDENTS IN PLOVDIV
Elka Toseva?, Pravin Prabakaran?, Stanislava Harizanova?
IStudent of Faculty of Medicine, Medical University of Plovdiv
2 Department of Hygiene, Faculty of Public Health,
Medical University of Plovdiv

Abstract: Dietary patterns depend on traditions in different population groups. The aim of
this study was to analyze which dietary habits of international medical students affect BMI.
Materials and methods: The survey was conducted in 2023 using questionnaire method. The
frequency of meals, type of cooking and eating patterns were examined among 145 international
medical students from different countries. Results: 73 from 145 were female, 72 of total were male.
84.9% (n=62) of girls were with normal or underweight BMI compared to 56.9% (n=41) of boys
(x2=13.799, df =1, p=0.0001). 26 (61.9%) of the overweight students had breakfast before 6:00
a.m. or after 10:00 a.m., while 64 (62.1%) in the normal or underweight group, had breakfast within
6:00 am. to 10:00 a.m. (2 = 6.972, df = 1, p = 0.008).There was no statistically significant
difference between BMI and frequency of intake of raw fruits and vegetables, the type of food during
breakfast, type of food of supporting snacks, what was the main meal of the day (breakfast, lunch or
dinner), frequency of night meal, time of the last meal of the day, frequency of eating or skipping
lunch or dinner. Conclusion: Medical students have a well knowledge about the requirements of
healthy nutrition because they study this discipline, but dietary patterns varied widely. The type of
eating patterns, type of cooking and frequency of overeating affect BMI. The time of the first meal
likely affects BMI.

Keywords: BMI, dietary patterns, international medical students, Plovdiv

1. INTRODUCTION

University is a key period between adolescents and adulthood. Behavior of international
medical students affects their dietary habits, food choices, and physical behavior (Sprake et al.,
2018). They may partially adapt to the food culture of their host country in a few cases. Dietary
patterns depend on traditions in different population groups, incomes, globalization of delivery of
food, increased consumption of processed foods, which are poor of fibers, vitamins and trace
elements, but are rich of calories, food prices, family eating habits, food preparation skills, accessibility
and availability of specific traditional food (Mogeni & Ouma, 2022; Alakaam & Willyard, 2020).
Obesity has increased worldwide, more than doubled since 1990, and adolescent obesity has
quadrupled. This corresponds to 43% of adults aged 18 years and over who were overweight in 2022
compared to 1990, when 25% of adults aged 18 years and over were overweight (WHO, 2024).
Body Mass Index (BMI) is a widely available, easy to measure and inexpensive method. It has
standardized cut-off points for overweight and obesity, but BMI is an imperfect measure because it
does not directly assess distribution of body fat. The uniqueness of BMI stems from its continued
popularity as a measure of individual and population health, despite ongoing debate concerning what
BMI actually captures and the lack of clear pathways linking BMI to health (Gutin, 2018).

The aim of this study is to analyze which dietary habits of international medical students
affect BMI.
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2. METHODS AND MATERIALS

The survey was conducted in 2023 using the questionnaire method. The frequencies of meals,
type of cooking and eating patterns were examined among 145 international medical students in
Plovdiv from different countries. Assessment of overweight and obesity were defined according to
the cut-off points for BMI in adults.

Processing and analysis of data and results were performed on a computer using routine
statistical programs (MS Excel, SPSS v23). Data were expressed as mean + standard deviation
(M+SD). Statistical analysis was performed with Chi-squared test, Fisher’s exact test (two-sided
hypothesis), and Odds Ratio. Differences in results P<0.05 was accepted as level of significance
with confidence interval of 95%.

3. RESULTS

The average age of the students was 21.47 & 2.641 years old (Mean+SD). Their ages ranged
between 18 to 33 years. Of them, 73 (50.34%) were female, 72 (49.66%) were males.

11 students (7.6%) were underweight, 92 students (63.4%) were of normal weight, 30
students (20.7%) were overweight and 12 (8.3%) of the studied were obese. Grouped, 103 students
(71.0%) were normal or underweight, 42 (29.0%) were overweight or obese (t=7.897; SE=3.767; p
=0.0001). Of the group of female students (2), 62 (84.9%) were of normal or underweight, according
to BMI, 11 (15.1%) were overweight or obese. Among the male students (1), 41 (56.9%) had a BMI
within the normal range or underweight, 31 (43.1%) were overweight or obese, (x2 = 13.799, df =
1, p = 0.0001).

Important factors for being overweight were:

» Frequency of overeating, where 20 participants (19.4%) from the group of normal and
underweight students, overeat more than three times a week, while from the group of overweight or
obese students, 16 participants (38.1%) overeat more than three times a week (Fig.1). Pearson Chi-
Square shows (y2 =5.577, df = 1, p = 0.018).

80.60%
61.90%
38.10%
19.40%
1 2
m Normal or underweight Preobese and obese

Legend: 1. never or less than 3 times a week; 2. more than 3 times a week or every day
Figure 1. Ranges of BMI and frequency of overeating

* Type of cooking. In the group of overweight students, 25 (59.5%) preferred baking, boiling
0 (0%) and 7 (16.7%) preferred stewing and steaming as a method of food preparation, while in the
group of students with normal weight distribution was respectively 33 (32.0%), 22 (21.4%) and 28
(27.2%) participants, (x2 = 5.577, df = 4, p = 0.002). The preferred method of cooking is shown in
Table 1, where a significant difference was found between the group of overweight and normal
weight students (y2 = 16,653, df = 4, p = 0.002).

* The time of the first meal was important (Table 2), as in the group of overweight students
26 (61.9%) had breakfast before 6:00 a.m. or after 10:00 a.m., while in the group of those with
normal or underweight 64 (62.1%) had breakfast in the time interval from 6:00 a.m. to 10:00 a.m.
(x2 =6.972,df =1, p = 0.008).
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Table 1. The preferred method of cooking

Type of cooking Normal or underweight students Pre- and obese students
boiling 21.40% 0%
roasting or baking 32.00% 59.50%
stewing or steaming 27.20% 16.70%
frying 15.50% 16.70%
raw food 3.90% 7.10%

Table 2. First meal of the day

Breakfast (time) Normal or underweight students  Pre- and obese students
before 6 a.m. 0% 7.10%
6 — 6:59 a.m. 16.50% 11.90%
7—7:59 am. 15.50% 4.80%
8 — 8:59 a.m. 17.50% 9.50%
9 —9:59 a.m. 12.60% 11.90%
10 — 11 a.m. 18.40% 19.00%
after 11 a.m. 19.40% 35.70%

* 47 participants (45.6%) of the group with normal weight compared to 7 (16.7%) of the
students with overweight had never attempted a diet other than their typical diet (Table 3); (32 =
13.734, df = 3, p = 0.003).

Table 3. Attempts to follow a diet to lose weight

Breakfast (time) Normal or underweight students  Pre- and obese students
never 45.60% 16.70%
yes, but rarely 34.00% 40.50%
yes, often 19.40% 42.90%

Students included late-night meals in their dietary patterns due to late-night studying without
statistically significant difference on registered body mass indices (y2 = 3.427, df = 3, p = 0.330).

The frequency of food intake; the frequency of eating or skipping lunch or dinner; time of
the last meal of the day; frequency of night meal, frequency of consumption of home-made food;
frequency of intake of raw fruits and vegetables; the intake of beverages at breakfast time; the type
of food during breakfast had no effects on the change on BMI of the participants.

4. DISCUSSION

University policy to improve dietary patterns should incorporate provision of adequate
educational nutrition programs to eliminate barriers to future international students who lack
knowledge of the food environment in their host country, efforts to promote student engagement in
cooking and food preparation, and information of availability of healthier food items with acceptable
price (Sprake et al., 2018; Alakaam & Willyard, 2020).

The prevalence of obesity among students was like this described in British University, in
Sudan and among medical students in northern Greece (Tanton et al., 2015; Yousif et al., 2019;
Chourdakis et al., 2010)

The study from Sudan (Yousif et al., 2019) revealed significant relationship between eating
behaviors and BMI (P = 0.01). University is a period of change and adaptation between adolescence
and adulthood. Adolescence represents a key period of brain development. Individual variations in
structure and functionality of prefrontal cortex may predispose an individual to the overconsumption
of appetitive and calorie-dense foods. At the same time, there are neurobiological and
neurocognitive evidence that described the relationship between the structure and functions of the
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prefrontal cortex and obesity as reciprocal in nature: the excessive consumption of calorie-dense
food can modulate self-regulatory processes of the appetite and behavioral control and can lead to
functional changes in the brain (Lowe et al., 2019). The consumption of calorie-dense food in
childhood and adolescent period could introduce durable unacceptable eating behaviors in adulthood
that underlie adult obesity.

Limitations of this survey were lack of assessment the level of physical activity, which
significantly affects BMI; the presence of comorbidities; as well as the fact that students reside for
more than 3 years in a host country with a different dietary pattern and problems with dietary
acculturation. Whether the students were overweight during childhood and possibly limited access
to some of the foods that students consume in their native countries were not assessed. For some of
the participants in the study, the period is related to the consumption of lean foods - fasting before a
religious holiday.

5. CONCLUSIONS

Medical students have a well knowledge about the requirements of healthy nutrition because
they study this discipline, but dietary patterns varied widely. The type of eating patterns, type of
cooking and frequency of overeating affect BMI. The time of the first meal likely affects BMI.
Frequencies of attempts on diets to lose weight may be related to medical students' self-esteem about
appearance (body shape) or suggest that obesity problems started in childhood.
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Abstract: Prolonged residence in a host country other than one's home probably affects the
eating pattern. The goal of this study was to analyze the relationship between the diets of university
students from different nationalities and effects on BMI. Materials and methods: The survey was
conducted in 2023 used questionnaire method. We grouped 119 foreign students at the Medical
University of Plovdiv into 2 groups due to similarities in dietary regimes: 1. Northern European
countries and Germany and 2. Mediterranean countries. Results: The mean age of the students was
21.52 +£2.687 (Mean%SD) years. Of them, 56 (47.1%) are female, 63 (52.9%) are male. 87 students
(73.1%) were from North countries and 32 students (26.9%) were from typical Mediterranean
countries. We found a statistically significant positive association between geographic area and
BMI: 29 (90.6%) of students from Mediterranean countries were with normal BMI compared to 59
(67.8%) of students from Northern countries (x2 = 6.318, df = 1, p = 0.012). The main meal for
participants from North countries was dinner (n=53; 60.9%) compared to 8 (25.0%) of
Mediterranean students. 34.48% (n=30) of participants from North countries preferred foods with a
high sugar content compared to 12.5% (n=4) from the Mediterranean. Students from Mediterranean
countries prefer fruits (n=12; 37.5%), dairy products (n=4; 12.5%) and flour-based foods (n=5;
15.62%) compared to students from North countries: (n=26; 29.89%), (n=5; 5.75%); (n=5; 5.75%)
respectively. Conclusion: Nutrition habits are different between North and Mediterranean students
and the type of eating pattern affects BMI.

Keywords: BMI, medical students, Mediterranean, North countries, nutrition habits

1. INTRODUCTION

The transition to university life may be associated with increased autonomy over food choice,
small food budgets, and exposure to new social groups and food cultures (Sprake et al., 2018).
Prolonged residence in a country other than one's home probably affects the eating pattern. An
unhealthy diet is a known risk factor for overweight and obesity and increases risks of
noncommunicable diseases. Being rich in foods from plant origin, fibers and in unsaturated fatty
acids, Mediterranean diet has been associated with health benefits, compared with other developed
countries in the world, in which predominate ‘Western® eating pattern, characterized by increased
consumption of animal products and reduced intake of cereals, fruits, legumes and vegetables
(Papadaki et al., 2007).

The goal of this study was to analyze the relationship between the diets of university students
from different nationalities and effects on BMI.

2. METHODS AND MATERIALS

The survey was conducted in 2023 using the questionnaire method. 145 students took part in
the study. We grouped the medical students into groups by geographical areas, due to similarity in
dietary regimes: from countries in North Europe — 87 of the participants (60.0%) from UK, Ireland,
Norway, and Germany; Mediterranean students — 32 (22.1%) from Greece, Italy, Cyprus, Croatia,
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Portugal; and 26 students (17.9%) from various countries in Europe, Africa and Asia, including
students from the extended geographic concept of the North-eastern Mediterranean - Bulgaria,
Serbia, Turkey, Syria, Lebanon, etc. (Brauch, 2003).

We excluded from the study 26 students from the third group, as well as those who self-
identified from mixed regions. We believe that due to their number and specific (different) dietary
regimes, statistically unreliable results are obtained. We grouped 119 foreign students from Medical
University of Plovdiv into 2 groups: Northen and Mediterranean countries due to similarities in
dietary regimes.

Assessment of overweight and obesity was determined using adults BMI cut-off points.

Processing and analysis of data and results were performed on a computer using routine
statistical programs (MS Excel, SPSS v23). Data are expressed as mean =+ standard deviation
(M+SD). Statistical analysis was performed with the Chi-squared test, Fisher’s exact test (two-sided
hypothesis) for differences between the groups, and Odds Ratio. Differences in results P<0.05 was
accepted as level of significance with confidence interval of 95%.

3. RESULTS

In the survey attended 87 (73.1%) medical students from Northen European countries and
Germany and 32 (26.9%) students from typical Mediterranean countries. The average age of the
students was 21.52 + 2.687 years old (Mean+SD); minimal was 18, maximal was 33. Females were
56 (47.1%), males were 63 (52.9%).

84.90% of medical students from Mediterranean countries were underweight or with normal
ranges on BMI, 15.10% were preobese and obese. 56.90% of students from Northern countries and
Germany were underweight or with normal ranges on BMI, 43.10% of them were preobese and
obese, respectively. We established significant positive association between geographic area and
BMI (32 =6.318, df = 1, p = 0.012). The Distribution of students according to BMI cut-off points is
shown in Table 1.

Table 1. Distribution of students according to BMI cut-off points
From Mediterranean

BMI ranges (kg/m2) : From Northern countries Total
countries
Underweight (<18.5) 18.8% (n=6) 2.3% (n=2) 6.7% (n=8)
\2/\!1'3; normal weight (18.5- 71.9% (n=23) 65.5% (n=57) 67.2% (n=80)
Overweight (25.0-29.9) 6.3% (n=2) 24.1% (n=21) 19.3% (n=23)
Obese (>30.0) 3.1% (n=1) 8.0% (n=7) 6.7% (n=8)

n= number of students

The distribution of international medical students according to BMI, gender and geographical
region is shown in figure 1.

Female Male
Nurth] A A Nurth] A -
Mediterranean —Tr— Mediterranean o i
[ I I I I | I [ [ [ I |
15 20 25 30 35 40 15 20 25 30 35 40
BMI

Figure 1. The Distribution of students according to BMI, gender and geographical region
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The main meal for participants from North countries was dinner (n=53; 60.9%) compared to
8 (25.0%) of Mediterranean students (fig. 2).

Mediterranean North
Lunch 23 (71.9%) Lunch 30 (34.5%)
Dinner I 8(25.0%) Dinner - 53 (60.9%)
Breakfast 1(3.1%) Breakfast I 4(4.6%)
| [ [ [ | | | [ [ |
0 20 40 60 80 0 20 40 60 80

Number of participants
Figure 2. The main meal for students

30 (34.48%) of participants from Northern countries preferred foods with a high sugar
content compared to 4 (12.5%) from the Mediterranean. Students from Mediterranean countries
prefer fruits (37.5%), dairy products (12.5%) and flour-based foods (15.62%) compared to students
from Northern countries: (29.89%), (5.75%); (5.75%) respectively (fig.3).

Mediterranean North
fruits— 37.50% (12) fruits— 29.89% (26)
high sugar products — 12.50% (4) high sugar products — 34.48% (30)
others— 18.75% (6) others— 18.39% (16)

flour-based foods — 15.62% (5) flour-based foods — 5.75% (5)
dairy— 12.50% (4) dairy— 5.75% (5)
fruitjuice and tonic drinks— ~ 3.12% (1) fruit juice and tonic drinks— 5.75% (5)

[ I I I | [ I I I

0% 20% 40% 60% 80% 0% 20% 40% 60% 80%

Number of participants
Figure 3. Frequency of different types of food

4. DISCUSSION

The prevalence of obesity among medical students is low in Mediterranean countries
compared to those from Northern Europe. This is in opposite to the Eurostat statistic data-2019 from
the third European health interview survey (EHIS) which was conducted between 2018 and 2020.
The overweight population prevalence /2019/ showed 54% in lIreland, 59% in Finland, 51% in
Sweden, 51% in Norway, and 54% in Germany; compared to 58% in Greece, 46% in Italy, 50% in
Cyprus, 65% in Croatia, 56% in Portugal. There was no data for the UK (EUROSTAT, 2021).

A study conducted in 2007 among Greek students living away from home showed that they
decreased their weekly consumption of fresh fruit, cooked and raw vegetables, oily fish, seafood,
pulses and olive oil, and increased their sugar, wine, alcohol and fast-food intake (Papadaki et al.,
2007). A study in Italy (Teleman et al., 2015) showed that the eating habits of university students
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do not follow national recommendations. Less than 50% of them eat at least 1 portion of fruit per
day and less than 1 out of 4 eats at least 2 portions of vegetables per day. Less than 10% of the
students eat on average 5 times per day and more than 1 out of 3 does not have breakfast regularly
every morning. For students in Italy living away from home frequency of different types of food
were characterized by higher consumption of raw vegetables, beer and alcoholic drinks, raw/cold
meals, frozen meals and ready meals. Moreover, students living alone perceived that they had a
larger body mass (Bagordo et al., 2015). In Belgium, nutrition education, based on non-diet
principles and focused on eating competence was found to be effective in the long term to promote
healthy eating (Deliens et al., 2016). After lecture series on nutritional medicine about guideline
adherence with respect to fruits and vegetables consumption, medical students from Germany
showed a significant increased awareness of healthy nutrition. Similar low-threshold approaches,
such as “Eat This!”, can positively influence the dietary behaviors and lifestyle habits of medical
students (Helbach et al., 2016). Furthermore, this can help future doctors implement their
responsibility in preventive medicine

Limitations. The level of physical activity, which also affects BMI, the presence of
comorbidities, as well as the fact that students reside for more than 3 years in a country with a
different dietary pattern, and possibly limited access to some of the foods that students consume in
their native countries, were not assessed.

