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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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Adrenoceptors are a class of G protein-bound receptors that 
target catecholamines (noradrenaline and adrenaline). Adre-
noceptors have been observed in many cells, participating in 
the pathogenesis of many critical conditions, or diseases. The 
mobilization of catecholamines into the blood occurs in situa-
tions such as hypoxia, anemia, hypercapnia, during strenuous 
exercise, ie, in conditions where it is necessary to increase the 
intensity of oxygen transport. These hormones initiate the de-
velopment of integrated physiological responses to modulate 
cardiovascular, respiratory functions, and modify metabolic 
pathways. Functional activity of adrenoceptors - an important 
marker of the intensity and direction of adaptive reactions in 
the living organism, their output, as well as an effective target 
for the treatment of various diseases. Catecholamine’s recep-
tor modulators are widely used in the treatment of many dis-
eases (arterial hypertension, coronary heart disease [8], cancer, 
inflammation [10,21,27]); β-adrenergic receptor blockers are 
used in the treatment of cardiovascular (arterial hypertension, 
ischemic heart disease) [6] and other diseases. 

The possibility to regulate the intensity of the angiogenesis 
process with β-blockers indicates the involvement of adrenocep-
tors in the modulation of the functioning of various systems of 
the living body and the pathogenesis of many diseases (tumor 
growth, rheumatoid arthritis, diabetic retinopathy, ischemic heart 
disease, peripheral vascular damage). β-adrenergic receptors 
also influence cytokines, chemokines, VEGF, fibroblast growth 
factor, hepatocyte growth factor (HGF), placental growth fac-
tor, stromal cell factor-α, Matrix metalloproteinases (MMPs - a 
group of enzymes that play an important role in the degradation 
of extracellular matrix macromolecules and remodeling of con-
nective tissue [26] expression), and accordingly, are known as 
the antitumor and anti-inflammatory effects of β-blockers. The 
β-blocker, propranolol, is widely used in the treatment of car-
diac diseases, it’s anti-tumor and anti-inflammatory properties 
are well known [32]. The inhibitory effect of propranolol (non-
selective β-adrenergic receptor blocker) on vascular endothelial 
growth factor (VEG) norepinephrine-induced expression in adi-
pose tissue [37] and norepinephrine-induced release of a func-
tional angiogenic factor in nasopharyngeal carcinoma tumor 
cells [18] has been described, suggesting that β-adrenoceptors 
are involved in the regulation of these processes.

In this review, we discuss the role of adrenoceptors in the 
regulation of the rheological functions of erythrocytes.

Rheological properties of erythrocytes. On the membranes 
of erythrocytes receptors for many neurotransmitters and neu-
ropeptides (muscarinic acetylcholine receptors, 5-hydroxy-
tryptamine-1 receptors, and B-cholecystokinin receptors, 
β-adrenoceptors) were detected. 

Erythrocytes are multifunctional cells. In addition to gas 
transport, they are involved in the regulation of blood rheologi-
cal parameters, in the transport of medicinal, biologically active 
substances and immune complexes, in the regulation of vascular 
dilatation. Erythrocytes play an important role in the regulation 
of blood circulation: they participate in the regulation of vas-
cular tone, arterial, and venous blood pressure, affect platelet 
function [13]. Erythrocytes can regulate the interaction of lym-

phocytes with endothelium, specific immune responses in acti-
vated T cells, and intensity of their apoptosis; they can inhibit 
neutrophil’s apoptosis [36]. 

As is known, the rheological properties of erythrocytes impor-
tantly depend on their proprties whish are manifested in changes 
of their deformability and aggregability. The deformability of 
erythrocytes is crucial for microcirculation and is especially 
important during various critical situations, but the molecular 
mechanisms of its regulation have not been fully established. It 
is known, that the deformability of the erythrocyte’s membrane 
is determined by its viscoelastic properties, the fluidity of the 
cytoplasm, and the cell’s shape and size (surface area/volume 
ratio) [28]. Viscoelastic properties of erythrocytes membrane 
depends significantly on its lipids composition, properties of 
membrane peripheral (cytoskeletal, adhesive proteins) and inte-
gral (pumps an channels) proteins Fluidity of erythrocyte’s cy-
toplasm plays an important role in the regulation of cell deform-
ability depends on the cell volume and hemoglobin structure and 
quantity. Changes in erythrocyte’s diameter, and therefore the 
volume, may be related to a disturbance of the osmotic balance 
between the inner and outer environment of the cell. Maintain-
ing the normal osmotic balance in the erythrocytes significantly 
depends on the level of activity of erythrocytes membrane trans-
port system and level of cellular metabolism (Na+/K+-ATPase 
and Ca2+-ATPase activity). Na+/K+-ATPase plays important role 
in the regulator of erythrocyte volume and, consequently, cy-
toplasm viscosity, which ensures the maintenance of osmotic 
balance around the membrane; Ca2 +-ATPase ensures a low con-
centration of intracellular Ca2+, which is also essential for main-
taining a high deformability [22].

