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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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In recent decades, there has been a tendency in the world to-
wards a steady increase in vascular disease rate due to the gen-
eral aging of the population, an increase in the diabetes mellitus 
incidence, arterial hypertension and atherosclerosis. The heart 
and the brain are interrelated target organs in vascular pathol-
ogy, whose clinical variants (ischemic heart disease, cerebral 
stroke) are still leading in the population mortality in the devel-
oped countries [1,2]. Oxygen deficiency is the basis of various 
pathological processes in many diseases and critical conditions, 
it is often clinically observed and is one of the central medical 
problems. In particular, the lack of oxygen affects the severity of 
the course of ischemic damage to the brain and heart [3], shock 
and collapse conditions, infectious and non-infectious diseases, 
multiple organ failure and stress formation [4].

It is generally known that the myocardium and the brain cells 
have the highest energy intensity, since they carry out the most 
intense work [5]. However, the total amount of blood circulating 
in the heart muscle is relatively small, and the cells’ essential 
need in oxygen is covered due to the maximum removal of oxy-
gen from oxyhemoglobin. It is no coincidence that mitochondria 
occupy up to 30% of the cell’s volume. [5].

In this connection, an active study is carried out of the factors 
affecting hypoxic damage in organs and tissues, including the 
nervous and cardiovascular systems. It is of particular interest 
that the new data, obtained both experimentally and clinically, 
indicate that the Klotho protein’s circulating form has the ability 
to reduce oxidative processes by activating FoxO and increasing 
the expression of superoxide dismutase, to affect the processes 
of endothelial integration and cellular functions [6, 7] due to its 
impact on HIF and HSP proteins, to activate cellular adaptation 
processes under hypoxia.

Klotho is the protein that regulates the fundamental functions 
of the human body, namely: the membrane form is a co-receptor 
for FGF23, it induces the negative phosphate balance by stimu-
lating renal phosphate excretion and serum dihydroxyvitamin D 
levels. Apart from the membrane form, there is an extracellu-
lar Klotho protein form, which is generated through secretase, 
as well as splicing, and is released into the intracellular space, 
where it functions as an endocrine factor. The increase of Klotho 
production prevents atherosclerosis development and slows 
down aging process in the experimental animals. It is known 
that the Klotho deficiency reduces longevity and leads to a phe-
notype reminiscent of human aging, while with over-expression 
of Klotho life expectancy increases by 20-30%. Klotho is pre-
dominantly produced in the kidneys, and the circulating levels 
of soluble Klotho (sKlotho) are reportedly reduced in chronic 
kidney disease (KHN) [8]. All this accounts for the viability of 
further exploration and study of the drugs that would be effec-
tive in enhancing the Klotho active expression and synthesis in 
vivo and in vitro. [9] Klotho deficiency, in turn, increases the ox-
idative stress and makes the cells more susceptible to oxidative 
stress. Thus, antioxidants are potentially useful for preventing 
this deterioration by activating Klotho’s production, and, there-
fore, increasing antioxidant properties. [10]. In addition, antioxi-
dants inhibit the expression and synthesis of Klotho proteins and 

other endogenous cytoprotection factors, which is why the data 
came into view that the antioxidant therapy in the acute period 
of coronary and cerebral ischemia appeared inappropriate.

Currently, the central nervous and cardiovascular system dis-
orders of hypoxia genesis are widely treated with drugs that re-
store blood flow, as well as drugs that affect cell metabolism, 
namely, individual units of adaptive molecular-biochemical re-
actions. As the latest drugs are concerned, there are many exper-
imental and clinical data on their efficacy. However, in terms of 
evidence-based medicine, the effect of these drugs is controver-
sial and questionable. At present, two main active search areas 
for cytoprotectors are:

a) Creation of siRNA (an impact on the genome expression, 
the activation of chaperone synthesis and that of the proteins of 
endogenous cytoprotection, ion channels regulation).

b) The search for xenobiotics, physical agents capable of 
making an impact on the expression and synthesis of endoge-
nous cytoprotection factors (HIF, HSP proteins, Klotho protein).