5. CONCLUSIONS

Medical students have a well knowledge about the requirements of healthy nutrition; but this
does not automatically mean healthy food choices and dietary behaviors. Nutrition habits are
different between North and Mediterranean students and the type of eating pattern affects BMI.
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Abstract: The goal of the research is developing a mobile app project (PERSONAL
HOMEWORK E-HEALTH) and to make health impairment prevention digitally available to home
or hybrid workers who would receive timely guidance, training, exercise, and weekly individual
statistics. It also aims to identify risks, as a result of the survey analysis, and develop programs and
modules in the app for movement, ergonomics, stress, eye exercises, etc.

A subjective study was conducted for this purpose and mixed groups including more than
150 employees from the following professions were surveyed: administration, occupational health
services, computer technology workers, insurers, pharmacists, etc. These groups have different
working arrangements i.e., working from home or hybrid. They were surveyed through 2
instruments using sociological method - questionnaire and statistical method - descriptive statistics.

Practical application could be realized as a database, for work-from-home or hybrid, for
institutions such as Ministry of Labour and Social Policy, Ministry of Health, Working Conditions
and Labour Fund, employers' unions, etc.

Keywords: hybrid workers, home workers, prevention, occupational health, working
conditions

1. INTRODUCTION

In contemporary Western culture, the health problems of the working population, highlighted
in various publications, are seen as a crucial part of public health. In order to properly address
occupational health issues, occupational health services (OHS) have been organized in many
countries to protect the health of workers [1]. There are differences in the occupational health
systems that European Economic Area countries use to implement preventive activities focused on
diseases of affluence, as well as in health promotion actions. All European countries have organized
OSH [2]. Funding mechanisms are mainly based on the financial participation of employers. In most
countries, the main objective of OSH is to certify fitness for work [3]. Occupational health
surveillance aimed at occupational risk assessment and health promotion activities that focus on
work-related and/or occupational diseases are the most popular [4].

Like all other occupational safety and health risks, those associated with the increasing
digitalization of the workplace are preventable and manageable. They can be mitigated by adopting
a human-centered and human-controlled approach [5]. There is a need to ensure equal access to
information for employers, workers and their representatives. When decisions need to be taken
regarding the development, implementation and use of digital technologies and systems,
consultation and participation of workers is mandatory. It is important to ensure transparency as to
how the digital tool operates - type, impact, benefits and drawbacks [6].

With the increase in the use of digital technologies and the still incomplete knowledge of
their impact on work, it is important to raise awareness on how to improve strategies that promote
and protect the safety and health of workers. The application of the law to digital workers is more
complicated because their employer or intermediary is often located in a different legal jurisdiction
[7]. Most workers are contractually classified as independent contractors by these platforms through
their terms of service agreements [8]. This can constitute disguised employment wherever workers
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lack the autonomy and economic independence to be considered independent workers in national
law, leaving them without legal recourse and with limited recourse to challenge their rights [9].

The main purpose of the application will be, besides informative, to be developed towards a
training guide for workers, exploring the final outcome and increasing their health literacy [10]. The
practical application of the mobile app could be used as a database, for work-from-home or hybrid,
for institutions such as Ministry of Labor and Social Policy, Ministry of Health, Working Conditions
and Labor Fund, employers' unions, etc.

2. METHODS AND MATERIALS

A subjective survey was carried out for this purpose and mixed groups including over 150
employees from the professions listed were surveyed: administrative and student staff, employer
groups, occupational health services, computer technology workers, insurers, pharmacists etc. These
groups have different working arrangements i.e., working from home, remotely, from an office or
hybrid. They were surveyed through 2 instruments concerning the pandemic period. Sociological
method - survey and statistical method - descriptive statistics were used.

3. RESULTS

The organizations studied that have gone teleworking is ensuring that workers have the right
technology (organizational or personal). Strategies have been developed to reduce costs in order to
hire more workers but save them various types of costs e.g., travel costs. Regarding home office
workers, they organize their day better to accomplish their work and personal affairs, which leads
to increase their motivation and productivity. The respondents work as follows: attendance: 52%,
home office: 4%, hybrid: 44% Blagoevgrad, Varna, Vratsa and one village. Results show 84.4% of
them are located on the territory of the capital city — Sofia (Fig. 1).

52%

60%

44%
50%
40%

30%

20%
4%

Attendance Home office Hybrid

10%

0%

Figure 1

Benefits of the mobile app are reflected in the following: can predispose workers to a feeling
of greater safety and are seen from the point of view of: limiting accidents at work. About 49% of
respondents would use such a mobile app, and 33.3% would not yet, working in a hybrid/home
office, 17,7 % would not use a mobile app (Fig. 2).
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B Would use a mobile app
® Would not yet working in a hybrid/ home office

W Would not use a mobile app

Figure 2

A key step is the introduction of a comprehensive hybrid working policy, including
guidelines/assessments as appropriate to the post. Appropriate training on how to use the mobile app
for managers and employees on hybrid work needs to be provided. Communication strategy for
hybrid working with all employees, including information on how to request hybrid working.
Contractual requirements, promotion conditions, etc. are elements that should be given important
emphasis. The opinion of the respondents related to the use of the mobile application by the
management for future development varies in a post pandemic environment. About 43% felt that it
would contribute in their work, at the same time 23.5% of the study group were of the opinion "rather
yes" and 33.5% "rather no" (Fig. 3).

B Attendance B Home office M Hybrid

Figure 3

The main objective is to increase access and provide more opportunities for quality learning
using the possibilities of digital technologies. The development and deployment of a virtual online
learning platform will provide flexible and accessible forms of learning such as online distance
learning courses and e-resources for self-directed learning. After the creation and implementation
of the virtual e-learning platform under Component 1, all e-learning courses for unemployed and
employed persons organized within the framework of the active labor market policy and financed
by the state budget and the ESF+ under the Human Resources Development Program will be
conducted through it.

4. DISCUSSION

The aim of developing a mobile application project is to contribute to the discussion on the
evaluation and analysis of the impact of occupational health services in Bulgaria and quality of life,
in the post-COVID-19 pandemic period. To this end, a survey is being conducted targeting
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individuals who work most of the time at home (home office) and those who work hybrid (1-2 times
a week visiting an office). The activity involves carrying out the process through an innovative and
digital way, replacing paper questionnaires.

5. CONCLUSIONS

Occupational health professionals are well placed to carry out actions aimed at health
promotion and prevention of a wide range of diseases - not only occupational/work-related but also
non-communicable, particularly lifestyle-related diseases of affluence. The involvement of
occupational health services (OHS) in the prevention of non-work-related health problems would
be valuable [11]. However, it would be inevitable that employers would fund a wider range of
services to a greater extent. To this end, a number of programs and frameworks have been
established within the EU to maximize uniformity and guidance on the implementation and
prevention of illness and injury arising from, related to or occurring in the course of work [12].
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Abstract: Gene therapies represent a groundbreaking approach to treating a diverse spectrum
of diseases, including genetic disorders and cancers. Despite their immense therapeutic potential,
the regulatory landscape surrounding gene therapies poses significant challenges.

This review aims to explore the regulatory frameworks governing the market authorization
of gene therapies in the European Union (EU) and the United States (US). We juxtapose the primary
processes and procedures employed by the European Medicines Agency (EMA) and the US Food
and Drug Administration (FDA).

The Public Health Service Act and the Federal Food, Drug, and Cosmetic Act are primarily
responsible for the regulatory oversight of gene therapies in the US. Conversely, in the EU,
Regulation (EC) Ne 1394/2007 on Advanced Therapy Medicinal Products serves as the cornerstone
legislation setting up the procedure for market approval of gene therapies. Central to this regulatory
process are the Center for Biologics Evaluation and Research (CBER) within the FDA and the
EMA’s Committee for Advanced Therapies (CAT).

The burgeoning field of gene therapy research and development necessitates proactive
collaboration between regulatory agencies. By fostering scientific and regulatory synergy between
the EMA and FDA, we can accelerate the advancement of gene therapy innovations and ensure their
timely availability to patients in need.

Keywords: gene therapies, market authorization, regulation, EMA, FDA

1. BBBEJAEHMUE

KonnemnusTa 3a 1e4eHne Ha €THOJIOTUYHATA MIPHYMHA 32 3a00IIBaHUATA, a HE HA TEXHUTE
CHUMIITOMH M YCIIOXKHEHHMSI, Upe3 IPOMSIHA B TEHETHYHHS KOJI Ha KJIETHYHO HMBO CHIIECTBYBA OILE
cien oTkpuBaHeto Ha pexomOuHanTHata JIHK (Wirth et al., 2013). T'ennure tepanuu (I'T) ca
CPaBHHUTEIIHO HOB MEJIMKAMEHTO3CH Kjac IpelHa3HayeH 3a JICYCHHE Ha LIMPOK CIEKThP
3a0oJIsiBaHMs, IPUYUHEHH B PE3yJTAT Ha MAaTOJIOTUYHO U3MEHEHHUE B €IMH MJIM HAKOJKO reHa. ['T
LEIISIT IBJITOCPOYEH TEPANIeBTHYEH €EKT Upe3 BHBEKAAHETO HA HYKJIICHHOBH KHCEIIMHHU B KIIETKUTE
(PHK wnun JHK), xonTo &a mpoMEHST NaToJOorMYHaTa FeHHa CEKBEHLMs Taka, ue TS Jia He ce
TpaHCKpHOMpa WM TpaHCIWpA, Ja ObJe 3aMCHEHa WM IONPaBEHa C KOPEKTHa TaKaBa WM JAa
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J00aBAT reHeTUYHA TI0CIIEI0BATETHOCT pH JnncBanl Gpyrkuuonanes ren (Directive - 2001/83 - EN
- EUR-LEX, n.d.). Benpeku rosemus jedebeH moTeHnuan, [T ca mpeau3BHKATENCTBO MPEN
CTaHAapTU3UpaHaTa PeryIanus 3a JOCTHII U OLCHKA Ha 3[[PaBHUTE TEXHOJIOTHH B I1I00aIeH Mammao.

Hen: la ce mpencraBu akTyarHaTa peryiaropHa pamka Ha I'T B EBponeiickus cpro3 (EC) n
Crenunennre ameprukancku martu (CALLl) upes cpaBHABaHE HA OCHOBHHTE IPOLIECH U TPOIEIYPH,
n3nomsBanyu ot EBpomneiickara areHuus o nexapcreata (European Medicines Agency — EMA) u
AMepHKaHCKaTa aMUHUCTpaLus 1o xpanure u jekapcrBara (US Food and Drug Administration —
FDA).

2. MATEPUAJI U METOHU
HoknaneT e 6GasupaH Ha 0030p Ha peryjaTopHaTa paMKa 3a pa3pellieHHe 3a Ia3apHa
ynorpeba Ha I'T 8 EC u CALLI.

3. PE3VYJITATH

B pamxure Ha EC I'T momagat B kiacudukanusaTa Ha JISKapCTBEHUTE IIPOIYKTH 33 MOACpHA
tepamus (JIIIMT), xowro Karo OTHAENEH KJIac TEPaleBTHUYHH MPOAYKTH cropex JupexTiBa
2001/83/EO ce pa3meiar Ha JBE OCHOBHHU IPYIH: JEKApPCTBEHU INPOAYKTH 3a T'€HHA Tepamus —
OMOJIOTMYHU JIEKapPCTBEHU IPOAYKTH, KOUTO CHIBPKAT WIM CE ChCTOSAT OT PEKOMOMHAHTHA
HYKJICMHOBA KHCEJIMHA, U30I3BaHa UJIH IIpHUJIaraHa Ha Xopa ¢ TepaleBTUYHU IeJIU U JIEKapCTBEHU
NPOJIYKTH 33 TEpaIusi CbC COMAaTHYHU KJIETKH — OMOJIOTMYHHU IMPOXYKTH, KOMTO ChABPKAT HIH
NPE/CTAaBISIBAT KJIETKW WIIM THKaHH, KOUTO ca OMJIM TOJJIOKEHH Ha CHLIECTBEHU MaHUITYJIALMU
(European Parliament and of the Council, 2001). Upe3 nociensanus Pernament (EO) Ne 1394/2007
ce onpenensart v HoB BuA JIIIMT, a UMEHHO ,,lIPOYKT, OJy4Y€H Ype3 ThKaHHO HHKEHEPCTBO, KAKTO
n xomOuampanu JIIIMT, konTo MOTaT Aa BKJIIOYBAT €IHO WIIM MOBEYE AKTUBHH MMIUIAHTUPYEMHU
MeIUIUHCKN u3nenus. M3puuHo ce nmepumampa, ue JIIIMT He BKIIOYBAT BAKCHHHTE CPEILY
nHpekro3Hu 3abomsaBanus (European Parliament and of the Council, 2007).

[ponemypata 3a pa3pemnieHue 3a ma3apHa ynorpeda Ha I'T B EC e nenrpamusupana (Pimenta
et al., 2021). ®apmareBTHIHATE KOMIIAHUU, KOUTO pazpaborsat ['T, creiBa ga momanat 3asBICHUE
3a Ma3apHO paspeuieHre Ha HOBUS NpoaykT kbM EMA. KoMmuTETBT 3a MOJEpHHU Teparnuu
(Committee for Advanced Therapies) kbM EMA wu3maBa mbpBOHAuYaj HATA HAay4yHa OIICHKA 3a
e(rKacHOCTTa, 0E30MaCHOCTTA M KaUeCTBOTO Ha MEJULIMHCKHUS ITPOIYKT, ciiea koeto KoMuTeTsT 32
JIEKapCTBEHHM MPOAYKTH 3a XyMaHHa ynorpeda (Committee for Medicinal Products for Human Use)
IIpeCTaBs JOKJIA/ U B 3aKII0OUCHHE J1aBa MPETNophKa Jalu IPOAYKTHT Ja Ob/ie 0Z0OpeH 3a ma3apHo
pasmpoctpanenue (Carvalho et al., 2017). EMA HsMa npaBoMoIIHs Ja pa3pemniaBa ma3apeH J0CThI
n enuHcTtBeHOo EBpomeiickata komucusa (EK) mMoxe na m3maBa HEHTpaIM3UPAHO pa3pelieHue 3a
Thprosus Ha I'T, KOeTo e BaIMIHO BBB BCHYKH JbpKaBU-wieHKH Ha EC, kakTo U B cTpaHuTe OT
EBporneiickoro nkonomuuecko npoctpanctso (Detela & Lodge, 2019).

Ponsita Ha EMA un Ha EK B peannus nazapeH goctsil B paMkute Ha EC 3acsra eJUHCTBEHO
W3aBaHETO Ha pa3pelleHHe 3a Ia3apHa yrnorpeda, JOKaTo LEHOOOpa3yBaHETO M PEIICHHETO 32
3aInIalaHe ¢ IMyOJMYHN CPEACTBA ca MPEPOraTHB Ha OTAENHUTE CTPaHM WIeHKH. Beska mppxasa-
qrenka Ha EC mpoBexna coOcTBeHa HAI[MOHANIHA TTOJIUTHKA 110 OTHOIIEHHE Ha PEeryIHUpaHeTo Ha
narueHTckus goctei o ['T (Coyle et al., 2020).

Cnen paspemieHneTo 3a ma3apHa ymoTpe6a, EMA mpoapikaBa Ja MOHHTOpHpA
(apmakosornyHaTa 0€30IaCHOCT Ha JIEKaPCTBEHUTE MIPOAYKTH Upe3 crieruann3upanus cu Komurer
3a OIIEHKa Ha pHCKa B oOjacTTa Ha JekapcrBeHaTa Oe3omacHocT (Pharmacovigilance Risk
Assessment Committee) (EMA, 2018).

JlekapcTBara 1 GHOJIOTHYHHTE IPOJYKTH, IPEeJHa3HAuUCHHN 3a XyMaHHa ynotpeba B CALLL, ca
nox topucaukiuara Ha FDA, agmuHucTpanmums keM JlemapTaMeHTa Ha 3]IpaBeoNa3BaHETO MU
yogerikute ycayru Ha CAIIl (Department of Health and Human Services) u ce perynupar upes
Habop or dexepanHn 3aKOHM U crienuanHu pasnopendou — Konekca Ha ¢enepannure pasnopenou
(Code of Federal Regulations), @enepanHusi 3aKOH 3a XpaHHTE, JIEKAPCTBAaTa W KO3METHKATa
(Federal Food, Drug and Cosmetic Act) u 3akona 3a o01mecTBeHOTO 31paBeona3Bane (Public Health
Service Act) (Research, 2023a). FDA nedunupa I'T kaTo OHOJOTHYEH NPOAYKT, KOHTO
Moau(UIMPa WM MAaHUITyJIHUpa EKCIPECHATa Ha T€H WM MPOMEHs OMOJIOTMYHHUTE CBOWMCTBA Ha
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JKUBUTE KIIETKH 3a TepaneBTU4HM 11enu. [lomqoono Ha EC, u B CAIL I'T ca sicHO pasrpaHuyeHu OT
MPOXYKTH, ChABPKAIIN YOBEHIKH KJICTKH, ThKaHN W NMPOAYKTH HA KJIEThYHA M ThKaHHA OCHOBA U
neUHUpaHN KaTo ,,M3[ENUs, ChABPKAIIN HIM CHCTOSIIM CE€ OT YOBEHIKH KJIETKH WIJIM THKAaHH,
NpeAHa3HAYCHU 332 WMIUIAHTHPAHE, TPAHCIUIAHTAIMA, MH(QY3US WIN IPEXBBPISHE B YOBEIIKH
peuunueHt”. IlocienHata KaTreropus MEOULIMHCKA TNPOAYKTH HE C€ CUHWTAT 3a OHMOJIOTHYHH
npoayktu u He ce Tperupat kato I'T (CFR - Code of Federal Regulations Title 21, n.d.).

