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B YkpaiHi 3apeectpoBano HOBE NNOKA3AHHA
no npenapary ®opkcira (nanarnigpnosux 10 mr):

NIKYBAHHA XPOHIYHOI

XBOPOBU HNPOK

PEECTPALIA HOBOIO MNOKA3AHHA
B YKPAIHI 03BOJIUTb 3MIHUTU NIAXOAM
A0 JIIKYBAHHA NALIEHTIB
I3 XPOHIYHOIO XBOPOBOIO HUPOK

16.05.2022 poKy A0 IHCTPYKLi AnA MeanuHoro 3acTocyBaHHaA nikap-
cbkoro 3acoby Mopkcira (ganarnidpnosnH 10 mMr) BUPOBHWLTBA KOMMaHiIT
«AcTpa3eHeka» 6ynn BHeCeHi 3MiHV — 3ape€ecTPOBaHO HOBE MOKa3aHHs:
NiKyBaHHA XPOHiYHOT xBopo6u HMpok (XXH) y popocnux [1]. PiweHHs
Npo peecTpaLlito Liboro NokasaHHaA B YKpaiHi NpuitHATe i3 BpaxyBaHHAM
pe3synbtaTtiB focnigkeHns |l dasu DAPA-CKD [2].

[anarni¢pnosnH (Dopkcira) — nepLumin y caiTi iHribiTop HaTpi3anex-
HOTO KOTpaHcnopTepa riokosu 2-ro tuny (H3KTI-2), ansa akoro 6yno 3a-
PeecTpoBaHO NoKasaHHA ANA NikyBaHHA nauieHTiB 3 XXH [3, 4].

XpoHiuHa XBOpo6a HUPOK — Lie CTaH, 3a AKOro BUAiNbHA Cc1cTeMa
NIOAVHW NepecTaE BUKOHyBaTK disionoriuHi GyHKLii: yepes 3arnbenb He-
GPOHIB HUPKK BTpayaloTb 3[aTHICTb NIATPUMYBATU roMeocTas — CTa-
NiCTb BHYTPILIHbOrO cepeaosmLa. [pn AaHOMy 3aXBOPIOBaHHI y YOJOBI-
KiB i XIHOK NpOAyKTW po3najy MOBHICTIO He BUBOAATbCA 3 OpPraHiamy,
L0 TArHE 3a CO6OI0 TAXKI YCKNagHeHHs [5].

Y2021 poui YnpaBniHHA AepXaBHOrO KOHTPOSIIO 3a AKICTIO XapyuoBmX
npoAykTiB Ta nikapcbkux 3acobis CLUIA (FDA; Food and Drug
Administration) Ta €Bponelicbka MegnuHa areHuis (EMA; European
Medicines Agency) cxsanunu ganarnidénosut 10 Mr ana nikyBaHHaA
XXH 3 MeTot0 3HMKEHHA PU3KKY NOTipLIEHHA GYHKLT HUPOK, HUPKO-
BOi HefoCTaTHOCTI, cepueBo-cyauHHoi (CC) cmepTi i rocnitanisauii 3
npuBoAy cepuesoi HegocTaTHocTi (CH) y sopocnux, AKi MaloTb pU3nk
nporpecyBaHHA XXH Ta nokKasHWK po3paxyHKOBOI LIBUAKOCTI Kiy-
60oukoBoi dinbrpauii (pLUK®) > 25 ma/xe/1,73 M2 [1, 3, 41.

Y pamkax 3HakoBoro gochnigKeHHs lll dasn DAPA-CKD ouiHioBann
edeKTUBHICTb AanarnipnosuHy 10 Mr LWOAO BNINBY Ha PU3VNK PO3BY-
TKY HUPKOBYX Ta CEpLEeBO-CyANHHUX MO y naLieHTi i3 XXH 3 uy-
KpoBuM giabeTom 2-ro Tuny abo 6e3 Hboro NOPiBHAHO 3 NnaLebo.

Y nocnigxeHHs Bxognnu navieHT 3 pLLIK® > 25 po < 75 mn/xs/1,73 m?
Ta CniBBigHOWeEHHAM anbbymin/kpeatuHiH (CAK) ceui > 200 po
<5000 mr/r.

3a pesynbratamu focnigxkeHHs DAPA-CKD 6yno npoaemMoHCTpoBaHoO
edeKTMBHiCTb fanarnidno3nHy 10 Mr Ha JOAATOK O CTaHAAPTHOI Tepanii
XXH. Oanarni¢pnosnH 10 Mr 3HNXKYE BiAHOCHWIA PN3MK MOTipLIEHHA
DYHKUiT HUPOK**, PO3BUTOK TepMiHaNbHOI CTafii HAPKOBOI HeoCTaT-
HOCTI Ta CMepTi Bifj cepLieBUX Ta HUPKOBNX 3aXBOPIOBaHb (KOMGIHO-
BaHa NepBNHHa KiHLeBa TouKa) Ha 39 % (95% fosipuuii iHTepBan ([)
0,51-0,72, P < 0,001) nopiBHsAHO 3 nnawebo y nauienHTis 3 XXH 2-4-i ctagii
Ta NigBULLEHOI eKCKpeLjieto anbbymiHy 3 ceveto. EGekTmBHICTL Aanari-
$no3uHy He 3anexana Bif rikemMiyHOro CTaTycy natieHTa [2].

[Nanarnipnosun 10 mr y gocnigxerHi DAPA-CKD npofeMoHCTpyBaB
3HVPKeHHSA BifHocHoro pu3nky CC-cmepTi Ta rocnitanisauii 3 npusogy CH
Ha 29 % y nopiBHAHHI 3 KoHTponbHot rpynoto (95% [l 0,55-0,92,
P =0,009).

Y xoai pocnigxeHHA 6yn0 OCATHYTO fOCTOBIPHE 3HIKEHHA Bifi-
HOCHOro pu3uKy 3aranbHoi cmepti Ha 31 % (95% [l 0,53-0,88,
P =0,004) y rpyni nauienTis, Aki oTpumysanu sanarnidnosun 10 mr, y no-
piBHAHHI 3 rpynoto nnave6o [2]**

3HauywicTb 3aTBepP/XKEHHA NOoKa3aHHA ANA NiKyBaHHA naLlieH-
TiB 3 XXH B YKpaiHi Baxko nepeouinntn. MporpecyBaHua XXH
HeMUHyYe NpM3BOANTD A0 Nepexoay NauieHTiB Ha 3amiCHY HUp-
KOBY Tepanito (remogianis). NpoTe 3aBAAKM HOBII Tepanii npe-
napartom Qopkcira (Aanarni$pno3uH 10 Mr) — BUCOKONOTYKHUM,
CeneKTUBHMM Ta 3BOPOTHUM iHri6itopom H3KTI-2 [1] — y 3Ha-
YHOI YacTuHM popocnux nauieHTiB 3 XXH 3'aBnaeTbca moxnu-
BiCTb 3ynuHuTK nporpecyBaHHA XXH Ta 3HU3UTN pU3NK nepexo-
Ay Ha remofpianis.

CrocoBHo nokasHrka NNT (number needed to treat) gocnigxeHHs
noKasano, Lo abu 3anobirti po3BUTKY OAHIET HECMPUATAMBOI NOAIT Y Na-
LieHTa 3 XXH B pamKax nepBUHHOI KiHLIEBOT TOUKM, HEOBXIZHO NPONiKy-
BaTV fanarnidnosnHom 19 nauienTis 3 XXH (npm MegiaHi TpuBanocTi ne-
piogy noganbLuoro cnoctepexeHHa 2,4 poky) [2]. Mpodinb 6e3neku npe-
napaty Qopkcira B gocnigxeHHi DAPA-CKD BignoBiaas Bxe BCTaHOBIe-
Homy npodino 6e3nekn. Pesynbtaty  pocnigxeHHa DAPA-CKD
ony6nikoBaHi B xypHani «The New England Journal of Medicine» [2].
CyKynHuI noTeHLian nikapcbkoro 3acoby DopKcira, AOBeAEHNIT pe3yib-
TaTamy AOCAIAXeHb i NiATBEPAXKEHNI CXBANEHHAM HU3KW NOKa3aHb AnA
NiKyBaHHA AOPOCNNX MALiEHTIB, CMPUATAME Y NOAANBLIOMY 3HUKEHHIO
TArapA BIAMOBIAHMX 3aXBOPIOBaHb ANA Chepu OXOPOHW 3[OPOB'A AK
y CBITi, TaK i B YkpaiHi.

MPO KOMMAHIKO «<ACTPA3EHEKA»

«AcTpa3eHeKa» — MiXHapOofHa HayKoBO-OpiEHTOBaHa biodapma-
LieBTMYHA KOMMNaHif, HallineHa Ha JOCNifKeHHs, po3pobKy i BUBeAEHHA
Ha PVYHOK pPeLenTypHIX NpenapaTiB nepeBaxHo B TaKMX TepaneBTUYHUX
ranyssx, ik OHKOMOrisA, Kapgionoris, Hedpponoris i MeTabonism, pecnipa-
TOPHi Ta aBTOIMyHHi 3aXBoptoBaHHsA. KomnaHia «AcTpa3eHeka, Wwo 6a3y-
eTbca y Kembpuaxi (BennkobputaHis), npefcTaBneHa binbiuie Hix y 100
KpaiHax CBiTY, a il iHHOBaL|iliHi npenapaTi 3aCTOCOBYIOTb MifIbOHM NaLli-
€HTIB B yCbOMY CBITi [6].

[na otpumaHHA JopaTkoBoi iHbopmaLii, Gyab nacka, 3Bepraiitecs
no TOB «AcTpa3eHeka YkpaiHa» 3a TenedoHom +38 (044) 391-52-82 abo
3a eNneKTPOHHOIo noLwuToto ukraina@astrazeneca.com.

BigginaiiTe Be6-CTOPiHKY KOoMMaHii, WwWob Ginblue Ai3HaTUCh Npo i Ai-
ANbHICTb B YKpaiHi: www.astrazeneca.ua

MPO NPEMAPAT ®OPKCITA

Mpenapat Gopkcira (ganarni¢pnosnH 10 Mr 4nA nepopanbHoOro 3a-
cTOoCyBaHHA 1 pa3 Ha joby) — cenekTuBHMIA iHribiTop H3KTI-2 3a Ha-
CTYMHWMM NOKa3aHHAMN [1]:

© JNikysanHA HeOCTaTHLO KOHTPONBbOBAHOTO LKPOBOTO Aia-
6eTy 2-ro TUNY AK JOMNOBHEHHA [0 Ai€TU Ta Gi3NYHNX HaBaH-
TaXKeHb:
® AK MOHOTepanis, KOnn 3acToCyBaHHA MeTGOPMiHY BBaKAETb-
CA HEMOX/IMBIIM YePe3 HemepeHOCUMICTb NiKapcbKoro 3acoby;
® y NOEAHAHHI 3 IHWMMI NiKapCbKUMI 3aco0bamm Ans NiKyBaHHA
LyKpoBOro fiiabeTy 2-ro TUmy.

2]

MokasaHuii fopocnMMm AnA NiKyBaHHA CUMNTOMaTU4YHOI XPO-
HiuHoi CH 3i 3HMKeHOlo dppaKuielo BUKMAY.

(3]

MokasaHuii gopocimm AnsA NiKyBaHHA XPOHIYHOI XBOpPOG6U
HUPOK.

* CepueBo-CyAVHHa CMepTb Ta rocnitanisauis 3 NPUBOAY CepLEeBOl HeAOCTAaTHOCTI | 3aranbHa
CMepTHICTb J0BE/EHI 3a LONOMOroto perpecinHoi Moaeni Kokca: BigHocHWin pusnk 0,71 (95% fo-
Bipuuit iHTepsan 0,55-0,92) Ta 0,69 (95% posipuuin iHTepsan 0,53-0,88) BignosigHo.2 ** Morip-
WeHHA GYHKLIT HUIPOK 03HauaE CTilke 3HMKeHHA pLIKD>50 %.2

CnncoK BUKOPNCTaHOI liTepaTypum: 1. IHCTPYKLiA ANA MEAUYHOTO 3aCTOCYBaHHA Npenapary
DOPKCITA, 3atBepgeHa Hakazom MO3 Ykpainn N 814 Bia 16.05.2022, peecTpallifiHi nocsis-
yeHHa MO3 Ykpainu UA/13302/01/01, UA/13302/01/02, TepmiH fii Heobmexennii 3 30.11.2018.
2. Hiddo J.L. Heerspink et al. Dapagliflozin in Patients with Chronic Kidney Disease. October 8,
2020. N Engl J Med 2020; 383:1436-1446. DOI: 10.1056/NEJM0a2024816. 3. FDA https://www.
fda.gov/news-events/press-announcements/ fda-approves-treatment-chronic-kidney-disease.
[ata ocTaHHboro nepernagy 21.05.2022. 4. EMA 2021 https://www.ema.europa.eu/en/
documents/overview/forxiga-epar-medicine-overview_en.pdf 5. KDIGO 2020 Clinical Practice
Guideline for Diabetes Management in Chronic Kidney Disease. Vol. 98. Issue 4S. October 2020.
6. https:// www.astrazeneca.com/our-therapy-areas/biopharmaceuticals.html

[ina nowmpeHHaA y cneuianisoBaHNX BUAAHHAX 419 MeANYHUX Ta papma-
LIeBTUYHMX NpaLliBHUKIB
UA-3497 Approved June 2022
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I. Kamyshna', L. Paviovych? I. Pankiv?, V. Pankivé, A. Kamyshnyi'

"I. Horbachevsky Ternopil National Medical University, Ternopil, Ukraine

2 Bukovinian State Medical University, Chernivtsi, Ukraine

8 Ukrainian Scientific and Practical Center for Endocrine Surgery, Transplantation of Endocrine Organs
and Tissues of the Ministry of Health of Ukraine, Kyiv, Ukraine

Evaluation of the influence
of single-nucleotide polymorphisms
of vitamin D receptor (rs2228570),
BDNF (rs6265), and NMDA (rs4880213) genes
on gene expression in different tissues

Abstract. Background. Questions regarding the association of individual and combined gene variations and
mutations with thyroid disease and nervous system disorders remain insufficiently researched and require further
study to facilitate early diagnosis of nervous system damage on the background of thyroid pathology, disease
prognosis, and timely treatment and prevention. An important issue is the identification of the influence of indivi-
dual polymorphisms in these genes on the functional activity of cells, including gene expression. Currently, gene
expression genetics largely depends on the identification of expression quantitative trait loci (eQTL), which are
the links between gene expression and genotype at a locus. The purpose of the study was to search for eQTL
in single nucleotide polymorphisms (SNPs) of the BDNF gene (rs6265), VDR gene (rs2228570), and NMDA
gene (rs4880213). The results were presented as nominal p-values for each SNP of the BDNF, VDR, and NMDA
genes. Materials and methods. We use publicly available databases (QTLbase: http://www.mulinlab.org/qtlbase/
index.html, GTExPortal: https:/gtexportal.org). Results. Using the QTLbase, we identified statistically signifi-
cant (p < 0.05) associations of rs6265 with the expression of 17 genes (BDNF-AS, BDNF, LDHC, AC104563.1,
BBOX1, SPTY2D10S, YWHABP2, LINC00678, LIN7C, GTF2H1, METTL15, IMMP1L, KIF18A, HPS5, NAV2,
LGR4, CCDC34) in various tissues. For rs4880213, we found a significant association with the expression levels
of 49 genes (ARRDC1-AS1, TPRN, SSNA1, SAPCD2, UAP1L1, NPDC1, MAN1B1, PTGDS, SNHG7, NDOR1,
TRAF2, PHPT1, EGFL7, EHMT1, RNF208, PNPLA7, LCNL1, DPP7, LCN12, STPG3, CCDC183-AS1, ABCA2,
RNF224, ENTPD2, PAXX, CLIC3, C90rf163, LCN15, MAN1B1-DT, FAM166A, FAM166A, LRRC26, STPG3-AS1,
AGPAT2, ANAPC2, DPH7, ZMYND19, NSMF, MRPL41, EXD3, TUBB4B, NELFB, ARRDC1, EDF1, FBXWS5,
DIPK1B, MAMDC4, RABL6, TMEM141, TMEMZ203) in 16 different tissues. Additionally, we identified statistically
significant (p < 0.05) associations of rs2228570 with the expression of 29 genes (ASB8, TMEM106C, KANSL2,
DDX23, CCNT1, HDAC7, RPAP3, PFKM, SENP1, RND1, PCED1B, AC004466.1, AMIGO2, ZNF641, ENDOU,
RAPGEF3, VDR, AC004241.1, AC004801.2, AC121338.1, LINC02354, SNORAZ2A, LINC02416, AC074029.3,
AC004241.5, AC008083.3, COL2A1, CCDC184, SLC48A1) in 17 different tissues. Conclusions. Single nucleotide
polymorphisms of the BDNF (rs6265), VDR (rs2228570), and NMDA genes (rs4880213) affect gene expression in
various cells and tissues. The use of this extensive eQTL catalog provides an important resource for understanding
the molecular basis of common genetic diseases.
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Introduction

The modern search for effective targeted therapy for
endocrine diseases is based on transcriptome [1], variome
[2, 3], and proteome data [4]. Our previous studies have
verified that diversities in gene expression and variomes may
stipulate the appearance of neurological complications re-
sulting from thyroid pathology [5, 6].

The exploitation of genotype-phenotype causality can
enhance our understanding of the genetic basis of com-
plex traits [7]. Currently, expression quantitative trait loci
(eQTLs) are the most abundant and systematically surveyed
class of functional consequence for genetic variation [8].

Recent genetic studies on gene expression have discovered
thousands of eQTLs in various tissue types for the majority
of human genes.

The availability of this extensive eQTL catalog provides
an essential resource for investigating the molecular basis of
common genetic diseases [9]. The establishment of reference
datasets for eQTLs and other molecular phenotype variants
will significantly reinforce the interpretation of personalized
genomes and provide a valuable framework for understanding
phenotypic variability and disease risk.

A standard eQTL analysis typically involves a direct as-
sociation test between genetic variation markers and gene
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Figure 1. The heatmap plot displays the distribution of associated molecular traits across different tissue/cell
types, comparing them to eQTL-associated traits (genes). Each row represents a distinct tissue/cell type, while
each column represents a different eQTL-associated trait (gene). The color of each grid indicates the median
P-value of the eQTLs associated with a specific tissue and trait

Tom 19, N2 2, 2023 www.mif-ua.com, https://iej.zaslavsky.com.ua 9


http://www.mif-ua.com
https://iej.zaslavsky.com.ua

OpwuriHaAbHi AoocAipXeHHs / Original Researches

[ d ]

expression levels, which are usually measured in tens or
hundreds of individuals [9, 10]. This association analysis
can be performed either proximally or distally to the gene.
Regulatory variants have been characterized as either cis or
trans-acting, depending on the predicted nature of inter-
actions and physical distance from the gene they regulate.
Studies suggest that most of the regulatory control takes place
locally, in the vicinity of genes.

However, it is important to note that gene expression sig-
natures are cell-type specific, raising the question of whether
regulatory control of expression is also cell-type dependent.
While most human eQTL studies have been performed on

blood-derived cells or cell lines, a significant tissue-spe-
cific component of cis regulation has been systematically
reported [11]. Typically, variants within 1 Mb (megabase)
on either side of a gene’s TSS (transcription start site) are
called cis-acting (cis-QTL) in conventional eQTL mapping
literature.

The aim of the study was to conduct a search for expres-
sion quantitative trait loci (eQTL) for single nucleotide poly-
morphisms (SNPs) of the BDNF gene (1rs6265), VDR gene
(rs2228570), and NMDA gene (rs4880213). The results were
presented as nominal p-values for each SNP of the BDNE,
VDR, and NMDA genes.

