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K CBEAEHUIO ABTOPOB!
[Ipu HampaBIeHUY CTAaTbH B PEAAKITHIO HEOOXOINMO COOITIOATh CISAYIONINE TIPABHIIA;

1. CraTps 1oyKHA OBITH MPECTABICHA B IBYX DK3EMILISIPAX, HA PYCCKOM MJIM aHTIIUHCKOM SI3bI-
Kax, HarleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OHOIl CTOPOHE CTAHIAPTHOIO JIUCTA ¢ INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBIH WPUQT U1 TEKCTa Ha PYCCKOM U
anruiickoM sizpikax - Times New Roman (Kupuaauima), Ui TekcTa Ha TPY3UHCKOM SI3BIKE CIIETyeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykornrcu, HaneyaraHHOW Ha KOMITBIOTEPE, JTOJDKEH
o51Th IprTO’keH CD co crarbeit.

2. Pa3mep craTbu 10TKEH OBITH HE MEHEE IECSTH 1 He OoJiee 1BaALaTH CTPaHUI] MAIIHOIINCH,
BKJIIOUAsl yKa3arellb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPY3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIIEHBI AKTYyaIbHOCTh JJAHHOTO MaTepHalla, METO/IbI U Pe3YIIbTaThI
UCCIIeIOBaHUS U MX 00CYKACHHE.

[Ipu npencTaBIeHNN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJIMYECTBO IKCIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIIHECS METOABl 00e3001MBaHUs U
YCBIMICHHUS (B XOJ€ OCTPBIX OIBITOB).

4. K crarbe JOIKHBI OBITH IPUIIOKEHBI KpaTKoe (Ha MOJICTPAaHUIIbI) Pe3OMe Ha aHIIIMICKOM,
PYCCKOM M I'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIEIYIOLINE pa3aesbl: Lieb UCCIeI0BaHNs, MaTepHua U
METO/IBI, PE3YJILTAThI M 3aKIFOUSHHE) U CIIUCOK KITtoueBbIX ciioB (key words).

5. Tabnuupl HEOOXOIUMO NPECTABIATE B Ie4aTHOM hopme. DoTokonuu He TpuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOTKHBI OBITH 03aryIaBICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (DOTOKOIHMHU C PEHTTEHOTPAMM - B HO3UTUBHOM
n300paxeHnH. PUCYyHKH, YepTeKU U IuarpaMmbl CIeLyeT 03arIaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff hopmare.

B noanucsix k MukpogotorpagusaM cieayeT yKa3bBaTh CTEIICHb YBEIMUCHHUS YePEe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIPETHALIUH CPE30B.

7. ®aMUIIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJATCS B OPUTHHAIBHON TPAHCKPUIILINH.

8. I[Ipu opopmnennn u HarpaBneHun crtared B kypHanm MHI nmpocum aBTOpOB cobmronars
NpaBuIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSAX K PYKOMHUCSM, IPEACTABISIEMBIM B ONOMEIUIIMHCKHUE
JKYpHAJIbD», TPUHATHIX MeXKIyHapOAHBIM KOMHUTETOM PEIaKTOPOB MEAMLMHCKUX JKYpPHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIe Kax /101 OPUTHHATIBHOM CTaThU MPUBOIUTCS OMOIHOrpadguyeckuii cucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPbIE UMEIOTCS CChUIKU B TeKcTe. CIHCOK COCTaBIsIeTCs B
andaBUTHOM MOpsAKEe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK IPUBOAUTCS Ha sI3bIKE OpUrMHana. B
CIMCKE JINTEPATyPhl CHavYajIa MPUBOIATCS PaOOThI, HAIMCAHHBIE 3HAKAMU TPY3MHCKOTO anaBuTa, 3aTeM
KApuuien u naruauned. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTATbH JAIOTCS B KBaIPaTHBIX
CKOOKax B BU/I€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmh-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 32 IMOCTETHNUE 5-7 JIET.

9. ns momydeHus MpaBa Ha MyONHMKALMIO CTaThs TOJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJICHUS BU3Y U CONPOBOIUTEIBHOE OTHOILICHHUE, HAIMCAHHBIC WJIM HAlledaTaHHbIC Ha OJIaHKe
Y 3aBE€PEHHBIE MOJIHCHIO U NIEYaThIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBIO MPUBEACHBI UX
(amuIMM, UIMEHAa U OTYECTBA, YKa3aHbl CIIy>KeOHBIH M JOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble KoopAuHaThl. KonmuuecTBo aBTOPOB (COABTOPOB) HE TOJHKHO MPEBBIIIATE IISITH YEJIOBEK.