FDA ce chcTom OT JieBeT OpraHM3allii, OT KOUTO L[eHThPBT 3a OlEHKa M M3CieABaHe Ha
ouonornunu npoayktu (Center for Biologics Evaluation and Research — CBER) koHTponmpa
KJIMHUYHHUTE W3MHUTBAHMS HA HOBH JIEKAPCTBA U OOIIECTBEHO JOCTHITHUTE OMOJIOTUYHU HPOIYKTH,
BKJIFOUYUTEIHO KPBHB, BAKCHHH, alepreHH, YOBEUIKH KJIETKH MWIM THKAHH, KaTO 3a T€HHUTE W
KIETHYHU Tepanu € crermanmsupad OucsT o Tepanesrnann npoaykri (Office of Therapeutic
Products — OTP), npeo6Gpa3yBana u pa3IinpeHa HOBa CTPYKTypa — HaciequuK Ha Oduca 1o ThKaHHn
u ceBpeMenHnu tepanuu (Office of Tissue and Advanced Therapies) B pamkute Ha CBER (Hampson
et al., 2018; Research, 2023b). OTP otroBapst 3a mepBOHa4YalHATa KJIACH(HUKAIHS HA HOBHTE
MEIUIMHCKY NPOAYKTH M TAXHATa OIEHKa, Bb3 ocHOBa Ha konto CBER mpemocraBst mpoakTHBHA
HayYHH ¥ HOPMAaTHUBHHM MPENOPBHKU Ha MEAUIMHCKH M3CIEI0BATENN U MPOU3BOIUTENHN B 001acTTa
Ha pa3paboTBaHETO Ha HOBM MPOIYKTH. 3a paznuka ot Espoma, B CAILl cien paspeieHueTo 3a
ynotpeba FDA pabotu B konabopauus ¢ CBER ¥ iBeTe HHCTUTYILIMM OTTOBapsT KaKTo 3a OLICHKATA,
Taka ¥ 3a MOCJieBAIINTE KIMHUYHK npoyuBanus ¢ xopa (Iglesias-Lopez et al., 2021).

ITo otHomenue Ha BakcuHHUTe CAIIl BrmouBaT kato I'T BakcHHUTE cpelly OHKOJIOTUYHU
3abossiBanus, Ho nopoOHo Ha EC BakcuHuTe 3a mH(peKkro3Hu 3abossBanus kato HIV, nopu u
MpUTeKaBalk BCUYKHU KauecTBa Ha ['T mpoaykTH, ce TpeTupaT OT OTAETHH pa3nopeadu U oTAeTHa
crpykrypa — Oducht 3a mpoyusane u Hag3zop na Bakcuuu (Office of Vaccines Research and
Review) kpM CBER (Research, 2023a).

4. JUCKYCHUs

Upe3 BBBeXIaHE HAa YCKOPSHH IMPOIEAypHU 3a pasriexiane Ha [T u pa3nmudHUTE BHIOBE
paspenmrenan 3a ymorpeba B EC (YcimoBHO paspemneHne u PaspemieHne mpu H3KITFOYUTEITHH
00CTOSITENICTBA), KAKTO M IPOIPAMHTE 3a BbBEXK/aHE HA MHOBATUBHH NPOJYKTH U OT/EISHETO UM B
crienuaniad  noa3akoHoBu pasmopendtu B CAIL] (mamp. YckopeHa mporeaypa 3a JIeKapCTBEHH
npoaykru — Fast Track Designation, Y ckopena mporieypa 3a uHoBaTHBHH Tepanuu — Breakthrough
Therapy Designation, [Ipoueaypa 3a MoAepHHM Tepanuu 3a pereHepaTMBHa MeIUIMHA, 3aKOH 3a
JlexapctBata mpe3 XXI Bek, 2016 T.), ycuiusATa ca HACOYEHH KbM TapaHTHUpaHe Ha MO-O0bp3
MAIMEHTCKU OCTHII 10 TEPAlUUTE M MPHOPUTETHO 33JJOBOJIIBAHE HEMOCPEITHATUTE MEIUITMHCKH
nyxu B oouiectsoro (Iglesias-Lopez et al., 2021).

CrnemmduyanocTra M HOBocTTa Ha [T mocTaBs perynaTopHHTE paMKH 3a pa3pelieHue 3a
nasapHa yrnorpeba mpej MHOXKECTBO INPEIM3BUKATENCTBA, KOSTO JIOTHYHO BOAW M JI0 MOCTOSHHU
HopMmatuBHU npomeHH. B EC, 3a pasnuka ot CAIll, nopanu MHOroHallOHallHaTa CTPYKTypa U
pa3IMuHHUTE 3ApaBHU CHCTEMH B CTPAaHHTE YIEHKH, IOJY4YaBAaHETO Ha pa3pelleHHe Ha HHBO
oOmHOCT caMo 1o cebe He rapaHTHpa JOCTHI Ha marueHtuTe. OT apyra cTpaHa, MHOKECTBOTO
pa3IMYHM IIaTHHX Ha 31paBHU yeiryru B CALLL 3aTpyaHaBat penMOypCcHpaHeTo M paBHUS JOCTHII JI0
TepanunTe, KOeTO OTHOBO MOJKE Ja JIOBEJIE 10 CBoeoOpaseH na3apeH ,,mposan Ha I'T (Jergensen &
Kefalas, 2021; Yu et al., 2018).

5. 3AK/IIOYEHME

Paszperenuero 3a nazapna ynorpeda Ha I'T, kKakTo M KpUTEpUUTE U MEXaHU3MHTE 3a TOBA,
3aBUCAT JI0 TOJIsIMa CTeNeH OT NMpaBWJIHATa KJIAcH(UKalMs M OLEHKa cropen cnenudukara Ha
npoxykrure. EMA, kakto n FDA, npeuiarat MHOXECTBO PaOOTHHU CPEIIN U KOHCYITALUH MEXITY
TEXHH CIEUHAINCTH ¥ KaHAWAATHTE 32 pa3pelIeHusATa 3a la3apHa yrnorpeda ¢ 1el nogoopsiBaHe Ha
Juanora Mexay NpOU3BOAUTENN U peryiaropu. [IpaBUIHOTO ompenensHe HAa TEXHOJNOTMATa Ha
JIEWCTBHE ¥ TEpaleBTUYHA MON3a OT CTpPaHa HA IPOU3BOJUTENIUTE U TOJOOPSBAaHETO Ha
MEXaHM3MHUTE Ha PETyNalys, OLCHKa U MEXaHU3MH 3a peuMOypcHupaHe OT CTpaHa Ha 3JpaBHHUTE
BJIACTH ca OT KJIFOUOBO 3HAUCHME KaKTO 3a OBP3Usl Ma3apeH AOCTBII, TaKa M 3a CTUMYJIMPAHETO HA
pa3BoifHaTa AEHHOCT B 00/1aCTTa, KOSITO J1a IOBEAE A0 MoBeue e(h)eKTUBHU MPOAYKTH U TO-IIHPOKA
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ynotpeda Ha I'T B peanHaTa KIMHUYHA TPAKTHKA.
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Abstract: Tuberculosis (TB) continues to be an important public health problem and a major
cause of morbidity and mortality globally. According to World Health Organization (WHO) in 2023,
10.6 million new TB cases were detected around the world and a total of 1.3 million people died
from this infectious disease. The impact of any illness, especially a chronic like tuberculosis, is often
all-encompassing, affecting not only an individual’s physical health but also his psychological,
economic, and social well-being. QoL is a broad and complex multidimensional concept that
incorporates physical, social, psychological, economic, and other domains. The aims of this review
were to identify self-reported HRQoL tools used in TB research and to explore factors linked to
patients’ QoL. A lot of focus in TB programs is placed on the outcomes of microbiological cure and
mortality, while the importance of health-related quality of life is often underestimated. Assessing
the health-related quality of life of patients with tuberculosis could enhance our understanding of
the impact of the disease. HRQoL might play a crucial role in affecting treatment outcomes.

Keywords: Health-Related Quality of Life (HRQoL), tuberculosis (TB), Tools, World
Health Organization Quality of life-BREF (WHOQoL)

1. INTRODUCTION

Tuberculosis (TB) is a prevalent and long-lasting lung disease that continues to pose a
significant public health challenge worldwide. According to the World Health Organization (WHO)
in 2023, there were an estimated 10.6 million new cases of TB and 1.3 million deaths from TB
among HIV-negative individuals (WHO, 2023). It's important to note that about 90% of patients
with active TB disease can be cured with appropriate treatment. However, treating active TB
requires prolonged therapy with multiple drugs, which may lead to adverse reactions and raise
concerns about the costs and outcomes of TB. Many aspects of TB and its treatment can compromise
patients' quality of life (Alekova et al, 2010; Aggarwal, 2019).

Assessing patient-reported outcomes (PROs) has become increasingly valued in the
management of chronic diseases and for evaluating outcomes. Health-related quality of life (HRQL)
is a complex type of PRO that evaluates health status. Quality of life (QoL) emphasizes an
“individual’s perception of their position in life in the context of the value systems and culture in
which they live and about their expectations, goals, standards, and concerns” (WHO, 1995). This
makes it difficult to assess patients QoL. HRQoL has gained increasing interest and has been
evaluated in many chronic diseases, including tuberculosis (Yordanova et al. 2014; Novakova et al.,
2017; Damyanov et al., 2020; Yasobant et al., 2022).

When measuring Health-Related Quality of Life (HRQoL), two types of instruments are
commonly used: generic and disease-specific. Generic instruments are developed to cover important
aspects of health and can be used to assess and compare HRQL across different health conditions
and sub-populations (Bauer, 2013). In contrast, disease-specific instruments are designed to reflect
the unique problems most relevant to a specific disease and its treatment. In theory, disease-specific
instruments are more precise and sensitive to small but potentially important differences or changes
in HRQL compared to generic instruments. There is also a special category of generic HRQL
instruments that assess "preferences” for certain health states. These instruments summarize the
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quality of life into a single utility score, reflecting the 'value' people place on a health state, anchored
at 0 (death) and 1 (full health). Health utility measurements are often used in health economic studies
(Brown, 2015).

Active TB disease exerts a substantial toll on the Quality of life—ranging from somatic
symptoms related to disease and treatment to psychological distress from social isolation and
stigmatization (Aggarwal, 2019). There is considerable social rejection by the immediate family and
social stigma associated with TB, leaving the individual feeling shunned and isolated (Yasobant,
2022). Health-related quality of life (HRQoL), as reported by patients, is therefore highly relevant
to understanding and quantifying the true impact of TB.

The aims of this review were to identify self-reported HRQoL tools used in TB research and
to explore factors linked to patients' QoL.

2. MATERIAL AND METHODS

A systematic literature search was performed using the following electronic databases:
Medline, EMBASE, and Google Scholar. Keyword searching and/or subject searching were
performed, if applicable. The following keywords were used: tuberculosis (TBC), Quality of Life
(QoL), Health Quality of Life Years (HRQoL), health utility, health status, life quality, and well-
being. The limit feature was used to select human studies published between June 2014 and June
2024 written in English. Including criteria: (1) HRQL instruments could be either generic or disease
(or condition) -specific; (2) have psychometric properties such as reliability and validity reported
from previous studies; (3) self-reported.

3. RESULTS

Different questionnaires and scales have been utilized to evaluate self-rated HRQoL in TB
patients and patients with tuberculosis (Khan et al., 2017). Some questionnaires provide a holistic
assessment of HRQoL, while others focus on specific domains, such as physical or emotional well-
being. HRQoL tools can be either generic or disease specific. Commonly used instruments to assess
QoL in TB patients include the Short Form 36 (SF-36), the EQ-5D, and the abbreviated World
Health Organization Quality of Life scale (WHOQOL-BREF) (Khan et al., 2017; Yasobant et al.,
2022).

Many different instruments have been used to evaluate HRQOoL in TB, though none are
designed specifically for TB (Table 1).

Table 1. Instruments used to assess quality of life in TB
Name of instrument Comments
General quality of life instruments
Brief Disability Questionnaire | 11-item scale; higher scores indicate worse HRQOL
(BDQ)
Duke Health Profile (DUKE) |63 items evaluating symptoms and physical, social, and emotional
function; higher scores indicate better HRQOL

Euro-QoL (EQ 5D) 5 domains each ranked with a 3-point scale; higher scores indicate better
HRQOL

General Health Questionnaire | Modified version of the General Health Questionnaire 60. Each item

12 (GHQ 12) ranked with a 4-point Likert scale; higher scores indicate worse HRQOL

Health Utilities Index 2 (HUI 2) | 7 items, each with 3 to 5 levels, used to calculate overall health utility
function from 0 (death) to 1 (perfect health)

Health Utilities Index 3 (HUI 3) | 8 items, each with 5 to 6 levels, used to calculate overall health utility
function from 0 (death) to 1 (perfect health)

SF-36 Health Survey (SF-36) | 36 items covering physical and mental wellbeing. Scores from 0-100,
with higher scores indicating greater HRQOL

Sickness Impact Profile (SIP) | 136 items evaluating personal and social impact of illness; a score of >10
indicates severe dysfunction

Symptoms Check List (SCL-| 90 items in 9 domains used to calculate three global indices of global

90) severity index, positive symptom total, and positive symptom distress
index; higher scores indicate worse HRQOL

Visual Analogue Scale (VAS) | Subjects mark on a scale where they rate their own health, either using a
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10-cm scale (0 cm = death, 10 cm = perfect health) or a 100-cm ‘feeling
thermometer’
World Health Organization's | 26 items comprising 5 domains (physical health, psychological health,
Quality of Life-BREF | social relationships, environment) ranked on a 5-point Likert scale; higher
(WHOQOL-BREF) scores indicate better HRQOL
Disease or system-specific instruments
St. George Respiratory | 50 items in 3 domains (symptoms, activity, and impacts) specific to
Questionnaire Short Form | respiratory illnesses and originally developed to assess patients with
(SGRQ) airways disease
World Health Organization's | Modified version of the WHOQOL-100 used for patients with HIV;

Quality of Life - HIV | higher scores indicate better HRQOL

(WHOQOL-HIV)

DR-12 TB-specific quality of life score with 12 items each ranked on a scale of
1-3; higher scores indicate better HRQOL

MOS-HIV 35-item questionnaire validated to assess quality of life in HIV-infected
individuals

HRQOL, health-related quality of life

In Bulgaria, the most frequently used questionnaires for measuring the quality of life in
patients with chronic diseases are SF-36 and EQ-5D (YYordanova et al., 2014; Naseva et al., 2015;
Vankova et al., 2016; Doneva et al., 2022).

Factors Associated with HRQoL in TB

Several studies have found that patients with active TB report lower Health-Related Quality
of Life (HRQoL) compared to patients with latent TB, previously cured TB, or healthy controls. The
psychological domain is more negatively affected than the physical domain among patients with
active TB. A meta-analysis by Bauer et al. showed a significant improvement in HRQoL during the
initial treatment period in patients with active TB. Overall, QoL appears to be largely independent
of age and gender (Yasobant et al., 2022; Paskaleva et al., 2022). However, some studies reported a
negative correlation between advancing age and QoL. Among women, some studies reported worse
QoL (Brown et al., 2015). Higher education had a significant positive impact on the mental domain
of HRQoL. The HRQoL differed between developing and developed countries based on their socio-
demographic and economic conditions (Khan et al., 2017)). Tuberculosis has a socio-economic
impact on patients and their families. The determinants of HRQoL among patients with TB can be
found in Figure 1.
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Figure 1. Determinants of HRQoL among patients TB
In high-burden settings, HIV co-infection is one of the key risk factors for tuberculosis

development, escalating the susceptibility to primary infection, reinfection, and risk of reactivation
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of TB in patients with latent TB (Yasobant et al., 2022). Some studies have shown that additional
health conditions like undernutrition or diabetes mellitus can affect the treatment process for TB
(Khanetal., 2017). However, there is not enough evidence to support the idea that having additional
health conditions further deteriorates HRQoL.

4. DISCUSSION

There is a lack of validated instruments specifically for assessing the health-related quality
of life for tuberculosis TB patients. As a result, a variety of tools have been used in studies involving
TB patients. Research indicates that TB patients experience impaired overall well-being and HRQoL
in all domains (Bauer et al., 2013; Brown et al., 2015). The economic burden of reduced work
capacity, social stigmatization, and psychological issues may further deteriorate HRQoL in this
population (Yasobant et al., 2022). Additionally, co-infected individuals (TB-HIV) have reported
lower HRQoL compared to patients with only TB (Khan et al., 2017; Yasobant et al., 2022). TB co-
infection exacerbates HIV symptoms and disease progression, which can further deteriorate
HRQoL. Furthermore, studies have found that TB patients are negatively impacted by comorbidities
such as undernutrition, diabetes mellitus (DM), anemia, or HIV infection (Yasobant et al., 2022).