Table 1. EQTL data for SNPs association in tissues

. Effective . Standard

rs6265
BDNF 11 T Blood NA NA 0.00135 24013639
BDNF 11 T Pancreas —0.194734 0.071125 0.00647 32999275
BDNF 11 T Stem cell-iPSC 0.324904844 0.0400774 1.89E-13 33664507
BDNF-AS 11 T Adipose —0.243795 0.093392 0.00936 31564431
BDNF-AS 11 T Blood-T cell CD4+ —2.1996243 0.9673891 0.0278 29610479
BDNF-AS 11 T Blood-monocytes CD14+ —0.03878 0.0186905 0.0393 27863251
BDNF-AS 11 T Brain -0.19 0.0467781 0.0000563 29036324
BDNF-AS 11 T Kidney -0.28 0.0569335 1.17E-06 29036324
BDNF-AS 11 T Prostate -0.23 0.0618068 0.000221 29036324
BDNF-AS 11 T Thyroid gland —0.150308 0.0362774 0.0000435 25954001
BDNF-AS 11 T Thyroid gland —-0.28 0.047181 5.49E-09 29036324
UAP1LA 9 T Blood 0.383073 0.052937  3.83E-12 25954001
MAN1B1 9 T Lung 0.194606 0.029986  3.32E-10 25954001
SAPCD2 9 T Blood 0.294696 0.055581 2.22E-07 25954001
ENTPD2 9 T Blood 0.279913 0.052915  2.36E-07 25954001
UAP1LA 9 T Adipose 0.354279 0.06811 3.06E-07 31564431
MAN1B1 9 T Esophagus 0.164205 0.031969  5.22E-07 25954001
MAN1B1 9 T Thyroid gland 0.163848 0.032624  8.35E-07 25954001
MAN1B1 9 T Skin 0.146558 0.030606  2.49E-06 25954001
NPDCH1 9 T Fibroblast —0.16411 0.034567  3.48E-06 25954001
MAN1B1 9 T Peripheral nervous system 0.148436 0.032843  8.99E-06 25954001
NPDCH1 9 T Artery-aorta —0.18897 0.042786  1.59E-05 25954001
FAM166A 9 T Eye —0.08843 0.033203 0.00814 32870927

rs2228570

HDAC7 12 G Blood-T cell CD8+ 0.142087 0.040023  0.000429 33930287
PCED1B 12 G Blood-T cell CD4+ activated 0.089901 0.029799 0.00271 33930287
VDR 12 A Blood-T cell CD4+ 2.932884 0.946962 0.00336 29610479
RAPGEF3 12 A Blood-monocytes CD14+ 0.1981 0.067106 0.00354 27863251
PCED1B 12 G Blood-NK cell 0.132926 0.04585 0.00394 33930287
AC008083.3 12 G Blood-T cell CD4+ 0.158868 0.056334 0.00503 33930287
PCED1B 12 G Blood-T cell CD8+ 0.133375 0.047413 0.00514 33930287
PFKM 12 G Adipose 0.207704 0.073975 0.00521 31564431
AC004241 .1 12 A Blood-neutrophils CD16+ 0.0405 0.014698 0.00641 27863251
LINC02416 12 G Blood-B cell 0.145428 0.053308 0.00664 33930287
ASB8 12 G Blood-monocytes —0.16431 0.061477 0.00782 33930287
AC121338.1 12 A Blood-T cell CD4+ 2.582107 0.957528 0.00982 29610479
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Materials and methods

We assessed expression quantitative trait loci (eQTL) for
SNPs by utilizing a publicly available database (QTLbase:
http://www.mulinlab.org/qtlbase/index.html). The outcomes
were reported as nominal p-values for each SNP. The results
were presented as nominal p-values for each SNP of the
BDNE VDR, and NMDA genes.

Results

Expression of BDNF, VDR, and GRIN1 genes is ob-
served in a large number of cells and tissues (Fig. 1). How-
ever, a more important question is to determine the impact of
individual SNPs in these genes on the functional activity of
cells, including gene expression, DNA methylation, histone
modification, protein expression, and microRNA expression.

The current understanding of gene expression genetics
heavily relies on identifying eQTLs, which refer to the associ-
ation between gene expression and the genotype at a specific
locus. Genome-wide studies on eQTLs have demonstrated
that these loci account for a substantial portion of gene ex-
pression variation, with up to 90 % of the variation in some
genes attributed to nucleotide variants. To assess whether the
three aforementioned SNPs act as eQTLs in different tissues,
we investigated the QTLbase database. The eQTL analysis
revealed statistically significant (p < 0.05) effective alleles
and p values for all three SNPs (Table 1).

Using the QTLbase database, we established statis-
tically significant (p < 0.05) associations between rs6265
and the expression of 17 genes (BDNF-AS, BDNEF,
LDHC, AC104563.1, BBOX1, SPTY2D10S, YWHABP2,
LINC00678, LIN7C, GTF2H1, METTLI15, IMMPIL,
KIF18A, HPS5, NAV2, LGR4, CCDC34) in various tis-

sues (Fig. 1A). Some of them are presented in Table 1. Spe-
cifically, the T allele of rs6265 is associated with increased
expression of the BDNF gene in stem cell-iPSC (f = 0.32,
p = 1.89E-13), decreased expression of BDNF genes in the
pancreas (B = —0.19, p = 0.00647), BDNF-AS in the thy-
roid gland (B = —0.28, p = 5.49E-09), brain (f = —0.19,
p = 0.0000563), kidney (p = — 0.28, p = 1.17E-06), and
other tissues (Table 1).

We identified a significant association between rs4880213
and the expression level of 49 genes (ARRDCI1-AS1, TPRN,
SSNAI, SAPCD2, UAPIL1, NPDCI1, MANI1BI1, PTGDS,
SNHG7, NDORI1, TRAF2, PHPT1, EGFL7, EHMT]I,
RNF208, PNPLA7, LCNL1, DPP7, LCN12, STPG3,
CCDCI183-AS1, ABCA2, RNF224, ENTPD2, PAXX,
CLIC3, C9orf163, LCN15, MAN1BI1-DT, FAM166A,
FAM166A, LRRC26, STPG3-AS1, AGPAT2, ANAPC2,
DPH7, ZMYNDI19, NSMF, MRPL41, EXD3, TUBB4B,
NELFB, ARRDCI, EDFI1, FBXWS5, DIPK1B, MAMDC4,
RABL6, TMEM141, TMEM?203) in 16 different tissues
(Fig. 1B, Table 1). For example, the T allele of rs4880213 is
associated with the induction of transcriptional activity of the
MANIBI gene in the thyroid gland (8 = 0.16, p = 8.35E-07),
peripheral nervous system (f = 0.15, p = 8.99E-06), and the
SAPCD2 (B =0.29, p =2.22E-07) and ENTPD2 ( = 0.28,
p=2.36E-07) genes in blood. At the same time, the T allele of
rs4880213 is associated with the transcriptional repression of
the NPDC1 gene in fibroblasts (B = —0.16, p = 3.48 E-06) and
in the artery-aorta (f = —0.19, p = 1.59 E-05), as well as the
FAM166A gene in the eyes (f = —0.09, p = 0.00814) (Table 1).

Additionally, we identified statistically significant
(p < 0.05) associations of rs2228570 with the expression of
29 genes (ASB8, TMEM106C, KANSL2, DDX23, CCNTI,
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Figure 2. The impact of the rs6265 and rs2228570 polymorphisms on the transcriptional activity of the BDNF-AS
and VDR genes in various tissues, as shown on the GTExPortal website (https://www.gtexportal.org)
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HDAC7, RPAP3, PFKM, SENPI, RNDI, PCEDIB,
AC004466.1, AMIGO2, ZNF641, ENDOU, RAPGEF3,
VDR, AC004241.1, AC004801.2, AC121338.1, LINC02354,
SNORA2A, LINC02416, AC074029.3, AC004241.5,
AC008083.3, COL2A1, CCDC184, SLC48A1) in 17 diffe-
rent tissues (although the most pronounced changes in tran-
scriptional activity were observed in blood cells) (Fig. 1C,
Table 1). Both the A and G alleles of rs2228570 have an im-
pact on gene expression (Table 1). For instance, the A allele
of 1$2228570 is associated with increased expression of the
VDR gene in blood CD4+ T cells (f = 2.93, p = 0.00336),
the RAPGEF3 gene in blood CD 14+ monocytes (f = 0.20,
p = 0.00354), while the G allele of rs2228570 induces
transcription of the HDAC?7 gene in blood CD8+ T cells
(B=0.14, p =0.000429) and the PCED1B gene in activated
blood CD4+ T cells (B = 0.09, p = 0.00271) (Table 1).
Using another database — GTExPortal (https://gtexpor-
tal.org) — allows for additional graphical visualization of the
influence of individual alleles on the expression of different
genes using the online tool eQTL Dashboard (Fig. 2).

Discussion

The use of genotype-phenotype causality can enhance
our understanding of the genetic basis of complex traits. So,
the use of genotype-phenotype causality can help deepen
our understanding of the genetic basis of complex traits [12].
Genotype-phenotype causality indicates which genes and
their interactions lead to the manifestation of a particular
trait in an organism. This can be especially useful for under-
standing complex traits that are determined by the action of
many genes and environmental factors.

For example, the application of genotype-phenotype
causality can help to identify which genes are responsible for
the development of complex diseases. With this approach, it
is possible to establish a link between individual genes and
corresponding phenotypes, which allows for more accurate
identification of the causes of the disease and the develop-
ment of effective treatment methods [13].

In addition, genotype-phenotype causality can be useful
for understanding other complex traits such as predisposi-
tion to depression and anxiety [14]. Through the analysis of
genetic data and observations of phenotypes, it is possible to
determine which genes are responsible for these traits and
understand how they interact with each other [15, 16].

Therefore, the use of genotype-phenotype causality can
help to expand our understanding of the genetic basis of
complex traits, which in turn can lead to the development of
new technologies and treatment methods.

Conclusions

Single nucleotide polymorphisms of the BDNF gene
(rs6265), VDR gene (rs2228570), and NMDA gene
(rs4880213) affect gene expression in various cells and tis-
sues. The use of this extensive eQTL catalog provides an
important resource for understanding the molecular basis of
common genetic diseases.
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OUiHKQ BMAMBY OAHOHYKAOTUAHUX NOAIMOpP@i3MmiB reHis peuentopa sitamiHy D (rs2228570),
BDNF (rs6265) Ta NMDA (rs4880213) HO eKCnpecito reHiB y pisHMX TKAHUHAX

Pe3tome. Axmyaavnicme. TlutarHs 1mono acoliaiiii OKpeMux Ta
KOMOIHOBaHUX Bapialliif i MyTalliil TeHiB 3 XBOpoOaMU IIMTOIIO-
NiOHOI 3371031 Ta MOPYLIEHHSIMU HEPBOBOI CUCTEMU 3aIUILIAIOTHCS
HEIOCTATHbO JOCTIIKEHUMHU. BaXIMBUM acreKToM € BUSIBJICHHS
BIJIMBY OKPEMUX 1Mo1iMOP(Di3MiB TeHiB Ha (PyHKLIOHAJIbHY aKTUB-
HICTb KJIITUH, 30KpeMa Ha eKcIipecito TeHiB. Ha choromHi reHeTrKa
eKcrmpecii reHiB 3HaYHOIO MipOol0 3aJIeXXUTh Bifl ineHTUdiKaIlii 10-
KYyCiB KibKicHUX 03HaK ekcripecii (eQTL). Memoro docaioncennsn
oyB nouryk eQTL mist oqHoHyKIIeoTHAHMX TTosiMopdi3MiB (SNP)
reHiB BDNF (1s6265), VDR (1s2228570) Ta NMDA (rs4880213).
Mamepiaau ma memoou. BukoprctoByBanu my0JiiuHi 6a3u 1aHUX
(QTLbase: http://www.mulinlab.org/qtlbase/index.html, GTEx-
Portal: https://gtexportal.org). Pe3ynbratu mpencraBieHi y BU-
IJISITI HOMIHAJBHUX PiBHIB 3HAUYIIOCTI IJ1s1 KoxXHOro SNP reHiB
BDNE VDR ta NMDA. Pesyabmamu. BuxopucTtoBytouu 6a3y na-
Hux QTLbase, My BUSIBUIIM cTaTUCTUYHO 3Hauy1ii (p < 0,05) aco-
wianii rs6265 3 ekcrpeciio 17 renis (BDNF-AS, BDNF, LDHC,
AC104563.1, BBOX1, SPTY2D10S, YWHABP2, LINC00678,
LIN7C, GTF2HI1, METTLI15, IMMPIL, KIF18A, HPSS5, NAV2,
LGR4, CCDC34)y pizaux tkaHnHax. st rs4880213 Mu 3HaM LI
acorianii 3 piBHsamu ekcrpecii 49 reniB (ARRDC1-AS1, TPRN,
SSNAI, SAPCD2, UAPIL1, NPDC1, MANIBI, PTGDS,

SNHG7, NDORI1, TRAF2, PHPTI1, EGFL7, EHMTI1, RNF208,
PNPLA7, LCNLI, DPP7, LCNI12, STPG3, CCDCI183-ASl1,
ABCA2, RNF224, ENTPD2, PAXX, CLIC3, C9orf163, LCNI15,
MANI1BI1-DT, FAM166A, FAM166A, LRRC26, STPG3-ASl1,
AGPAT2, ANAPC2, DPH7, ZMYNDI19, NSMF, MRPL341,
EXD, TUBB4B, NELFB, ARRDCI1, EDF1, FBXW5, DIPKIB,
MAMDC4, RABL6, TMEM 141, TMEM?203) y 16 pi3Hux TKaH1-
Hax. Kpim Toro, BusiBuiu craructuyHo 3Havyi (p < 0,05) 38’43-
K1 Mix 1s2228570 Ta excripecieto 29 reniB (ASBS, TMEM106C,
KANSL2, DDX23, CCNT1, HDAC7, RPAP3, PFKM, SENPI1,
RNDI1, PCEDIB, AC004466.1, AMIGO2, ZNF641, ENDOU,
RAPGEF3, VDR, AC004241.1, AC004801.2, ACI121338.1,
LINC02354, SNORA2A, LINC02416, AC074029.3, AC004241.5,
AC008083.3, COL2A1, CCDC184, SLC48A1) y 17 pi3Hux TKaHU-
Hax. Bucnoexu. OnHoHykieoTuaHi nojiMopdizmu reHis BDNF
(rs6265), VDR (1s2228570) i NMDA (rs4880213) BruimBarooTh Ha
eKCIIpeCilo TeHIB y Pi3HUX KINTHHAX i TKAaHWHAX. 3aCTOCYBaHHS
katanora eQTL Hagae BaxIMBUil pecypc ISl pO3YMiHHS MOJIEKY-
JISIPHOT OCHOBM TMOILMPEHUX T€HETUIHUX 3aXBOPIOBAHb.

KirouoBi cioBa: renorun; excrpecis; noaiMopdizM HYKII€o-
tuaiB; rTeH BDNF (rs6265); ren VDR (rs2228570); res NMDA
(rs4880213)
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Features of diagnostic search
and experience in the treatment
of chronic urticaria in obese patients
with pulmonary pathology

Abstract. Background. In recent decades, along with the growth of allergic diseases, there has been a progressive
increase in the number of people with overweight of varying severity, as evidenced by numerous epidemiological
studies. Therefore, both allergies and obesity are among the global problems of modern healthcare due to their high
prevalence and medical and social significance. The purpose of the study was analysis of the etiological factors
of chronic urticaria (CU) in obese patients with pulmonary pathology, optimization of diagnosis and treatment of
CU for further planning of preventive measures. Materials and methods. We examined 250 patients who applied
for medical care to the regional clinical hospital in Chernivtsi and had CU associated with pulmonary pathology
and obesity. Based on the analysis of the obtained data, a group of 140 patients was formed for further clinical
and anamnestic examination: analysis of the anamnesis, determination of the severity of urticaria, assessment of
quality of life, control of urticaria symptoms, general clinical laboratory studies, tests for verification of urticaria.
Allergy testing was carried out when the patient's anamnestic data indicated its expediency. The survey was carried
out for one month and included a diagnostic period and 3 consultations every 7—10 days. Results. Among the
causes of CU in patients with pulmonary disease, drug intolerance and parasitic infection dominate. Polyetiology is
observed in 60 % of cases. Differences in CU in obese patients are the long-term persistence of urticaria or other
elements of the rash, the lack of effectiveness of therapy with the second- and third-generation antihistamines and
glucocorticosteroids. Conclusions. The results obtained indicate a positive effect of the quinuclidine derivative
quifenadine for the treatment of CU in patients with pulmonary pathology and obesity. Complete and significant
effects were obtained in 91.43 % of patients. The worst results (8.57 %) were demonstrated by patients with the
etiological significance of chemical factors (including occupational ones), which is associated with more problematic
compliance with the elimination regimen in this category of patients.

Keywords: pulmonary pathology; chronic urticaria; obesity; quifenadine

Introduction polypharmacy and self-medication due to the abundance of

Urticaria is a heterogeneous and extremely common
group of allergic diseases initiated by various etiological
factors. International guidelines systematize the division
of urticaria forms based on the duration and course of the
disease [1, 2].

Constant pollution of air, soil and water bodies due to the
use of a wide range of different chemicals, often exaggerated
and uncontrolled, on the one hand, and on the other hand,
the increasing use of products with a long shelf life, as well as

advertising in the media and the availability of most over-the-
counter drugs, in turn, are also the driving force behind the
growth of various allergic reactions in the population [3, 4].
At the same time, along with the growth of allergic diseases,
also for known reasons, there is a progressive increase in the
number of overweight people of varying severity, as evidenced
by numerous epidemiological studies. Therefore, both aller-
gies and obesity, due to their high prevalence and medical
and social significance, are among the global problems of
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modern healthcare [5, 6]. Considering the constant increase
in the allergization of the population in the world and in
Ukraine, in particular, and, accordingly, taking into account
socio-economic factors and far from encouraging forecasts
for a further increase in the incidence of various allergies,
including chronic urticaria (CU), the question arises of the
availability of effective and affordable methods of both its
treatment and prevention [7].

CU, so-called hives, is a long-term condition. It is not
known exactly why this happens, but it can accompany a
chronic or autoimmune disease. A patient with chronic ur-
ticaria may have hives every day for months or years. It is
impossible to get hives from another person. However, in
some cases, urticaria occurs with a contagious infection. If
a person suffers from hives, they are at risk of developing a
life-threatening condition called anaphylaxis. It is important
to be aware of other symptoms of this condition, such as
swelling of the face, tongue, or throat, fast heart rate, or diz-
ziness. Anyone who might have anaphylaxis should receive
urgent medical care |2, 3].

Allergy and obesity are diseases that form a stable in-
flammatory process in the body. In the first case, it can be
local, concentrated in the skin, walls of the respiratory tract
or gastrointestinal tract, in the second case, it is often more
widespread, affecting many organs and systems to a greater
extent. The conditions for maintaining such inflammation
and its further strengthening may be: the involvement of
large volumes of adipose tissue in this process; the partici-
pation of factors of innate and adaptive immunity in it. At
the same time, the formation, course and severity of allergic
inflammation may depend on the severity of adipose tissue
hyperplasia and the activity of the inflammatory process in it.
For example, the mass of adipose tissue is one of the factors
of severe uncontrolled, therapy-resistant forms of bronchial
asthma in patients suffering from obesity since childhood
[8]. And in case of food allergy, conditions arise for the de-
velopment of immune inflammation due to disruption of the
processes of elimination of immunocompetent cells, changes
in the metabolism of adipocytes and other processes, as a
result of which the development of complications, including
insulin resistance, is induced [9].

According to the literature, the prevalence of CU in the
general population varies from 0.5 to 5 %, in certain coun-
tries the incidence can reach 15 %. According to our data,
this figure is 8 % [7]. The direct relationship of skin mani-
festations of allergy, in particular CU, with other chronic
diseases once again confirms the great practical importance
of differentiating its various types in clinical practice. The
high prevalence of urticaria, the variety of forms of comorbid
pathology, the presence of pathology mainly in patients of
working age, the frequent ineffectiveness of diagnostic mea-
sures determines the relevance of the problem and require
further study of this pathology [9, 10]. CU is a heterogeneous
disease, so it is fair to consider it an interdisciplinary problem
that not only allergists, but also therapists, pediatricians, and
family doctors constantly encounter [11, 12].

The purpose of the current study was to analyze the etio-
logical factors of CU in patients with pulmonary disease and
obesity, to optimize the diagnosis and treatment of chronic
urticaria for further planning of preventive measures.