11. Penakuus ocraBisieT 3a cOO0 MpaBo COKpallaTh U UCHPaBIATh cTarbi. Koppekrypa aBropam
HE BbICBUIAETCS, BCS paboTa U CBEpKa MIPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HenomycTuMO HarpaBiieHHE B pefaklMIo padoT, MPeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeIbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX M3IAHUSX.

Hpﬂ HApyHI€HUU YKa3aHHbIX IPaBUJI CTATbU HE paCCMaTPUBAIOTCH.




Please note, materials submitted to the Editorial Office Staff are supposed to meet the following requirements:

1. Articles must be provided with a double copy, in English or Russian languages and typed or compu-
ter-printed on a single side of standard typing paper, with the left margin of 3 centimeters width, and 1.5 spacing
between the lines, typeface - Times New Roman (Cyrillic), print size - 12 (referring to Georgian and Russian
materials). With computer-printed texts please enclose a CD carrying the same file titled with Latin symbols.

2. Size of the article, including index and resume in English, Russian and Georgian languages must
be at least 10 pages and not exceed the limit of 20 pages of typed or computer-printed text.

3. Submitted material must include a coverage of a topical subject, research methods, results,
and review.

Authors of the scientific-research works must indicate the number of experimental biological spe-
cies drawn in, list the employed methods of anesthetization and soporific means used during acute tests.

4. Articles must have a short (half page) abstract in English, Russian and Georgian (including the
following sections: aim of study, material and methods, results and conclusions) and a list of key words.

5. Tables must be presented in an original typed or computer-printed form, instead of a photocopied
version. Numbers, totals, percentile data on the tables must coincide with those in the texts of the
articles. Tables and graphs must be headed.

6. Photographs are required to be contrasted and must be submitted with doubles. Please number
each photograph with a pencil on its back, indicate author’s name, title of the article (short version), and
mark out its top and bottom parts. Drawings must be accurate, drafts and diagrams drawn in Indian ink
(or black ink). Photocopies of the X-ray photographs must be presented in a positive image in tiff format.

Accurately numbered subtitles for each illustration must be listed on a separate sheet of paper. In
the subtitles for the microphotographs please indicate the ocular and objective lens magnification power,
method of coloring or impregnation of the microscopic sections (preparations).

7. Please indicate last names, first and middle initials of the native authors, present names and initials
of the foreign authors in the transcription of the original language, enclose in parenthesis corresponding
number under which the author is listed in the reference materials.

8. Please follow guidance offered to authors by The International Committee of Medical Journal
Editors guidance in its Uniform Requirements for Manuscripts Submitted to Biomedical Journals publica-
tion available online at: http://www.nlm.nih.gov/bsd/uniform_requirements.html
http://www.icmje.org/urm_full.pdf
In GMN style for each work cited in the text, a bibliographic reference is given, and this is located at the end
of the article under the title “References”. All references cited in the text must be listed. The list of refer-
ences should be arranged alphabetically and then numbered. References are numbered in the text [numbers
in square brackets] and in the reference list and numbers are repeated throughout the text as needed. The
bibliographic description is given in the language of publication (citations in Georgian script are followed
by Cyrillic and Latin).

9. To obtain the rights of publication articles must be accompanied by a visa from the project in-
structor or the establishment, where the work has been performed, and a reference letter, both written or
typed on a special signed form, certified by a stamp or a seal.

10. Articles must be signed by all of the authors at the end, and they must be provided with a list of full
names, office and home phone numbers and addresses or other non-office locations where the authors could be
reached. The number of the authors (co-authors) must not exceed the limit of 5 people.

11. Editorial Staff reserves the rights to cut down in size and correct the articles. Proof-sheets are
not sent out to the authors. The entire editorial and collation work is performed according to the author’s
original text.

12. Sending in the works that have already been assigned to the press by other Editorial Staffs or
have been printed by other publishers is not permissible.