5. CONCLUSIONS

In conclusion, there are no specific tools available to assess the Health-Related Quality of
Life in patients with tuberculosis. The authors suggest the development, standardization, and
validation of a TB-specific QoL assessment tool. Studies have shown that patients with active TB
generally report lower HRQoL compared to those with latent TB, previously cured TB, untreated
individuals, or healthy controls. Additionally, TB patients co-infected with HIV tend to report even
lower QoL. However, it is unclear whether the presence of other medical conditions further worsens
HRQoL. While anti-TB treatment can lead to improved HRQoL, it's important to note that adverse
drug reactions may sometimes lead to its deterioration. These findings can be used to inform the
development of appropriate policies aimed at addressing HRQoL issues in TB patients.
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Abstract: Tuberculosis (TB) is one of the major challenges for health systems worldwide.
Every year, TB affects more than 10 million people and kills more than 1.3 million people.
According to the report of the World Health Organization (WHO) in Bulgaria for 2022 there were
1100 (16% per 100,000) newly diagnosed tuberculosis cases under 18 years of age and 2.1% new
cases of multidrug-resistant tuberculosis. Non-adherence/non-treatment of TB may prolong
transmissibility, increase the risk of drug resistance and lead to patient death. Video-based directly
observed therapy (vDOT) is a technological alternative to conventional directly observed treatment
(DOT). The pilot study was conducted to assess knowledge and perception of video-based directly
observed therapy among patients with active tuberculosis. Material and methods: A total of 30
patients with active TB were enrolled in this single-center, cross-sectional study between November
2023 - January 2024 in Sofia, Bulgaria. All the participants completed supplemented WHOQOL —
BREF Bulgarian version tool and their demographic and disease characteristics were investigated.
Results: The mean age of the participants was 51.5 + 9 years, 12 were married (38.7%), and 16 were
men (51.6%). The duration of disease was less than 6 months in 23 (74.2%) patients. Most (80.7%)
lived in cities. Declared levels of education and income were low overall, but most participants had
health insurance. The majority of them (87.1%) owned smartphones. Conclusion: Further research
investigating how to improve compliance with treatment and quality of life among patients receiving
VDOT is now needed.

Keywords: knowledge, perception, tuberculosis, video-based directly observed therapy
(vDOT)

1. INTRODUCTION

Tuberculosis (TB) is a global pandemic that causes nearly two million deaths annually
(WHO, 2023). In Bulgaria, the incidence rates of TB have steadily decreased from 39.1 per 100,000
in 2006 to 18.5 per 100,000 in 2019, according to data from the national program (Doan et al., 2019;
MH, 2021; Alekova, 2010) (Fig. 1,2). Although TB is treatable, poor medication adherence leads to
ongoing transmission, disease progression, and the development of drug-resistant strains. The
COVID-19 pandemic has caused widespread disruptions to TB care and service delivery, setting
back progress in the fight against TB by several years (Myburgh et al., 2023; Lilov et al., 2024).
Treating drug-resistant TB requires longer regimens with costlier, more toxic, and less effective
drugs, emphasizing the need for reliable treatment adherence monitoring (Uplekar, 2006; Kireva et
al, 2015; Panaiotov et al, 2022). Strict adherence has become increasingly important because new
short-course and intermittent treatment regimens have lower tolerance for adherence gaps (Milanov
et al., 2015). Preventing acquired resistance to new drugs developed to treat multidrug-resistant and
extensively drug-resistant. TB is crucial for preserving gains made in this area (Myburgh et al.,
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Figure 1. Incidence of tuberculosis in Bulgaria (1990-2022) (Ministry of Health, 2021).
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Figure 2. Progress on milestone targets for 2025 under the WHO End TB Strategy (WHO, 2023)

Health agencies recommend directly observed therapy (DOT) to ensure that patients adhere
to their medication regimen (WHO, 2023). Although DOT is considered the preferred method for
adherence monitoring by health agencies including the World Health Organization, varying degrees
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of effectiveness have been reported from delivery of DOT through home visits by DOT workers,
patients visiting clinics, and trusted family or community members performing observations
(Uplekar, 2006; Kireva et al., 2015; Kilova et al., 2020; Yaneva et al., 2022; WHO, 2023).

This method, known as video-directly observed therapy (VDOT), involves live monitoring
through videophones, computers, or smartphones. Research on synchronous VDOT shows that
patients tend to adhere to their treatment plans and generally prefer VDOT over traditional in- person
DOT. Additionally, VDOT has been shown to be cost-effective for TB programs (Doan et al., 2019;
WHO, 2023).
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Figure 3. Data flow and security with the vDOT (Holzmann, 2018)

The study was conducted to assess the knowledge and perception of potential benefits and
barriers of using VDOT among patients with active TB in Sofia, Bulgaria.

2. METHODS AND MATERIALS

We conducted a pilot descriptive study in Sofia, Bulgaria from December 21, 2023, to
January 16, 2024. The study included 31 patients with active TB at a single center. During the study,
the participants completed the Bulgarian version of the WHOQOL-BREF tool, which consists of 26
items. This instrument derived from the WHOQOL-100. The WHOQOL-BREF questionnaire
contains two items from the Overall QOL and General Health and 24 items of satisfaction that
divided into four domains: Physical health with 7 items, psychological health with 6 items, social
relationships with 3 items and Environmental health with 8 items. Each item is rated on a 5-point
Likert scale. Raw domain scores for the WHOQOL were transformed and higher scores denote
higher QOL (WHO, 1996).

All the data were entered into Statistical Package for the Social Sciences (SPSS, Version 22)
software and Microsoft Office 365. A P value of less than 0.05 was considered statistically
significant.

3. RESULTS

Of the participant with active tuberculosis, the mean age was 51.5 years (SD =9); 51.6% of
the sample was men, and more than half of them have secondary education (Fig. 4,5).

The frequency of Internet use among the participants, shown in Fig. 6, indicates that daily
use is the most widespread - 58.1% (n=18) of all participants gave this answer, followed by its
frequent use between 3 and 5 times a week — 12.9% (n=4). With low values are the infrequent weekly
use of the Internet (6.5%, n=2), that which is once a month - 9.7% (n = 3), as well as the participants
who do not use the Internet (6.5%, n = 2).
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Figure 6. Distribution of respondents by frequency of the Internet usage

Among the most frequently used types of electronic devices for accessing the Internet, the
mobile phone ranks indisputably at first place - 87.1% (n=27), while the share of those who also use
a stationary computer or laptop is minimal - respectively 6.5% (n =2) or 3.2% (n=1), along with the
same result for the answer “Other” (Fig. 7).
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Figure 7. Distribution by the type of device used to Figure 8. Distribution of respondents
connect to the Internet according to the localization of their
treatment

The majority of the participants - 48.4% (n=15) — had started their treatment very recently
(0-3 months), while ¥4 of all participants (25.8%, n=8) had been receiving such for second trimester
(4- 6 months) (Fig. 8). The distribution of the received answers regarding the place of treatment of
the research participants shows that the vast majority of them are treated within the medical facility
- 51.6% (n=16), while approximately 1/3 of them (35.5%, n=11) receive their treatment in the
outpatient clinic of the medical facility (office). The proportion of those who refused to answer this
question for any reason was 13% (n=4). Regarding the possibility of receiving TB treatment at home
using various Internet-connected mobile devices, approximately 1/3 of all participants (32.3%,
n=10) stated that they would rather agree to do so.
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4. DISSCUSION

Regarding the attitudes of the participants towards the implementation of a technical
innovation that aims to make them more mobile, more independent and responsible for their
treatment, as well as to significantly relieve the hospital staff, the study showed that among a large
proportion of patients there is a lack of mativation to accept the proposed intervention. This result
shows that there is a need for public policies in the field of surveillance and control of infectious
diseases to be carried out within the framework of a better awareness among the groups affected by
them and to seek their connection with more general subjective assessments of QoL. Another
important aspect of tuberculosis, when considering the impact on the quality of life of affected
patients, is its stigmatization, leading to discriminatory practices. Tuberculosis has a rich social
history, during which certain practices and behaviors associated with it have become stigmatized
(Angelova, 2021). The implementation of VDOT aims to accomplish two primary objectives:
restoring patients' health and optimizing the efficiency of healthcare services.

5. CONCLUSIONS

The implementation of various innovations in the tuberculosis treatment, such as video-
monitored treatment as recommended by the WHO, creates the possibility of encountering negative
attitudes of patients, which necessitates a better study of them in order to apply measures to
overcome them. Such measures could be the implementation of a targeted information campaign
among tuberculosis patients throughout the country and among the hospital staff of specialized
medical institutions, in order to seek the intersection between the two main groups that should
implement the specific public policy. Epidemiological surveillance, control and prevention of
tuberculosis in its various forms should remain a long-term state commitment to ensure the
sustainability of the achieved results and to minimize the possibility of a permanent regional increase
in the incidence and morbidity of tuberculosis. The preservation of the good practices tested since
the beginning of the present century in the course of the implemented national programs would help
to achieve the necessary efficiency and effectiveness in the use of the available public resources.
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Abstract: The progressive development of science in the last decade has led to the creation
of a number of new technologies that are increasingly entering public health care. Robotic systems,
telemedicine, artificial intelligence are part of modern medicine and healthcare. The use of
innovative technologies in these sensitive areas brings a number of contributions to society and
medical professionals. At the same time, a number of questions of an ethical and legal nature arise,
which should find an adequate answer and legal regulation in order to guarantee the basic rights and
freedoms of citizens. This report will present a brief overview of the main challenges related to the
legal regulation of modern technologies in healthcare and medicine, which are faced by national and
European authorities and institutions.
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BBBEJIEHUE

HanpenpksT Ha HaykaTta M TEXHOJIOTHHTE IIpe3 IOCIEIHUTE AECETHJIETHS JOBEIAe IO
CH3AaBaHETO Ha PEAMIIa MHOBATUBHU METOJIM M MHCTPYMEHTH, KOMTO HaMHpaT BCE IO-IIHUPOKO
NPWIOKEHUE B OOINECTBEHOTO 3ApaBeoNa3BaHe M MeAMIMHATA. TakuBa ca HampuMep,
n3kycTBeHHAT nHTeNnekT (M), poGoTH3MpaHuTe CHCTEMH, TeIeMEANIINHATA, OMOTIPUHTHPAHETO,
KOUTO TIPOMEHHXa CBINECTBEHO OONMKAa Ha Hai-4yyBCTBUTENHHUTE O0OMIECTBEHH cdepu.
[TputoskeHneTo Ha Te3u ChbBPEMEHHM TEXHOJIOTHH € B M0JI3a Ha ISUIOTO OOIIECTBO M Haii-Beye Ha
3aMHTEPECOBAaHNTE CyOEKTH, KAKBUTO Ca MAalMEHTHUTE, JIEKapUTe, JOCTaBYMINTE Ha MEIUIIMHCKA
MIOMOLI ¥ 3ApPaBHU TPIKH, JbP)KaBHUTE OpraHW WM Jpyru cyOektu. Tsaxmata ynortpeda obaue
HMOpaXkJa U peauLa BBIIPOCH, CBbP3aHU C FOpUANYECKATa 3aKpHUila HA OCHOBHUTE 3/[paBHU IIpaBa Ha
rpakKAaHUTE, KOUTO Clie/iBa Jla ObJaT peleHd CBOEBPEMEHHO OT EBPOICHCKNTE M HAIlMOHATHHUTE
OpTraH{ ¥ HHCTHTYLIUH.

HN3JT0XEHUE

IMpe3 TOCIEAHOTO AECETHIETHE MO-TOJSIMA YacT OT Ibp)KABUTE-WICHKH Ha EBpomeickus
cpio3 (EC) ce cOmbckBaT ¢ penuiia TpeAU3BHKATENICTBA B O0JacTTa HAa OOIIECTBEHOTO
3apaBeona3Bane. Kato Hail-ChINECTBEHHU CPEM TSAX CE OTKPOSIBAT 3aCTapsBAHETO HAa HACEICHHETO,
MOBHIIABAHETO Ha XPOHUYHHUTE 3a00JBaHMUsI, HEIOCTUT BT HA JICKAPH, MEAULMHCKA CECTPH U IPYTH
MEIHUIMHCKH PO(PECHOHATICTH, HEPABHOMOCTABEHHUAT JOCTBII 10 3APABHH YCIYTH 32 ONpeIeIeH
IPYIH OT HACEICHHETO, AWUCOATaHCHT HA HAPACTBAIUUTE 3APABHU HYKAW M HEJOCTATHUHHTE
¢bunaHcoBH pecypcu B 3apaBeonasBaneTo (European Parliament, 2012-2020; European Parliament,
2013/2061; Mavrov & Hristozova, 2022) u ap. M30poecHute HEraTMBHH (aKTOPU Ch3IaBar
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CepUO3HH PHCKOBE 3a YCTOHYMBOCTTA HA HAIMOHAJIHUTE 3[APAaBHA CHCTEMH M OrpaHH4YaBaT
BB3MOXKHOCTTA 32 OCUT'YpPsIBAaHE Ha Ka4eCTBEHA U JIOCTHITHA MEIUIIMHCKA TOMOLI U 3ipPaBHU TPHKHU
3a HaceleHHeTo. [IpeomosiiBaHeTO Ha MOAOOHW HEOJAroNpWSITHH TEHISHIIMUM B o0jacTra Ha
00IIIECTBEHOTO 3/IpaBeOa3BaHe U3MCKBA MPUIaraHe Ha KOMILIEKCEH MOAX0/1, KOWTO 1a BKJIIOYBA
U3IbJIHEHHE HA CJIeJHUTE MPUMEPHU MEPKH:
e QpueMaHe Ha NOAXOMAIIN 3PABHU MOJIUTUKH U 3PaBHU CTPATETHH;
e  Cb3JaBaHe Ha aJeKBaTHA IpaBHA paMKa B 3/IpaBHUSI CEKTOP;
e BbBeK/JaHe HA CHbBPEMEHHHUTE TEXHOJIOTHH B 00LIECTBEHOTO 3/ipaBeoNna3BaHe U
MeIUIHHATA;
e QpOBEXKIaHE HAa TACHO CHTPYJHHYECTBO U KOODAWHALMS MEXKIY BCHYKU
3aMHTEPECOBAHU CYyOEKTH;
e HachpuaBaHE HAa HAyYHOHM3CIENOBATEJCKATa U pa3BOWHATA JICHHOCT;
e  noBHIIaBaHe HHOOPMHUPAHOCTTA HA OOIIECTBOTO O PA3IMYHUTE BBIIPOCH B 3/[paBHATA
cdepa, BKIIOUUTEIHO 32 MOJ3UTE W PUCKOBETE OT yHOoTpebara Ha ChBPEMEHHHUTE
TEXHOJIOTUH U JIP.