These two paths are promising and relevant at present. A par-
ticular interest is aroused in the methods of pharmacorrection 
by means of affecting the synthesis and expression of Klotho 
proteins, such as vitamin D, Necrostatin-1, and estrogens.

Therefore, the purpose of our study is to determine the abil-
ity of vitamin D and tamoxifen estrogen receptor modulator to 
influence the synthesis of Klotho protein under hypoxia in vitro 
modeling in the brain and heart cells.

Material and methods. The experimental part was carried 
out on sexually mature white nonlinear rats - males weighing 
190-230 g. The animals were obtained from the Institute of 
Pharmacology and Toxicology, NAMS of Ukraine. All manipu-
lations with animals were performed under the thiopental-sodi-
um anesthesia (40 mg/kg intraperitoneally) [11, 12]. Hypoxia 
in vitro was modeled by the insertion of 0.6 μM concentration 
of 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridil (MPTP) into the 
suspension of respiratory tract tissue differentiator cardiomyo-
cytes. With this purpose in mind, 1-2 mm3 myocardium crushed 
pieces were introduced into the 7 ml of buffer solution contain-
ing 0.3 M sucrose, 250 μM edetic acid, 5 mM Tris, pH 7.4; 0.6 
μM MPTP were added and incubated for 120 minutes at 200 ° C.

The neurons were extracted from the Wistar line rats’ cerebral 
cortex. The extraction of enriched neuron fractions and neuro-
glia was carried out by differential centrifugation at 60,000 g in 
the refrigeration 5804R Centrifuge (Eppendorf, Germany). As a 
result of centrifugation, two layers and a dense sludge were ob-
tained. The upper layer was represented by the remnants of my-
elin shells, the other layer consisted of glial and neuronal cells. 
The sludge was represented by neuron bodies of 90% purity. 
Subsequently, an additional purification of the second layer was 
carried out by means of another filtration and ultracentrifuga-
tion. The extracted neuronal cells were washed out from sucrose 
and albumin with a cooled saline solution and placed into the 
Dulbecco’s Modified Eagle’s Medium [12].

The drugs under investigation were Vitamin D and tamoxifen 
citrate (introduced in the incubation medium at the concentra-
tion of 10-7M).
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Experimental suspension series:
- Intact cardiomyocyte suspension (cardiomyocyte suspen-

sion incubation for 120 minutes, no MPTP added), (n = 10);
- Intact neurocyte suspension (cardiomyocyte suspension in-

cubation for 120 minutes, no MPTP added), (n = 10);
- Test cardiomyocyte suspension (120-minute incubation with 

MPTP), (n = 10);
- Test neurocyte suspension (120-minute incubation with 

MPTP), (n = 10);
- MPTP-cardiomyocyte hypoxia + tamoxifen (120-minute in-

cubation with MPTP, 10-7 estradiol added), (n=10);
- MPTP-neurocyte hypoxia + tamoxifen (120-minute incuba-

tion with MPTP, 10-7 estradiol added), (n=10);
- MPTP cardiomyocyte hypoxia + vitamin D (120-minute in-

cubation with MPTP, 10-7 tamoxifen added), (n=10);
- MPTP neurocyte hypoxia + vitamin D (120-minute incuba-

tion with MPTP, 10-7 tamoxifen added), (n = 10).
Nitrotyrosin (Ntz) (ELISA Kit “Hycult biotechnology b.v.”) 

and Klotho protein (Elabscience, USA) concentration in the cell 
suspensions was measured by means of immunoenzyme analy-
sis.

The statistical processing of the results was carried out with 
the use of the STATISTICA® for Windows 6.0 (StatSoft Inc., 
No. AXXR712D833214FAN5) program. The reliability of the 
differences was performed by the Student t-criterion [12].