Materials and methods

For the period from 2016 to 2021, we examined 250 pa-
tients who applied for medical care to the regional clinical
hospital in Chernivtsi, in whom CU was associated with
pulmonary pathology against the background of obesity, and
bronchopulmonary pathology was in remission.

The diagnosis of obesity and the degree of obesity was
made based on body mass index (38.2 + 5.4 kg/m?) accor-
ding to the recommendations of the WHO and International
Obesity Task Force. All patients underwent a clinical exa-
mination, including anthropometry and immunological exa-
mination.

A clinical and anamnestic examination was carried out:
history taking, evaluation of complaints, determination of
the severity of urticaria, assessment of quality of life, control
of symptoms of urticaria; laboratory research: clinical blood
test, determination of C-reactive protein, concentration of
thyroid hormones and antibodies to thyroid structures, tests
for verification of physical urticaria, test with autologous
serum, determination of rheumatoid factor, eosinophilic ca-
tionic protein, total IgE, antinuclear antibodies, complement
C3/C4 components, protein fractions, coagulogram, fecal
analysis for protozoa and eggs of worms.

Allergy testing was carried out when the patient’s ana-
mnestic data indicated its expediency. The examination was
carried out for one month and it included a diagnostic pe-
riod and 3 consultations every 7—10 days, during which the
patients received diet therapy using a low-calorie version of
the standard diet and the exclusion of causally significant
products according to the allergology examination.

Based on the analysis of the obtained data, a group of 140
patients was formed with the following inclusion/exclusion
criteria in the study.

Criteria for inclusion in the study:

1. Age of patients: 22—70 years.

2. Duration of urticaria more than 6 weeks (up to 6
years).

3. Persistent course of CU with clinical manifestations
at least 2 times a week.

4. Unsatisfactory effectiveness of the second- and
third-generation antihistamines antihistamines and insuffi-
cient — glucocorticosteroids.

5. The diagnosis of obesity and the degree of obesity was
made on the basis of body mass index.

Criteria for exclusion from the study:

1. CU with a previously established cause (predominant-
ly atopic form, physical environmental factors).

2. Rheumatological diseases.

3. Continuous use of oral systemic corticosteroids.

4. Pregnancy.

5. Concomitant decompensated diseases: cardiovascular,
neurological, hematological, gastrointestinal.

6. Oncological diseases.

The causes of CU we identified in patients of the study
group were distributed as follows (Table 1).

All patients were prescribed drug of the quinuclidine de-
rivatives group quifenadine at a dose of 50 mg 3 times a day.
The duration of therapy was 14 days. The substance quife-
nadine is an antagonist of H1-histamine receptors, blocks
serotonin 5-HT1 receptors, weakening the action of allergy
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Table 1. Causes of CU in patients
with pulmonary disease and obesity, %

Patient Factors of pathogenetic Number
groups significance of patients
Hypersensitivity reactions
I to drugs 44.28
Il Parasitic infestations 37.86
11l Combination of factors (I + Il) 27.14
Y, Factors of chemical origin 20
(including professional factors)
v Food (including various 20
nutritional supplements)
\ Combination of factors (I, IV, V) 60

mediators — histamine and serotonin. Quifenadine prevents
or weakens the spasmodic effect of histamine and serotonin
on the smooth muscles of the bronchi and intestines, and
also reduces the intoxication caused by these allergy media-
tors, and the dilation of capillaries with impaired permea-
bility of their walls and the development of edema. It has a
pronounced antipruritic and anti-exudative effect of a long-
term nature. Quifenadine affects the immunological reac-
tivity of the body, reducing the number of antibody-forming
and rosette-forming cells in the spleen, bone marrow, lymph
nodes, and also reduces the increased concentration of im-
munoglobulins of classes A and G [7, 13, 14].

Clinical efficacy of quifenadine was assessed using self-ob-
servation diaries, which paid attention to the intensity of it-
ching, the severity of skin rashes, sleep disturbance due to
itching, and a general decrease in quality of life. These symp-
toms were proposed to be assessed on a 3-point scale. In addi-
tion, patients were asked to record possible side effects: drowsi-
ness, impaired attention in professional activities, dry mucous
membranes, and others. At the end of the study a general as-
sessment of the effectiveness of therapy was carried out.

Ethical approval. The study fully ensured standards de-
scribed in the 1975 Helsinki Declaration of Human Rights
(amended in 2008). The participants completed and signed
a written informed consent before enrolling voluntarily in
the research. Approval was obtained from the local ethics
committee (protocol 5, 16.02.2022).

Results

Positive results of treatment with antimediator drug of the
quifenadine at a therapeutic dose (complete and significant
effects) were obtained in 128 patients (91.43 %). The worst
results (8.57 %) were demonstrated by 12 patients with the

% Sleepin

100 - piness

00 91.43 B Nausea, headache

80 - W Drug cancel

60 -

40 A

20 - 8.57

: 3.90
s 156 234 234 .
Positive/worst result Side effects

Figure 1. Positive and negative effects of quifenadine

etiological significance of factors of chemical origin (in-
cluding occupational ones), which is associated with more
problematic compliance with the elimination regimen in this
category of patients.

Most patients noted good tolerability of the drug, side
effects developed only in 10 (7.14 %) patients (increased
drowsiness). Five patients noted increased sleepiness during
the day, although patients with sleep disorders and whose
work does not require increased attention noted the positive
aspects of this effect. Three patients noted worsening of the
symptoms, three patients suffered from nausea and headache
after taking the drug. These symptoms did not require the
administration of additional medications, resolved sponta-
neously (within 1—3 days), in two cases it was proposed to
cancel the therapy with the studied group of drugs (Fig. 1).

Discussion

Chronic spontaneous urticaria is one of the commo-
nest diseases in allergological and dermatological practice. It
constitutes an interdisciplinary problem, and its pathogenesis
is not always easily determined. It has been suggested that
metabolic syndrome and hyperlipidaemia are more frequent
in patients with urticaria, but the influence of overweight
and obesity on the development of urticaria has not been
thoroughly investigated.

In typical situations, the diagnosis of urticaria does not
cause difficulties for clinicians. However, with atypical mani-
festations of the disease, there are difficulties in differential
diagnosis due to the variability of clinical manifestations, com-
plex interdisciplinary aspects of pathology, and insufficient
awareness of practitioners about rare diseases and syndromes
that occur with urticarial or urticaria like rashes [2, 9, 10].

In classical cases, the diagnosis of urticaria does not cause
difficulties and is established during the collection of ana-
mnesis and physical examination of the patient. However,
clinical situations requiring differential diagnosis of urticaria
with other diseases, including autoinflammatory diseases, of-
ten present diagnostic difficulties for practitioners. Complex
interdisciplinary aspects of differential diagnosis can lead to
erroneous diagnoses and untimely appointment of adequate
therapy [12, 13].

Given the presence of transitional forms between urticaria
and urticarial vasculitis, sometimes it is possible to clarify the
diagnosis only with dynamic observation of patients. Often the
question of the need for differential diagnosis of urticaria arises
with resistance to ongoing therapy. Thus, the clinical efficacy
of antihistamines may also be of diagnostic value [1, 14, 15].

The differential diagnosis of urticaria, as a comorbidity
problem, is carried out with the participation of allergo-
logists, endocrinologist, dermatologists, rheumatologists
and infectious disease specialists, gastroenterologists, and
otorhinolaryngologists. In a targeted analysis of the history
data, it turned out that drug intolerance most often occurred
in patients with additional inflammatory processes in the
upper respiratory tract (21 %), diseases of the bronchopul-
monary system (44 %), chronic diseases of the biliary sys-
tem (23.5 %), diseases of the stomach and intestines (10 %),
diseases of the genitourinary system (9 %), diseases of the
cardiovascular system (24 %). It should be emphasized that
almost all patients had multiple foci of infection. In some
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cases, a combination of nosologies was observed in the same
patient (about 15 %). Careful analysis of clinical associations
in an individual patient and an interdisciplinary approach are
essential for verifying the diagnosis and optimizing therapy.

According to our data, one of the most significant triggers
of exacerbation of urticaria were drugs (44.28 % of cases).
Most often, they were characterized by the occurrence of
rashes with the same localization with repeated use of the
causally significant drug [3, 4, 7]. The most common causes
of these fixed rashes in our study were NSAIDs, sulfona-
mides, and antibiotics. Difficulties in differential diagnosis
with urticaria were often due to the evolution of skin ele-
ments in fixed drug rashes, which at different stages resem-
bled urticaria. The initial elements were represented by dark
red spots with a bluish tint, which often progressed to a pa-
pule or plaque, in 3 patients led to the formation of a bubble.
As the rash resolved, the center of the skin elements became
grayish in color, and the rash regressed with the formation
of hyperpigmentation. When resolved, the elements took
on a brown color and the shape of rings and garlands and
resembled urticarial elements. The rash was accompanied
by itching and burning, and in 30 % of cases persisted for
more than a month.

Analysis of the incidence of our patients by months of the
year did not reveal significant differences and any seasonality.
Thirty-two patients, by the nature of their professional acti-
vities, had contact with medicinal or chemical substances
(17 with antibiotics, 8 with disinfectants, 5 with acids and
alkalis, 7 additionally with varnishes and paints).

Conclusions

Among the causes of CU in patients with pulmonary
disease, drug intolerance and parasitic infection dominate.
Polyetiology is observed in 60 % of cases.

The plan for the differential diagnosis of recurrent urti-
caria should definitely include parasitological studies and a
thorough study of the pharmacological history.

Patients with obesity may be recommended to conduct
an immunological examination in order to timely detect food
allergies, followed by the implementation of the principles of
personalized diet therapy.

Differences in CU in patients with pulmonary disease is
the long-term persistence of urticaria or other elements of the
rash, the lack of effectiveness of therapy with the second- and
third-generation antihistamines and glucocorticosteroids.

The group of quinuclidine derivatives is highly effective
for the treatment of recurrent urticaria in obese patients with
pulmonary pathology: clinically significant positive changes
occur 2—4 days after the start of treatment.
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Kacnipyk H.M., barparHoscska C.O.

BYKOBUHCHKA AEPIKABHUM MEANYHUN YHIBEPCUTET, M. YepHiBLi, YikpaiHa

OCO6AUBOCTI AIOrHOCTUYHOrO NOLUYKY TA AOCBIA AiIKYBOHHSI XPOHIYHOT KPOMNUBHULLi
Y XBOPUX HO OXXUPIHHSA 3 A€r€HEBOIO MATOAOTIEIO

Pesiome. Axmyaasnicmes. B ocTaHHI JeCATUIIITTS MTOPSI i3 3pOC-
TaHHSIM YaCTOTH aJIePTiYHMX 3aXBOPIOBAHb CITOCTEPITa€ThCs MPO-
rpecyioue 30iIblIeHHs KiJIbKOCTI JII0/Iei i3 HaAMipHOIO MacoIo Tija
Pi3HOTO CTYIEHSI BUPAXKEHOCTi, MPO 110 CBilYaTh YMCICHHI erife-
MioJIoTiuHi focimkeHHs. ToMy sIK ajieprisi, Tak i OXKHUpiHHS yepe3 X
BHMCOKY TOIIMPEHICTh Ta MEIMKO-COLIiaIbHY 3HAYMMICTh HaJIEXKaTh
IO TJIOO0ATBHUX MPOOJIEM Cy9acHO1 OXOPOHU 310poB’si. Mema: aHa-
JIi3 eTiojIoriyHuX (hakTopiB XpoHiuHOI KporuB’ssHKU (XK) y XBopux
Ha OXXUPiHHS 3 JIETEHEBOIO MMAaTOJIOTIE0, ONITUMI3allisl JiarHOCTUKHI
i mikyBaHHs XK [IJ1s1 mogaiblIoro IJIaHyBaHHS MpoQiTakThy-
HUX 3axoniB. Mamepiaau ma memoodu. O6ctexxeHo 250 malieHTiB,
SIKi 3BEPHYJIMCS 3a MEIMYHOIO TOTTOMOTOI0 10 00J1aCHO1 KJIiHIYHOL
JikapHi M. YepHiBui 3 npusoay XK, acouiitoBaHoi 3 JiereHeBOIO
MaTOoJIOTIEI0 Ta OXXUPiHHAM. Ha mmifacTaBi aHamizy oTpMMaHMX JaHUX
copMoBaHo rpymy 3i 140 naiieHTiB A1 TOJAIBILIOro KIiHiKO-aHa-
MHECTMUYHOTO OOCTEXEHHsI: 300py aHaMHe3y, BU3HAUSHHSI CTYTIEHs
TSDKKOCTI KPOITMB STHKM, OLIIHKM SIKOCTi XKHMTTSI, KOHTPOJIIO CUMIT-
TOMIB KPOITUB’SIHKH, 3aTraJIbHOKIIIHIYHUX JTJa00paTOPHUX TOCITi-
TIKEeHb, TeCTIiB 118 Bepucikallil KpOuB’ sHKU. AJIEProTeCTyBaHHS
BUKOHYBaJIM, KOJIM aHAMHECTUYHI IaHi XBOPOI'0 CBITYMJIM PO 10ro

NONUTBEHICT. OOCTEKEHHST TIPOBOIMIIOCS ITPOTSTOM OHOTO MiCSILIST
1 BKJTIOYAJIO JiaTHOCTUYHUIM ITepio Ta 3 KOHCYJIbTallil KoxHi 7—10
nHiB. Pesyasmamu. Cepen npuund XK y naiieHTiB myJ1bMOHOJO-
riyHOro npodiito 1OMiHYIOTh HEMePEeHOCUMICTD JIiKapChKUX 32CO-
0iB Ta mapa3uTapHa iHbekis. [ToemHaHHST KiIbKOX €TioNOTiYHUX
(axTopiB crioctepiraetbest B 60 % Bunankis. BimminHoctsimu XK
Y XBOPUX IMyJbMOHOJIOTIUHOTO TIPOMiII0 3 OXKUPIHHIM € TpUBa-
J1a TIEPCUCTEHLIist KPOITMB’IHKU 200 iHIIKMX eJIEMEHTIB BUCHUIIKH,
HelocTaTHS e()eKTUBHICTb Teparlii aHTUricTaMiHHUMM TIperapa-
TaMU JIPYTOro i TPEeThOTO MOKOIiHb Ta IITIOKOKOPTUKOCTEPOITaMHU.
Bucnosku. OTpuMaHi pe3ybraTi CBiT4aTh PO MMO3UTUBHUI e(eKT
3aCTOCYBAaHHSI MOXiIHOTO XiHYKJTiNUHIB XiheHaAuHY IPH JiKyBaHHi
XK y xBopux Ha JiereHeBy MaToJIOriI0 Ta OKUPiHHA. 3al10BUIbHI
edektu Oy orpumani B 91,43 % nauientis. Haiiripiii pe3synbra-
™ (8,57 %) 3achikcoBaHO B MALIIEHTIB 3 €TIOJOTTYHUM 3HAUCHHSIM
¢akTopiB XiMIYHOTO MOXOMXKEHHS (Y TOMY YMC/i mpodeciiiHux),
11O TOB’S13aHO 3 OUIbII MPOOIEMATUYHUM TOTPUMAHHIM PEXUMY
eJTiMiHalIil B LIi€l KaTeropii MmaiieHTiB.

Ki1io4oBi ci10Ba: nerenesa maTosorist; XpoHiuHa KpOIUB HKA;
OXUPiHHS; XieHaTnH
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B13HOYEHHS QYHKLIOHOABHOT OKTUBHOCTI
HOAHUPKOBUX 3AAO3 Y NALIEHTIB
i3 LYKpOBUM Aia6eToM 2-ro Tuny
3 Pi3HUMU TOPMOHAABHO-METAOOAIYHUMU
deHoTUNaMMU

Pe3tome. AkTyanbHicTb. KriHidHi CrIOCTEPEXeHHSI BUSIBUIN HU3KY [0AATKOBUX (YeHOTUMIB MeTabosliqHOro
CUHAPOMY, SKI BIPI3HAOTLCS 3a CTYreHemM OOMIHHMX MopyLUEeHb | CriiBBIAHOLLIEHHSAM MMIALLKIPHOI Ta BicLepasibHol
JKMPOBOI TKAHWHW, MatOTb HU3KY KIIHIYHNX | METabO0sIiHHNX aHaoriv i3 CuHAPOMaMmn eHE0reHHoOro abo eK30reHHoro
rinepkoptuynamy. MeToro faHoi po6otu 6yno BUBYNTU OCOBITMBOCTI (YYyHKLIIOHATbHOI aKTUBHOCTI HaAHUPKOBUX
3as103 y nauieHTiB i3 yykposum giabetom (L) 2-ro tvy 3anexHo Big peHOTUNOBUX O3HAK: CTYNEHs 3arasibHoro
OXUPIHHS Ta piBHs BicyepasibHoro xupy (BXK). Matepianu ta meroau. [Jo focnigkeHHs BKIIIOYeHo 89 XBopux Ha
LA 2-ro tuny (46 HonosikiB Ta 43 xiHku) Bikom Big 32 1o 85 pokiB. O6CTEXEHHS NaLiEHTIB BKIHOYa/10 BUHAYEHHS
aHTPONOMETPUYHMX rapameTpiB, KOMo3ulii Tina MeTogoM 6i0es1IeKTPUYHOro iMnegaHcy, OLiHKY cTaHy JinigHoro
Ta BYrnieBogHOro 0OMiHy, piBHIB KOPTU307y, AerigpoeniaHapocTePoHy-cynbgaTty (AFEA-c) cnpoBaTku KpoBi, akTuB-
HocTi gpepmenTy 11-6eTa-rigpokcuctepoinaerigporerasu (11B8-FCL). Pesynbrartu. [JocnigkeHHs ropMOHaIbHOro
OHY nokasasnu, Lo B rpymi 6€3 OXUPIHHS piBHI iHCYniHY Ta C-nentuay BiporigHO HUX4i, & BiAHOLLIEHHS KOpTU30s1/
ArEA-c B 060x nigrpynax 3 Bucokum pisHem BXK nigsuLeHe, Lo Bigobpaxae aucbanaHc aHabonivyHux i katabo-
JIIYHUX FOPMOHIB. KpiM TOro, KOHLEeHTpaLisi KOHTPIHCY/TIHOBOIro rOpMOHY KOPTU30J1y, BUMIPSIHOIrO B CUpOBATLi KPOBI
rnayieHTiB nicsisi IpobYmKeHHS, nepebyBara y Mexax HopMU, arne cepesHe 3Ha4YeHHs1 B 060X rpynax Habimxasaoch
[0 ii BeEpxHbOI MeXi. Lje fo3Bonsie npunycTnTn HasiBHICTb CYOKITIHIYHOIO rinepKkopTuLM3My, MPUYUHOKO IKOro MOXEe
O6yTV BUsIBNIeHa HaMu nigBuLLeHa akTuBHICTL chepmeHTy 11B-IFCH, wo crpusie nokanbHivi npogykyii koptusony
y BicyeparibHivi XnpoBivi TkaHuHi. BUCHOBKW. OnvucaHi HamMy ropMOHasibHIi Ta MeTaboslibyHi 3MIiHV Yy BULINEHUX
rpynax xsopux Ha L[] 2-ro tvny [O3BOSISIOTE FOBOPUTH PO MOPYLLUEHHS] aHaboslivHO-KaTabosivyHoro 6anaaHcy, Lo
MpOSIB/ISAIIOTLCS SIK B OCOBIMBOCTSAX TONOrpagii XnpoBoi TKaHWHW, TaK i B OPYLLEHHSX OBOMIHHUX npoLecis, TO6TO y
BUITISAI hOpMyBaHHS BIfNOBIAHOro0 METabosivHOro (heHoTUry 3 KaTaboslivHOK abo aHabOsIIHHO CrIPSIMOBAHICTIO.
BusasrieHHs1 nigrpyn BUCOKOro pusnKy [O3BOSINTEL PO3POOUTH NATOreHEeTUYHI rnigxoam Ans 6inbLu LinecrnpsmoBaHoi
KOMIIEKCHOI KOPeKLii HasiBHUX MOPYLUEHb.