Bcsika nppixaBa wienka Ha EC crenBa 1a npuiiara IsjI0CTeH OAXO0/, BKIIOYBAL] M30pOCHUTE
[O-TOpe MEPKH, 32 Ja M3MBJIHK 3aJb/DKCHHETO CH 3a TapaHTHpaHe B Hal-BHCOKa CTEIeH
cyOeKTHBHOTO IIPaBO Ha 3/paBe Ha Bceku nHAUBHUI (Maspos, M. 2018). I[TocoueHOTO 3ab/DKEHUE
01 MOrJI0 /1a Ob/Ie M3IIBJIHEHO MHOT'O TIO-YCIICIIHO, Thil KATO B HACTOSIIMS €Tal OT Pa3BUTHUETO Ha
001ecTBOTO, IbprkaBuTe WieHkH Ha EC pa3monaraT ¢ MHOXXECTBO 3HAYMMH MOCTHIKECHUS B HAyKaTa
u TexHosioruute. Taka HampuMep, B O-TOJSIMA YacT OT TSAX € YCIEIIHO pa3padOTeHO U BHBEICHO
€JIEKTPOHHO 3[[paBeoMa3BaHe, KOETO JaBa Bh3MOXKHOCT 32 ,, 10-20/5IMA e(heKMUBHOCHL, NOGUULABAHE
Kauecmeomo Ha 2pudicume;, NO-20leMU npasa 3a nompeOumenume Ha MeOUYUHCKU VCIYIU,
Ccb30asane HA KAHAIU 34 NOGUWIABAHE 3HAHUSMA HA MEOUYUHCKUME CReyuamcmuy u
nompebumenume Ha MEOUYUHCKU YCILY2U, PA3UUPSIEane Ha 00X8ama Ha 30PA8eona36anemo omeso
Kongenyuonannume panuyu ‘v npyru noisu (Mavrov & Hristozova, 2019; Khalil & Jones, 2007;
Bunaposa et al.., 2009). HayuHO-TeXHOJIOTHYHHSAT [IPOTPEC OCUTYPH CHIINO TAKa PEHIa 3HAYNMU
HWHOBaTHBHH HHCTpyMeHTH Kato UMW, Teremenuimnara u GuonpunTtHpaHeto (Xpucroszosa et al.,
2023a). Te3n HOBM TEXHOJOTHH MPEJOCTABIT BB3MOKHOCT 32 YCHBBPIICHCTBAHE HA 3JPABHHUTE
CHCTEMH U 32 1o-e(heKTHBHO oOe3rieyaBaHe Ha OCHOBHUTE 3paBHU NpaBa Ha rpakJaHuTe. TSIXHOTO
NPWJIOKEHHUE B 3/IpaBHATa cepa HOCH pelluiia MOJI3H 3a JIEKapUTe U MAlUSHTHTE, KATO HAIpUMep:
no-7100pu  yCJOBUsSL 32 OCBIIECTBSBaHE Ha JUWArHOCTUYHO-JIEUEOHMS TIIPOIeC; YyJIECHEeHa
KOMYHHKAIMS MEXAy JICKApUTE M MallMeHTHUTE; M0-e(DEeKTHBHU METOAM 3a 00paboTKa Ha rojieMu
KOJIMYeCTBA 3[PaBHHU JAHHU W Jp. [IpUIOKEHHETO HA TAKbB BHJ] WHOBATUBHH TEXHOJOTUH
OCUTYpsiBA pE/IMIla MPEAMMCTBA 332 OOIIECTBOTO, HO TO € CBBP3aHO U ChC CEPUO3HU PUCKOBE 32
OCHOBHHTE 3[[paBHH MpaBa Ha xopara. Taka HampuMmep, B Mpolieca 1Mo BHEAPsABAHE U yrnoTpeda Ha
WU, renemenuuuHata ¥ OWONPUMHTHUPAHETO MoraT Ja OBJAT HapylIeHH IIPaBOTO Ha
HENPUKOCHOBEHOCT HA JIMYHMS KMBOT M NPABOTO Ha 3allUTa HA JIMYHHUTE JAHHU HA MalHEHTHUTE
(Hristozova et al., 2022). B pamkuTe Ha TO3M MPOILIEC CE MOPAXKIA CHIIO TaKa BAXHUAT IOPUINIECKH
BoIIpoc: Koii cybexm credsa da nonece wopuouiecka omeo80pHOCM, 8 CIYUAl HA NPUYUHABAHE HA
6pedu Ha nayuenma npu usnonzeame Ha cvépemennu mexwonozuu? (Xpucroszosa et al., 2023;
Hristozova et al., 2022). Cnensa na ce or0esexu, ye KbM HACTOSIIMS MOMEHT MPAKTHYECKOTO
MPUIOKEHNE HA N30POEHHUTE TEXHOJIOTHH B 3/IpaBEOIIa3BAHETO M MEUIIMHATA N3IPEeBapBa TsIXHATA
IOpUAMYEcKa peryJsalus, a ToBa MOJI0KeHNE Ch3/1aBa peajiHa OMacHOCT 3a HaKbpHsIBaHE HA peulia
OCHOBHHM 4OBEIIKHM npaBa U cBoboau (Valcheva, 2022). B T0o3u cMuCHI, HEOOXOAMMOCTTA OT
IpueMaHe Ha W3pUYHM HOPMATHBHH IIpaBMia OTHOCHO ymoTpebara Ha MM ce oTkposiBa Haid-
CBIIECTBEHO UMEHHO B MocovyeHuTe yyBcTBuTenHu cepu (Hristozova, 2024; Xpucrozosa, 2023).
N36poennTe 00EKTUBHH OOCTOSTEICTBA H3UCKBAT OTTOBOPHHUTE €BPOIEHCKH M HAlIMOHAIHU OPTraHu
Jla TIperpueMar CBOeBpEMEHHO peAnIia IeHCTBHS, Ype3 KOUTO Ja CE OCUI'YpU ageKBaTeH MOAXO/
3a TNPWJIOKEHHe HAa ChBPEMEHHHTEe TEeXHOJOTHH B OOIIECTBEHOTO 3ApaBeona3BaHe H
MenunuHata. Te3u nelicTBus ciesiBa Ja 00XBallaT: MprueMaHe Ha BceoOXBaTHA MPaBHA paMKa Ha
€BPOIIEICKO M HALIMOHAITHO PaBHHMIIIE, KOSATO [1a perilaMeHTHpa yrnoTpedara Ha pa3inuHUTEe BHOBE
HOBH TEXHOJIOTWU B aHanu3upanute chepu (Hamp. MW, tenemenuiimaa, poOOTH3MPAHU CUCTEMH,
OUONIPUHTUpPAHE U JIp.); Ch3laBaHe HA M3PUYHH FOPUIUYECKH MPaBUIA, KOMTO [1a TapaHTUpPaT
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e(QEKTUBHOTO yNPaKHABAHE HA OCHOBHHUTE 3IPABHU MpPaBa HA IPAXKIAHUTE, B KOHTEKCTA HA
NPHUIIOKEHUE HA NOJAO00HH TEXHOJIOTHH; PETJIAMEHTUPAHE B [IPaBHATA ypeaba Ha IPEANOCTABKUTE 1
peza 3a peanM3upaHe Ha KOPUANYECKAa OTTOBOPHOCT Ha CYOEKTHTE, KOUTO y4acTBaT B MPOILIECA 110
BHEJApsABAHE W yNOTpeba HAa CHBPEMEHHHM TEXHOJOTMHM B 3IPaBHUS CEKTOD; Ch3JaBaHe Ha
CIIELMAIM3MPAHN €BPONENCKH W HALMOHAJIHU OPraHd M WHCTUTYLMH, KOMTO Ja OCHIIECTBSIBAT
CTPHKTEH KOHTPOJI BBPXY M3IIBIHEHUETO HA OTHOCHMATa HOPMATUBHA paMKa; TIPHMEMaHe Ha IIHPOKa
nH(POPMAIMOHHA KaMITAHKS Ha €BPOTIEHCKO U HAIMOHAITHO PABHUIIE OTHOCHO MOJI3UTE U PUCKOBETE
OT yrnorpebara Ha MHOBATHBHUTE TEXHOJIOTHH B aHAJM3UpanuTe obimecteenu cdepu (Hristozova et
al., 2022; Xpucro3zosa et al., 2023a; Xpucrosora et al., 2023b).

W3IBITHEHUETO Ha OMMCAHUTE MO-TOPE AEHCTBUS € 6e3yCI0BHO HEOOXOAUMO, 3a 1a OhaaT
o0e31eueHy B Hall-BUCOKa CTeleH ()YHIaMEHTAIHUTE 3IPaBHK IPaBa Ha €BPOIEHCKUTE MPaXKIAHUTE
npu ynorpedara Ha CbBPEMEHHHUTE TEXHOJIOIMHM. IMEHHO TOBa ClieiBa jJa Obje OCHOBHATA IIE] Ha
IbPIKABUTE YJICHKH U EBPONEUCKUTE OPraHU ¥ MHCTUTYIMH, 3AII0TO 3[PABETO € HAl-IIEHHOTO 6J1aro
Ha 0OILIECTBOTO M HETOBaTa e(EKTHBHA 3aKpHIIA UM IPEAUMCTBO NPe BCHYKU APYTH IPUOPHTETH,
BKJIOUMTEIHO MOJEPHU3MPAHETO Ha 3APABHUA CEKTOP.

3AKJIIOYEHUE

JloCTUTHATUAT Hay4deH M TEXHOJOIMYeH HampeIbK Ha YOBEUECTBOTO OCHUIYpsiBA HOBH
CpeACTBa 3a IMpeoJoisBaHE HAa MHOTOOPOWHHTE TNPEIU3BHKATENICTBA B  OOIIECTBEHOTO
3[[paBeona3BaHe M MEAMIMHATA, KAKBUTO Ca ChbBPEMEHHUTE TEXHOJOTMH. Te HaMupaT Bce IO -
LIMPOKO TPHIOXKEHHE B IOCOYEHHTE OOJACTH, Thil KATO OCHTYpsBaT pPeaula IIOJI3U 32 BCUYKH
3auHTepecoBaHu cyOektu. To3u mpouec cienBa Ja NPOABIKM M 32 B ObJele, HO camMo IpPH
OCHTYpPsSIBaHe HA JOCTATHYHO epeKTHBHY rapaHIMH 32 3aKPHJIA HA OCHOBHHUTE 3IPaBHHU NPaBa
Ha rpakaaHuTe. VIMEHHO KBM Ta3W LeN CJEIBa Ja Ce CTPEMST €BPOICHCKUTE W HAIIMOHATHUTE
OpraHd, a HEHHOTO pealn3upaHe M3UCKBA OIIe MOBeYC YCHIINA, 3a Ja ObIaT aIcKBaTHO YPEICHH
HEpEIICHUTE IOPUINIECKU BBIIPOCH, CBBP3aHH C MPIJIOKCHUETO HA HHOBATUBHUTE TEXHOJIOTHH.
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Abstract: Aim: To analyze the possibilities of treatment of various diseases and conditions
by using active substances of human origin - blood, cells, tissues, organs. To analyze the regulatory
framework that provides reliable information and guidance to optimize the quality and procedures
for the provision of these types of active substances. Materials and Methods: We performed a
content analysis and document analysis of published guidelines from the EMA, the European
Directorate for the Quality of Medicines, and publicly available data from the four directives
(2010/45, 2002/98, 2004/23, 2006/17) that form the regulatory framework for active substances of
human origin. Results and Discussion: At any point in time, we need to make sure that all steps in
the chain are done correctly to ensure optimal effect from the therapy. Some of the most important
points are assessing the health status of the potential recipient, assessing the potential donor and
minimizing potential adverse effects and side effects in response to the introduction of transplanted
organs/tissues/cells, and assessing the effects associated with immunosuppressive therapy, which is
an integral part of these processes.

Keywords: active substances, blood, cells, tissues, organs, transplantation, donor, recipient

1. INTRODUCTION

We are entering a new era of medical and biotechnological progress where active substances
of human origin (ASHO) are increasingly being used in new ways. Every year, 15 million people in
Europe donate their blood, while there are 4.6 million patients receiving blood transfusions.
Similarly, every year there are 165 000 babies born through medically assisted reproduction in
Europe, approximately 36 000 stem cell transplants for blood cancers and 14 500 cornea transplants.

There are a number of organs that can be donated from living donors, such as placenta,
parathyroid tissue and cranial bone. In addition, femoral heads removed during hip replacement
surgery and heart valves from patients receiving heart transplants are sometimes processed and
'recycled’. In addition, many types of cells can be donated and subjected to varying degrees of
manipulation prior to administration in humans.

A brief historical overview of the treatment performed with ASHO begins in the 2nd century
BC, where the Indian surgeon Sushruta applied transplanted skin to a nose in need of reconstruction,
or in today's terminology - he performed rhinoplasty. We are transported to the 16th century when
Gasparo Tagliacosi performed successful skin autografts but consistently failed with allografts,
offering the first suggestion of graft rejection several centuries before this mechanism was
understood. In the early 20th century, Erich Lexer developed a procedure to remove an entire knee
joint in one operating room and transport the "warm" graft to an adjacent operating room for
immediate transplantation (the 1950s gave rise to tissue preservation). 1956 marks the first recorded
heart valve transplant. Gordon Murray implanted an aortic allograft in the descending thoracic aorta
to relieve aortic insufficiency.
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2. AIM, METHODS AND MATERIALS

The aim of the study is to analyze the possibilities of treating various diseases and conditions
by using active substances of human origin - blood, cells, tissues, organs. In order to accomplish
this goal, we analyzed published guidelines from the European Medicines Agency (EMA), the
European Directorate for the Quality of Medicines (EDQM), and publicly available data from the
four directives (2010/45, 2002/98, 2004/23, 2006/17) forming the regulatory framework for active
substances of human origin, as well as regulation 1394/2007 concerning advanced therapies.

3. DISCUSSION

Transplantation of human organs, tissues and cells is a strongly developing field of medicine
that offers great opportunities for the treatment of still incurable diseases. The quality and safety of
these substances must be guaranteed, especially to prevent the transmission of diseases.

However, the use of organs for transplantation is associated with risks. Their widespread
therapeutic use requires that their quality and safety be such as to minimize any risks associated with
disease transmission. Well-organized national and international transplantation systems and the use
of the best available expertise, technology and innovative medical treatment can significantly reduce
the risks associated with transplanted organs for recipients.

The risk-benefit ratio is a fundamental aspect of cell, tissue and organ transplantation. Due
to the scarcity of AVHR and the inherent life-threatening nature of the diseases leading to the need
for transplantation, the overall benefits of transplantation are high and high risks are accepted.
Regulatory requirements provide a certain minimum of data that needs to be collected from the
donor in order to minimize the risk of disease transmission: Donor type; blood type; sex; cause of
death; date of death; date of birth and presumed age; height; weight; past and present history
regarding intravenous drug use; past and present history regarding malignant neoplastic growths;
present history of transmissible diseases; HIV, HCV, HBV testing; basic information on donor organ
function.

The main purpose of setting such a minimum of pre-collection data is to prevent serious
adverse events (SAES). A serious adverse event means any unwanted and unexpected event related
to any stage of the chain from donation to transplantation that may result in the transmission of a
communicable disease, in death or in life-threatening, disabling or incapacitating conditions for
patients, or that results in or prolongs hospitalisation or morbidity. The risk of SAEs is increased
when all the requirements for donor and recipient evaluation before transplantation are not met.

Maintaining the quality and safety of human-derived active substances is achieved by
implementing a series of 'good practices' (GP). GPs are linked to each stage of the donor process,
and these include: quality control, personnel, equipment, method validation, donor testing,
packaging, traceability, biovigilance.

The first step towards ensuring a safe transplant process is a complete physical examination
of the recipient and potential donor. The compatibility of the antibodies produced by the tissue or
organ in question is a definitive requirement. Failure to do so results in rejection of the graft and the
development of an immune reaction by the recipient, which can end fatally. In addition to
compatibility, a complete medical history of the donor and recipient is assessed for malignancies
and infectious diseases, as well as for ongoing therapies. The standard tests to be performed in the
course of such an evaluation are described in the EDQM guidelines on quality and safety in the
administration of ASHO.

Once the safety of the donor and the recipient has been ensured, arrangements should be
made for the mode of transport and storage of the relevant ASHO in case both parties involved in
the process are located in different healthcare facilities. Directive 2006/17 provides the temperature
and time limits within which an ASHO may be stored and transported. Transplants are classified
into two main categories: non-frozen products and frozen products. Specific requirements for
individual types of transplants are presented in the EDQM Quality and Safety Guide for ASHO.

Frozen products are stored and transported at a wide temperature range from -15°C to -140°C. The
limits for non-frozen are 2°C to 25°C.
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4. CONCLUSIONS

High quality, safe and efficient procedures for the donation, procurement, import, testing,
processing, preservation, storage and distribution of human organs, tissues and cells for human
applications are essential for both donors and recipients. These are active substances of an
exceptional nature and all Member States should strive to protect public health by promoting a high
level of safety and quality of these substances when used for human applications. This objective
should be achieved by defining and implementing key quality and safety criteria in relation to all
procedures in tissue and organ centers.
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NPEBEHIMS CPEIILY PAK HA MATOUYHATA IIHWKA ITPU MJIAJTA
MOMMYETA U POJISATA HA OBHIO IPAKTUKYBALIUTE JIEKAPU
N MEJUIIUHCKUTE CIHIEHUAJIMCTHU
Miroxrsn Cadpu
MenuuuHcku yHuBepcurtet — Bapna, ®uimnan Beanko TbpHOBO

CERVICAL CANCER PREVENTION IN YOUNG GIRLS AND THE
ROLE OF GENERAL PRACTITIONERS AND MEDICAL SPECIALISTS.
Muzhgian Sabri
Medical University of Varna, Veliko Tarnovo Branch

Abstract: Introduction: In Bulgaria, coverage of young girls with a vaccine against the
human papilloma virus (HPV) is very low, and the mortality rate from cervical cancer, which is
caused by the virus, is high. In 2019 the range was 4%, in 2020-2021. — 2%, and in 2022 only 1%,
according to data from the Ministry of Health.

Objective: To investigate the attitude of women-parents of young girls towards the
prevention of PMS and their attitudes towards vaccination as an essential part of this prevention.

Material and methods: Documentary method and sociological survey were used. An author
survey was developed. 44 randomly selected women were interviewed.

Results and discussion: The majority of surveyed women are aware of primary prevention.
The data indicated a positive attitude towards the vaccine, and indicated that they would vaccinate
their daughter against MMR. The fact that 43% of respondents doubt the safety of vaccines gives a
clear indication that the information coverage of parents is unsatisfactory.

Conclusions: The target group for preventive activity should be the 34% of respondents who
categorically refuse vaccination. Information campaign efforts should be directed at women who
believe that HPV vaccines are unsafe.

Being well informed is the first step in protecting against HPV.

Keywords: Cervical cancer, prevention, vaccination, young girls, medical professionals

1. BBBEJAEHHE.

B Boearapust 00XBaThT Ha MIaJINTE MOMHYETA C BAKCHHA CPENTY YOBEUIKHUS MAMIOMa BUPYC
(HPV) e MHOTO HHUCBK, a CMBPTHOCTTA OT paKk Ha MaTouyHata mmiika /PMILI/, koiiTo ce mpuunHsIBa
ot Bupyca — Bucoka. IIpe3 2019 r. 06xBaTbT € 61 4%, npe3 2020-2021 r. — 2%, a npe3 2022 r.
enBa 1%, NpUIIOMHAT U OT MUHUCTEPCTBO HA 3]JpaBEOINA3BAHETO B CIICIUAIHO Ch3aJICHUSI CAWT,
MOCBETEH Ha BakcuHompodunakrika — plusmen.bg. Taka cTpaHaTa HE YyBCTBUTEIHO M30CTaBa OT
nenmte Ha C30 U mocTHKEHUATa Ha pa3BUTUTE CTpaHu. ChIEBPEMEHHO BCSKA TOJIMHA CE OTKPUBAT
1200 HoBU ciyuast Ha PMIII y Hac, a 3a nocneanute 30 TOAMHU CMBPTHOCTTA €€ yTpoUia. 3a ia ce
MIOCTUTHE JICUCTBUTEIHO OrpaHNYaBaHe Ha oHKoreHHuTe HPV mH(pekmu u npuanHsBaHUS OT TIX
PMIII e HeoOXomuMm BaKCHHAIIMOHEH 00XBaT OT Han 75% OT MOJJICKAIIMTES HA WUMYHHU3AIMS
momuuera (Kostov & Vasilev, 2013). CtpaHnTe, KOUTO ca HA ITBT Ja CIUMHUHUPAT MHPEKINATA,
Bozema 1o PMIII, kaTto ABcTpanus u BenmnkoOpuTaHus ca IOCTUTHAHN JOPH ITO-BUCOK 00XBAaT — OT
oxono u Hax 80% (9).