Results and discussion. The analyses of the data obtained 
has demonstrated that cardiomyocyte and neurocyte 120-min-
ute MPTP incubation resulted in the essential deficit of Klotho 
protein concentration comparing with the intact suspensions. 
Presented in Table 1 is the investigated marker’s concentration 
decrease in the suspension at the 120th minute of hypoxia: car-
diomyocytes by 77,2% and neurocytes by 70,9%. Such a de-
crease, in our opinion, is related to the oxidative stress devel-
opment in the cell suspension (the increase of nitrotyrozine by 
65% and 69% in the cardiomyocyte and neurocyte suspensions 
respectively) (Tables 1,2), as well as the hyperproduction of 
proinflammatory cytokines such as tumor necrosis factor (TNF) 
and interferon (INF), which was documented by the Forster 

REet al, 2011 research [13]. A significant drop in the concen-
tration of Klotho protein indicates, in our opinion, the failure 
of compensatory and adaptive reactions in response to hypoxia 
and the inability of the cell’s protein-synthesizing apparatus to 
synthesize chaperone proteins, antioxidant enzymes. It is known 
that the Klotho protein circulating form has the ability to reduce 
the oxidative processes by activating FoxO and to increase the 
superoxide dismutase expression [14]. In addition, it has been 
shown that Klotho protein is able to bind to the TGF-β-2 recep-
tor, regulating the processes of cell death in hypoxia [15].

Introduction of pharmacological agents into the cardio- and 
neurocyte incubation medium limited oxidative stress develop-
ment (a decrease in the nitrotyrozine concentration in the cardio- 
and neurocytes suspension by % and %, respectively) (Tables 1, 
2). A statistically significant increase in Klotho protein concen-
trations in these suspensions was also registered.

The analyses of the data obtained has demonstrated that the 
addition of vitamin D (10-7) to the cardiomyocyte and neu-
rocyte incubation medium increased the mean Klotho protein 
content by 56% along with the reduction of Ntz concentration 
by 36% and 42%, respectively. A similar effect of vitamin D is 
attributed to its effect on FGF23. It is widely known that there 
is a significant FGF23 hyperproduction under hypoxia. In turn, 
FGF23 is a powerful inhibitor of vitamin D metabolism and 
Klotho protein secretion [16]. FGF23 affects vitamin D by in-
hibition of 1-α-hydroxylase, which converts 25 (OH) D into the 
active form of 1.25 (OH) 2D. In addition, FGF23 does not have 
a heparin sulfate binding center, so FGF23 has low affinity for 
FGF receptors. It has been found that Klotho protein acts as a 
co-factor for FGF23 signaling and can bind to the FGF1c, -3c, 
-4c receptors, inactivating Klotho protein afterwards. Klotho 
deficiency stimulates the FGF23 synthesis even more, which in 
turn inhibits vitamin D synthesis.

The unidirectional action of vitamin D, both in the suspension 
of cardiomyocytes and neurocytes, indicates its general biologi-
cal effects, aimed at the activation of fundamental adaptation-
adjusting reactions in response to hypoxia, and is implemented 
indirectly through the Klotho protein.

Table 1. Influence of vitamin D and tamoxifen on the nitrotirosin and Klotho protein concentration 
at the 120th minute of hypoxia in vitro in cardiomyocyte suspension 

Index
Intact

suspension (n=10)
Test 

suspension (n=10)

Vitamin D, МPTP- 
hypoxia 120th minute,

(n=10)

Tamoxifen,
МPTP- hypoxia 120th minute,

(n=10)

protein Klotho, ng/ml 1,8±0,07 0,41±0,05 0,94±0,04* 0,62±0,02*

Ntz, standard unit,
g/protein 0,5±0,03 1,41±0,09 0,89±0,02* 0,68±0,03*

*- p ≤ 0,05 in relation to the test cardiomyocyte suspension

Table 2. Influence of vitamin D and tamoxifen on the nitrotirosin and Klotho protein concentration 
at the 120th minute of hypoxia in vitro in cardiomyocyte suspension 