Articles that Fail to Meet the Aforementioned
Requirements are not Assigned to be Reviewed.
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THE IMPACT OF THE CHEMICAL AGENTS OF DIFFERENT PHARMACOLOGICAL GROUPS
ON THE KLOTHO PROTEIN CONCENTRATION IN THE CARDIOMYOCYTE
AND NEUROCYTE SUSPENSION IN 120 MINUTE HYPOXIA IN VITRO

Pavlov S., Nikitchenko Y., Tykhonovska M.

Zaporizhzhia State Medical University, Ukraine

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
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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 uM 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 uM edetic acid, 5 mM Tris, pH 7.4; 0.6
uM 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, 107 estradiol added), (n=10);

- MPTP-neurocyte hypoxia + tamoxifen (120-minute incuba-
tion with MPTP, 107 estradiol added), (n=10);

- MPTP cardiomyocyte hypoxia + vitamin D (120-minute in-
cubation with MPTP, 107 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. AXXR712D833214FANS) 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 120™ 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-$-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 1-0-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 FGFlc, -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 120" minute of hypoxia in vitro in cardiomyocyte suspension

Intact Test Vitamin D, MPTP- Tamoxifen,
Index suspension (n=10) | suspension (n=10) hypoxia 120" minute, | MPTP- hypoxia 120" minute,
’ P (n=10) (n=10)
protein Klotho, ng/ml 1,8+0,07 0.4120,05 0,94+0,04* 0,62+0,02*
i standard unit 0,5+0,03 1,410,09 0,89+0,02* 0,68+0,03*
g/protein

*- 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 120" minute of hypoxia in vitro in cardiomyocyte suspension

Intact Test Vitamin D, MPTP- Tamoxifen,
Index suspension (n=10) | suspension (n=10) hypoxia 120" minute, | MPTP- hypoxia 120" minute,
b P (n=10) (n=10)
protein Klotho, ng/ml 2,1£0,06 0,61+0,07 1,4120,15% 0,85+0,04*
N S it 0,6+0,04 1,94+0,11 1,12+0,1% 0,78+0,07*
g/protein
*-p <0,05 in relation to the test cardiomyocyte suspension
© GMN 185



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 120
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%.

REFERENCES

1. Kuro-o M, Matsumura Y, Aizawa H, et al. Mutation of the
mouse klotho gene leads to a syndrome resembling ageing. Na-
ture 1997; 390(6555):45-51. doi:10.1038/36285.

2. Hanazaki A, Ikuta K, Sasaki S, Sasaki S, Koike M, Tanifuji
K, Arima Y, Kaneko I Role of sodium-dependent Pi transporter/
Npt2c on Pi homeostasis in klotho knockout mice different prop-
erties between juvenile and adult stages // Physiol Rep. 2020
Feb;8(3):e14324. doi: 10.14814/phy2.14324.

3. Berezin AE, Berezin AA Impaired function of fibroblast
growth factor 23 / Klotho protein axis in prediabetes and dia-
betes mellitus: Promising predictor of cardiovascular risk //
Diabetes Metab Syndr. 2019 Jul - Aug;13(4):2549-2556. doi:
10.1016/5.dsx.2019.07.018. Epub 2019 Jul 9. Review.

4. Forster R.E, Jurutka PW, Hsieh JC, et al. Vitamin D receptor
controls expression of the anti-aging klotho gene in mouse and
human renal cells. Biochem Biophys Res Commun. 2011 Oct
28; 414(3):557-62. doi: 10.1016/j.bbrc.2011.09.117.

5. Hu MC, Shi M, Gillings N, Flores B, Takahashi M, Kuro-O
M, Moe OW Recombinant a-Klotho may be prophylactic and
therapeutic for acute to chronic kidney disease progression and

186

MEJIMIJUHCKHUE HOBOCTHU I'PY3UU
LSIS@HOZIRM LSFIRNGO6(M LOSLLI6()

uremic cardiomyopathy // Kidney Int. 2017 May;91(5):1104-
1114. doi: 10.1016/j.kint.2016.10.034.