Brnpekn, e ot 2012 roanHa y Hac BakCHHATA € Oe3IUIaTHA 3a KeJAelIuTe U Ce TIOKPUBaA OT
IbpKaBaTa, BAKCHHAITMOHHIT 00XBaT € HUCHK. B HauamoTo TS ce pagBa Ha MO-TOJSIM HHTEpEC.
[TocTurHATHAT IMYHHU3AaIMOHEH 00XBAT C IBJIHA cXeMa ¢ Tpu mpuema npe3 2013 r. e 6w 23.83%,
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a mpe3 2014 1. — 19.6 %. IIpe3 2015 r. ce mpemMuHaBa KbM JBY030Ba CXeMa, a 00XBAaTHT PIA3KO
cnana — 2.68% npu 12-rogumrante Mmomuueta u 0.75% npu 13-rogumauTe. To3u pA3BK Clag BHB
BaKCHHAJIHOTO MOKpuTHe rmpe3 2015 1. e cBbp3aH ¢ mHUpoKaTa r1IodanHa aHTHBAKCHHATIHA KaMITaHHs,
Yye BaKCHHATa € OTTOBOPHA 3a CIyyaW Ha aBTOMMYHHH 3aboisiBaHus npu mommdera (Gencheva,
2019). Bempekun, ue EBpomneiickara arenmus mo ekapcrsata (EMA) oTxBbpis monoOHa BpB3Ka, a
0e30MacHOCTTa Ha BaKCHHATA € PEJIOBHO IOTBBpKIaBaHa OT [ JI00anHusl KOHCYITaTUBEH KOMUTET
no Oe3onacHocT Ha BakcMHM KbM C30, KammaHusATa AOBeJE JO OTJIHB OT BaKCHHALMS U B JAPYIH
nepkasu (Kovachev, 2019).

3aToBa KJIIOUOBO € BB3BPBILNAHETO Ha JOBEPUETO KbM BaKCHHHUTE. 3a Jla ce€ HaMald To, €
HEOOXO0AMMO B TO3H IIPOLIEC AaKTHBHO J1a y4acTBaT OOLIONPAKTHKYBAIINUTE JIEKapH, THHEKOJIO3UTE,
neauaTpute, PernoHanHuTe 3ApaBHU MHCIICKIWK U 3apaBHuTe Meanatopu (Radeva & Kovachev,
2018).

J-p Banepu LlekoB oT bearapckoro capyxeHue IO MHOBATHBHA MEAMIIMHA II0COYBA, Y€
BakcuHUTE cpemry HPV mMaT mM3kimo9nTeTHO BHCOK WHICKC Ha epukacHOCT W Oe3omacHocT. B
ChUYETAHHWE C PEJIOBHHU NMPOQHUIAKTUYHH MPErJed U IIUTOHAMA3KH, T€ MOTaT Aa OCUTYPST MOYTH
100% 3ammura ot PMIII, npuunHeH OT OHKOr€HHUTE BUAOBE Ha BUpyca 16 u 18.

[To naHHUM OT MOCNeIHUTE HAYYHH ITyOJIMKAIMU B CTPAHUTE C BUCOK BAKCHHALIMIOHEH 00XBaT
ce Habmonasa 1o 90% cnan Ha HPV uHexunTe 1 OposT Ha ClydauTe ¢ NPEeapakoBH JIE3UU Ha
IIMHKaTa Ha MaTKa € HaMaJisll 4YyBCTBUTENHO CpeJl BAKCHHUPAHUTE MJIaJud MOMHYETa U JKEHU Ha
BB3pacT Mexay 15 u 26 ronunu (Bozukova, 2020). [IpoyuBane B AHIIINS 1TOKa3Ba ye 10 8 TOANHH
clie]l BbBEXKIAHETO Ha BakcuHalmata, HPV-undekuuunTe, npuunHABaIy pak, ca HaMmajiead ¢ 86%
cpej ’KeHUTe HA Bb3pacT oT 16 10 21 ronunn. B ABcTpanus, OTHOCHTEIHUST JsUT HA HHPEKIUUTE
¢ HPV cpen xenute Ha Bb3pact oT 18 10 24 rogunm e HamaJjsi ot 22,7% Ha 1,1% 3a nepuona
2005-2015r. cien mpunaraHeTo Ha BakcuHaTa (9).

ITpoyusane B llloTnanaus mokassa, ye B CPaBHEHUE C HEBAKCHHUPAHWUTE )KEHH, POICHH IIpe3
1988r., npu BakCUHUpPAHUTE KEHU, poleHu mpe3 1995 r. u 1996 r., npeanpakoBuTte o0pasyBaHus
HAa MAaTOYHATA IMiika ca Hamanean ¢ 89%. ITo nanHN Ha AMEpPHUKaHCKUTE HEHTPOBE 32 KOHTPOII
W TpeBeHIMs Ha 3aboisBaHuWsATa ciel mpenopbuBaHero Ha HPV  Bakcunanmsita mpe3
2006r., ungexuuure ¢ HPV tunose ca namanenu ¢ 88% cpen tuitneldpxsprute u ¢ 81% cpen
MJIaMTe skeHHu (6). 3HauuTeNHO yBennuyaBaHe Ha ooxBata ¢ HPV BakcuHuTE cpex Momuuerara e
3anoxeHo v B EBponeiickus antupakos nian (Todorova, 2023).

B Bwirapus neiictBa Hanponanna nporpama 3a nbpBuyHa npoduiaktuka Ha PMILL, HO Ts1
He e edexTuBHA. [IpuyunHaTa e, ye e JenerMpaHa Ha OOLIONPAKTUKYBALIUTE JEKapu U Ha
cHenuanucTuTe OT noOomHMYHata roMomnl. IIbpBHYHATA mMpodMIAKTHKA HMa 3a Hea fAa
NpeJoTBPAaTH NMOsAABaTa Ha 3a00/siBaHe U ce Ciay4yBa 0jarogapenue Ha BakcuHauusTta. HPV
BaKCHHHUTE ca BKJIIOYEHH B CITUCHhKa Ha NpenopbunTenHuTe umyHusanu. Ot 2021 r. B u3nbiiHeHHE
Ha Hanmonannara mporpama 3a mbpBHYHa Npo(MIIaKTHKA Ha paka Ha MaTOYHATa LIMHKa y Hac €
npwiarana BakcuHara Gardasil cpenry yetupure Haii-pasnpoctpanenn HPV tuna — 6, 11, 16 u 18.
Ort ecenta Ha 2023 r. 1o [Iporpamara ce ocurypsisa Bakcunara Gardasil 9, kosiTo mokpuBa JieBeTTe
Hai-puckoBu tuna HPV - 6,11,16,18, 31, 33,45, 52 u 58 (1).

2. IEJ

IenTa Ha HACTOSIIOTO MPOYYBAHE € J1a CE M3CJICABA OTHOUICHUETO Ha KEHUTE-POTUTEIH Ha
MJIQIUTE MOMHYETa KbM MpeBeHImsITa Ha PMIIl U TexHWTe Harjiacu KbM BaKCHHHPAHETO KaTo
CBIIIECTBEHA YaCT OT Ta3W MPEeBEeHIMS. BHB Bpb3Ka ¢ TOBA ca MOCTAaBEHH JIBE OCHOBHH 3ajay4u: 1) 1a
Ce YCTaHOBH MH(OPMHPAHOCTTA HA )KEHUTE, OTHOCHO HAYMHHMTE 3a mpeBeHIus Ha PMILL, u 2) na ce
aHAM3Upa OTHONICHHETO WM OTHOCHO TNPO(QMIAKTHYHHTE BaKCHUHH W HyXJara WM OT
CICIHATH3UPaH MEAUIIMHCKU ChBET B TO3H KOHTEKCT.

3. MATEPUAJIM U METOJU

3a mocTHTaHe Ha IENTa Ca M3IMON3BAaHU JOKYMEHTAJICH METOJ M COIMMOJIOTHYECKa aHKETa.
JlanauTte ca 0OpaboTeHu u npencTaBeHu rpadudHo upes npoaykra Excel 2010.

Pa3zpaboteHa e aBTopcka aHkeTa ¢ 16 BbIIpoca, OT KOUTO 15 3akpuTH U 1 OTKpHT.

AHnketupanu ca 44 >xenu ot rpan llymen, pomutenn Ha ydenunute ot OV , JIUMHTHD
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bnaroes”, HY ,,WUnus P. bibckoB™ u VI™ ocHoBHO yuwnwine ,,EHb0 MapkoBCKH', TOIOpaHn Ha
ciaydaeH npuHIwm. [IpoyuBaneTo e HampaBeHo B niepuoaa M. SIayapu-Mapt 2024 r.

4. PE3YJIITATH U OBCBXKJAHE.

3a Hac Oeme Ba)KHO J1a MACHTHOHUINPAME MHEHUEMO HA AHKeMUPaHume ey, Koumo ca
pooumenu Ha deya om 10 0o 13 200uwina 6b3pacm KaKeo e MAXHOMO OMHOUIeHUE KbM TIPEBEHIIAATA
Ha PMIII u 1o xosko ca mHGOPMHUpPAHH 32 POJISTA, U 3HAUCHUETO Ha NPO(UIAKTHYHNTE BAKCHHU B
W3MBIHEHUETO Ha Ta3W NPEBEHIMS, M JAJIM UMaT HyXK/la OT IMpodecroHaiHa MeIMIIMHCKa HacoKa
IpU B3E€MaHETO Ha pEIIeHHE 3a BaKCHHUpaHe Ha jereto cu. Ha Bwmpoca ,, Kaxgo exiouea
nepeuunama npoguiakmuxa na Pax na mamounama wiuiika? *‘, Hali-BUCOK € OTHOCUTEIHUSAT IS
(N=23; 52%) Ha aHKETHpaHWTE, KOMTO CMSTAaT, Ye TOBA ¢ BAKCHHALHUS Ccpelly Haii-4ecTo
CpelIaHNTe OHKOTeHHH THUNOBEe YOBEUIKH MamujaoMeH BuUpyc. Bceska werBppra xena (N=12;
27%), cMATa, Y€ IbpPBUYHATA NPO(MIAKTHKA BKIIOYBA W3JICKYBaHE Ha PAaHHU CHUMIITOMH Ha
nH(EKIUs ¢ YOBEIIKM manuioMeH Bupyc. Cneasamara rpyma (N=5; 12%), ca Te3n, kouTo ca Ha
MHEHHE, Y€ MTOCEIEHUETO Ha THHEKOJIOT 3a IPBB ITbT € MbpBUYHA NpodmnakTrka. Crnopen 7% ot
pecloHAeHTUTEe NbhpBHUYHATA mNpodmiraktuka Ha PMIIl BKmIOYBa BCHYKHM ITOCOYCHH OIILHH.
Hesnauutenna yact /2%/ He Morat na otroBopsT (¢wur. 1.),

He mora ga oTrosopAa

Bcuukn nocoyeHun

BaKcuHaLMA cpelly Hal-4ecTo CpeLLaHnTe OHKOTEHHU 52%
TUMNOBE YOBELUKMU NannioMeH BUpYyC °

MNoceleHne Ha TMHEKONOT 33 NbPBU NbT

M3nekyBaHe Ha paHHM CUMNTOMM Ha MHq)eKLI,MFI C
4YOBeLWKN NannuaomeH Bupyc

®urypa 1. Kakso BkiIr0uBa ibpBrYHaTa npoduiakriuka Ha PMILL B %

OT nocoyeHUTe OTTOBOPH Ce BUIKAA, Ye MO-TOAAMATa YACT 0T AHKETHPAHUTE KeHH ca
HasICHO ¢ NbpPBHYHATA mnpodunaxkTuka. BeBexnanero Ha YIIB BakcuHuTe (IBpBHYHATa
npodmnaktuka Ha PMIII) He oTMeHs craHmapTHaTa NpakTHKa 3a IpeanasBaHe OT II0JIOBO-
npefaBaHd MHMEKIUH, KaKTO W HEOOXOIMMOCTTa OT PEAOBHHM THHEKOJOTMYHH TPETIIEAN C
IIUTOHAMa3Ka (BTopuuHarta npoduiaaktuka Ha PMII) mpu keHHTE B MOJOBO akTWBHA BB3PAcT,
MOpaJy OTJIOXKEHUsI BbB BpeMeTo eekT oT mmyHuzanusaTa. [IpoduinakTHuyHUTE BaKCHHU CpEILy
PMIIl ca Hali-HOBOTO IIOCTM)KCHHE HA CBhBPEMEHHATa MEAMIMHA B KOHTpPOJAa Ha PaKOBUTE
3a00JIsIBaHMS UpE3 CPE/ICTBATA HA BAKCHHONpPO(MIaKTHKaTa. T031 3a0esIexuTelIeH porpec cTaHa
BB3MOJKEH CIIe/l JTOKa3BaHE HA BHPYCHATa €THOJOTHMA Ha 3a00yiBaHETO (OTKPHUTHE, OICHEHO C
HobGenoBa Harpana), mocneaBaHo OT pa3pabOTBaHe W BBBEXKIAHE B MpaKTHKAaTa HAa Oe30MacHU U
BHCOKO e(eKkTHBHH mammiomasupycuu Bakcuau (Kostov & Vasilev., 2013).

TBBpAcHNETO: ,,BakcHHALUA cpely paKk HAa MAaTOYHATA HIMIiKAa MosKe 1a ce IPaBH CaMo
Ha MOMMYeTa MpeIH HAYAJIOTO HA MOJOBMSA KHBOT.“ € TIOTBBPACHO OT MOBeYe OT MOJOBHHATA
ankerupann xeHu (N=27; 61%), koeto moka3pa 3amo3naroctra um (¢ur. 2.). Vima u takusa,
KOWTO HE ca HasiCHO, IMEHHO 32 TSX Tps0Ba Ja ce MpoBex/a clienualn3upana HHHOPMAaLMOHHA
KaMIIaHUs OT 3[paBHM CHELHUAIMCTH, 332 Ja UM C€ Pa3siCHU BaXKHOCTTAa M CHEHM(PHUYHOCTTA HA
BaKCHHAIUATA.
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61%

18% 21%

BapHo HesApHo HesHas

®urypa 2. Bakcunanusara cpernry PMII moxe ga ce nmpaBu caMo Ha MOMHYETa TIPEIN
HA4JaJIOTO HA MOJIOBHSA )KUBOT, B %

Kakro ce npenopruBa U B KOHCEHCYCHUTE AeKIapaliiy Ha IeAUaTPUTE U OHKOTHHEKOJI03UTeE,
UYI1B umyHnu3zanusra 3a npodunakruka Ha PMII cnensa na 0b1e u3BbpLIBaHA NPUOPUTETHO MPH
31paBu MoMudera Ha 10-13 roauHu (3a HalIUTE YCIOBUS), KOUTO HE Ca 3alI0OYHANIM /1a BOJAT MOJIOB
#HBOT. Llenta e oOpa3yBaHHUTEe MOCTBAKCHHAIHU aHTUTENA Ja TM Hpena3sT oT oHkoreHHa YIIB
nHpeKuus, KaTo MPeJOTBPATIT HABIM3AHETO HA BUPYCa B KIETKHTE HAa IEPBHKAJIHUS EIHTEN
(Kostov & Vasilev, 2013). HPV Bakcunute ca npouiIakTUYHN BAKCUHU, T€ HIMAT TEPANCBTUYCH
e(eKT BbpXY Beue HacThIWwIa HHPeKnus nin 3adomssane. [1o Ta3u npudnHa M HOpaay MO-HACKATa
UMYHOTEHHOCT IIPU CEKCyallHO aKTHBHH JKCHHTE CE€ OdYakBa IO-HHCKa edukacHocT Ha HPV
BakCHHHUTE. Ta3u Bb3pacToBa Ipyla OCTaBa Ha BTOPH IUIaH NPH BbBEXIaHE HA UMYHM3AIMATA, HO B
MHOTO CTpaHH Ce Ipejiara T. H. n3ueprnBaia nMmyHusamus (catch-up) npu miagure xeHu no 25-
rofaumiHa Bb3pacT. IIpu TAX MMyHHM3anusATa € OmpasjaHa, mopaau (akra, ye MepcUCTHpalaTa
nH(EKLIHUs U IPeKaHEPO3UTe MHOTO PSJIKO ca CBbp3aHH ¢ rnosede oT exun tun HPV, a BakcuHuTe
OCHTYpSIBAT 3alllUTa CPEIly Hai-pasnpoctpaneHuTe oHkorenHu tumose (Kovachev, 2019; Kostov
& Vasilev, 2013).

JlaHHUTE codYaT MOJIOKUTEJHO OTHOLIEHMe KbM BaKCHHATA, B IPEABH] TOBa, Y€ IO-
rojsiMma 4act ot ankerupanute keuu (N=25; 57%) ca mocoumsiu, ye GUxa BaAKCHHHPAIH
abuieps cu cpemry PMIIL. Hesnauntenna gact ot tax (N=4; 9%), e ca peumian Bce ome. Ot
M3KJIIOYHTEIHO 3HAYEHHe € Pe3yJITaTa Ha Te3H, KONTO KATerOpuYHO 0TKAa3BAT BAKCHHHUPaHe
(N=15; 34%), a umenno 1/3 ot rpynara, koero TpsioBa 1a ce anaiu3upa (¢ur. 3).