Index
Intact

suspension (n=10)
Test 

suspension (n=10)

Vitamin D, МPTP- 
hypoxia 120th minute, 

(n=10)

Tamoxifen,
МPTP- hypoxia 120th minute,

(n=10)

protein Klotho, ng/ml 2,1±0,06 0,61±0,07 1,41±0,15* 0,85±0,04*

Ntz, standard unit,
g/protein 0,6±0,04 1,94±0,11 1,12±0,1* 0,78±0,07*

*- p ≤ 0,05 in relation to the test cardiomyocyte suspension
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Introduction of tamoxifen (10-7) estrogen receptor modulator 
into the cardio- and neurocyte incubation medium made a lesser 
impact on the Klotho concentration than vitamin D in advanced 
cell suspensions, however, it had a more pronounced effect on 
the restriction of oxidative stress, which was expressed in a 
more significant reduction (on average by 52% and 60%) of Ntz 
content in cardiomyocyte and neurocyte suspensions at the 120th 
minute of hypoxia in vitro (Tables 1, 2). 

The documented effects of tamoxifen indicate its ability to 
limit oxidative stress, while producing no direct impact on the 
Klotho protein synthesis and expression. In our opinion, tamoxi-
fen achieves its effects indirectly, through the influence on the 
HSP protein system, as demonstrated by our previous studies. 
HSP proteins in hypoxia act as chaperones, providing folding 
of proteins, as well as stabilizing their tertiary and quaternary 
structure, providing functional activity of protein molecules un-
der hypoxia, including Klotho protein.

Conclusions: The results of the research show that chemical 
agents of various pharmacological groups can affect the increase of 
the Klotho protein content in cardio- and neurocyte suspensions un-
der MPTP-induced hypoxia in vitro. The registered pharmacologi-
cal effects of vitamin D and tamoxifen are implemented via various 
mechanisms - direct and mediated potentiation.

1. MPTP-induced hypoxia modeling in vitro resulted in the 
decrease of the Klotho protein concentration in the cardiomyo-
cyte suspension by 77.2%; in the neurocyte suspension - by 
70.9%. Alongside, the increase was registered in the nitrotyro-
sine concentration - by 65% ​​and 69% in the suspension of car-
diomyocytes and neurocytes, respectively.

2. The introduction of vitamin D (10-7) into the incubation 
medium of cardiomyocytes and neurocytes resulted in the in-
crease in Klotho protein content by an average of 56% with a 
simultaneous reduction of nitrotyrosine concentration by 36% 
and 42%, respectively.

3. The introduction of tamoxifen estrogen receptor modulator 
(10-7) into the cardio- and neurocyte incubation medium affect-
ed the Klotho protein concentration (an increase in concentration 
of 34% and 28% respectively) in advanced cell suspensions less 
than vitamin D, however, nitrotyrosine concentration decrease 
made a more expressed impact, on average by 52% and 60%.
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SUMMARY

THE IMPACT OF THE CHEMICAL AGENTS OF DIF-
FERENT PHARMACOLOGICAL GROUPS ON THE 
KLOTHO PROTEIN CONCENTRATION IN THE CAR-
DIOMYOCYTE AND NEUROCYTE SUSPENSION IN 
120 MINUTE HYPOXIA IN VITRO

Pavlov S., Nikitchenko Y., Tykhonovska М.

Zaporizhzhia State Medical University, Ukraine

Currently, central nervous and cardiovascular system disor-
ders of hypoxia genesis are widely treated with drugs that restore 
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blood flow, as well as drugs that affect cell metabolism, namely, 
individual units of adaptive molecular-biochemical reactions.

Of particular interest are pharma-correction methods of af-
fecting synthesis and expression of Klotho proteins, such as vi-
tamin D and Necrostatin-1, estrogens.

The purpose of the study was to identify the ability of vitamin 
D and tamoxifen estrogen receptor modulator to affect Klotho 
protein synthesis (under hypoxia in vitro modeling in brain and 
heart cells).