Role of β-adrenoceptors in the regulation of the rheological 
functions of erythrocytes.

It is known that β-adrenoceptors play an important role in 
the regulation of the erythrocytes metabolism. Activation of 
β-adrenoceptors by agonists is mediated by a receptor-coupled G 
protein, which has a stimulatory effect on adenylate cyclase. Ac-
tivation of adenyl cyclase results in the formation of a secondary 
messenger, cyclic adenosine monophosphate (cAMP), inside the 
cell. The cAMP also causes changes in the concentration of Ca2+ 
ions in the cell through cAMP-dependent protein kinases (PK-
A, PK-C) and the activation of several Ca2+-dependent metabolic 
pathways [5]. It is known that activated by β-adrenergic recep-
tors agonists cAMP-dependent PK-C promotes phosphorylation 
of membrane Na+/K+-ATPase and Ca2+-ATPase, increase the 
permeability of the L-type Ca2+-channels, intensification of Ca2+ 
ions flux into the cell [2,17] and Ca2+-dependent modification of 
membrane proteins [7,25,37], in part, the permeability of mem-
brane channels, including Ca2+-dependent K+ channels (Gardo 
channels), erythrocytes aggregation, thrombus formation and 
adhesion to the endothelium [3,12,19,31], modification of the 
metabolic activity of the intracellular proteins (calmodulin-de-
pendent proteins, Na+/H+-antiporter, Ca+2-ATPase, erythrocyte’s 
NO synthase (eNOS), phosphatidylinositol 4,5-bisphosphate, 
PKCa, phosphoinositide 3-kinase (PI3K) and others [9,34], reg-
ulation of cellular clearance [11], that is reflected in the erythro-
cytes functioning.

ROLE OF β-ADRENOCEPTORS IN REGULATION 
OF ERYTHROCYTES’ RHEOLOGICAL FUNCTIONS (REVIEW)
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Notable is the β-adrenoceptor agonists-induced activation 
of Ca2+-dependent K+-channels (Gardo channels) promotes 
changes in the intracellular K+ and Na+-ions content. In addition 
to Gardo channels, several catecholamine-regulated Ca2+-de-
pendent transport systems include erythrocyte membrane Na+/
H+-antiporter and ouabain-resistant Na+/K+/2Cl--cotransporter. 
These ion-transport systems, regulated by complex adrenore-
ceptor-dependent and nondependent mechanisms, participate in 
the regulation ions concentration of K+, Na+ and Cl- ions inside 
erythrocytes. are responsible for the alterations of osmolality, 
hydration/dehydration and polarity of their membrane [25,33]. 
It is known that rapid dehydration of erythrocytes resulted by 
sharp increase in their membrane permeability to Ca2+ ions (via 
pressure-dependent Ca2+-channels), and activation of Ca2+-de-
pendent transport systems (including Gardo channels), contrib-
utes to their reduction in cells size (volume) that is followed 
by increase their deformability, and rapid movement in narrow 
capillaries.

 Erythrocyte deformability is known to be critical to main-
taining normal levels of microcirculation [35]. It is known that 
catecholamines-induced dehydration of erythrocytes contributes 
to a change in their rheological properties - increase the deform-
ability and reduce aggregation [29,31].

It is known that the mechanism of vasorelaxation of blood 
vessels, regulated by β-adrenergic system, is mediated 
by activation of the L-arginine/NOS system with cAMP-
dependent mechanisms (PKA or PI3K-ACT signaling pathway), 
which provides phosphorylation of serine-177 of eNOS 
and, consequently, its Ca2+-independent activation [23]. The 
activation of eNOS increases the level of NO synthesis, which, 
in turn, promotes hyperpolarization of the plasma membrane, 
activation of CAT-1 (a carrier of cationic amino acids), increase 
in arginine consumption, and, as a consequence, intensification 
in NO production [23,34]. It is noteworthy that the CAT-1 
protein is also found in erythrocytes [20], which indicates on the 
possibility of participation of the above mentioned β-adrenergic 
regulatory mechanism of NO synthesis in the red blood cells. 

Erythrocyte’s NO acts as an autocrine mediator in the 
regulation of erythrocytes deformation, essential for the transport 
of these cells in narrow capillaries [34]. The mechanisms of NO 
effect on the mechanical properties of erythrocytes have not 
been fully understood. 