Kno4oBi cnoBa: uykposuii giabet 2-ro tury; KOMNo3uLisi Tina; KOpPTU30/1; AerigpoeniaHapoCTepoH-Cybar;
pepmeHT 11-6eTa-rigpokeuctepoingnerigporeHasa; MetabosnidHni (heHOTWI, BICLIEPATTbHWK XWP; NiNigHWA CIIEKTP

BCTYH OxupiHHs Ta MmeTabosiuHuit cunapom (MC) € nposiBamu

Y npoueci iHAMBiINYaJbHOIO PO3BUTKY KOXHOI1 IIOAM-  MATOJOri4YHUX (EHOTUMIB, SIKi MalOTh 3arajJbHUM ITid-
HU (POPMYETHCS TIEBHUI (PEHOTHUTT OpPraHi3My — KOMIUIEKC — TPYHTSIM CTaH iHCYJiHOPE3MCTEHTHOCTI/TinmepiHcyiHe-
30BHIIIHIX i TOPMOHAJIbHO-META0O0IIYHUX XapakTepuc-  Mii. Ha nbomy Ti1i, 32 HAIBHOCTI MEBHUX 30BHIIIIHIX YMOB
THK, 1110 PO3BUBAIOThCSI HA OCHOBI YCITaJIKOBAHOTO FeHO-  Ta/ab0 reHEeTUYHOI CXUJIBHOCTI, MOXKE PO3BUHYTHUCS 11y-
TUITY TIiJi BILIMBOM YMOB HaBKOJIMIIIHBOTO cepeaoBuina.  kKposuit giadet (L) 2-ro Tuny [1, 2].
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JloBeneHo, 1110 HasIBHICTh 3araJIbHOTO OXXUPiHHS € He3a-
JIEXKHUM UMHHUKOM PU3UKY AMCMETa00IiYHUX CTaHiB, O/~
HaK KJIIHIYHi CIIOCTePEeXKEHHSI BUSBUIN HU3KY JOAATKOBUX
denotumniB MC, sKi Bilpi3HSIIOThCS 3a CTYTIEHEM OOMiHHMX
MOpPYIIEHb i CIiBBiTHOLIEHHSM MiALIKipHOI Ta BicLepaJbHOI
KMPOBOi TKaHWHMU |3, 4]. Hamnuiok BicliepaabHOTO XKUpPY
MOX€ BUHUKATHU SIK Ha TJIi 3arajibHOrO OXMPiHHS, TaK i B
XyIOpPJISIBUX JIofiei [5, 6].

[Mpu peHoTUNI a6HOMIHATBHOTO OXUPIHHS CITOCTEPi-
Ta€ThCsl HU3KA KJIIHIYHUX i MeTabO0IiYHUX aHAJIOTIH i3 CUH-
JTPOMaMM €HIOTeHHOTO 200 €K30I€HHOTO TiNMepPKOPTULIM3MY,
30Kpema AeperyJsiiis rimotajamo-rinodizapHo-aapeHa-
noBoi (I'TA) oci, 30ibIIeHHST MPOAYKIii KOPTU3OY, SIKUI
CrIpusie HAKOMMMUEHHIO BicuepaiabHoro xupy [7, 8]. Lle,
Yy CBOIO Uepry, TPOBOKYE XPOHIYHE CUCTEMHE 3amajeHHs
3 MiABUILIEHOIO CEKPEeIielo Mpo3anajbHUX aAUIOKiHIB,
3MaTHUX BUKJIMKATU AUCOATaHC CUCTEMU CTPECOBUX/aH-
TUCTPECOBUX TOPMOHIB (KOPTU30ITY, AETiApOeIiaHIpOCTepO-
Hy-cyabdary (ATEA-c)). Take mopoyHe KO0 MOXe CTaTU
noitoBxoM st po3sutky MC [9, 10].

ITocuneny nepudepuyHy MpoayKilito KOPTU30J1y Y Bic-
LepaIbHiil KUPOBili TKAHWHI OB’ SI3YIOTh 31 30iIbIICHHSIM
eKcIpecii Ta akTUBHOCTI pepmeHTy 1 1B-Timpokcucrepoimnme-
rigporenasu tuny 1 (113-T'CI-1), skuii 3niliCHIOE JTOKab-
HY BHYTPIITHBOKJTITUHHY KOHBEPCil0 HEAKTUBHOT'O KOPTH -
30HY B aKTUBHUI KopTu3oj [11, 12]. Bussiaeno, mo MC
Ta LIJI 2-ro TUmy CynpoBOIKYIOTLCS 3MiHAMHU aKTUBHOCTI
11B-T'CH [13, 14].

HerigpoeniaHapoCcTepoOHY-CyabdaT € MPUPOTHUM
(YHKIIIOHAJIbBHUM aHTaroHiCTOM KOPTU30J1y («aHTUCTPECO-
BUM» TOPMOHOM), SIKMI, HA IPOTUBAry KOPTU30J1Y, BUSIBJISIE
aHa0oJIiYHI eDeKTH, MAE aHTUTIFOKOKOPTUKOIIHY aKTUB-
HICTb Y KMPOBili TKAHMHI Ta MO3KY, 3MEHIIYE BUPOOIEHHS
po3anajabHUX IUTOKIHIB [15—17].

BinHowmeHHs piBHiB JI’EA-c i kopTu3oiy po3ris-
JAI0Th SIK TTOKA3HUK alpeHOKOPTUKAIbHOI aKTUBHOCTI
i cymMapHMX e(eKTiB KOPTHU30J1y, a TAKOX SIK KJIHOYOBUIA
MapKep CTiliKOCTi opraHizmy no ctpecy. Lle BimHOIIeHHs
IIMPOKO BUKOPUCTOBYETHCS Y KITHIYHUX i €KCIIEpUMEH-
TaJIbHUX TOCTIIKEHHSIX K YYTAMBUU iHAUKATOP aKTUB-
HocTi ['TA-oci i 6anaHcy KaTaboMiuYHUX/aHA0OTIUHUX
npoiecis [18, 19].

Takum ymHOM, OaHi JiTepaTypu IMEPEeKOHINBO CBilI-
yatb, mo L 2-ro Tumy, TicHO TTOB’si3aHuil 3 peHOTUTIaMU
MC, moxe OyTH OiJIbII TeTePOreHHUM 3aXBOPIOBAHHSIM,
HiX BBaXayiu padimie. 3 orsigy Ha Toit daxkr, mo LIJI 2-ro
TUITY Ma€ cyO(EeHOTUIH 3 Pi3HOI NMaTo(i3i0IOriYHOK OC-
HOBOIO, BUBHAUECHHS LIUX CyO(hEHOTUITIB MOXE CIIPUSITH
KpalloMy pO3yMiHHIO POJIi TOPMOHAJIBHOTO TMcOaTaHCy B
PO3BUTKY MeTa0OIIYHUX MOpyIIeHb. JleTalbHe MeTabo iuHe
(eHOTHITYBaHHS MOXE CTaTU KOPUCHUM 3aCO00M JIJIST PO3-
KPUTTS MeXaHi3MiB MOpYIIeHHsI 0OMiHy pedoBuH pu LIJT
2-T0 TUITY, BUSIBJIEHHS OCi0 a00 Minrpymn BUCOKOTO PU3UKY,
IHOMBiAyati3alii cTpaTeriii npodinakTuKu Ta JiKyBaHHS, a
TaKOX CIIPUSTH YCHIlIHIN 00pOTHOI 3 KapaioMeTaboIiuH1-
MU YCKJTaTHEHHSIMU.

V BinminieHHi BiKOBOI €eHAOKPUHOJIOTII Ta €HIOKPUHHOL
dapmaxkoutorii 1Y «IHCTUTYT eHIOKPUHOJIOTII Ta OOMiHY
peuoBuH iM. B.I1. Komicapenka HAMH VYkpainu» 0yio
MPOBEICHO KIIiHIYHE IOCTiIXEHHS, METOI0 SIKOTro Oys10

3’sicyBaTH OCOOJIMBOCTI (PYHKIIIOHATBHOI aKTUBHOCTI HaI-
HUPKOBUX 3aJ103 y TamieHTiB i3 L] 2-ro TuIty 3a1e3XHO Bif
(heHOTUMOBUX O3HAK: CTYIEHS 3arajJbHOTO OXUPIHHS Ta
PiBHS BiCLIEPAJIBLHOTO XUPY.

MarTtepiaAn Ta meToamn

O6cTexeHo 89 mauieHTiB i3 LIJ1 2-ro Tumy, cepen sKux
43 xiHKu i 46 40J10BiKiB BikoM Biz 32 10 85 pokis. [TamienTu
OTPUMYBAJIM CTa0IIbHY TepaIlilo aHTUTIMEePTAiKEMIYHIMU,
AHTUTINEPTEH3UBHUMU Ta aHTUTINEPIiNiAeMiYHUMU 3a-
cobamu (ctatuHamu). XBOpi MTPOXOAWIN KITiHIYHE 00CTe-
JKEHHS Y BilJiIeHHI BiKOBOI €HIOKPUHOJIOTII Ta KJIiHIYHOL
dapmaxosorii 1Y «IHCTUTYT €HIOKPUHOJIOTIi Ta OOMiHY
peuyoBuH iM. B.I1. Komicapenka HAMH Ykpainu».

Vei nauientu nignucysanu «[HGopMoBaHy 10OPOBIIbHY
3rojy MalliEHTa Ha TPOBEICHHS MiarHOCTUKM, JIIKyBaHHSI
Ta Ha MPOBEIEeHHs omepallii i 3HeO0JIeHHSI» BiAMOBIAHO
no Hakazy MiHicTepcTBa 0XOpOoHU 310pOB’St YKpaiHM Bif
14 motoro 2012 poxky No 110, po3po0JjieHOro Ha OCHOBI
Tenbcincebkoi aexnapatii 1975 poky Ta ii 3MiHeHOTO ¥ 10-
noBHeHoro Bapianta 2000 poky.

OOcTeXeHHs MallieHTiB BKJIIOYAJ0 BU3HAYEHHS aH-
TPOIOMETPUYHHUX MMapaMeTpiB (3picT, Maca Tija, OKpyX-
HiCTb Tauii Ta creroH). KomImo3uiliio Tija OliHIOBaIU Me-
TOOOM 0iOeIeKTPUUHOTO iMIIeAaHCy aHamizaTopom Tanita
BC-545N (Snonis). Js1 OLIiHKY CTaHY JIiMiAHOTO OOMiHY
BU3HAYaAIM KOHIIEHTpPALIil B CUPOBATIli KPOBi OCHOBHMX JIi-
migHux ¢pakuiii — 3araabHoro xosecrepuny (3XC, Hop-
MaJibHi BeMUYMHU 10 4,5 MMoab/i), TpurminepumiB (TT,
HopMa 110 1,7 MMOJIb/JT), XOJIECTEPUHY JIIMOTIPOTETHIB HU3b-
koi miabHocTi (XC-JITTHILI, cepenHiii HopMalbHUIA piBeHb
no 3 Mmosb/n; aist xBopux Ha LIJI 2-ro Tuny ust Hopma
CTAHOBUTD 110 2,5 MMOJIb/JT), XOJIECTEPUHY JIIMOIPOTEIHIB
Bucokoi mibHocTi (XC-JITIBIL, HopMma 1o 1,2 Mmoib/i),
XOJIECTEPUHY JIIOMPOTEiHIB Ay*)e HU3bKOI IIiJTbHOCTI
(XC-JIMIOHII (3a ¢popmynorwo ®puaBanbia, HOpMaib-
Huit piBeHb 0,26—1,04 mMounb/im)). Po3paxoByBaiu iHIEKC
ateporeHHocTi (IA = [3XC — XC-JIMBI]/XC-JITTBIL).
BusHavanm KOHIIEHTpallil0 CEYO0BOI KUCJIOTU B CMPOBATIIi
kpoBi. CraH ByrJjieBOAHOro 0OMiHY XapaKTepu3yBajlu 3a
IMOKa3HUKAMU IIIiKoBaHOTo remoro0iny (HbAlc), piBHIMI
iHcyiny Ta C-nienTuay B KpoBi (pe3yJibTaTh OLIiHIOBAIU 3a
HOpMaMM, HaTaHUMU CepTUDIKOBAaHUMU J1abOpaTOPisIMU
M. Knesa). [IpakTraHO BCi XBOpi Majiu HEKOMIIEHCOBaHU I
LT 2-ro tuny (HbAlc nonan 7,5 %).

TopMoHanbHMIT CTaH OLiHIOBAIY 32 PiBHSIMU KOPTU30-
ay, ATEA-c, aktuBHicTio pepmenty 11B-I'C, BuzHaue-
HUMU 3 BUKOPUCTAHHSIM cepTU(DIKOBAaHUX MiaTHOCTUYHMX
Ha0OpiB peaKTUBIB IS KiJIbKICHOTO TBEpa0(ha3HOIo iMyHO-
(epmenTHOro aHanizy BupooHuursa LDN® Immunoassays
(Himeuyuynna) ta ToproBoi mapku Cloud-Clone Corp.
(CIIA).

CraTtucTUYHUI aHaTi3 30iHCHIOBAIM METOIOM Bapialliii-
HOI CTaTUCTHUKU, BUKOPVCTOBYIOUM CTAHAAPTHI CTAaTUCTUYHI
maket MedStat v. 5.2. Pe3ynsratu momaBaiau K MeIiaHy
+ craHgaptHa nmoxuoka (Me * m), i3 3a3HAYEHHSIM HMX-
HBOTO i BepxHboro 95% nosipuoro inrepsainy (95% 11).
HopMmainbHicTh po3nofiiy oTpuMaHUX pe3yJIbTaTiB MepeBi-
psiiu 3a moromororo kputepito Hlamipo — Vinka. PizHuiiio
MiX MMOKa3HWKaMU BU3HAYau 3 BAKOPUCTAHHSIM MapHOTO
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t-Tecty BinkokcoHa ta BBaxkanu 3Hauymoro mpu P < 0,05 3a
kputepieM CTbloIeHTA.

PesyAbTaTH

OO0cTexXeHUX NalliEHTIB 010 PO3MOIiIeHO Ha IBi Ipynu
3aJIe3KHO Bill CTYMEHS 3arajJlbHOTO OXUpPiHHS: rpyna 1 —
6e3 oxupinasa (IMT go 30 kr/m?), n = 42, 4OJIOBiKM/>KiH-
K1 26/16; rpyna 2 — 3 oxupinaaMm (> 30 kr/m?), n = 47,
yosioBikKM/>KiHKM 20/27. Y KOXHil i3 LIUX rpyn BUAIJIEHO
MHiATPYIIM 3a7eXHO BiI piBHS BicliepajbHOro Xupy: a) B2K
<12 o0x.;6) BX > 12 on.

3riHo 3 HAIIOIO TiNoTe3010, (GEHOTUIHN 3 OXKUPIHHSIM i
0e3 OXKUPiIHHS BiIPi3HSIOTHCS MixX COOO0I0 32 TOPMOHAJTLHUM

IMATPYHTSIM, TOOTO Ha (pOpMyBaHHS iHCYJTIIHOPE3UCTEHTHO-
cTi, MeTaboMiyHUX 1 MOPMOJOTiUHUX 3MiH Y XyAOPJISIBUX i
orpsigHMX mauieHTiB i3 LIJI 2-ro Tumy nepeBaxkHU BIUIUB
CMPaBJISIIOTh BiMOBIIHO KaTaboIiuHi (CTPeCOBi TOpPMOHU
KOPTM30JI, KaTexoJlaMiHM) a00 aHaboJIiuHi TopMOHU (iH-
cyniH, JIFEA-c). O6uaBa TUIIM TOPMOHIB CIIPUSIIOTH HAKO-
MUYEHHIO BiCLIEPATbHOTO XXUPY, PO3BUTKY iHCYJiHOpE3UC-
TeHTHOCTI, JUCTIIIKeMil Ta OUCIIimigeMii, aje 3a paxyHOK
Pi3HUX ME€XaHi3MiB.

JlocaimkeHHs TOpMOHAaJIbHOTO Ipodinio (Tadi. 1) moka-
3aJIM, 1110 B 3arajibHiil rpymi 1 piBHi iHCyniHy Ta C-nienTumy
BipOTiIHO HWKYi, HiX y Tpymi 2, a miarpyna la i3 HU3bKUM
piBHeMm B2K BimpisHsiiacst HAWHMKYKMM piBHEM iHCYJIiHEMil.

Tabnuys 1. XapakTepucTukmn ByrineBofHoro o6MiHy Ta piBHi KOPTUKOCTEPOIAHUX FOPMOHIB y rpynax nayieHTis
6e3 OXUPIHHSA Ta 3 OXXUPIHHSIM 3aJ1eXHO Bif piBHS BicLepasnbHoro xupy (M £ m)

_ Tpynu n Crar. |11-B-FCA,| OrEA-c, T';gg;_l TIV(IggJ-'I / C;::n- IHcyniH, |[noko3a,| HbA1c,
i nigrpynun MOKa3HUK oa. MKr/gn MKr/A.I',I ArEA-c Hr/M;1 mkOa/mn | MMmonb/n %
Be3 oxupiHHa (go 30 kr/m?) — rpyna 1
M 4,17 112,28 20,27 0,18 1,93 8,22 9,99 8,34
+m 0,27 9,17 1,28 0,03 0,14 1,45 1,50 0,31
MegiaHa 3,82 91,50 18,10 0,17 1,82 7,15 8,95 8,20
Yesa rpyna 1 42
o 1,76 63,18 7,26 0,15 0,86 4,59 5,99 1,92
Min 2,09 41,00 8,90 0,09 0,66 2,90 4,10 3,51
Max 11,12 235,00 35,20 0,28 5,26 16,10 30,70 11,90
Miarpyna 1a | g M 385 | 107,13 | 1929 | 0,18 | 1,90 5,87 7,57 8,02
BX <1204 +m 0,23 1324 | 1,11 0,02 0,15 0,94 0,93 0,45
Miarpyna 16 | ,, M 4,61 97,62 | 21,40 | 0,24 2,21 1056 | 11,87 | 877
BX>12 o4, +m 0,22 10,78 | 1,25 0,02 0,13 1,42 1,44 0,42
P1a_16 - _ _ - _ . - _
3 oXxupiHHAM (> 30 kr/m?) — rpyna 2
M 4,47 123,08 20,60 0,16 2,54 15,48 10,76 9,00
+m 0,21 11,12 1,34 0,02 0,16 1,79 0,62 0,22
MepiaHa 4,22 103,75 18,05 0,17 2,24 12,62 10,35 9,10
Ves rpyna 2 47 o 1,43 68,55 8,01 0,16 1,02 10,42 3,03 1,43
Min 2,41 42,00 10,40 0,08 1,27 2,30 5,90 6,50
Max 8,41 237,20 48,30 0,26 6,22 44,90 18,08 11,95
P1-2 - - - - * * - -
M 4,44 117,69 15,23 0,12 2,25 13,16 10,98 9,18
'I;”)f‘(rgyfg g: 23 | +m 0,27 12,68 | 1,02 0,01 0,14 1,62 0,95 0,31
P1a-2a - - # # - # # -
M 4,65 126,96 20,52 0,17 2,76 17,80 10,57 8,87
Miarpyna 26 | 5, | =™ 0,23 1381 | 143 | 001 0,25 1,29 0,84 0,29
BX > 12 op. P2a-26 _ _ . . . . _ _
P16-26 - - - - # - - -

Mpumitkn: * — BiporigHa pi3Hnysi noka3Hukis (P < 0,05) mix rpynamu nayieHTiB 1 i 2 (3 OXUPIHHAM | 6€3 OXUPIH-
Hf1); ** — BiporigHa pisunys nokasHukie (P < 0,05) mix nigrpynamm 1a i 16; *** — BiporigHa pi3HVLs1 NOKa3HUKIB
(P < 0,05) mixx nigrpynamm 2a i 26; # — BiporigHa pi3HuuUsi noka3Hukis (P < 0,05) mix nigrpynamu nayieHTis 1a i 2a;
## — BiporigHa pisHnys nokasHukis (P < 0,05) mix nigrpynamu nayieHtiB 16 i 26; «—» — BiACYTHICTb BiporigHoi
pisunyi nokasuukis (P > 0,05).
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IIpu uromy HakormmueHHs B2K y minrpymi 26 Morjio ctu-
MYJIFOBaTH TaKOX BiTHOCHO BUCOKHUI1 piBeHb KOPTU30Jy —
20,52 + 1,43 mxr/mn ipotu 15,23 + 1,02 MKT/m1 y miarpymi
2a (P <0,05). OTxe, mist rpynu 3 OKUPIiHHSIM MOXEMO Bifl-
3HAUUTHU OiIbII BUPAXKEHUIN aHAOOMIYHUI BILIMB iHCYJIiHY
1IOA0 BiIKJIANEeHHS XUPY B MiAMIKIpHOMY JIeTIO, TIOPSiT i3
poctoMm B2K min niero koptuzoury.