The study was performed on sexually mature white non-
linear rats - males weighing 190-230 g. Hypoxia in vitro was 
modeled by insertion of 0.6 μM concentration of 1-methyl-
4-phenyl-1,2,3,6-tetrahydropyridil (MPTP) into the suspension 
of respiratory tract tissue differentiator cardiomyocytes. By 
means of immunoenzyme analysis, concentration of Nitrotyro-
sin (Ntz) (ELISA Kit “Hycult biotechnology b.v.”) and Klotho 
protein (Elabscience, USA) in cell suspensions was evaluated. 
Statistical processing of the results was carried out using the 
STATISTICA® for Windows 6.0 program (StatSoft Inc., No. 
AXXR712D833214FAN5). The reliability of the differences 
was carried out using the Student’s t-criterion.

The data analysis demonstrated that a 120-minute MPTP 
incubation of cardiomyocytes and neurocytes resulted in a sig-
nificant deficiency of Klotho protein concentration compared to 
intact suspensions. Such a decrease, in our opinion, is related to 
the development of oxidative stress in cell suspension (increase 
of Ntz by 65% ​​and 69% in the cardiomyocyte and neurocyte 
suspensions, respectively), as well as hyperproduction of proin-
flammatory cytokines such as tumor necrosis factor (TNF) and 
interferon (INF). Vitamin D (10-7) addition to the incubation 
medium of cardiomyocytes and neurocytes resulted in the in-
crease of Klotho protein content by 56% on average, with 36% 
and 42% reduction of Ntz concentration, respectively. The reg-
istered effects of vitamin D are explained with its direct stim-
ulating of the expression and synthesis of Klotho protein and 
limiting FGF23 hyperproduction. The introduction of tamoxifen 
estrogen receptor modulator (10-7) into the cardio- and neuro-
cyte incubation medium did not affect Klotho protein concentra-
tion (an increase in concentration of 34% and 28% respectively) 
in advanced cell suspensions as much as vitamin D, however, 
nitrotyrosine concentration decrease made a more expressed 
impact, on average by 52% and 60%. The effects of tamoxifen 
are implemented due to its impact on the HSP proteins system, 
which provides the structural and functional integrity of the 
Klotho protein.

Keywords: hypoxia in vitro, cardiomyocytes suspension, 
neurocytes suspension, Klotho protein, vitamin D, tamoxifen.

РЕЗЮМЕ

ВЛИЯНИЕ ХИМИЧЕСКИХ АГЕНТОВ РАЗЛИЧНЫХ 
ФАРМАКОЛОГИЧЕСКИХ ГРУПП НА КОНЦЕНТРА-
ЦИЮ БЕЛКА KLOTHO В СУСПЕНЗИИ КАРДИОМИО-
ЦИТОВ И НЕЙРОНОВ В УСЛОВИЯХ 120-МИНУТ-
НОЙ ГИПОКСИИ IN VITRO

Павлов С.В., Никитченко Ю.В., Тихоновская М.А.

Запорожский государственный медицинский университет, 
Украина

Цель исследования - установить влияние витамина D и 
модулятора эстрогеновых рецепторов тамоксифена на син-

тез белка Klotho в условиях моделирования гипоксии кле-
ток головного мозга и сердца in vitro.

Исследования выполнены на половозрелых белых не-
линейных крысах-самцах массой 190-230 гр. Гипоксию in 
vitro моделировали путем внесения в суспензию кардио-
миоцитов различителем тканевого дыхания 1-метил-4-
фенил-1,2,3,6-тетрагидропиридил (МФУ) в концентрации 
0,6 мкм. С помощью иммуноферментного анализа опреде-
ляли концентрацию нитротирозина (Ntz) (ELISA Kit «Hycult 
biotechnology b.v.») и белка Klotho (Elabscience, USA) в су-
спензиях клеток. Статистическую обработку результатов 
проводили с использованием программы «STATISTICA® 
for Windows 6.0» (StatSoft Inc., № AXXR712D833214FAN5). 
Достоверность различий проводили с использованием 
t-критерия Стьюдента.