There is evidence that β-adrenoceptor agonists by G-protein-
induced cAMP-dependent mechanisms, as well as by the influ-
ence of other factors, such as stimuli inducing the increase of 
cAMP level [16,30], mechanical deformation of erythrocytes 
[4,14], hypoxia, promote the release of adenosine triphosphate 
(ATP) from erythrocytes [1,15]. ATP by the interaction with pu-
rine receptors on the endothelium induces the release of endo-
thelium-dependent vasodilators (nitric oxide, prostacyclin) [24] 
and thereby provides regulation the intensity of blood flow in the 
area of microcirculation. That is, under conditions of reduced 
tissue oxygenation, erythrocytes, along with enhanced oxygen 
transport, perform the oxygen sensors role that controls the ATP 
release in response to local tissue hypoxia. 

Conclusion. β-adrenoceptors play an important role in the 
regulation of erythrocytes functions and metabolism. They 
participate in the modification of transport membrane proteins 
(Na+/K+-ATPase, Ca+2-ATPase, Na+/K+/2Cl—cotransporter, 
Na+/H+-antiporter, CAT-1, Ca2+-dependent K+ channels (Gard 
channels), the activity of adenylate cyclase and cAMP, AMP-
dependent activation of the L-arginine/NOS system and erythro-
cyte NOS (erNOS)) and by this way modulate the cells volume, 

rheological properties (deformability, aggregability), intensity 
of NO synthesis and ATP reliase. These properties of erythro-
cytes determine, that, in addition to the transport of gases, they 
play the oxygen sensors role and can participate in the mecha-
nisms of vasorelaxation and maintenance of a normal level of 
microcirculation.
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SUMMARY

ROLE OF β-ADRENOCEPTORS IN REGULATION OF 
ERYTHROCYTES’ RHEOLOGICAL FUNCTIONS (RE-
VIEW)

1Sharashenidze T., 1Shvelidze Kh., 2Tsimakuridze M., 
1Turabelidze-Robaqidze S., 1Buleishvili M., 2Sanikidze T.

1David Aghmashenebeli University of Georgia; 2Tbilisi State 
Medical University, Georgia

In this review, we discuss the role of adrenoceptors in the 
regulation of the rheological functions of erythrocytes.

β-adrenoceptors play an important role in the regulation of 
erythrocytes functions and metabolism. They participate in the 
modification of transport membrane proteins (Na+/K+-ATPase, 
Ca+2-ATPase, Na+/K+/2Cl-cotransporter, Na+/H+-antiporter, 
CAT-1, Ca2+-dependent K+ channels (Gard channels), the activ-
ity of adenylate cyclase and cAMP, AMP-dependent activation 
of the L-arginine/NOS system and erythrocyte NOS) and by this 
way modulate the cells volume, rheological properties (deform-
ability, aggregability), intensity of NO synthesis and ATP reli-
ase. These properties of erythrocytes determine, that, in addition 
to the transport of gases, they play the oxygen sensors role and 
can participate in the mechanisms of vasorelaxation and mainte-
nance of a normal level of microcirculation.

Keywords: proteins, erythrocyte NOS, β-adrenoceptors.

РЕЗЮМЕ

РОЛЬ β-АДРЕНОРЕЦЕПТОРОВ В РЕГУЛЯЦИИ РЕО-
ЛОГИЧЕСКИХ ФУНКЦИЙ ЭРИТРОЦИТОВ (ОБЗОР)

1Шарашенидзе Т.Г., 1Швелидзе Х.Л., 
2Цимакуридзе М.П., 1Турабелидзе-Робакидзе С.Д., 
1Булеишвили М.Л., 2Саникидзе Т.В.

1Университет Давида Агмашенебели в Грузии; 2Тбилисский 
государственный медицинский университет, Грузия

В обзоре обсуждается роль β-адренорецепторов в регуля-
ции функций и метаболизма эритроцитов. Они участвуют в 
модификации транспортных белков мембран (Na+/K+ -АТФаза, 
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Ca+2-АТФаза, Na+/K+/2Cl--котранспортер, Na+/H+-антипортер, 
CAT-1, Са2+-зависимые K+-каналы - каналы Гардо, активность 
аденилатциклазы и цАМФ, АМФ-зависимая активация систе-
мы L-аргинин/NOS и эритроцитарная NOS), таким образом, 
они модулируют объем клеток, реологические свойства (де-