6. Hanazaki A, Ikuta K, Sasaki S, Sasaki S Role of sodium-de-
pendent Pi transporter/Npt2¢ on Pi homeostasis in klotho knock-
out mice different properties between juvenile and adult stages //
Physiol Rep. 2020 Feb;8(3):e14324. doi: 10.14814/phy2.14324.
7. Ichikawa S, Imel EA, Kreiter ML, et al. A homozygous mis-
sense mutation in human KLOTHO causes severe tumoral calci-
nosis. J Clin Invest 2007; 117:2684-91. doi: 10.1172/JCI131330.
8. Brobey RK, Dheghani M, Foster PP, Kuro-O M, Rosenblatt
KP Klotho Regulates 14-3-3( Monomerization and Binding to
the ASK1 Signaling Complex in Response to Oxidative Stress
PLoS One. 2015 Oct 30;10(10):e0141968. doi: 10.1371/journal.
pone.0141968

9.Lee KJ, Jang YO, Cha SK, Kim MY, Park KS, Eom YW, Baik
SK.Expression of Fibroblast Growth Factor 21 and B-Klotho
Regulates Hepatic Fibrosis through the Nuclear Factor-xB
and c-Jun N-Terminal Kinase Pathways // Gut Liver. 2018 Jul
15;12(4):449-456. doi: 10.5009/gnl17443

10. Oh, H.J., Nam, B. Y., Lee, M. J., Kim, C. H., Koo, H. M., Doh,
F. M., et al. Decreased circulating klotho levels in patients undergo-
ing dialysis and relationship to oxidative stress and inflammation.
Perit. Dial. Int. 2015 35, 43-51. doi: 10.3747/ pdi.2013.00150

11. Goetz R, Ohnishi M, Ding X, Kurosu H, Wang L, Akiyo-
shi J, Ma J, Gai W, Sidis Y, Pitteloud N, Kuro-O M, Razzaque
MS, Mohammadi M. Klotho coreceptors inhibit signaling by
paracrine fibroblast growth factor 8 subfamily ligands. Mol Cell
Biol. 2012 May;32(10):1944-54. doi: 10.1128/MCB.06603-11
12. Pavlov S., I. Belenichev, O. Odnokoz, E. Polyakova The
neuroprotective Activity of tamoxifen and Tibolone during Glu-
tatione Depletion in vitro // Neurochemical Journal. — 2012 Vol.
6(3). — P. 202-212.

13. Forster R.E., Juru tka P.W., Hsieh J.C. et al. Vitamin D receptor
controls expression of the anti-aging klotho gene in mouse and hu-
man renal cells // Biochem. Biophys. Res. Commun. — 2011 Oct
28. —414(3). — 557-62. doi: 0.1016/j.bbrc.2011.09.117

14. Blake DJ, Reese CM, Garcia M, Dahlmann EA, Dean A.
Soluble extracellular Klotho decreases sensitivity to cigarette
smoke induced cell death in human lung epithelial cells Toxicol
In Vitro. 2015 Oct;29(7):1647-52. doi: 10.1016/j.tiv.2015.06.019
15. Skrzypkowska M, Stominski B, Ryba-Stanistawowska M, Gut-
knecht P, Siebert J. Circulating CD34+ and CD34+VEGFR2+ pro-
genitor cells are associated with KLOTHO KL-VS polymorphism.
Microvasc Res. 2018 Sep;119:1-6. doi: 10.1016/j.mvr.2018.03.014
16. Neyra JA, Li X, Mescia F, Ortiz-Soriano V, Adams-Huet
B Urine Klotho Is Lower in Critically Ill Patients With Versus
Without Acute Kidney Injury and Associates With Major Ad-
verse Kidney Events // Crit Care Explor. 2019 Jun;1(6).

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 M.

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 pM 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.
AXXR712D833214FANS). 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.

PE3IOME

BJIUSHUE XUMUYECKUX ATEHTOB PA3JIMYHbIX
DPAPMAKOJIOI'MYECKUX I'PYIIII HA KOHIEHTPA-
HUIO BEJIKA KLOTHO B CYCIIEH3UU KAPIUOMMUO-
IMTOB U HEMPOHOB B YCJIOBHUSX 120-MHUHYT-
HOM T'MMOKCHH IN VITRO

IMaBaoB C.B., Hukutuenko FO.B., TuxonoBckas M.A.

3anoposcckuii 2ocydapcmeennviii MeOUYUHCKULL YHUSepcumen,
Vrpauna

Lenp uccnenoBaHus - yCTaHOBUTH BIUSHHUE BUTaMuHA D u
MOJIYJISITOpPa SCTPOTCHOBBIX PELIENTOPOB TAMOKCH()EHA Ha CHH-

© GMN

te3 Oeska Klotho B ycnoBUsX MOIENIUPOBAHUS I'MIIOKCHHU K-
TOK TOJIOBHOTO MO3T'a M Cep/lia in vitro.