Анализ полученных данных показал, что 120-минутная 
многофункциональная инкубация кардиомиоцитов и ней-
ронов приводила к значимому дефициту концентрации 
белка Klotho в сравнении с интактными суспензиями. По-
добное снижение, по всей вероятности, связано с разви-
тием в суспензии клеток оксидативного стресса (повыше-
ние Ntz в суспензии кардиомиоцитов и нейронов на 65% 
и 69%, соответственно), с гиперпродукцией провоспали-
тельных цитокинов, таких как фактор некроза опухоли 
(TNF) и интерферон (INF). Внесение витамина D (10-7) в 
инкубационную среду кардиомиоцитов и нейронов при-
водило к повышению содержания белка Klotho, в сред-
нем, на 56% при одновременном снижении концентрации 
Ntz на 36% и 42%, соответственно. Установленные эф-
фекты витамина D объясняются его прямой стимуляцией 
экспрессии и синтеза белка Klotho и ограничением ги-
перпродукции FGF23. Внесение в инкубационную среду 
кардио- и нейроцитов модулятора эстрогеновых рецепто-
ров тамоксифена (10-7) менее выражено, чем витамин D, 
влияло на концентрацию белка Klotho (увеличение кон-
центрации на 34% и 28%, соответственно) в опытных су-
спензиях клеток, однако, более выражено влияло на спад 
концентрации нитротирозина, в среднем, на 52% и 60%. 
Эффекты тамоксифена реализуются через воздействие на 
систему HSP-белков, обеспечивая структурную и функ-
циональную целостность белка Klotho.

reziume

sxvadasxva farmakologiuri jgufis qimiuri agen-
tebis zemoqmedeba Klotho cilis koncentraciaze 
kardiomiocitebis da neironebis suspenziaSi 
120-wuTian hipoqsiis pirobebSi in vitro 

s.pavlovi, iu.nikitCenko, m.tixonovskaia

zaporoJies saxelmwifo samedicino universiteti, 
ukraina

kvlevis mizans warmoadgenda vitamin D-s da es-
trogenuli receptorebis modulatoris tamoqsi-
fenis gavlenis gansazRvra Klotho cilis sinTesze 
Tavis tvinis da gulis ujredebis hipoqsiis 
modelirebis pirobebSi in vitro.
kvleva ganxorcielda TeTr araxazovan mamr 

virTagvebze woniT 190-230 g.  hipoqsiis  modelireba 
in vitro xdeboda kardiomiocitebis suspenziaSi 
1-metil-4-fenil-1,2,3,6-tetragidropiridilis 0,6 
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mkm koncetraciiT SeyvaniT. imunofermentuli 
analizis meSveobiT ganisazRvra nitrotirozinis 
da Klotho cilis koncentracia ujredebis 
suspenziaSi. miRebuli Sedegebis statistikuri 
damuSaveba Catarda programa «STATISTICA v. 6.0" 
da stiudentis t-kriteriumis  gamoyenebiT.
monacemebis analizma aCvena,  rom kardiomiocitebis 
da neironebis mravalfunqciuri inkubacia 
iwvevs Klotho cilis koncentraciis mniSvnelovan 
deficits SedarebiT intaqtur suspenziebTan, rac 
SeiZleba aixsnas suspenziaSi oqsidaciuri stresis 
ujredebis ganviTarebiT  (nitrotirozinis 65% 
da 69% mateba kardiomiocitebis suspenziaSi 
da neironebSi) da anTebisawinaaRmdego 
citokinebis, rogoricaa simsivnis nekrozis 
faqtori da interferonis hiperproduqciiT. 
kardiomiocitebis da neironebis inkubaciur 
garemoSi vitamin D-s 10-7koncentraciiT Seyvana 