формируемость, агрегация), интенсивность синтеза NO и вы-
свобождение АТФ. Благодаря этим свойствам эритроциты, 
помимо транспорта газов, играют роль кислородных сен-
соров и могут участвовать в механизмах вазорелаксации и 
поддержания нормального уровня микроциркуляции.

reziume

β-adrenoreceptorebis roli eriTrocitebis reologiuri funqciebis regulaciaSi (mimoxilva)

T.SaraSeniZe, x.SveliZe, m.cimakuriZe, s.turabeliZe-robaqiZe, m.buleiSvili, T.sanikiZe

saqarTvelos daviT aRmaSeneblis sax. universiteti; 
Tbilisis saxelmwifo samedicino universiteti, saqarTvelo

statiaSi ganxilulia β-adrenoreceptorebis 
roli eriTrocitebis reologiuri funqciebis 
regulaciaSi.

β-adrenoreceptorebi mniSvnelovan rols as-
ruleben eriTrocitebis funqciebis da metabo-
lizmis regulaciaSi. isini monawileoben mem-
branis satransporto cilebis (Na+/K+-ATPaza, 
Ca+2-ATPaza, Na+/K+/2Cl-kotransportiori, Na+/H+-
antiporteri, CAT-1, Ca2+-damokidebuli K+-arxebi 
(gardos arxebi), adenilatciklazas aqtivoba da 

cAMP–is damokidebuli L-arginin/NOS sistemis 
aqtivacia da erNOS) da amrigad  aregulireben 
ujredis moculobas, reologiur Tvisebebs (de-
formabeloba, agregaciuloba), NO sinTezis inten-
sivobas da ATP–is gamoyofas. 
eriTrocitebis aRniSnuli Tvisebebi ganapi-

robebs, rom gazebis transportis garda, isini 
asruleben Jangbadis sensorebis rols da mona-
wileoben vazorelaqsaciis meqanizmebSi, mikro-
cirkulaciis normaluri donis  SenarCunebaSi.

VACCINATION: STATE-IMPLEMENTED MEDICO-SOCIAL AND LEGAL MEASURES

1Afanasieva M., 1Stoianov M.,, 1Kuli-Ivanchenko K., 2Ivanchenko A., 2Shotova-Nikolenko A. 

1National University “Odessa Law Academy”; 2Odessa State Ecological University, Ukraine

Infectious diseases transcend all boundaries and tend to 
spread widely across the population causing high social, mate-
rial, financial and manpower costs that exceed the resource costs 
required for the implementation of preventive measures. High 
levels of epidemic potential and serious consequences can be 
effectively prevented through vaccination. 

The prevention of infectious diseases through vaccination is 
the most efficient investment in public health that promotes so-
cial justice and socio-economic consolidation of the nation. The 
moral aspect of immunization is also of great importance since 
everyone has a right to living a long and happy life without dam-
ages caused by a disease and its consequences, not to mention 
sufferings, disability and death. 

High childhood vaccination coverage rates serve as a key in-
dicator of public health, as they contribute to the formation of 
so-called herd immunity from a particular disease. Herd immu-
nity is only effective when vaccinated citizens make up at least 
95% of the entire population. It creates a specific shield: protects 
people who cannot be vaccinated for medical reasons from dis-
eases, stops the spread of viruses and outbreaks. 

However, achieving and maintaining this objective is not al-
ways an easy task for the state and it becomes even more dif-
ficult in case of increase of an overall number of refusals to 
get vaccinated. There are different vaccination policies around 
the world. Some countries focus on educating their population 

with relation to the benefits of vaccination leaving the choice 
to the citizens themselves, others offer financial incentives or 
make vaccination mandatory to ensure its high coverage [12]. 
Depending on national legislation, the legal consequences for 
those who do not accept vaccination may vary, ranging from not 
letting unvaccinated people to visit educational establishments 
to imposing fines. In some cases, for example in France, parents 
may even bear criminal responsibility.

A problem of vaccination which seems to be of a purely medi-
cal nature at first glance became a field of conflict of different 
interests such as: the right to life, the right to respect for private 
and family life, freedom of thought, conscience, religion or be-
lief, the right to education, and, on the other hand, gives rise to 
the issue of public health protection and even national security. 
Different states have different approaches to finding a legisla-
tive solution to the problem of ensuring the optimum balance 
between public and private interests in this respect.

Literature review. The issue of vaccination is associated with 
various aspects of personal and social life and has its manifesta-
tion at both national and international levels. That is why the 
problem of vaccination is of interdisciplinary subject matter and 
is studied by experts in various fields of science. 

A substantial scientific discussion of the ethical and legal as-
pects of vaccination was carried out by Capella, B. V. (2015) and 
Bioethics Committee of Spain (2016).