Bussneno, mo BinHomeHHs koptu3on/dTEA-c 6yno
BipOTiAHO BUIIMM Yy MiArpynax 3 BUCOKUM ymictom B2K B
00o0x rpymnax nauieHriB, craHoBasum 0,18 = 0,02 y min-
rpymi la nmpotu 0,24 £+ 0,02 y migrpyni 16 Ta 0,12 + 0,01
npotu 0,17 £ 0,01 y miarpynax 2a ta 20 BiAnoBia-
Ho (P < 0,05). MeH1Ia BeJIMuMHA BiTHOIIEHHS B 000X
niarpynax 3 HopMajabHUM piBHeM B2K mMoxe cBiguntu
npo kpamry komrmeHcaniio ['TA-oci. Hamu He BusiBieHO
Pi3HUILI MiX JOCHIIKEHUMHU TPpyMmaMu B PiBHSIX iHIIOIO
aHabomiyHoro ropmony — JII'EA-c yHacnigok 3Ha4HOTro
PO3KUIY iHIUBiTyaIbHUX TaHUX (Y MeXaxX IIMPOKOI HOpP-
MU — 39—464 MKr/m1), mpoTe MOXHA MOMITUTH Oisblie
BimHomeHHs1 koptu3on/JATEA-c y miarpynax i3 BUCOKUM
piBHeMm B2K, mo Bimo6pakae nucbanaHc UMX TOPMOHIB
(P <0,05).

PiBeHb KOPTU30/1y MPAKTUYHO B yCiX OOCTEKEHUX Ia-
LIiEHTIB IIepedyBaB y MeXax HOPMHU, aJie CepeaHE 3HAUCH-
HsI B 000X rpyrax HabJIMKajlocs 10 HOro BepXHbOI MexXi
(20,27 £ 1,28 mkr/mn y rpymi 1 ta 20,60 £ 1,34 mxr/mn
y Tpyti 2), ToOTO € MiZACTaBU TOBOPUTU IIPO MOKJIMBUM
cyGKJIiHIUHMIT TiMmepKOpTUIM3M Y LMX xBopux. Moro
OPUUMHOIO MOXe OyTH ITiABUIIIEeHA aKTUBHICTb (PEPMEHTY
11B-T'CA, saxuii cripuisie TOKaIbHil TPOMYKIIii KOPTU30JY B
>KMPOBIli TKaHuUHi [13, 14], ocobaMBO B miATpyIi 2a 3 BUCO-
kuM piBHeM B2K, y skiit criocTepiranacs Builia akTMBHICThb
11B8-I'CH Ha T71i HaiGiapLIIOTO BiIHOIIEHHS KOPTU30J1/
ATEA-c.

3 omsiy Ha Te, 110 30aJaHCOBaHMI BILJIMB aHA0OJiv-
HUX Ta KaTaboJiYHMX TOPMOHIB BU3HAYAa€ TOMEOCTa3 BYT-
JIEBO[IiB, JIiITi/IiB Ta IypUHiB B OpraHi3aMi, HAMU MPOBENECHO
aHaJli3 MOKAa3HHUKIB JIIiZHOTO CIIEKTpa CUPOBAaTKU KPOBi,
piBHSI ypUKeMii Ta 1000BOI eKCKpellii Ce40BOi KUCTIOTH, a
TaKOX PiBHIB AKX KOMOiHOBaHUX MOP(poMeTadoTiYHUX
iHAeKCiB y rpynax xBopux Ha L1 2-ro tumy 3 pisHumu ¢e-
HOTHUIIaMH.

V nanienTiB miarpynu la (6e3 3arajJbHOrO i Bicuepalib-
HOTO OXXMPiHHSI) BUSIBJICHO JTiMIIIi (OJIM3bKi 10 pEKOMEH 10-
BaHUX 3HauYeHb) Moka3Huku TT, 3arajbHOro xojaecTepuHy,
JITIBI, JITIAHILL mopiBHsIHO 3 pemToto miarpyr. Bin-
MOBIAHO Yy il MiArpyni BiTHOCHO HU3bKUU iHAEKC aTe-
POTEHHOCTI Ta iHAEKC BicllepaIbHOTO OXUpiHHA. bepyun
IO YBaru Te, IO Yy MiArpynax 3 OXUpPiHHSAM Bil3HAYEeHO
OLIBIII BUCOKMII CEpelHiil piBeHb iHCYJIiHY, MOXHAa IIpU-
MYCTUTH, IO TiMEePTPUTIiLIepUaeMis Y IIUX Ooci0 MoB’sa3aHa
3 aHa0OJIIYHMM BIUIMBOM iHCYJIiHY, SIKUI CTUMYJIIOE TIPO-
1ec JjirnoreHe3y 3 yrBopeHHsiM TI' Ta iX HaKONMMYEHHSIM
y >kupoBiii TkanuHi [20—22]. Y cBoto uepry, MOCUICHHS
CUHTE3Y XUPHUX KUCJIOT, SIK BillOMO, CTBOPIOE YMOBU LISt
MOCUJIEHHS 0iOCUHTE3y de novo MypuHOBUX OCHOB, OCO-
OMBO Y BicliepalbHili XUPOBiii TKAHUHI. Y pe3yJbTaTi
HaMM CITOCTepiraBcsl BUILIMI piBeHb ypUKeMii B 000X ITi/i-
rpymnax i3 Bucokum piBHem B2K (282.4 + 12,3 MKMOJIb/J
Ta 346,3 £+ 12,2 MKMOJIb/J BiIMIOBiAHO Yy miarpymax 16 i

20) MOpiBHSAHO 3 IMArpynaMu 3 HopMaiabHUM piBHeM B2K
(282,4 + 12,3 mxmoab/n ta 309,7 £ 11,0 MKMOJIB/J Binmo-
BimHO y migrpymnax lai2a).

O6roeopeHHs

BigmiHHicTh MiXX maLieHTaMu 0e3 OXXUPiHHS Ta 3 XK1~
PIHHSIM MOKE MOJIATaTH Y MePEeBAXXHUX TOPMOHATbHUX Me-
XaHi3Max, sIKi crpustioTh pocty B2K. fxio y xymopiasasux
Jilofielt epepo3noaily XKupy 10 abaoMiHAIBHOTO JET0
CMPUSIOTh HacaMIepel CTPECOBI TOPMOHU, TP MEHIIO-
MYy BiIKJaJeHHI MiIIKipHOTO XUPY, TO B OTPSIAHUX OCi0,
OYEBUIHO, NepeBaxxae aHaOOMIUYHUN epeKT iHCYJiHy Ha
0o0uIBa XKUPOBI JieTo B opraHizMi. B o0ox miarpymnax i3 Bu-
cokuM piBHeM B2XK (16 i1 26) HaMu BUSIBJIEHO BUILIUI piBEHb
KOPTU30JTy Ta BiIHOIIEHHS KOPTU30JIY 10 oT0 (hyHKITiO-
HajbHOTO aHTaroHicra JAI'EA-c mopiBHSIHO 3 miarpynamMu
3 HOpMaIbHUM piBHeM B2K, mpu 1ibomMy nuiie B miarpymi
16 3adikcoBana Bumia aktuBHIcTh 11B-I'CJ] y cuposaTtiti
KpoBi. [linBuIlleHHSI KOPTU30JIY MOXEe OYTH IIOB’sI3aHO 3
JIOKAJIbHOIO TI03aHAJHUPKOBOIO MPOJYKIIi€EI0 KOPTU30TY B
JKMPOBii TKAHWHI, aje, 3 ypaXyBaHHSIM JaHUX PO Te, 110
rimepriminemist 3Menirye excrpecito 11p-I'CIA1 y meuin-
LIi Ta XXUPOBIiil TKAHWHI, MOXHAa YaCTKOBO IOSICHUTH BiJl-
CYTHICTb 30i7bIIIeHHSI aKTUBHOCTI (DepMEHTY B CUpPOBATIIi
KpOBi 1pu oxxupiHHi [23, 24]. Lle mpumnyiieHHs1 moTpedye
JIOJATKOBUX JOCHIIKEeHb, SIKi HE BXOAWJIM A0 3aBAaHb Ili€l
pob6oTu.

BusiBiaeHi HaMu ropMOHaJIbHI Ta METa0OiYHI 3MiHU Y
BUIJIEHUX Ipymax xBopux Ha LIJ] 2-ro TuIly 103BOISIOTH
TOBOPUTHU MPO TMOPYIIEHHS aHA00JiYHO-KaTaboJiuHOTO
OasaHCy, 110 IMPOSIBIISIETHCS SIK B OCOOIMBOCTSIX TOmorpacii
JKMPOBOI TKAHUHU, TaK i B MOPYILIEHHSIX OOMiHHMX MPOLIe-
ciB, TOOTO y BUTJIsAII (pOpMyBaHHS BiIIOBIZHOIO MeTabo-
JIIHOTO (PEHOTHITY 3 KaTaOOIIIHOIO a00 3 aHA0OIYHOIO
cripssMoBaHicTio. Ha ocHOBi MeTa0o01iYHOTrO (PeHOTUITYBaH-
H$I Ta BU3HAYEHHSI MePeBaXHUX MEXaHi3MiB PO3BUTKY MeTa-
00JIIYHMX Ta KOMITO3ULIIHHUX MOPYIIEHb CTaHE MOXJIMBUM
BU3HAYEHHS NMaTO}i3i0J0riYyHNX MeXaHi3MiB MOpPYyIIeHb
O0OMiHY PEYOBUH, BUSIBIEHHS TIATPYIT BUCOKOTO PU3UKY
IS BU3HAUEHHS LIJISIXiB ONTUMi3allii npodinakTuku Ta
nmikyBaHHs L[] 2-To Tumy Ta KapaioMeTabOoIiYHIX 3aXBO-
PIOBaHb 3 METOIO0 PO3POOKM MATOreHETUYHMX MiAXOMiB IS
OLIBII LiJIECTIPSIMOBAHOI KOMIUIEKCHOI KOPEKIIil HasIBHUX
MOpYIIEHb.

BucHoBKM

JocnigKeHHsI TOpMOHaIbHOTO (OHY MOKa3ajiu, 110 B
rpymi 6e3 oxXUpiHHS piBHI iHCyMiHY Ta C-TIeIITHIY BipoTimHO
HUXUi, a BigHOI1IeHHs: KopTu3oi/JII'EA-c B 060x miarpymnax
i3 BucokuM piBHeM B2K migBuiene, 1o Bigodpaxkae aucoa-
JIaHC aHA0OJIIYHUX i KaTabOoJIiYHUX TOPMOHIB.

KoH1ieHTpallisi KOHTPiHCY/IiIHOBOTO TOPMOHY KOPTHU30J1Y,
BUMIpSIHOTO B CMPOBATIIi KPOBi TMAIi€HTIB Mic/sI TPOOY-
JKEHHS, TiepedyBaja y Mexax HOpMHU, ajie CepeHE 3Ha-
YeHHST B 000X Tpymnax HaOIMKaaocs 10 1l BEpXHbOI MeXi,
1[0 J03BOJISIE IPUITYCTUTU HASIBHICTh CYOKJIiIHIYHOTO Ti-
MEepKOPTULIM3MY, TPUUMHOIO SIKOTO MOXe OYTH BUSIBJIEHA
HaMM TIiIBUINEHA aKTUBHICTH pepmenty 11B-I'CI, skuit
CHpusi€ JOKaJbHilil MPOAYKIIii KOPTU30IY Y BicliepajbHii
KUPOBIiil TKAHWHI.
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KondumikT inTepeciB. ABTOpH 3as1BJISIIOTH MPO BiJICYTHICTD
KOH®DJIKTY iHTepeciB Ta BacHOi (hiHAaHCOBOI 3alliKaBIeHO-
CTi IIpY MiATOTOBLI JaHOI CTATTi.

Indopmauis npo dinancyBanns. CtaTTs miroTosjaeHa B
pamKkax 0romKeTHoro diHaHcyBaHHs HarioHanibHOI akane-
Mil MeIMYHMX HayK YKpaiHu (HaykoBa TemMa Ne 538).

Buecok aBTopiB y miarorosky crarri. [lpubusa O.B. —
MiAroTOBKA CTATTi, HAOip Mali€HTIB i aHAJi3 JaHUX; 3i-
Huy O.B. — anani3 mpobjeMu i po3poOKa KOHLEMIil
crarti; Kywnapvosa H.M., Kosarvuyx A.B., lluwkans-1lu-
wosa K.O. — Habip MaIieHTiB i aHaJIi3 JaHUX.
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Functional activity of the adrenal glands in type 2 diabetes patients
with different hormonal and metabolic phenotypes

Abstract. Background. Clinical trials showed a number of addi-
tional phenotypes of metabolic syndrome. All of them differ in the
type of metabolic disorders and the composition of subcutaneous
and visceral adipose tissue. Some of phenotypes have a number of
clinical and metabolic similarities with endogenous or exogenous
hypercorticism syndromes. The purpose was to characterize the
functional activity of the adrenal glands in type 2 diabetes depen-
ding on the phenotypic features: the degree of general obesity and
the level of visceral fat. Material and methods. Our trial included
89 patients with type 2 diabetes (46 men and 43 women) aged 32
to 85 years. The examination included evaluation of anthropomet-
ric parameters, body composition by the bioelectrical impedance
method, assessment of the lipid and carbohydrate metabolism, the
level of cortisol, dehydroepiandrosterone sulfate (DHEAS) in blood
serum, and the activity of 11-beta-hydroxysteroid dehydrogenase
(11B-HSD) enzyme. Results. Insulin and C-peptide levels were
significantly lower in the non-obese group. The cortisol/ DHEAS
ratio was elevated in both subgroups with high levels of visceral

fat as possible marker of imbalance of anabolic and catabolic hor-
mones. In addition, the concentration of the cortisol, measured
in the blood serum of the patients after waking up, was within the
normal range. However, the average value in both groups was closer
to its upper ranges. This may suggest the presence of subclinical
hypercortisolism caused by an increased activity of 113-HSD, which
contributes to the local production of cortisol in visceral adipose
tissue. Conclusions. The hormonal and metabolic changes that we
found in our groups of patients with type 2 diabetes may indicate
anabolic-catabolic imbalance, which is manifested both in the fea-
tures of the topography of adipose tissue and in changes of metabolic
processes, i.e. form the special metabolic phenotype with a catabolic
or anabolic axis. Detection the subgroups at high risk allows to de-
velop pathogenetic approaches to the most targeted comprehensive
correction of existing violations.

Keywords: type 2 diabetes; body composition; cortisol; dehydroepi-
androsterone sulfate; 113-hydroxysteroid dehydrogenase; metabolic
phenotype; visceral fat; lipids
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Influence of non-alcoholic steatohepatitis
on the renal functional status in patients
with type 2 diabetes and diabetic kidney disease

Abstract. Background. Hepatic steatosis and nonalcoholic steatohepatitis (NASH) are considered the most
common liver pathologies, which in developed countries is observed in 20-30 % of the adult population. Patients
with diabetes mellitus (DM) often develop non-specific kidney lesions such as asymptomatic bacteriuria, pyelone-
phritis, kidney carbuncle, kidney abscess, kidney tuberculosis, necrotizing papillitis, or papillary necrosis, which
significantly complicate the course of diabetic nephropathy (DN). DN accounts for 40 % of complications in type 1
DM and 5-15 % among patients with type 2 DM. The purpose of the study is to clarify the impact of non-alcoholic
steatohepatitis on the renal functional status in patients with type 2 diabetes and diabetic kidney disease (DKD).
Materials and methods. One hundred and sixty patients with NASH with comorbid type 2 DM of moderate severity
and DKD stages -1V were examined. A prospective study was conducted, which involved 160 patients and 30
practically healthy individuals. In particular, 25 patients with NASH and type 2 diabetes (group 1), 20 people with
NASH and class | obesity (group 2), 70 patients with NASH stage I-1V (group 3), of whom 31 patients (44.3 %) had
DKD stage |-l (group 3a), 20 (28.6 %) stage Il (group 3b), 19 (27.1 %) had DKD stage IV (group 3c). Results. In
patients with NASH, type 2 DM, and DKD stage I-1V, hypoalbuminemia was found to be probably higher compared
to that of patients with type 2 DM, DKD stage I-IV and without NASH that indicates the influence of NASH on the
level of albuminemia; higher blood level of creatinine and urea; lower glomerular filtration rate, which confirms the
negative effect of NASH on the course of type 2 DM with DKD. In the presence of NASH, patients with DKD had a
higher level of albuminuria, urinary creatinine, albumin-creatinine ratio than if its absent. Conclusions. Indicators
of the renal functional state in patients with NASH and type 2 DM varied depending on the presence of DKD and its
stage. As the stage of DKD increased, the content of albumin in the blood decreased, the levels of creatinine and
urea increased. The result of the detected changes was an increase in glomerular filtration rate, which indicates
the phenomenon of hyperfiltration, which is specific for the initial stages of DKD.

Keywords: non-alcoholic steatohepatitis; type 2 diabetes; diabetic kidney disease; insulin resistance

Introduction

Hepatic steatosis and nonalcoholic steatohepatitis
(NASH) are considered the most common liver pathology,
which in developed countries is observed in 20—30 % of the
adult population [1]. It has been proven that the most fre-
quent cause of NASH is obesity and type 2 diabetes mellitus
(DM) [2].

Diabetic nephropathy, a serious complication of DM,
is one of the leading causes of end-stage renal disease in in-
dustrialized countries [3]. Since 2007, the National Kidney
Foundation’s Kidney Disease Outcomes Quality Initiative

has proposed using the term “diabetic kidney disease” in-
stead of “diabetic nephropathy” [4]. Diabetic kidney disease
(DKD) or diabetic nephropathy (DN) occurs according to
the type of diffuse or focal glomerulosclerosis [5].

In addition, patients with DM often develop such
non-specific kidney lesions as asymptomatic bacteriuria,
pyelonephritis, kidney carbuncle, apostematous nephritis,
kidney abscess, kidney tuberculosis, necrotic papillitis or
papillary necrosis, which significantly complicate the course
of DN [6, 7]. DN accounts for 40 % of complications in type
1 DM and 5—15 % among patients with type 2 DM [8].
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The natural history of DN, typified by a progressive
increase in albuminuria from normoalbuminuria to overt
proteinuria, followed by a declining GFR, has changed pro-
foundly; this is in part because of the effects of treatment.
Remission or regression of microalbuminuria (incipient DN)
is a common feature of both type 1 DM and type 2 DM, and
is more common than progression to proteinuria. Moreover,
a fall in glomerular filtration rate (GFR) has frequently been
seen even in the absence of albuminuria, possibly because of
predominant macro- and or microvascular and tubulo-in-
terstitial lesions [9].

Histological changes in DN are identical in type 1 DM
and type 2 DM. People with type 1 DM and type 2 DM have
equivalent rates of proteinuria, azotaecmia and ultimately
end-stage kidney disease. The two types of DM show strong
similarities in rate of renal functional deterioration and onset
of co-morbid complications [10].

The purpose of the study is to establish the impact of
non-alcoholic steatohepatitis on the renal functional status
in patients with type 2 diabetes and diabetic kidney disease.

Material and methods

A prospective study was conducted, in which 160 pa-
tients and 30 practically healthy people (PHP) participa-
ted. In particular, 25 patients with NASH with type 2 DM
(group 1), 20 patients with NASH and obesity of the first
degree (group 2), 70 patients with NASH and stage -1V
(group 3), including 31 (44.3 %) patients with stage 1—I1I
stages (3a group), 20 (28.6 %) with stage III (group 3b), 19
(27.1 %) people with stage IV DKD (3¢ group).