iwvevs Klotho cilis Semcvelobis matebas, saSualod 
56%-iT da nitrotirozinis koncentraciis 
erTdrouli SemcirebiT 36% da 42%, Sesabamisad.
vitamin D-s dadgenili efeqtebi aixsneba mis mier 
Klotho cilis eqspresiis da sinTezis stimulaciiT 
da FGF23 hiperproduqciis SezRudviT.
kardio- da neironebis inkubaciur garemoSi 

estrogenuli receptorebis modulatoris 
- tamoqsifenis (10-7) Setana naklebad zemoq-
medebda Klotho cilis koncentraciaze, Sedare-
biT vitamin D-Tan (koncentracia izredeboda 
34% da 28%, Sesabamisad) da ufro gamoxatulad 
zemoqmedebda nitrotirozinis koncentraciis 
daqveiTebaze, saSualod, 52% da 60%-iT. tamoqsi-
fenis efeqtebi realizdeba HSP-cilebis siste-
maze zemoqmedebis saSualebiT, uzrunvelyofen 
ra Klotho cilis struqturul da funqciur 
mTlianobas.

IMPLEMENTATION OF QUALITY VALIDATION INDICATORS IN HEALTHCARE  

Gorgiladze N., Zoidze E., Gerzmava O.

Grigol Robakidze University, Tbilisi, Georgia

The concept of quality has multiple definitions that are widely 
used. Institute of Medicine (IOM) defines the healthcare quality 
as “the degree to which health services for individuals and popu-
lations increase the likelihood of desired health outcomes and 
are consistent with current professional knowledge” [11,14].

In most health care systems, quality of care is prior. Various 
audiences may wish for quality measures to document the qual-
ity of care, to allow comparisons and judgments, and to deter-
mine priorities, support accountability, support quality improve-
ment, and provide transparency in health care. The real value 
of performance measurement is when tangible improvements in 
care can be shown conclusively to be a product of the analysis 
and when stakeholders are making data-driven decisions. We 
must, however, accept that not all aspects of care can be mea-
sured and that some of those aspects of care that are easiest and 
cheapest to measure often are those least essential for quality 
improvement [16,18].

Monitoring health care quality is impossible without the use 
of relevant quality indicators. They create the basis for account-
ability, quality improvement, prioritization, and transparency in 
the health care system [15,16].

Quality indicators are standardized, evidence-based measures 
of healthcare quality, that can be used to measure clinical per-
formance and outcomes. They highlight potential quality im-
provement areas, track changes over time, and identify areas for 
further study [5].

Measuring the quality of care has traditionally relied on the 
structure-process-outcome framework developed by Donabedi-

an (1980). In this paradigm, “structure” refers to the characteris-
tics of the resources in the health care delivery system, including 
the attributes of professionals (such as age and speciality) and 
facilities (such as location, ownership, and patient loads). “Pro-
cess” encompasses what is done to and for the patient and can 
include practice guidelines as well as aspects of how patients 
seek and obtain care. “Outcomes” are the results of care. They 
include the health status, functional status, mental status, and 
general well-being of patients and populations [2,8,9].

Quality indicators are measurable items referring to struc-
tures, processes, and outcomes of care [16]. QIs that improve the 
quality of the particular healthcare aspects they were designed 
for [13]. They are usually specific to individual healthcare set-
tings and, as a result, cannot always be applied to other settings 
without an adequate adaption process [17].

Quality indicators are defined based on scientific concepts, own 
experiences, results of literature searches, discussion with experts 
within and outside the institution, etc. [23]. Quality indicators 
should be monitored continuously, including trend monitoring and 
detection of deviations. Whenever considered necessary, appropri-
ate corrective measures have to be undertaken [18].

Implementation of quality indicators is a complex process that 
requires a scientific approach as well as testing and verification 
before routine usage [23].

Preferences of quality indicators
Quality indicators are tools of the quality management system 

(QMS) to monitor and control the system’s efficiency. Accord-
ing to the objectives, they can be internal or external [4,23].