He cbm pewmna Bce owe 9%

He 34%

[a 57%

®urypa 3. buxTte nu BakcuHupanu auueps cu cpeury PMILL, B %

Ha Bempoca ,,Cnopeo sac, Gesonachu au ca 4o8ewlku NANULIOMEH GUPYC-6axkcunume?
OTrOBOPHTE Ca CMyIIaBauyd. [10YTH MONOBHHATA AHKETUPAHU Ca Nl MOJIOKHTETHH OTTOBOPH
(N=21; 48%). Hesnauurenna gact ot 1ix (N=4; 9%), ne 3nasr. Te3u, KouTO 3asiBABAT, Ye
YOBELIKH MaNUJI0OMeH BHPYC BAaKCHHHTe He ca 0Oe3omacHu e ode3nmokoutenno Bucoxk (N=19;
43%) (¢ur. 4).
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9%

43%

®urypa 4. be3onacHu U ca 4YOBEIIKU NaNUIOMEH BUPYC-BaKCHHUTE, B %

ETo Tyk e poxsira Ha crienMaNMCTUTE MO 3APAaBHU TPIKH: J1a HHGOPMHUpAT KOMIIETEHTHO U
npodeCHOHATHO OTHOCHO 0€30IacHOCTTa Ha BaKCHHATa. Te3W BaKCHMHU HE Ca )KUBU BaKCHUHH, HE
coappkar JJHK Ha Bupyca u He morat na npuuusat HPV undexnus wmm pak. [Ipu BakcuHanms
cpemry HPV tamoro pearupa kato npousBexaa aHTUTENA, KOUTO TOMaraT Ha UMyHHATa CUCTEMA J1a
ce 6opu ¢ HPV nn(ekmsaTa nmpu cpemnia ¢ ICTUHCKHS BUPYC.

DakTbT, ye 43% 0T aHKeTHUPAHHUTE ce CbMHABAT B 0€30MaCHOCTTA HA BAKCMHMTE, 1aBa
siceH 3HAK, Y¢ HHQOPMANMOHHOTO NMOKPUTHE HA POAUTENUTE ¢ He3agoBoauTeaHo. Te umar
HYXK/J2a OT HAy4YHHM 3HAHHS, NPEJOCTaBCHH MM OT 3[ApPaBeH CHEHHAJIHUCT, KOWTO Ja IH
HHpOpMHpaA, Ye ChIUTE He caMo, 4e ca 0e3omacHH, HO M ca edeKTHMBHHM U MoraT JIa
npeaoTBpatsAT noseue or 90% oT pakoBUTE 3a00JsIBAHUS, CBBP3aHH ¢ BUpyca. [Ipyrust BBIPOC,
YUHTO OTrOBOPH IIOKa3BaT NPOIYCKHM B TO3HAHMATA 3a BakcHHAaTa € ,,MoKe JIHM 4YOBELIKH
NaNnuJOMEH BHPYC BaKCHMHHUTE a MPUYMHAT pak?®. IloBeue OoT MOJOBMHATA aHKETHPAHHU ca
sanosHatu (N=27; 62%). Hesnauntenna wact ot Tsx (N=5; 11%), ue 3HasT. Te3u, KOUTO
3aABABAT, Ye YOBEIIKH MANMJIOMEH BUPYC BAKCMHUTE MOTaT [1a NPUYHHAT PaK e 10CTa BUCOK
(N=12; 27%) u ToBa sicHO moj4epraBa Hy»)JIaTta oT npodecuoHajHa HHPOPMHPAHOCT OT
MEANIHHCKH CIEHHUATHCTH 32 ONIPOBEPraBaHeTO0 MM H HACOYBAHETO UM BbB BSPHATA MOCOKA

(¢ur. 5).

62%

27%

11%

[a He He3Han

®@urypa 5. Mosxe 11 YOBEIIKH MAMTUIOMEH BUPYC-BAKCUHUTE J1a IPUIUHAT pak, B %

HPV BakcunanusTa € mpenopbyaHa 3a mbpBu IObT npe3 2000r. U B CTpaHUTE C BUCOK
BakCHHAIMOHEH o0xBaT kato LlIBemwms, [anus, ABctpanus u Kanana, nHpEKuInuTe ¢ TUIOBETE
HPV, xonTo NpHuMHSABAT IOBEYETO PAKOBH 3a00JIIBaHUS U TCHUTAIHH OpaJaBHLH, ca HAMaJIeIH C
88% cpen tuiinenpxbpruTe U 81% cpen mumaaute Bb3pacTHH xeHu. HPV BakcuHanusita cbiio e
HaManwia Oposi Ha ciydauTe Ha MpepakoBU 3a00JIIBaHMS HA MIMHKaTa Ha MaTKaTa MpU MJaIu
*XeHHU. 3amuraTa, ocurypera ot HPV Bakcunara, e apnrocpouna. Xopara, KouTo ca nonyuniu HPV
BaKCHHA ca OWIN MpOCIeIsIBaHU MOHE OKOJIO 12 TOAMHM Ciell MOCTaBsIHEeTO M M TSAXHATa 3alluTa
cpewmy HPV e Bce ome Bucoxa.
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5. U3BOAU

ITpu mpoBeieHOTO NPOyYBaHe, aHAIM3a ¥ OLICHKATa Ha MOJyYeHHUTE Pe3yITaTUTe, MOraT Ja
ce popMynupar CIeIHUTE M0-3HAYUMHU H3BOJIH:

1. OT nocoyeHUuTE OTrOBOPH Ce BHKAA, Ye MO-TOJSAMATA YACT OT AHKETHPAHUTE SKeHH
ca HasiICHO C MbPBUYHATA NMPoQUIAKTHKA /BakcuHanuATa/. Ho ocTananara yact He ca HasiCHO ¢
JIECTBUETO M 3HAUYMMOCTTa Ha BaKCHHAIMUTE. TOBa CHrHANM3Upa, Y€ yCWIUATA Ha 3ApPaBHUTE
CHeLuaIucTH TpsOBa Ja ce HacoyaT KbM HMH(OPMALMOHHM 3APaBHU KaMIIaHUH, WHAWBUIYaTHU
KOHCYJITAIlMH ¥ Pa3ICHUTEIIHH CPELIH.

2. 57% oT peciOHIEHTKHTE NMAT IOJI0KHUTETHO OTHOIIEHHEe KbM BaKCHHATA U TOBa
A0Ka3Ba, 4Ye Te OCB3HABAT 3HAYMMOCTTAa HAa MMyHu3anusaTa. IlpunenHa rpyma 3a
npoduIakTHIHa AEHHOCT TpsiOBa a cTaHaT Te3u 34%, KONTO KaTeTrOPHYHO OTKAa3BaT BAKCHHALIMSL.

3. Ycunuata Ha MHGOPMALMOHHNTE KaMIIaHWM TpAOBa Aa ce HacoyaT KbM oHe3u 43%,
Criope]] KOUTO BaKCHHHUTE CPElly YOBELIKH NMAIMJIOMeH BHpPYC He ca Oe3omacHu. Pomurenure
TpsI0Ba Ja HaNpaBsT cBOs HH(OpMUpPaH H300p Ha Oa3aTa Ha MpaKTHKa, 6a3upaHa Ha JOKAa3aTeNICTBa.

6. 3AK/IIOYEHUE

KonkoTo noBede 3HaeM 3a pUCKOBETE 3a 3/[paBETO Ha HAILIUTE JAela, TOJKOBA II0BEYE MOXKEM
Jla HAapaBHM, 3a Ja T'M 3alUTUM. aa Obaenn a00pe MHGOPMHUpPAH ¢ MbpBaTa CTHIIKA B 3all[UTaTa
cpemy HPV. Bakcunara cpelily 4oBelKy nanuioma Bupyc B bearapus e 6e3riatHa 3a MOMUYeTa
Ha BB3pacT Mexnay 10-13 roaunm mo Hamnmonannata mnporpamMa Ha MUHHCTEPCTBOTO Ha
3[IPaBEONAa3BaHETO 3a MbpBUYHA MpoduiaakTrka Ha PMIII. B nBageceT U mbpBH BEK Pa3BUTUTE
IIbpKAaBH OTJaBHA Ca OCH3HAIN M3KIFOUNTEIHATA BAKHOCT HA MPO(PHIAKTHKATA U BIAaraT OTPOMHH
CpencTBa 3a HelfHaTa MacoBOCT U BceoOxBaTHOCT. CpencTBaTa, KOUTO ca BIOXKEHHU B MPEBEHITHATA
Ha MPaBIJIHOTO MSCTO U B PABITHOTO BpEMeE, BIIOCIICACTBUE CIIECTABAT B ITBTH IO-TOJIEMH Pa3XOJIH
3a JICUCHHE U Hal-Ba)KHOTO — CHACSBAT YOBEIIKH KUBOT. 3aIbDKCHHC HA 3/IPABHAUTE CIICIHAIUCTH
€ Ia y4acTBar e()eKTHBHO B M3ITBITHCHUETO Ha IMPOrpaMaTa U B OTPAMOTSBAHETO HA POJTUTEIINTE 32
3HAYCHUETO Ha BAaKCHHONPO(HIAKTHKATA, 33 Ja CE YBEIHMYM 00XBaTa Ha MPIJIOKCHHUE W BApaTa B
0€30MacHOCTTa, Thil KATO BAKCHHAIMATA B KOMOWHAIUS C IMTOHAMAa3Ka U KOJOCKOIHUS € HAITbITHO
JIOCTaThYHA 33 PEATHOTO eIMMHUHUpPAHEe Ha 3a00IIBaHETO.
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Abstract: Over the past decades, an increasing number of floods has been observed on the
territory of Bulgaria. Regardless of the causes (hatural or anthropogenic), floods pose a real danger
to human life and health. Therefore, the rules of conduct of the population before, during and after
a flood are extremely important. The purpose of this publication is to compare the awareness of the
population in different time periods about the rules of proper conduct during a flood. Material and
methods: Statistical, comparative and descriptive methods were used. The survey conducted is part
of a long-term study and is a comparative analysis covering respondents from 2015 (309) and 2021
(250). The survey data shows that 59.6% of the respondents are aware of the rules of conduct in case
of flooding. It is not a small percentage of the remaining 40.4% of respondents for whom continuing
education and awareness is needed. Conclusion: Preventive measures among the population and
sufficient awareness are a guarantee for good preparation, response and choice of methods to prevent
negative consequences among the population during a flood.

Keywords: flood, awareness, rules of conduct, preventive measures

BBBEJEHUE

HaBomHennsara ca Haii-uecTWTe NPUPOAHM W/WIM AHTPONOTCHHH OenCTBUS. bposT um
3HAYUTEITHO CE YBEJIMUH NPE3 MOCIEAHUTE JieceTreTns. ToBa ce cBbp3Ba Hail-Beue ¢ IPOMEHEHUTE
kuMmatudny yenoBus. [1o nanan Ha OOH roaumino Ha 3emsita craBat cpenHo 10 000 HaBogHEeHUS,
KOUTO Ca C pas3jM4eH MpoM3xon W oOxBaHata Tepuropus (Spasova, 2013). Puckosute dakropu
BOJICIH JI0 HABOJAHEHHS Ca MHOTOOPOWHH — KOJIMYECTBO ¥ MHTCH3UTET Ha BAICKUTE, HEIIOUNCTEHH
pEYHHM KOPHTa, ChCTOSHUE Ha JAPCHa)KHATA CHUCTEMa, HEM3NPAaBHU XMIAPOTEXHHYECKHU CHUCTEMH U
CHOPBIKEHUS, JISACHH 3aM0pH (IPH MHOTO CTYACHHU 3UMH U OypeH lieTeH enoxon) u ap. (Strategiq,
2014). V3KI04nTENHO HEOOXOAUMO € XOpaTa JIa OCh3HAsAT 3HAYCHHUETO Ha CBOMTE JEHCTBHS KAaTO
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pHCKOB (haKTOp 32 HABOJHEHHUS U ChC CBOUTE MOCTHIIKH M ASHHOCTH J1a JONPHUHECAT 32 HAMAJISIBaHEe
HHBOTO Ha TO3H PHUCK.

HaBoaHeHHsATa HAHACSAT OTPOMHH ILETH, KATO 3aCATaT )KUBOTA U 3[[PaBETO HA HACEICHUETO,
ypOaHU3UPaHU TEPUTOPUH, KPUTHIHA HHPPACTPYKTYPA, MPOAYKTHBHH 3EMEIEIICKU 3eMH, TOPCKU
MmacuBy, (iopa u dayHa. BpeqHOTO Bh3JCHCTBHE Ha HABOJHCHHUSATA BHPXY YOBEIIKOTO 3[paBe ©
KOMIUIEKCHO M MHOTO0ACIeKTHO. To MoXke na ObAe TUPEKTHO OT NMPHIMBHATA BBJIHA WX Ja ObIe
pe3ynTaT Ha MPOIBDKUTEIHO JSHCTBAIM BTOPUYHK nopassiBaiud aktopu (Menne, 2014). Ocen
JMYHAaTa OTTOBOPHOCT, HEOOXOMUMOCTTa OT WH(OPMHPAHOCT Ha HACEIEHHETO OTHOCHO
NPEBaHTUBHU MEPKU U NPaBHJIa 3a MPABUIIHO ITOBECHUE TP HABOAHEHHE Ca U3KIIIOUUTEITHO BaKHH
3a 3ala3BaHe Ha >XMBOTA M 3[PABETO Ha IIONAJHAJIMTE XOpa B OTHHUILIETO Ha IOPaXKCHUE OT
HaBojHeHue. HaBojHeHHETO € OelcTBUE, KOETO M3KMCKBA CIIA3BAHETO HA OMpEACICHH IMpaBuia,
Mepku 1 MepornpusaTus. Te3n mpaBuia ca pa3iuyHy U CIeU(pUIHN BbB BPEMETO MPE/H, [0 BpeMe
U cJIe]l HaBOJHEHHE.

OCHOBHUTE MMpaBuUIia 3a MMOBEACHHE MMPEIX HABOJHEHHE BKIIOYBAT: HH)OPMHUPAHE OTHOCHO
pHCKa 32 TMYHUS UMOT U JKUITUIIE, aKO T€ CE HAMHUPAT B MOTEHIIMAITHO 3aJIMBaeM PalioH; U30sIrBaHe
M3XBBPJSIHETO HAa OTHAABIIM B PEYHUTE KOPHUTA, OKOJIO PEKUTE M JPYTd BOJHH OOCKTH;
nH(opMIpaHe 10 OTHOLICHUE Ha Hai-0e30MacHUTE U KbCU MAPLIPYTH IPH €BEHTYallHA €BaKyallHs
OT JIoMa, OT PabOTHOTO WIIM JIPYro MSCTO; aKTHBHO YYacTHE NPH MPOBEXKIAHETO Ha O0y4eHHs U
CUMYJIALIMOHHHU WrpHu; M30srBaHe Ha IUTyBaHE B HEOXpAHAEMH BOJHM OOEKTH; 3allO3HaBaHE C
ITOPUTMHUTE 33 OKa3BaHE Ha ITbpPBA IMOMOLL IPH JJaBeHe B ObP30 TeYally BOJU U CIIOKOWHH BOJIH;
nH(opMIpaHe OTHOCHO PHCKA, MEPKHUTE M HAYMHUTE 3a Mpe/na3BaHe OT 3a00JsIBaHUS TpelaBaHu
[0 BOAEH IbT M HE Ha IOCIEIHO MSCTO HEOOXOAMMOCTTa OT 3aCTPaxOBKa HA MMYIIECTBOTO M
’KMBOTA Ha WieHOBeTe oT ceMeiictBoTo (Duzi, 2014).

OCHOBHHUTE MpaBWia 3a TOBEJICHHWE IPU HEMOCPENCTBEHA 3aliiaxa U [0 BpeMe Ha
HABOJHCHHUE BKJIIOYBAT: ,,paHUIld 3a OCICTBUSA" C Hal-BAXKHUTE 3a OLESIBAHE MaTepUald |
Cpe/ICTBa, MEMKAMEHTH M BOJIa; U3KIIFOUBAHE HA EJIEKTPUYECTBO M Ta3; 00e30racsBaHe Ha JI0Ma
4ype3 U3rpaxJaHe Ha BPEMEHHH MPerpajiy npej BpaTd U Mpo30piiy; obe30mnacsBaHe Ha )XHBOTA Ha
JIOMAIITHATE JIIOOUMIH; TIPH HEOOXOIUMOCT KauBaHe Ha MO-BHCOK €Tax; M30sArBaHEe Ha MPECTOs U
NPEMHUHABAHETO IO/l MOCTOBE, IOJUIE3W, HA/JE3H, 3aJIeTH MbTUINA, PA3IMBH M MOTOLM; ITbpBa
nomour noj ¢gopmara Ha camMo- W B3aHMMOIIOMOIL; OpraHU3MpaHa €BaKyalusi KbM MEIUIMHCKA
3aBejieHHs; MHOOPMHUpaHe Ha OJIM3KK M MHCTHTYLIUH 32 MECTOHAX0KACHHETO; ClIa3BaHe Ha BCUUKU
yKkasaHus u pejl ycraHosenu ot uncruryiute (Mihajlova, 2011).

OCHOBHUTE MpaBuiia 3a TMOBEJCHUE CJIe]| HABOJAHEHHE Ca CBBP3aHU C JIMKBHJHMPaHE Ha
MOCJIE/ICTBUATA OT HABOJHEHHUE: OCHOBHO HEJIOIYCKAHE BIIOIIABAHE HA CAHHUTAPHO-XUTMEHHOTO
ChCTOSTHHE U 3/IPABETO HA HACEIIEHUETO. 3aTOBA € HEOOXOMM YCHJIEH U CTPUKTEH 3[JpaBeH KOHTPOI
BKJIFOYBAI] CBOCBPEMEHHA JCKOHTAMHHAIMS Ha 3aJeTUTE€ TEPUTOPHH, NpPUEMaHe camMo Ha
OyTnimpaHa BoJa WM BOJAA OT BOJOHOCKH, KAaKTO U XPaHUTEIHH MPOILYKTH ITPEMHHAIN €KCIIEPTHO
3aKJIIOYEHHE 33 TOJHOCT, IPOCIEASBAHE Ha 3/PaBOCIOBHOTO CHCTOSHHME HA IIOCTPaAaIuTe OT
CHhOTBETHUTE MEAUIMHCKY CIIEIIUAIUCTH, aKTUBHO enujemuoniornyno nabmonerue (Kanev, 2008;
Disk, 2008).