The comparison groups consisted of 45 patients with
type 2 DM with stage -1V DKD without NASH (group 4),
including 18 (40.0 %) with stage I—-11 DKD (group 4a), 14
(31.1 %) patients with stage I1T DKD (group 4b), 13 (28.9 %)
people with IV stage DKD (group 4c), as well as 30 PHP of
the appropriate age and sex (group 5). A comorbid disease in
82.6 % of patients with NASH was type 2 DM of moderate
severity, obesity was a comorbid disease in 17.4 % of patients
with NASH. 17.9 % of patients with type 2 DM have not
comorbid DKD, and 82.1 % had DKD.

The diagnosis of NASH was established according to
the unified clinical protocol approved by the Order of the
Ministry of Health of Ukraine No. 826 of 06.11.2014, in
the presence of criteria for excluding chronic diffuse liver
disease of viral, hereditary, autoimmune, or medicinal origin
as the cause of cytolytic, cholestatic, and mesenchymal-in-
flammatory syndromes, and as well as the results of ultraso-
nographic examination of the liver. The degree of hepatic
steatosis and its nature were determined using the validated
kit “SteatoTest”, “ASH” and “NASH-Test” (BioPredictive,
France) in the Synevo laboratory. The stage of liver fibrosis
was determined by using a set of markers for the quantitative
biochemical assessment of fibrosis “FibroTest” (BioPredic-
tive, France) in the Synevo laboratory.

Diagnosis of type 2 DM was carried out in accordance
with the unified clinical protocol approved by Order of the
Ministry of Health of Ukraine No. 1118 dated 21.12.2012.
Diagnosis and treatment of chronic kidney disease (CKD)
was carried out according to the recommendations of the
clinical guidelines of the Institute of Nephrology of the Na-

tional Academy of Sciences of Ukraine (2012). GFR was
calculated using the GFR calculator of the Institute of Ne-
phrology of the National Academy of Sciences of Ukraine
using the average value of three calculated indicators: creat-
inine clearance according to the Cockcroft-Gault formula,
MDRD and CKD EPI [11, 12].

Statistical analysis of the obtained results was carried out
according to the type of research conducted and the types
of numerical data that were obtained. The normality of the
distribution was checked using the Lilliefors, Shapiro-Wilk
tests and the method of direct visual evaluation of histo-
grams of the distribution of eigenvalues. Quantitative mea-
sures that had a normal distribution are presented as mean
(M) * standard deviation (S). Discrete values are presented
in the form of absolute and relative frequencies (percentage
of observations to the total number of examinees). Paramet-
ric tests with Student’s t-test and Fisher’s F-test were used
to compare data that had a normal distribution. In the case
of non-normal distribution, the Mann-Whitney rank U-test
was used, for multiple comparisons — the Wilcoxon T-test
(in the case of research of dependent groups). To assess the
degree of dependence between variables, Pearson’s correla-
tion analysis was used in the case of a parametric distribution
and Spearman’s rank correlation coefficient in the case of a
distribution of indicators that probably differed from normal.
Statistical and graphical analysis of the obtained results was
carried out using software packages Statistica for Windows
version 8.0 (Stat Soft Inc., USA), Microsoft Excel 2007 (Mi-
crosoft, USA).

Results

The analysis of indicators of the functional state of the
kidneys in NASH patients with type 2 DM and without
type 2 DM, as well as in NASH patients with obesity, in-
dicates a normal blood albumin level, normal indicators
of GFR and albuminuria (Table 1). At the same time, in
patients with NASH, type 2 DM, and DKD I-IV grades
significant decrease in the blood albumin level by 1.7 times
was established, which was significantly different from the
indicator of the content of albumin in the blood in patients
with type 2 DM with DKD I-IV stage without comorbid
NASH, which was 1.4 times lower than the indicator in PHP
(p < 0.05) with the presence of a probable difference between
groups (p < 0.05) (Table 1).

This fact indicates the influence of NASH on the level of
albuminemia. The content of creatinine in the blood in these
comparison groups changed unidirectionally, but also with a
predominance in group 3 it increased by 1.7 times against 1.3
times in group 4 (p < 0.05) with the presence of a probable
difference between the groups (p < 0.05) (Table 1). Similar
changes were found in the groups of examined patients with
regard to the content of urea in the blood in group 3 an in-
crease by 3.4 times, and in group 4 — by 2.5 times (p < 0.05)
with the presence of a probable difference between the groups
(p <0.05).

GFR as a whole in 3 and 4 comparison groups was re-
duced, respectively, by 1.8 versus 1.3 times (p < 0.05) with the
presence of a probable difference (p < 0.05), which confirms
negative effect of NASH on the course of type 2 DM with
DKD.
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Analysis of indicators of albumin content in urine showed
their likely increase in groups 1, 3 and 4. In group 1, the
indicator of albuminuria exceeded the reference values by
1.4 times (p < 0.05), in groups 3 and 4, the indicators of albu-
minuria probably increased by 8.3 and 5.5 times compared to
the indicator in PHP. Creatinine content in urine was proba-
bly increased in patients of groups 3 and 4 — respectively 1.7
and 1.6 times (p < 0.05) compared to the indicator in PHP. An
important marker is changes in the A/C ratio, which probably
differed from the indicator in PHP in all comparison groups.
Thus, in group 1, the indicator exceeded the data in PHP by
1.3 times (p < 0.05), in group 2, the coefficient exceeded the
reference values by 1.2 times (p < 0.05), and in groups 3 and 4
the excess was 5.3 and 3.7 times, respectively (p < 0.05), with
a probable difference between groups (p < 0.05).

Indicators of the functional state of the kidneys in pa-
tients with NASH, type 2 DM, depending on the presence
of DKD and its stage are shown in Table 2. The analysis of
indicators indicates that in the 3a group, the albumin con-

tent in the blood was reduced by 1.4 times, in the 3b group
by 1.6 times, and in the 3c group by 1.7 times (p < 0.05)
with the presence of a probable differences between 3a and
3¢ groups (p < 0.05). The content of creatinine in the blood
also increased depending on the stage of DKD respectively
in groups 3a, 3b, 3¢ — by 1.2, 1.4 and 2.6 times (p < 0.05)
with the presence of a probable difference between groups
3a and 3c (p < 0.05). Similarly to the previous indicator,
the content of urea in the blood increased depending on the
stage of DKD — respectively in groups 3a, 3b, 3¢ — by 2.5,
3.1 and 4.4 times (p < 0.05) with the presence of a probable
difference between 3a and 3c groups (p < 0.05). The result
of the established changes was a 1.2-fold increase in GFR in
patients of the 3a group (p < 0.05), which indicates the phe-
nomenon of hyperfiltration, which is inherent in the initial
stages of DKD. In patients of group 3b, a significant de-
crease in GFR was established by 1.8 times (p < 0.05), and in
group 3 — by 3.8 times (p < 0.05) compared to the indicator
in PHP (Table 2), which indicates the progression of DKD.

Table 1. Indicators of the functional state of the kidneys in patients with NASH with comorbid obesity,
type 2 DM, during their isolated course and depending on the presence of DKD

Groups of examined patients
., Indicators, PHP NASH with DM2 NASH NASH with DM2 DM2
unit of measurement | (n = 30) without DKD with obesity | with DKD I-IV | with DKD I-IV
(n = 25) (n = 25) (n=70) (n = 45)
Albumins, g/! 45.64 +2.71 37.51+1.35 43254113 2749 #1125 5% |32.35 £ 1.17% ** xx
Creatinine, pmol/l 72.0£2.0 775%22 749£13 124.9 £ 2.4% %% | 957 4 53%*xxxxt
Urea, mmol/l 3.8+0.1 4103 3.9+0.1 12,84 0.5% %% *** | Q4% 04%**x*xr
GFR, mi/min/1.73 m? 99.3+1.6 92.3+2.1 101.6+2.0** B5.7 £ 1.3%****% | 76,6+ 14 *xxxs
Urine albumins, mg/day 12.7+0.7 18.3+£1.5% 13.8+1.8 1055 £ 1.7 **** | 66.1 £1.9*******
Urine creatinine, ymol/l  [3781.4+186.1| 47183+1215% | 3925.9+1034** [476.3+128.5%*****5877.1 + 118.2%*****+
A/C, mg/mmol 3.05+0.04 3.88+0.05 352%0.06%** [16.20 % 1.12% %% *** [11.23 £ 117% %+

Notes: * — the difference is probable in comparison with the indicator in practically healthy persons (p < 0.05);
** — the difference is probable in comparison with the indicator in patients with NASH with DM2 (p < 0.05); *** —
the difference is probable in comparison with the indicator in NASH patients with obesity (p < 0.05); * — the
difference is probable in comparison with the indicator in patients with NASH with DM2, DKD I-1V stage (p < 0.05).

Table 2. Indicators of the functional state of the kidneys in patients with NASH,
type 2 DM depending on the presence of DKD and its stage

Groups of examined patients
_ Indicators, PHP NASH with DM2 | NASH with DM2 | NASH with DM2 | NASH with DM2
unit of measurement | (n = 30) without DKD with DKD I-1I with DKD llI with DKD IV
(n =25) stage (n = 31) stage (n = 20) stage (n =19)

Albumins, g/l 45.64 +2.71 37.51+1.35 31.73+1.31% | 27.0341.40%***** 26,35+ 1.29* *****+
Creatinine, pmol/| 72.0£2.0 77522 852+ 1.4%** | 103.2£2.5%***** | 1857 £2.3%****x+
Urea, mmol/l 3.8+0.1 41£03 95+0.1%* 11.8£03% 5% * | 16,6+ 0.4%*****7
GFR, mi/min/1.73 m? 99.3+1.6 92.3+2.1 115.0£2.0%** | 56.6+2.3%***** | 267 4125 xxrns
Urine albumins, mg/day | 12.7+0.7 183£05 284+1.6%** | 2105 8.7%***** [1543.1 + 24.9% ***xx¢
Urine creatinine, pmol/l  [3781.4+186.1| 4718.3+121.5* | 5563.8 +115.2%** |6761.5+ 144.3* *****7105.7 + 137.2%*****+
A/C, mg/mmol 3.05+0.04 3.88 +0.05* 5A1£0.020%* | 3143 £ 1.12% %% %% [217.17£13.66% ******

Notes: * — the difference is probable in comparison with the indicator in practically healthy persons (p < 0.05);
** —the difference is probable in comparison with the indicator in patients with NASH with DM2 (p < 0.05); *** — the
difference is probable in comparison with the indicator in patients with NASH with DM2, DKD I-ll stage (p < 0.05);
# — the difference is probable in comparison with the indicator in patients with NASH with DM2, DKD of the Il

stage (p < 0.05).
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Analysis of albumin content in urine showed their sig-
nificant increase in all subgroups of group 3. In group 3a,
the indicator of albuminuria exceeded the reference values
by 2.2 times (p < 0.05), in groups 3b and 3c, the indicators
of albuminuria probably increased by 17.5 and 128.6 times
compared to the indicator in PHP.

The content of creatinine in the urine was probably in-
creased by 1.5, 1.8 and 1.9 times (p < 0.05), respectively,
compared to the indicator in PHP (Table 2), since creatinine
from primary urine is not absorbed and in connection with
the increase in its content in the blood, it also increases in
the urine. The calculation of the A/C ratio in patients of sub-
group 3 of group indicates its growth depending on the stage
of DKD: 1.7, 10.2 and 71.2 times, respectively (p < 0.05),
with the presence of a probable difference between 3a and
3¢ groups (p < 0.05).

At the same time, comparing indicators of the functional
state of kidneys in patients with type 2 DM depending on the
presence of DKD and its stage without comorbid NASH,
shown in Table 3, the following regularities were established.
In the 4a group, the albumin content in the blood was re-
duced by 1.2 times (then by 1.4 times in the 3a group), in the
4b group by 1.4 times (against 1.6 times in the 3b group), and
in the 4c¢ group by 1.5 times (against 1.7 times in the 3 sub-
group) (p < 0.05). The content of creatinine in the blood
increased depending on the stage of DKD — respectively
in groups 4a, 4b, 4c — by 1.2, 1.3 and 1.5 times (p < 0.05).
The content of urea in the blood increased depending on the
stage of DKD — respectively, in groups 4a, 4b, 4c — by 2.3,
2.5 and 2.7 times (p < 0.05) with the presence of a probable
difference with similar indicators in 3a, 3b and 3c groups
(p <0.05) (Table 3).

Thus, GFR in patients of the 4a group decreased by
1.2 times (p < 0.05), in patients of the 4b group, the GFR
decreased by 1.3 times (p < 0.05), and in the 4¢ group — by
1.5 times (p < 0.05) in comparison with the indicator in
PHP, which indicates the progression of DKD. However,
the degree of decrease in GFR in patients of group 4 was
probably lower than the degree of decrease in comparison
group 3 (p < 0.05).

Analysis of albumin content in urine showed their signi-
ficant increase in all subgroups of group 4. In group 4a, the
indicator of albuminuria exceeded the reference values by
3.6 times (p < 0.05), in groups 4b and 4c, the indicators of
albuminuria probably increased by 7.5 and 41.1 times com-
pared to the indicator in PHP (Table 3).

Creatinine content in urine was probably increased by
1.2, 1.5 and 1.6 times (p < 0.05), respectively, compared to
the indicator in PHP. The A/C ratio in patients of subgroups
of group 4 indicates its increase depending on the stage of
DKD: 3.3, 5.4 and 27.5 times, respectively (p < 0.05), with
the presence of a probable difference between subgroups
(p <0.05).

Discussion

The incidence of non-alcoholic fatty liver disease and
its more severe form, NASH, is rising [13, 14]. Patients with
advanced fibrosis or cirrhosis from NASH are at increased
risk of complications, including the development of hepato-
cellular carcinoma [15]. Additionally, NASH leads to poorer
quality of life and significantly increases healthcare costs
and resource utilization [16, 17]. NASH is prevalent but
under-recognized in the primary care setting [18].

Certain high-risk populations, such as those with type 2
DM, are significantly more affected by NASH [19], but
large-scale screening strategies are challenging to implement.
Patients with type 2 DM have an increased risk of NASH,
advanced fibrosis, and hepatocellular carcinoma compared
to those without type 2 DM [20]. The development of NASH
is thought to be multifactorial, of which metabolic syndrome
and insulin resistance, as seen in type 2 DM, remain the
cornerstone of its pathophysiologic mechanism [21]. In fact,
the American Diabetes Association recommends evaluating
NASH in all patients with type 2 DM [22].

Screening all patients with type 2 diabetes is challenging.
Targeting screening protocols to those with complications
from diabetes may be the way forward. We know those with
elevated hemoglobin Alc (HbAlc) levels, for example, have
an associated increase in liver fibrosis [23]. However, whether
the presence of type 2 DM-related complications influen-

Table 3. Indicators of the functional state of the kidneys in patients with type 2 DM depending
on the presence of DKD and its stage

Groups of examined patients
__Indicators, PHP DM2 with DKD | DM2 with DKD | DM2 with DKD | DM2 with DKD
unit of measurement | (n=30) I-IV stage I-1l stage Il stage IV stage
(n = 45) (n=18) (n=14) (n=13)
Albumins, g/l 4564 +2.71 32.35£1.17* 37.22 £1.04*** 32.14 £1.15%*** 29.62 +1.21%***
Creatinine, pmol/l 72.0+2.0 95.7 £5.3* 87.3+5.1* 93.2+4.7* 107.8 £+ 4.3****
Urea, mmol/l 3.8+0.1 94+04" 8.7+0.3" 95+0.3" 10.3£0.3****
GFR, ml/min/1.73 m? 99.3+1.6 76.6 £1.4* 85.3+£2.0%** 78.7+21* 66.3 +1.2%**xx*#
Urine albumins, mg/day 12.7+0.7 66.1 +3.9* 454 +3.8*%** 955+ 5.7 *xx* | 5D 1 & 5,9*FFxxxs
Urine creatinine, pmol/l  |3781.4+186.1| 5877.1 £118.2* 4538.5 £ 143.2*** | 5798.4 £ 137.3* *** |6230.7 £ 153.5% ** ***.¢
A/C, mg/mmol 3.05+0.04 11.23+1.17* 10.01 +1.05* 16.47 £1.15%***** | 83.80 £ 5.54* ** ***.*

Notes: * — the difference is probable in comparison with the indicator in practically healthy persons (p < 0.05);
** — the difference is probable in comparison with the indicator in patients with DM2 (p < 0.05); *** — the diffe-
rence is probable in comparison with the indicator in patients with DM2, DKD I-Il stage (p < 0.05); * — the diffe-
rence is probable in comparison with the indicator in patients with DM2, DKD of the Ill stage (p < 0.05).
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ces the degree of fibrosis, independent of HbAlc, is yet to
be determined. More clearly defining which patients with
type 2 DM are at higher risk of fibrosis from NASH can help
narrow targets for screening and improve screening uptake in
primary care practices.

Targeted liver fibrosis evaluation for those with type 2
DM who are at the highest risk of NASH may help narrow
screening strategies. In this study, we demonstrate patients
with type 2 DM complications, namely nephropathy are at
increased risk of hepatic fibrosis and may represent a suitable
screening target in primary care settings [24].

Our results suggest type 2 DM complications, defined by
the presence of DN, are an important consideration when
evaluating patients for NASH-related risk, particularly in
resource-limited settings where more advanced diagnostic
tools, such as liver biopsy, may not be available and where
widespread implementation of screening may be challenging.

Conclusions

In patients with NASH, type 2 DM, and DKD stage
I-1V, hypoalbuminemia was probably higher in the blood
(by 1.7 times) compared to the rate in patients with DM?2
with DKD stage -1V without NASH (by 1.4 times), which
indicates the influence of NASH on the level of albumi-
nemia; higher content of creatinine and urea in the blood;
lower GFR, which confirms the negative effect of NASH on
the course of DM2 with DKD. In the presence of NASH,
patients with DKD had a higher level of albuminuria; cre-
atinine content in urine, A/C ratio (by 5.3 versus 3.7 times)
than in its absence.

Indicators of the functional state of the kidneys in pa-
tients with NASH and DM2 varied depending on the pre-
sence of DKD and its stage. As the stage of DKD increased,
the content of albumin in the blood decreased, the content
of creatinine and urea in the blood increased. The result of
the established changes was a 1.2-fold increase in GFR in
patients of the 3a group, which indicates the phenomenon
of hyperfiltration, which is inherent in the initial stages of
DKD. In patients of groups 3b and 3c, a significant decrease
in GFR by 1.8 and 3.8 times was found, which indicates the
progression of DKD.