I/ICCHS}IOB&HM?I BBIITOJIHEHBI Ha I10JIOBO3PEIIbIX 6eHbIX HEC-
JMHEWHBIX Kpblcax-camuax maccoit 190-230 rp. ['umokcuio in
Vitro MOJEIHMPOBAIN IyTEM BHECCHUs B CYCIICH3MIO KapHo-
MHUOLUTOB PA3JIMYUTECIIEM TKAHCBOI'O JbIXaHUWA 1-meTnin-4-
¢dennin-1,2,3,6-rerparugporupuauin (MDY) B koHUEHTpauuu
0,6 MkM. C MOMOIIIBI0O UMMYHO(PEPMEHTHOTO aHaJIHM3a OIpeIe-
st koHueHTparuio Hurporuposuna (Ntz) (ELISA Kit «Hycult
biotechnology b.v.») n 6enka Klotho (Elabscience, USA) B cy-
crieH3usAX KieTok. CTaTHCTHYeCKyl0 00paboTKy pe3ylibTaTroB
IpoBOIMIN ¢ ucnonas3zoBaHueM nporpammel «STATISTICA®
for Windows 6.0» (StatSoft Inc., Noe AXXR712D833214FANY).
JIOCTOBEpHOCTh pa3IMyuMid NPOBOJAMIM C HCIOJIB30BAHUEM
t-kpurepust CTbIOICHTA.

AHanu3 Noxy4eHHBIX JaHHBIX MMOKa3al, 4To 120-MuHyTHas
MHOTO(YHKI[MOHAJIbHAS MHKYOAIHsI KapIUOMHOLUTOB U HEii-
POHOB HNpHUBOAWIIA K 3HAYUMOMY ue(lmunTy KOHOCHTpaluuu
6enka Klotho B cpaBHEHNH ¢ MHTAKTHBIMU cycrieH3usMu. [1o-
100HOE CHMIKEHUE, [0 BCEil BEPOSITHOCTH, CBSI3aHO C Pa3BU-
THEM B CyCIIEH3MHU KJIETOK OKCUIATUBHOIO CTpecca (IOBbIIIe-
Hyue Ntz B CyclIeH3UM KapIHOMHOLMTOB U HEHpoHOB Ha 65%
1 69%, COOTBETCTBEHHO), C THIEPIPOLYKIUEH TPOBOCHIAIH-
TEJIBHBIX IIMTOKMHOB, TaKUX Kak (DaKTOp HEKPO3a OIyXOJH
(TNF) u untepdpepon (INF). Buecenne Buramuna D (10-7) B
MHKYOAIlMOHHYIO cpelly KapAHOMHOLUTOB U HEHPOHOB IIpH-
BOJMJIO K TMOBBINICHUIO coxepkanus Oenka Klotho, B cpen-
HeM, Ha 56% npu 0JJHOBPEMEHHOM CHUKEHUHW KOHIIEHTPAIUU
Ntz Ha 36% u 42%, COOTBETCTBCHHO. YCTaHOBJICHHBIC 3(-
¢dexThl BuTaMuHa D 0OBSCHSIOTCS €ro NpsSMOi CTUMYIISLUEH
akcnpeccuu u cunrtesa Oenka Klotho m orpanuyenuem ru-
nepnponykuuu FGF23. Buecenne B HHKyOaLlMOHHYIO CpeLy
KapIuo- U HEHPOLUTOB MOAYIATOPA ICTPOI€HOBBIX PELENTO-
poB Tamokcudena (10-7) MeHee BrIpakeHO, UeM BUTaMUH D,
BIMSUIO Ha KOHIEHTparuio O0enka Klotho (yBenuueHue KoH-
nentpauuu Ha 34% u 28%, COOTBETCTBEHHO) B ONBITHBIX CY-
CHEH3MSIX KJIETOK, OHAKO, 00JIee BBIPAKEHO BIHSIIO HA CHaj
KOHIICHTPAIMU HUTPOTHPO3HHA, B cpenHeM, Ha 52% u 60%.
D ekt TaMokcHpeHa peannusyroTes yepe3 Bo3aeiicTBre Ha
cucremy HSP-GenkoB, obecrieunBasi CTpyKTYpHYIO U (QyHK-
LIMOHAJIBHYIO LesocTHOCTH Oenka Klotho.
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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-
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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].