IlenTa Ha npoyYBaHETO € Ja Ce HalpaBH aHaJIW3 OTHOCHO HMH(OPMHUpPAHOCTTA Ha
HACEJIEHHETO 110 OTHOIICHUE Ha HEOOXOAMMUTE MpaBHia 3a IMOBEJCHUE MPEAH, 110 BpeMe M Clie]l
HaBOJIHEHHE.

MATEPHUAJ 1 METOIN

3a peanusupaHe Ha LieNTa ca U3MOJI3BAHU JaHHU OT aHKeTHa KapTa cpen 309 pecnonneHra
mpe3 2015 roguna u 250 ankerupanu npe3 2021 romuna. M3moms3BaHu ca omMcaTeNneH H
CpPaBHUTENIEH METOAM, KaTO C€ aKLEHTHpa Ha BbIIpoca ,,CIIOMHATE M CH IpaBUIaTa 3a MPaBHIHO
MOBEJCHUE NIPU HaBOAHEHHE?*

PE3YJITATHU U OBCBh)KIAHE

OOCEKT Ha MPOYIBAHETO Ca AHKETUPAHU C pa3INIHA MECTOpabOoTa, O-KOHKPETHO paboTemn
B MHCTHTYIWH, KOUTO MMaT OTHOIICHHE KbM 3aIIMTaTa HA HACEICHUETO MPH Pa3IMIHH OCJICTBECHH
cutyanun — Perwonanna aupekmnus ,Jllokapra Oe3omacHOCT W 3ammra Ha Hacenenueto (P
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,IIB3H*) B [ImoBauB, Pernonannau 3apaan uacnieknun (P31) B [lnosaus u [1azapmkuk, padorentun
B bearapcku gepBen kpber (BUK) B IlnoBnus m Ila3apmkuk, KakTO W TpaKIaHW HA CIydacH
npuanui. Pecrionpentute ot P/ “TIB3H”, P3U m BUK ce mpuemar eaHOBpEeMEHHO MW KaTo
paboTeny B Te3W MHCTUTYIIMH M KaTO YacT OT HaceleHHeTO (OOMIHOCTTa) W3J0KEHO Ha PHCK OT
OencTBUsA, aBapUH U KaTacTpou.

AHKETHOTO NpOyuYBaHe ce MIPOoBeAe Ha ABa erana — npe3 2015 roauna u npe3 2021 roguHa.
Bposr Ha pecnionaenTure npe3 2015 roguna e 309, a mpe3 2021 roguna — 250. B npoyuBaneTo ca
00XBaHATH pa3IMYHK Bb3PACTOBH IPYIIH.

Oo6uusT 6poit pecionnenTn 3a 2015 roguna u 2021 roarHa, KOUTO CH CIIOMHSAT MPaBUIIATa
3a MPaBWJIHO IMOBEJICHHE NMpH HaBogHeHue ¢ 333, wim toBa ca 59,6%. Jokaro oOmusaT Opoi
aHKETHPaHM 32 CBHINUS IIEPHOJ OT BpeMe, KOUTO HEe CH CIIOMHST IPaBHiIaTa 3a MPaBUIHO TOBEICHHE
npu HaBogHeHue e 226 nmm 40,4% (Tadmn.1).

Tabauna 1. Cratuctuuecka pa30MBKa Ha PECIIOHICHTHTE

CnoMHsATE JI¥ CH NMPAaBUJIATA 32 PABUJIHO MOBEIEHNE NPH
HaBOJHEeHHE?
na HE 001110
Opoii 226 83 309
2015 rox. % 73,1% 26,9% 100%
2021 rox. opoit 107 143 250
% 42.8% 57,2% 100%
Opoii 333 226 559
OBIIO % 59,6% 20,4% 100%

Ha Bompoca ,,CrioMHATE 7M1 CH NpaBHiIaTa 3a MPaBIIIHO MOBEJCHHUE MPHU HaBOJHEHHE?* ce
MOJIyYHXa CIeIHUTE Pe3yiITaTH:

e 1pe3 2015 roguna — 73,1% (226 aHKeTHpaHM) CH CIOMHST MpaBMIaTa 3a MPaBIIHO
MOBeJICHUE TpHU HaBOgHEHHE. 26,9% (83 aHKeTHpaHW) HE CH CIOMHAT KOM Ca Te3d
TIpaByIA.

e [IIpe3 2021 roguna — 42,8% (107 aHKeTMpaHW) CH CHOMHAT IpaBHiaTa 3a IPaBHIHO
moBeJIcHHE TpU HaBogHeHme. 57,2% (143 aHKeTHpaHH) HE CH CIIOMHAT KOM ca TE3U
npaBmia (¢ur.1).

26.9%

maa

2015T. = He 2021r. He

aa

®urypa 1. Aaxerupanu npe3 2015 u 2021 roguna

[TpaBu Breuatnenue, e npe3 2015 roguna npouentsT (73,1%) Ha 3aro3HaTHTE C IpaBUiaTa
3a MPaBIIHO [TOBEICHHE ITPY HABOJAHCHUE € ITO-TOJIsIM 0TKOJIKOTO mpe3 2021 roauna (42,8%). Moxe
O TOBa ce ABJDKK Ha (hakTa, 4e BCE OLIE Ce IOMHAT HAaBOJHEHHATA Ipe3 JITOTO U eceHTa Ha 2005
roAMHA, KOraTo TEpUTOpHUsTa Ha IlaTa cTpaHa Oemie oOXBaHaTta OT NPOJMBHHU JBXKIOBE MU
NPUIOLUINTE PEKH 3ajsXa MPOMHUIUICHH W XHUJIMIIHU CTpagy, HHPPACTPYKTYpHH M 3EMEAEICKU
3emu. EBakympanu Osixa maeceTkn ceMmeiicTBa. Mmame He caMO MEIWITMHCKH, HO U O€3BB3BpaTHU
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3aryou. Cres Te31 HaBOJHEHHS CE HAallpaBHXa CbOTBETHUTE M3BOJU U CE MPEAIIPUEXa NPEBAaHTUBHN
MEpKH, BKJIIOYHTEITHO U II0 OTHOIICHHE Ha HSIKOM OCHOBHM INPAaBMJIA KacaeIllW I'pakAaHUTE MPU
HaBopHeHMe. CreaBa eAnH MEPUOJ OT HAKOJIKO TOAWHH MPe3 KOWTO HE ca PETHCTPUPAHU CEPUO3HU
HaBOJHCHHUS Ha TEPUTOPHSTA Ha cTpaHaTa HU. U 3aTOBa Moxe Ou mpe3 2021 roanHa MPOLEHTHT Ha
X0opaTa, KOUTO HE CH CIIOMHSAT 3a IIpaBUiaTa IpH HABOJHEHHUE € MO-ToisAM 57,2% B cpaBHEHHE C
2015 ronuna (26,9%).

n3Boau

JlaHHUTE OT aHKETHOTO MPOYYBAaHE TOKA3BaT, ue MO-TOJIIMATa YacT OT PECHOHICHTUTE ca
3aMo3HAaTH C MpaBWiIaTa 3a MOBEJCHHEC NPU HABOJHCHHUE, HO CHBCEM HE MaJbK € MPOIICHTA Ha
aHKeTUpAaHWTE 3a KOUTO € HeoOXoJuMmMa Mpoab/DKaBaila oOpa3oBaTeiHa [EHHOCT U
HHPOPMHPAHOCT.

YoBEKbT ChC CBOUTE NCUCTBHS U OE3CHCTBYS, KyATypa U MOBE/ICHHE B rOJISIMa CTEIICH MOXKE
Jla MOJIeTIpa HUBOTO Ha PUCK OT HABOJHEHUs. 3HAYCHHUE 33 TOBA HMa MPEBAHTHUBHATA MIOATOTOBKA.

Upe3 noBuiaBaHe Ha MHPOPMHUPAHOCTTA HA HACEIICHUETO OTHOCHO MpaBHiIaTa 3a HOBE/ICHHE
HA HACEJICHUETO HEe3aBUCHMO OT OE/ICTBEHATA CHTYAI[Hs 1€ CE MOBHIIN MOJTrOTOBKATA, & OT TYK H
YCTOMYUBOCTTA Ha OOIIECTBOTO 3a PEaKIHs IpH OCICTBHS, aBAPUHU U KaTacTpodu.

3AKJIIOYEHHUE

[IpeBaHTUBHUTE MEPONPHUATHS CpEJ HACEICHHETO M JOCTaThYHAaTa WH(POPMHUPAHOCT 3a
OezcTBUATA, KAKTO U HEOOXOAUMUTE NpaBUIIa 3a IOBEAEHHE ca rapaHiyd 3a JoOpa MOJIroTOBKa,
aJIeKBaTHA peakUys M IMpaBWIeH M300p HAa HaYMHU 32 NPEJOTBpATSABaHE M MHUHUMHU3UpPaHE Ha
HETaTHBHUTE TIOCIEACTBUS IPH HAaBOAHEHHS. JlocTarbuHaTta MHOOPMHUPAHOCT OTHOCHO PHCKA OT
HABOJHCHMS U NIPABIIIHATA PEAKIS IIPH HABOIHEHNUS OCUTYPSIBAT HEOOXO0IMMaTa Peaknus, 3anTa
U OTa3BaHe Ha OOIIECTBEHOTO 3/1paBe.
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Abstract: According to the World Health Organization in 2019 chronic obstructive
pulmonary disease (COPD) was the third leading cause of death worldwide, causing 3.23 million
deaths whereas bronchial asthma affected an estimated 262 million people and caused 455 000
deaths. Both diseases are chronic obstructive conditions which need to be diagnosed early in order
to prevent or slow down the complications. The early changes represent SAD (small airway disease)
and actually start at the peripheral airways. Consequently, the world requires new effortless methods
for diagnosis of airway obstructions, especially for small children and people who cannot perform
the spirometry maneuver.

The purpose of this report is to describe the objectives of the forced oscillation technique
(FOT) and to establish its applications in the clinical practice.

Studies and clinical cases regarding pulmonary function testing are summarized and
analyzed. They are found in the following databases - PubMed, Google Scholar and Science Direct.

Spirometry is the ‘gold standard’ for the diagnosis of airflow obstruction but it requires effort
and can be difficult for patients to perform. Forced oscillation technique (FOT) on the other hand is
a relatively new method that may hold the key to the detection of smoking-induced respiratory early
alterations and childhood asthma. FOT requires tidal breathing while applying external, small
amplitude oscillations in order to determine the response of the respiratory system. Therefore, it is
easy for pre-school children to perform. The use of FOT should be considered in patients in whom
spirometry or other pulmonary function tests cannot be performed. One of the main advantages of
this method is that minimal cooperation of the patient is needed and no respiratory maneuvers are
required. This technique may be more sensitive than spirometry in identifying disturbances of
peripheral airways or the effectiveness of therapy at the long term.

The Forced oscillation technique has been successfully applied in various pediatric
respiratory disorders, such as asthma, cystic fibrosis, and chronic lung disease. Considering these
qualities FOT may be used as an alternative of spirometry in heterogenous ventilatory disturbances
of the small airways.

Keywords: diagnostics, small airway diseases, forced oscillation technique
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INTRODUCTION

Small airway disease (SAD) is a condition that affects the peripheral airways of the lungs,
with significant focus on those with an internal diameter less than 2 millimeters. These airways,
although being small, play a crucial role in gas exchange and are often involved in the early stages
of respiratory diseases, such as asthma and chronic obstructive pulmonary disease (COPD).
Pathologically, the disease manifests as a variety of lesions including cellular infiltration of the
bronchiolar walls, alveoli, and perivascular spaces; goblet cell hyperplasia; mucus and inflammatory
cell accumulation obstructing the airway lumen; smooth muscle thickening; and submucosal
remodelling. These changes lead to clinical symptoms such as dyspnea, cough, and detectable
obstruction on pulmonary function tests, including premature airway closure, air trapping, regional
heterogeneity, and exaggerated volume dependence of airflow limitation. Recognizing the
significance of SAD is essential because it often precedes a marked decrease in lung function,
highlighting the importance of early diagnosis and intervention for preserving and maintaining
respiratory health. In this literature review are discussed the golden standard in the diagnosis of
respiratory diseases — spirometry and two modern diagnostic tools that are vital for the detection of
early changes in the respiratory tree.

SPIROMETRY

Spirometry stands as the most widely adopted test for lung function, essential for both
diagnosing and assessing the severity of lung disorders. If the ratio of Forced Expiratory Volume in
1 second (FEV1) to Forced Vital Capacity (FVC) is below 70%, a diagnosis of obstructive lung
disease can be made, signaling that considerable small airway disease must be present for FEV1 to
show abnormalities. The Forced Expiratory Flow between 25% and 75% of the FVC (FEF25-75)
often provides insights into small airway conditions, although its effectiveness is limited by poor
reproducibility and weak correlation with other small airway disease markers unless lung volume
adjustments are made.

Moreover, spirometry frequently includes measurements like the ratio of FVC to slow vital
capacity (SVC) to evaluate small airways disease, demonstrating its broad application in respiratory
assessment. Indicators such as Forced Expiratory Flow (FEF) 50%, FEF75%, and FEF25-75% [also
referred to as Maximum Midexpiratory Flow (MMEF)] are commonly employed to determine small
airway function, with a recognized dysfunction when two of these indicators are below 65%. These
measurements are instrumental in potentially pinpointing early Chronic Obstructive Pulmonary
Disease (COPD) in patients who exhibit symptoms but whose pulmonary function tests have not yet
identified persistent airflow limitations. Despite this, the American Thoracic Society advises against
using MMEF for diagnosing small airway disease due to its unreliable reproducibility and
sensitivity, and minimal correlation with other small airway condition indicators like gas trapping
and small airway inflammation observed through lung biopsies.

SINGLE BREATH NITROGEN WASHOUT (SBNW)

Gas washout tests, specifically the Single Breath Nitrogen Washout (SBNW), provide crucial
insights into small airway functions and the presence of airway diseases. The test initiates with the
inhalation of 100% oxygen from residual volume (RV) to total lung capacity (TLC), followed by a
slow vital capacity (SVC) exhalation during which the exhaled volume and nitrogen concentration
are measured, revealing a characteristic trace divided into distinct phases.

In individuals without diseases, small airway closure occurs close to RV, but diseases like
COPD may cause premature airway closure, leading to increased CV and gas trapping. This closing
capacity then may be expressed as a percentage of the TLC, offering valuable data for the assessment
of obstructive lung diseases.

The relevance of SBNW indices extends to the assessment and monitoring of treatment
responses in conditions like asthma and COPD. For instance, patients with asthma who have normal
Forced Expiratory Volume in one second (FEV1) may show increased CV and SllII, correlating with
the frequency of exacerbations and suggesting these metrics as sensitive indicators of control.
Additionally, SBNW has shown sensitivity to early airways changes in smokers, potentially
identifying those at risk before obstructive spirometry patterns develop, although its specificity for
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pinpointing the exact anatomical sites of pathology remains limited.

FORCED OSCILLATION TECHNIQUE (FOT)

The Forced Oscillation Technique (FOT) is a noninvasive lung function test that measures
the mechanical feedback of the respiratory system by applying an external oscillatory signal during
regular breathing. This technique operates on the principle of minimal patient involvement,
requiring only passive cooperation, which is particularly advantageous for assessing lung function
in young pediatric patients. It works by assessing the respiratory system’s resistance and reactance,
offering insight into various pulmonary conditions. By measuring respiratory system resistance and
reactance, FOT provides valuable insights into the dynamics of airway obstruction and the
effectiveness of bronchodilatory interventions. The method’s sensitivity surpasses that of traditional
spirometry in detecting peripheral airway disturbances and in evaluating asthma control or long-
term therapeutic effectiveness. Despite its growing use, FOT is not intended to replace spirometry
but rather to complement it, particularly in clinical settings involving asthma and chronic obstructive
pulmonary disease (COPD).

As previously mentioned, the Forced Oscillation Technique (FOT) offers a unique approach
to lung function assessment in pediatric patients, particularly useful due to its noninvasive nature
and minimal requirement for patient involvement, making it ideal for young children. FOT has
shown great results in detecting airway obstruction in conditions like asthma and cystic fibrosis,
especially useful in evaluating preschool children who cannot perform complex respiratory
techniques required for conventional tests such as spirometry.

In pediatric asthma, traditional assessments often focus on large airways, but small-airways
dysfunction is increasingly recognized as contributing significantly to the disease’s clinical
presentation. FOT can be particularly advantageous here as it may detect disturbances in peripheral
airways that are not as apparent in spirometry tests. Studies have shown that FOT can effectively
identify airway obstruction and assess bronchodilator response, indicating its sensitivity and
potential for broader clinical applications.

FOT stands out as particularly beneficial also for elderly patients who may struggle with
conventional spirometry due to the requirement for active participation, which can be challenging
with advancing age. Research on COPD patients shows that FOT, especially through measurements
like reactance and resonance frequency, can accurately determine the severity of airflow limitations
and detect significant airway obstructions with high precision and reliability in older adults.

Additionally, the simplicity of the application and non-invasive nature of FOT make it an
appealing option for routine use in clinical settings, especially for older patients who require frequent
monitoring of lung function without the physical strain associated with traditional methods.

CONCLUSION

In summary, the modern methods in diagnosis of SAD offer a better understanding of the
early changes in the bronchial tree and result in prompt treatment and therapy control. The Forced
Oscillation Technique represents a significant advancement in respiratory diagnostics, offering a
noninvasive, sensitive, and comprehensive method for assessing lung function across different age
groups. Despite some challenges related to standardization and necessity for further testing, its
benefits make it a valuable tool in clinical practice, particularly for managing chronic respiratory
diseases.
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