Creatinine content in urine and A/C ratio in patients
with DKD with NASH exceeded the indicator in similar
groups of patients with DKD without NASH, depending on
the stage of DKD.
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BYKOBUHCHKA AEPIKABHUM MEANYHNN YHIBEPCUTET, M. YepHiBLi, YikpaiHa

BnNAMB HEAAKOIOABHOIO CTEATOrenaTnTy Ha PyHKLIOHAOABHUA CTOH HUPOK Y NALIEHTIB
i3 LLYKPOBUM AIQGETOM 2-T0 TUMY i AIAGETUYHOIO XBOPOBOIO HUPOK

Pestome. Axkmyaavnicms. Creatos rnevdiHKyM Ta HEATKOTOJTbHUI
creatorenatut (HACI') BBaXaroThcsl HAUTIOIIMPEHIIIMMU T1ATO-
JIOTiSIMM TI€UiHKH, 1110 B PO3BUHEHUX KpaiHaX CIIOCTEpiraloThes B
20—30 % mopociioro HacesleHHs. Y XBOpUX Ha IyKPOBUii aiaGeT
(LL1) yacTo BUHMKAIOTh TaKi HecrielMbiuHi ypaxkeHHs! HUPOK, SIK
0Oe3cuMITTOMHA OaKTepiypis, mieaoHeDPUT, KapOYHKYJT HUPKH, a0-
clieC HUPKM, TYOEPKYJIb03 HUPKHU, MATUIIPHUI HEKPO3, 1110 3HAYHO
YCKJIAJHIOIOTh Tepebir niadetuyHoi Hedponartii (JAH). Ha JTH
npunanae 40 % ycknannenb ripu LIJT 1-ro tumny ta 5—15 % nipu LT
2-to Tuty. Mema 0ocaidxceHHs: BCTAHOBUTY BITUB HEATTKOTOJIbHO-
To cTeaTorenaruty Ha (yHKIIIOHAJIbHUI CTaH HUPOK Y MAlliEHTIB
i3 LIYKPOBMM J1iabeTOM 2-T0 THUITY i 1iabeTUYHOIO XBOPOOOIO HUPOK
(AXH). Mamepiaiu ma memoou. O6ctexero 160 oci6 i3 HACT,
kKoMop6igauM LI 2-ro Tumy cepennboi TskkocTi Ta AXH I-1V
crafiii. [TpoBeaeHO MPOCIEKTUBHE TOCIIKEHHS, ¥ SIKOMY B3sUTU
yuacth 160 marieHTis i 30 mpakKTUYHO 3M0POBUX 0Ci0. 30KpeMa,
25 xopux Ha HACT i3 LIJ] 2-ro Tuny (nepiua rpyna), 20 naiieH-
TiB i3 HACT Ta oxupinusawm | ctynens (apyra rpyma), 70 oci6 i3
HACT 1-1V cranii (tpetst rpyna), i3 Hux 31 (44,3 %) nauieHT MaB
JXH I-1I cranii (rpymna 3a), 20 (28,6 %) — 111 crazii (rpymna 36),

19 (27,1 %) — AXH IV cranii (rpyna 3B). Pesytsomamu. Y nauieHTiB
i3 HACT, LI 2-ro tumty Ta IXH I—-1V cranii rimoans0yminypist
Oysa BipOTiZHO BUIIOIO MOPIiBHSHO 3 MOKAa3HUKOM B 0cib i3 LIJ]
2-ro tuny, IXH I-IV cranii 6e3 HACI, 110 cBii4uTh PO BILIUB
HACT Ha piBeHb albOYMiHYpii; MiZABUILIEHHSI PiBHS KPEaTUHIHY i
CEYOBMHHU B KPOBIi; 3HIKEHHS IIBUIKOCTI KIIyOOUKOBOI (hiIbTpallii,
o minTBepmxkye HeratuBHUi BiinB HACT Ha mepe6ir LI 2-ro
tuny 3 JIXH. 3a HasiBHocti HACT y nauienTis i3 JIXH 6yB BuLmii
piBeHb aIbOYMiHYpii, KpeaTUHiHY B ceui, CIiBBiAHOLIEHHSI aJIbOy-
MiH/KpeaTuHiH, HiX 3a oro BincyTHOCTI. Bucnogku. TlokasHuku
¢yHKUiOHANTBHOTO cTaHy HUPOK y xBopux Ha HACT Tta L1 2-ro
TUIY 3MiHIOBaJucs 3ajiexkHo Bin HassBHocTi JIXH Ta ii cranii. 3i
30inbireHHsIM ctazii JIXH 3HMKyBaBcst BMIiCT alibOyMiHY B KpO-
Bi, MiABUIIYBAJIUCS PiBHI KpeaTUHIHY Ta ceuoBUHM. Pe3ynbraTom
BCTaHOBJIEHUX 3MiH CTaJ0 MiABUIIEHHS IIBUAKOCTI KIyOOUYKOBOI
(inprpaliii, 110 CBimYUTH PO heHoMeH rinepdinbTpallii, mpuTa-
MaHHUI ToYaTKOBUM cTafism JXH.

Ki1r040Bi ¢J10Ba: HeaKOroabHUI CTEaTOrenaTUT; LYKPOBUIA dia-
0eT 2-ro TuIly; AiabeTMYHa XBOp0oOa HUPOK; iHCYTIHOPE3UCTEHT-
HiCThb
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KapaiotpodiH-1 — nporHoctnyHum 6iomapkep
APTEPIaAAbHOI rinepTeHsii Ta KAIOYOBUN PETYASTOP
cepueBoro MetaboAi3aMy rAIOKO3N

Pe3tome. AkTyanbHicTb. ApTepianbHa rinepteHsis (Al), uykpoBuii giabet 2-ro Tury (LJ[2) i OXUPIiHHS € 0gHUMM
3 HaUnoLLMPEHILLNX XBOPOO y CBITi, MPUYOMY TEeMIU iX 3pOCTaHHS MaroTb naHgemMidHui xapaktep. OCKinbku cep-
L{eBO-CYAVHHI 3axXBOPIOBaHHS Ha CbOroA4HI NocigarTb NpoBigHe Micle y CTPYKTYPi CMePTHOCTI, TpUBAE BUBYEHHS
biomapkepis, LLJO 3MOXYTb CTaTU KITIOHOBUMU B [iarHOCTULi PaHHIX O3HaK poO3BUTKY CepLeBO-CyaANHHOI naTosorii.
OgfHieto 3 Takux NEPCrneKTBHNX MoneKys € kapgiotpogpiH-1 (CTF-1). CTF-1 — npoTeiH 3 MONEKYISPHO Macoro
21,5 kJa, skui HanexuTb [O POAVHW iHTeprevikiHy-6. MeTa BoCNifKeHHS: BU3HAYEHHS LUNPKYISTOPHOIo PiBHSI
CTF-1y komop6igHnx xBopux 3 Al™ | IpoBeAeHHS MOPIBHANILHOIO aHasi3y Vioro cupoBaTKOBOI KOHLEHTpaLii 3a Ha-
AABHOCTI pi3Hoi komopbiaHocTi. MaTtepianu Ta metoamn. O6¢ctexeHo 111 xBopux Ha Al™ (Honosikis/xiHok — 50/61)
Bikom 54,37 + 1,18 poky i 20 0ci6 KOHTPpOMbHOI rpynu. Y npoueci 06CTeXeHHs1 BOHW By po3rogineHi Ha 4 rpynv
3alieXHO Bif HasIBHOCTI B HUX KOMOP6IgHoI nartosnorii: xsopi Ha Al — nepLua rpyna (n = 22); xBopi Ha Al B noes-
HaHHI 3 oxupiHHIM — gpyra rpyna (n = 30); Al" y noegHarHi i3 UO2 — tpetsi rpyna (n = 31); nayieHtn 3 A, 42
i OXUpiHHSIM — 4YeTBepTa rpyna (n = 28). Y Bcix nayieHTiB BUMIpIOBain Macy Tina, 3picT, po3paxoByBasv iHGEKC
macw Tina (IMT), BusHa4anu piBHi riiikoBaHoro remorsio6iHy (HbA1c), mokasHuku ninigHoro o6MiHy; BUMiptoBaiu
piBeHb cuctonidHoro (CAT) i giactonidHoro (JAT) aptepiansHoro Tucky. BusHadeHHsi sBmicty CTF-1 y cuposatyi
KPpOBI MpoBoAUIN IMyHODEPMEHTHUM METOZOM. Pe3ynbtaTn. BCcTaHOBIEHO MPSMUV KOPESALiVIHWY 3B’ 30K PiBHS
CTF-1 3 macoro Tina, IMT, piBnem HbA1c, CAT i AT (p < 0,001). OtpumaHi Hamu gaHi 3acsigyytots, wo CTF-1
MOXe 6y T MyCKOBUM (haKTOPOM BUHUKHEHHS CEPLIEBO-CYANHHNX YCKI8QHEHb, OCKITIbKU MOro piBeHb nporpecus-
HO 36I/bLLYETLCS 3i 30I/IbLLEHHSIM TSXXKOCTI KOMOPOIZHOI naTosiorii, a HaviBuLLa Moro cnpoBaTkoBa KOHLEHTpaLis
BcTaHosrsieHa y xBopux Ha Al i3 cynyTHim LIL2 | oXupiHHAM. BusiBieHi 3MiH1 JEMOHCTPYIOTh POJTb FOPMOHY XUPOBOT
TkaHuHn CTF-1 y po3BuTKy KoMopbigHoi natosnorii i garote nigcrasv cteepaxysatu, wjo CTF-1 € noTeHuyiviHum
bioMapKepoM pPO3BUTKY CEPLEBO-CYANHHUX YCKNaaHeHb. BucHoBku. PiseHb CTF-1 6yB 3HaqyLye BULUMM B Ma-
yieHtie 3 Al", U2, oxupiHHsM nopiBHAHO 3 xBopumMun Ha Al i nauieHTamm 3 AlT Ta OXUPIHHSAM, a Takox 3 ocobamm
KOHTposbHOI rpynu. KoHyeHTpayis CTF-1 y cupoBaTyi KpoBi Mae no3NTUBHUI KOPEsaUIVIHUY 3B'I30K 3 PIBHAMU
CAT i AT, macoro Tina, IMT, piBHem 3arasnibHoro xonectepuHy, HbA1c. BuB4eHHs B3aeMO3B’A3KiB CUpPOBAaTKOBO-
ro pisHsi CTF-1 3 MeTaboniuHuMu ¥i ropMOHasIbHUMM OKa3HUKaMU B KOMOPOIAHUX NaLieHTIB € nepcrneKTMBHUM
HarpsMKOM MOJZAabLUNX [OCIIOKEHb.

Knro4oBi cnoBa: uykposwii giabet 2-ro Tury; apTepiasibHa rinepTeH3is; OXUpIHHS, KapaioTpogiH-1

Bctyn

Ha croronni Komop0OigHa MaToJIOTISI € OMHIEIO 3 HATO-
JIOBHIIIMX MPOOJIEM CydyacHOI KJIiHIYHOI MeAuIIMHU. Tak,
HasSIBHICTb y MAlIi€HTA JIBOX i OUIbIIIE MATOTEHETUYHO ITOB ST~
3aHUX 3aXBOPIOBaHb MOTPEOYE PO3POOKU HaCydyaCHIIIMX
IiarHOCTUYHMX ITiIXOMIiB i e(PEeKTUBHUX JiKyBaJIbHUX 3a-
co06iB [1].

AprtepianbHa rinepren3sis (Al'), nmykposuii gia6et 2-ro
tuny (LIJ12) Ta oXUpiHHS € OMHUMM 3 HAWTIOIIMPEHIITNX
XBOPOO Y CBITi, MPUUOMY TEMIIH iX 3pOCTaHHS MAIOTh MaH-
meMmiuHnii xapakTep [2]. [loegHaHHS BUIle3a3HAYCHUX
MaTOJIOTIYHUX CTAHIB € MPOTHOCTUYHO HECIIPUSTIMBUM
(hakTopomM, 1110 BU3ZHAUYAE BUCOKUU CEPILIEBO-CYTUHHUIA
PU3UK i IPU3BOAUTH IO PO3BUTKY illIEMiYHOT XBOPOOU
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cepus, nuchYHKIII MioKapaa, cepLeBOi HeIOCTaTHOCTL
TOIIO. 3a3HaueHe MOEAHAHHS 3aXBOPIOBAaHb € OCHOBHUM
YMHHUKOM ITiABUILIEHHS PU3UKY iHBaligu3allii, Kapaio-
BacCKYJISIDHOI CMEpPTi, a TAaKOX MPOBITHOI MPUIYNHOIO
3HAYHUX MEIMYHMX, COLliaJIbHUX i EKOHOMIYHMX MTPOOIeM
Yy BCbOMY CBITi [3].

B3aemo3sB’s30k Al i/a6o LI/12 3 iHmuMu akTopamu
PU3KMKY CEepLIEBO-CYTMHHUX 3aXBOPIOBAHb, TAKUMU SIK OXK1-
piHHS, TUCITiMigeMisI, TPUCKOPIOE PO3BUTOK TinmepTpodii
MioKapa JiBOro IUIYHOYKa, 110 HalJacTillle BUHUKAE
BHACJTIIOK Ail KOMIIEHCATOPHMX MEXaHi3MiB MiIBUIIIEHOTO
apTepiaJbHOTO TUCKY, 30iIbIIYE CEPLIEBO-CYAMHHUI pPU3UK
i cMepTHicTh y 5—10 paziB. OTXe, OlliHKa CEPLEBO-CYINH-
HoTo pu3uKy y xBopux 3 Al i/a6o LI/12 moTpebye cydacHO-
ro BUOOpY (PyHKIIOHAJIbHUX BU3HAUYEHb YpaXXeHb Ceplis,
CYIVH, HUPOK [4, 5].

OCKiJIbKY CeplLIeBO-CyIMHHI 3aXBOPIOBAHHS HA CbOTO/THI
MOCIIa0Th MPOBIHE MicCIle B CTPYKTYPi CMEPTHOCTi, TPUBAE
BUBYEHHsI OioMapKepiB, 1110 MOXYTh CTaTU KJIIOYOBUMU B
IiarHOCTHUIII paHHIX 03HAK PO3BUTKY CEPILEBO-CyINHHOI
maroJiorii [6, 7].

OpHi€lo 3 TAKUX MEPCIIEKTUBHUX MOJIEKYJT € KapioTpO-
¢in-1 (CTF-1). CTF-1 — npoTeiH 3 MOJIEKYISIPHOIO Macoo
21,5 k/a, 1110 HaJeXUTh 10 POAVHY iHTepaeiiKiHy-6 (IL-6).
VY cBoto uepry, IL-6 € ofHUM 3 OCHOBHUX IIPO3aNaIbHUX L1~
TOKIiHiB, SIKWi1 BUIISIETbCS EHAOTETiaIbHUMU KIIITUHAMU
[8]. 3B’a3yBannst IL-6 3 penenropamu I1L-6 (s/IL-6R), 1o
pO3TalloBaHi Ha eHIOTETiaIbBHUX KJIITUHAX, TPU3BOAUTD 10
MiIBUIIEHOI TPOHUKHOCTI CyIWH, BUAUICHHS iHIINX IIUTO-
KiHiB. [loBeneHo, 1o CTF-1 Mae BupaxeHi mpoMiTOTUYHI i
npoJigepaTUBHI BIaCTUBOCTI, 31aTHICTh iHIYKYBaTH Tillep-
Tpodito KaplioMiOLIUTIB Y BiZINOBi/Ib HA PO3TSTHEHHST KaMep
ceplis, TiMoKcilo, cTpecoBi cutyallii [9]. BuieHaBeneHe
3acBimuye, mo CTF-1 moxe OyTy iH(pOpMAaTUBHIIIIAM IIpU
noenHaHHi Al i3 L.

bionoriuna poias CTF-1 peanizyeTbcsl BHACTIIOK MOTO
3B’sI3yBaHHs 3i crielM(iYHUM TeTepOAMMEPHUM PELICTITO-
poM riikonpoteiny 130/peuentopom pakropa iHridyBaHHS
JIEKO3Yy, MaTpuyHa pUOOHYKJIETHOBA KHUCJIOTA SIKOTO 3HA4-
HO TIOLIMpPeHa i eKcrpecoBaHa B Pi3HMX TKAaHMHAX: Ceplli,
HHUpPKaX, CKeJIETHUX M’ s13ax, mewinmi [10, 11].

Ha cboronHi Ha nepuie micue cepen BJaCTUBOCTEN
CTF-1 B opraHiami BUXOAUTh MOT0 POJb Y peTyJIsLii pe-
MOJIEJIIOBAHHSI cepllst y xBopux 3 Al ceplieBoto HepocTat-
HICTIO, illIeMiYHOI0 XBOPOOOIO ceplis i moenHaHHsaM LIJ12 3
AT Jlyke BaXJTMBOIO € MOXKJIMBICTh HOr0 BUKOPUCTAHHS SIK
MPOrHOCTUYHOTrO GiomMapkepa aAuc@yHKIIii Miokapaa pizHOT
€TioJIoTii B KOMOpOigHMX XBopux [12].

Buenumu moseaeHo, mo CTF-1 BuBibHSIETHCS 3
KapaioMilIMTiB 3a paXyHOK PO3BUTKY OKCUIAHTHOTO, M-
XaHITYHOTO CTpPECY, CTUMYJIALII peHiH-aHTiOTeH3MHOBOT
cuctemu [13]. CTF-1 moxxe MoaystoBaTH CepleBy rinep-
Tpo(ito, CKOPOTAUBiCcTh, PiOpo3 Ta imemio Miokapaa
BHACJIIIOK 3MEHIIEHH npoJtidepallii KIiTUH, alonTo3y,
OC i 3amaneHHs uisgxoM aktuBalii nisgxiB JAK (1mmpo-
TeiHKiHaza poauHu Janus kinase)/STAT (curHaibHUit
TpaHCOYKTOP i akTuBaTtop TpaHckpuiiii) i MAPK (mi-
TOTeH-aKTUBOBaHa npoteiHkiHaza) [14]. CTF-1 Takox €
KJIIOUOBUM PETYJISITOPOM CEpPlIeBOTO MeTaboJ1i3My TJII0-
KO3U 4yepe3 MOCUTCHHS iHCYJiH-CTUMYJbOBAHOTO I10-

[JIMHAHHS T0Ko3u. [loka3aHo, 1m0 OiIbII BUCOKI piBHI
CTF-1 y nna3mi kpoBi xBopux Ha LIJI2 mo3uTuBHO KO-
penoTh 3 0a3aJIbHOIO TJiKeMi€lo i rinepTpodiero J1iBo-
ro ntyHouka [15]. IToBimoMIIsIETBCS, IO MiABUIICHUA
piBenb CTF-1 y mna3Mi KpoBi CIIOCTEpIira€Tbcsl TAaKOX y
TMali€HTIB 3 TOPYLIEHHSIM TOJEPAHTHOCTI JI0 IJIFOKO3U ab0
HelonaBHo aiarHoctoBaHuM LIJI, a HU3bKi KOHIIEHTpa-
1ii 6iomapkepa Bepu(iKoBaHO B MAILIIEHTIB 3 OXKUPIHHIM
[16]. Omnak ekcmipecist CTF-1 He € BUHATKOBOIO TSI MiO-
Kapaa, i Bucokuii pieHb CTF-1 BUsABIE€HO TaKOX IMpu
Pi3HUX KapJioMionarisix, BKJIIOUHO 3 illleMi€o.

BaxuuBumMu € naHi, 1110 3aCBiAUyIOTh TICHUIA MPSIMUI
KOPEJISILIIHMI 3B’ 130K MiX BUpaXkeHiCTIo rineptpodii Mio-
Kapja JiiBoro nutyHouka i koHueHtpauiero CTF-1. Pazom
3 TUM B 0Ci0 0e3 ceplieBoi HEIOCTaTHOCTI MiABUILEHUH Pi-
BeHb CTF-1 He BrummBa€e Ha 3MiHU 1OTO IIPOAITONTUIHOTO
noteHuiany [17]. Cnin migkpecauTu, 1o piBeHb CTF-1
Bimo6pakae ekcrpecito i PHK inTepieiikiny-6, pojb sikoi
B iHOYKIIii CUCTEMHOI Ipo3anajbHOI aKTUBHOCTI Y XBO-
pUX Ha XPOHIYHY CeplIeBY HEOCTATHICTh YiTKO IOBEeIeHA
[18]. BcTanoBieHo TakoxX, 1o no3utuBHuUii BruimB CTF-1
LIO/I0 POCTY IPAHYJISILIITHOT TKAHWHU PeasTizy€eThCsl IUISIXOM
Oe3IocepeIHbOI CTUMYJIALIT hiOpoOIIacTiB i CMHEPTiYHOIO
€10 1110710 aKTUBaLlil eHaoTeniny- 1 peuenTopis [19]. Oxpim
uboro, CTF-1 3xiiicHioe ctumynsiito ekcripecii iPHK-pe-
LIENITOPiB, 1110 aKTUBYIOTLCS MPOJIihepaTopoM NEePOKCHUCOM
(peroxisome proliferator-activated receptor-y — PPAR-y),
Ha IMOBEPXHi MeMOpaH aauMOLUTIB BicLiepaJbHOI KUPOBOI
TKaHMHU He3ajexHo Bin aktuBauii MAPK, y pesynsrati
YOT0 3HUXKYETHCSI CUHTE3 BUIBHUX XKUPHUX KUCIIOT | HU3KU
aIUMOKIHIB, peayKIlisl eKCIIpecii pelenTopiB A0 iHCYIiHY i
(opmyBaHHs iHCymiHOpe3ucTeHTHOCTI [20].

BuienaBeneHi naHi 3aCBiq4yIOTh BaXJIMBICTh BU3HA-
yeHHs1 CTF-1 — mutoKiHy, acomililoBaHOTO 3 ITaTOJIOTIEI0
CeplEeBO-CYAMHHOI CUCTEMH, SIKUii Oepe yJacTh y Mpoliecax
€HEePreTUIHOrO0, JIiIliIHOTO, ByIJIeBOAHOTO OOMIHIB i € ofI-
HUM 3 BaXJIMBUX YHIBEPCATBHUX iHAYKTOPIB BHYTPIillTHBO-
KJITUHHUX CUTHAJIbHUX CUCTEM.

Otxe, 32 OTpUMaHUMM Ha JaHW# Yac pesyiabTaTaMu
IOCHTiIXXEeHb MOXHa AiiiTh BUCHOBKY, o CTF-1 moci-
Jla€ LIEHTpaJbHEe Miclle B CKJIaIHIll CUCTEMI peryTtoBaHHS
aJeKBaTHOCTI MOP(GOJIOriYHOI BiIMOBiAI HA pi3HOMAaHITHi
(yHKIIIOHAIBbHI TOTPeOH CeplieBO-CyIMHHOI CUCTeMU, 1110
JTO3BOJISIE PO3TJISIAATHU MOTO SIK MapKep pU3NKYy BUHMKHEH-
HS ¥ BUPaXKeHOCTi HAIJIMIIIKOBOTO KapJaioBacKyJSIPHOI'O
peMoIeIIOBaHHSI.

MerTa gocimKeHHs: BU3HAYEHHS LIUPKYISITOPHOTO PiB-
Hs1 CTF-1 y xomop0inaux xBopux 3 Al i mpoBeneHHS I10-
PiBHSIJIBHOTO aHaJTi3y MOT0 CUpOBAaTKOBOI KOHIIEHTpallii 3a
HasSIBHOCTI pi3HOI KOMOPOITHOCTi.

MarTtepiaAu Ta meToamn

Kowmrinekc gochinkeHb OyB MpoBeAeHUI BiITOBIIHO 10
€TUYHMX i MOPAJIbHO-MPABOBUX BUMOT CTaTyTy YKpPaiHChKO1
acotwiauii 3 6ioetrku Ta HopMm GCP (1992), GLP (2002),
MPUHLMITIB [ebCiHChKOT AeKIapallii mpaB JIOAWHU, KOH-
BeHl1Iil Pagu €Bponu mpo npaBa JIOAMHY i OioMeaUIIMHY Ta
YXBaJICHUI KOMICI€I0 3 TMTaHb €TUKU Ta 0ioeTUKU XapKiB-
CbKOT'0 HalliOHAJbHOTO MEAUYHOTO YHiBepCUTETY (IIPOTO-
ko1 Ne 8 Bim 14.09.2022).
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Tabnuys 1. KniniyHa xapakTepucTnkKa o6CTeXeHNX XBOpuUxX

MoKa3HuK Meplia rpyna Apyra rpyna TpeTsa rpyna YetBepTa KoHTponbHa
(n=22) (n =30) (n=31) rpyna (n = 28) rpyna (n = 20)

Bik (pokiB) 54,37 + 8,25 54,96 + 8,73" 55,89 + 7,65 56,20 + 7,18 [42,45+7,19>%**
Maca Tina (kr) 79,65 +7,72 99,37 + 10,40 | 84,44 + 9,00 * | 102,27 + 6,93*** | 70,05 + 7,55 " **
IMT (kr/m?) 26,81 + 1,44 33,48 + 2,66 28,25 +1,61** | 35,45 +2,73**** | 24,09 + 0,59 ***
CAT (Mm pT.CT.) 143,29 + 11,53 | 144,74 +10,08 | 146,39 + 13,15 | 147,69 + 11,01 (119,25 + 2,94~ %**
OAT (MM pT.CT.) 87,63 + 8,38 89,76 + 9,32 90,14 + 7,67 89,16 = 10,27 | 75,50 + 4,26°***
KpeaTuHiH (MKmonb/m) 92,25 + 14,60 95,64 + 18,50 96,64 + 16,55 93,10 = 15,50 86,20 + 11,19*
CeyvoBuHa (MMonb/n) 5,82 + 1,80 5,96 + 1,72 5,68 + 1,80 6,18 + 2,32 5,68 + 1,05
3XC (Mmonb/n) 5,52 +1,25 5,39 + 1,53 5,21 +1,37 5,68 +1,28 4,26 +1,06**°
XC NNBLL, (mmonb/n) 1,20 £ 0,40 1,28 + 0,31 1,25 + 0,41 1,28 + 0,31 1,43 +0,35>"
TI (Mmonb/n) 1,90 £ 0,95 1,89 + 0,69 1,83 +£ 0,99 2,08 + 1,06 1,37 £ 0,62 %
XC NNAHL (mmone/n) 0,91 + 0,63 0,81 + 0,29 0,85 + 0,57 0,92 + 0,47 0,61 + 0,28 %
XC JITMHLL (mmonb/n) 3,52 +1,23 3,10+ 1,43 3,26 + 1,36 3,47 + 1,25 2,21 £0,74>%*
IHcyniH (MMO/n) 21,44 £ 16,55 17,77 £ 9,63 15,75 + 7,50** 20,06 + 11,60 14,38 + 2,69°
HbA1c (%) 6,85 + 1,64 6,21 + 1,33* 7,46 £ 12" 7,12 +0,83* 4,80 + 0,32 %%

TMpumitkn: * — p < 0,05 mix 1i Il rpynoro; ** — p < 0,05 mix 1 i lll rpynoro; ***— p < 0,05 mix 1 i IV rpynoro; * — p < 0,05
mix Il i lll rpynoro; * — p < 0,05 mix Il i IV rpynoto; ° — p < 0,05 mix | i KOHTposibHOtO rpynoro; * — p < 0,05 mix Il i
KOHTPOJIbHOO rpynoto; * — p < 0,05 mix Il i KoHTposbHOO rpynoto; * — p < 0,05 Mix IV i KOHTPOJILHOIO rPynoro.

O6ctexeHo 111 xBopux Ha Al (40JIOBiKiB/XKiHOK —
50/61) i 20 ocib KoHTpOIBHOI rpyru. Yci xBopi Ha AT Bikom
54,37 £ 1,18 poxy nepeOyBayin Ha JiKyBaHHi B KiiHiii Y
«HanionaneHuii iHcTUTYT Teparii iM. JI.'T. Manoi HAMH
VYkpainw». Y npolieci peTeIbHOro o0CTeKeHHs i crocTepe-
JKEHHSsI 3a TallieHTaMu BOHU OyJIM PO3IoAiJieHi Ha 4 rpynu
3aJIEXKHO BiJl HASIBHOCTI B HUX KOMOPOiTHOI MaTOJIOTii: XBOPi
Ha AI' — nepiia rpyna (n = 22); xBopi Ha AI" B moenHaHHi
3 OXXKUpiHHIM — Apyra rpyna (n = 30); Al y noeaHaHHi i3
LJ12 — tpets rpyna (n = 31); mamienTu 3 Al LI/12 ta oxmu-
piHHSIM — yeTBepTa rpyna (n = 28).

V Bcix manieHTiB BUMipIOBaaM Macy Tijia, 3picT, po3-
paxoByBaiu iHaekc Macu Tina (IMT). Buznauanu piBHi
riikoBaHoro remorno0iny (HbAlc), moka3zHUKY JimigHO-
ro oOMiHy (KOHIIEHTpAallii B CMpOBaTIIi KPOBi 3araJJbHOTO
xosectepuny (3XC), tpurniuepunis (TT), xonectepuny
JminonpoteiniB Bucokoi miabHocTi (XC JITIBILI), xonec-
TEPUHY JIMONpoTeiHiB HU3bKOI1 1ibHOCTI (XC JITTHLL),
XOJIECTePUHY JIIMOIIPOTEiHIB Ay*Ke HU3bKOI 1IiIbHOCTI (XC

1400 - 1297,07
S - 1113,45
£ 1200 1024,32
= 1000 -
I 800 677,93
‘§ 600
£ 411,24
‘T 400
%
8 200
0 T T T T 1
I rp. AT Ilrp. Al lllrp. AT IVrp. Al 3poposi
(n=22) +oxupinna  + UO2 + 102 (n=20)
(n=30) (n=31) + 0XupiHHA
(n=28)

PucyHok 1. AHani3 piBHa CTF-1
B O6CTEXEHUX TPy XBOPUX

lMpumitka: yci 3cysum BiporigHi, p < 0,001.

JITIAHILL)), BumiptoBanu piBeHb cuctojiyHoro (CAT) i
niacToJliuHoro apTrepiasbHoro Tucky (J1AT).

Busznauenns smicty CTF-1y cupoBatiii KpoBi TpoBOIT-
Ji1 iMyHO(epMeHTHUM MeTOIOM Ha aHajtizaTopi Labline-90
(ABCTpisT) 3 BUKOPMCTAHHSIM KOMEPIIMHOI TeCT-CUCTEeMU
BupoOHuLTBa hipmu Fine Test (ELISA, Kurait) BinnosinHo
JIO IHCTPYKIil, 1110 BXOAMWIA A0 CKJIaay Habopy.

Kpurepissmu BUKITIOUEHHS 3 JOCIIIKEHHS OYJIU: IYKPO-
BUIi niabeT 1-ro TUMy, ypOmIXKeHi Baau ceplisl i CeYOBUBIMI-
HUX IIJIIXiB, HASIBHICTH IITYYHOTO BOMISI pUTMY, HAasIBHICTh
IITYYHUX KJIaaHiB cepls, cepleBa HegocTaTHicTh 1B i 111
cTamiil, TocTpuil iHGpapKT MioKapaa, iHDeKIiiHI i TSKKI
3anajbHi MPOLECH, FreMaTOJIOTiYHI 3aXBOPIOBaHHSI.

CTaTUCTUYHUN aHaTi3 JAaHUX BUKOHAHO 3a I0MIOMO-
rol0 TlakeTa CTaTUCTUYHUX Tporpam Statistica 12 (StatSoft
Inc., CIIIA), Microsoft Office Excel 2013. [laHi HaBeleHi y
BUILJISIAI cepemHboro 3HaueHHs (M) i cTaHmapTHOTO Bimxu-
JieHHs (8). BimMiHHOCTI MiX rpymaMu cepeiHiX BeJIMYUH
OLIiIHIOBAJIY 3a JoIIoMoroio Kputepito CthiogeHTa. Biporin-
HOIO BBaxasacs moxuoka menie 3a 5 % (p < 0,05).

PesyAbTaTH

CdopmoBaHi HaMU TPYIU MALiEHTIB Oy perpe3eH-
TaTUBHUMMU 3a BiKOM, MTOKa3HUKAMU CUCTOJIIYHOTO i mia-
CTOJIIYHOTO apTepiabHOro TUCKY. [1pu mopiBHSIHHI 00CTe-
JKyBaHUX TPYII MALli€EHTIB He OYJ10 BCTAHOBJIEHO 3HAYYIIIOL
BiIMiHHOCTI B MOKa3HUKaX CEUOBUHM, KpEaTUHiHY, CKa-
JIOBUX JIiMigHOro ooMiny. ¥ mauieHTiB i3 LI/12 moka3zHuku
ByriieBogHoro oominy (HbAlc, iHcyniH) Maiu 3Ha4yILy
BigMiHHIcTb (p < 0,05) Bix Takux B iHIIMX rpymnax. [lamieH-
TH 3 OXKMPIHHSIM 3HAYYIIe BiIpi3HSIIMCH Bill iHIINX TPYII 3a
IMT i macoto Tina (tabu. 1).

ITpu ananizi piBasg CTF-1 B 006cTeXXeHUX rpyIl XBOpUX
BU3HAYEHO BiporigHe Oro MiABMUIIEHHS B YCiX MAaIli€HTIB
MOPiBHSIHO 3 TPYMNOIO0 KOHTPOJIIO, a TAKOXK IMPU MOPiBHSIHHI
rpym Mixx co6oto (p < 0,001) (puc. 1).

Tom 19, N2 2, 2023

www.mif-ua.com, https://iej.zaslavsky.com.ua

33


http://www.mif-ua.com
https://iej.zaslavsky.com.ua

OpwuriHaAbHi AoocAipXeHHs / Original Researches

[ d ]

VYcTaHOBIIEHO MPSIMUIT KOPEISILiMHNN 3B’ 130K PiBHS
CTF-1 3 macoro Tina, IMT, pinem HbAlc, CAT i JAT
(p <0,001).

O6roBopeHHs

OTtpuMaHi HaMU JaHi 3acBiguyioTh, o CTF-1 moxe
OyTH MyCKOBUM (PAaKTOPOM BMHUKHEHHS CEpLIEBO-CYIUH-
HUX YCKJIaAHEHb, OCKiJIbKM MOro piBeHb MPOTPECUBHO
301TbIITYETHCS 3 MiABUILEHHSIM TSDKKOCTI KOMOPOiIHOT ma-
TOJIOTii, a HAalOIBII BUCOKA 1Or0 CMPOBAaTKOBA KOHIIEH-
Tpallis BCTaHOBJIeHa y xBopux Ha Al i3 cymmytHim LIJ12 Ta
OKUPiHHSIM.

BusiBiieHi 3MiHM IEMOHCTPYIOTh POJIb TOPMOHY KU-
poBoi TkaHuHu CTF-1 y po3BUTKY KOMOp0OigHOi maTo-
JIOTi1 i maroTh mimctaBu cTBepmKyBaTu, 1o CTF-1 € mo-
TEHLIMHUM GioMapKepoM PO3BUTKY CEpLEBO-CYIUHHUX
YCKJIaJIHEHb.

Pesynbratu naHoro gociimkeHHs mono poai CTF-1
Yy PO3BUTKY CEPLIEBO-CYIUHHUX YCKIAAHEHb SIK MPOTHOC-
TUYHOTO MapKepa IMiATBEPKYIOThCS i pe3ybTaTaMu iHIITUX
nocainHukiB [19, 20].

Hani mono migBuiieHoi KoHnueHnrtpaunii CTF-1y cupo-
BaTIi KPOBi Y XBOpUX 3 GiOpUIIAILIIEIO TTepeacepab OTpUMaHi
B pe3yJIbIarTi iHIIMX J0CimKeHb [21]. ABTopaMu 10BeIEHO,
1110 B TMALi€HTIB 3 oxkupiHHSAM piBeHb CTF-1 Buile, HixX y
MAalie€HTiB 3 HOPMaJIbHOIO Macolo Tija [22]. BctaHoBEHO,
mo koHueHtpauis CTF-1 3xauyie BuIa B Mami€HTIB 3
MeTaboJIiYHMM CUHIPOMOM MOPiBHSIHO 3i 3IOPOBUMM OCO-
oamu [23].

BinmoBigHo 10 pe3yabTaTiB 1OCTiIKeHb BU3HAYEHO, 1110
excnpecisg reHa CTF-1 y xxupoBiii TKaHWHI Oys1a 3HauyIle
BUILOIO B 0Ci0 3 OXXMPIHHSIM Ta iHCYJIIHOPE3MCTEHTHICTIO
MOPiBHSIHO 3 0COOaMU 3 HOPMaJIbHOIO MACOIO Tija.

OTtxe, MpoBeieHe HaMU JOCIiIKEHHST IOBEJIO, 110 KOH-
uentpauis CTF-1 BiporinHo Buila B nauieHTiB 3 Al, Hix
Y 3I0pOBHX 0Ci0, a TAKOXK 3HAUYIIE BUILA B 0Ci0 3 pi3HOIO
KOMOPOiTHOIO MATOJIOTIEI MOPIBHSHO 3 XBOPUMM 3 MOHO-
MaToJIoTi€l0.

OtpuMaHi pe3yibTaTh, CKOpillle 3a Bce, OB’ si3aHi 3
BILIMBOM JIaHOTO GiomMapkepa 6e3mocepeiHb0 Ha PO3BUTOK
OLTBIII TSDKKOI KOMOPOITHOCTI.

BucHoBKMU

1. PiBenp CTF-1 OyB 3Hauyllle BUIIIUM B TMAlli€HTIB 3
AT, 2, oxxupiHHSIM ITOpiBHSIHO 3 XBopuMu 3 Al narieH-
TamMu 3 A" Ta OKMPiHHSIM, @ TAKOX 3 0CO0aMU KOHTPOJILHOT
TpyIH.

2. Konuenrpauis CTF-1y cupoBaTiii KpoBi Ma€ Io3u-
TUBHUM KOPEJSIIIHUI 3B’SI30K 3 PiBHSIMU CUCTOJIIYHOTO
1 1iacTONIYHOTO apTepiaIbHOTO TUCKY, Barolo, iHIeKcoM
MacH Tijia, piBHSIMHU 3arajlbHOTO XOJIECTepUHY ¥ TiTiKoBa-
HOTI'O TeMOTJI00iHY.

3. BuBYeHHS B3aEMO3B’SI3KiB CMPOBATKOBOTO PiBHS
CTF-1 3 MeTaboaiYHUMM 11 TOPMOHAJILHUMU IMOKa3HUKAMU
B KOMOpPOITHUX TALIi€EHTIB € TMIEPCIEKTUBHIUM HAIIPSIMKOM
MOJABIIUX TOCTITKEHbD.

KonduikT inTepeciB. ABTOp 3asiBJISIE PO BiICYTHICTb
KOHJIIKTY iHTepeciB i BacHOi (piHaHCOBOI 3alliKaBJI€HOCTI
MIPU IiATOTOBIIi TaHOI CTaTTi.
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Cardiotrophin-1 as a prognostic biomarker of hypertension
and a key regulator of cardiac glucose metabolism

Abstract. Background. Hypertension, type 2 diabetes mellitus
(T2DM), and obesity are among the most common diseases in
the world, and their growth rates are of a pandemic nature. Since
cardiovascular diseases still occupy a leading place in the struc-
ture of mortality, the study of biomarkers continues that can be
key in the diagnosis of early signs of cardiovascular pathology.
Such promising molecule is cardiotrophin-1 (CTF-1). CTF-1
is a protein with a molecular weight of 21.5 kDa, which belongs
to the interleukin-6 (IL-6) family. The purpose of this study is to
evaluate the circulating level of CTF-1 in comorbid patients with
hypertension, and to conduct a comparative analysis of its serum
concentration in the presence of various comorbidities. Materials
and methods. One hundred and eleven patients with hypertension
(men/women — 50/61) aged (54.37 £ 1.18) years and 20 persons
of the control group were examined. In the process of examina-
tion, they were divided into 4 groups depending on the presence
of comorbid pathology: hypertension — group 1 (n = 22); hy-
pertension combined with obesity — group 2 (n = 30); hyper-
tension and T2DM — group 3 (n = 31); hypertension, T2DM
and obesity — group 4 (n = 28). In all patients, body weight and
height were measured, body mass index (BMI) was calculated,
glycated hemoglobin (HbAIc¢) levels, lipid metabolism indicators
were determined, systolic and diastolic blood pressure levels were

measured. CTF-1 content in blood serum was determined by
enzyme-linked immunosorbent assay. Results. A direct correla-
tion of CTF-1 level with weight, BMI, HbAlc level, systolic and
diastolic blood pressure was found (p < 0.001). The data obtained
prove that CTF-1 can be a trigger for the occurrence of cardio-
vascular complications, since its level progressively increases with
increasing severity of comorbid pathology, and its highest serum
concentration is found in patients with hypertension, concomi-
tant T2DM and obesity. The detected changes demonstrate the
role of CTF-1, the adipose tissue hormone, in the development of
comorbid pathology and make it possible to assert that CTF-1 is a
potential biomarker of cardiovascular complications. Conclusions.
The level of CTF-1 was significantly higher in patients with hy-
pertension, T2DM, obesity compared to those with hypertension,
hypertension and obesity, as well as compared to this indicator in
the control group. The concentration of CTF-1 in blood serum
positively correlates with the levels of systolic and diastolic blood
pressure, body weight, BMI, total cholesterol and HbAlc level.
The study of the relationship between the serum level of CTF-1
and metabolic and hormonal indicators in comorbid patients is a
promising direction for further research.

Keywords: type 2 diabetes mellitus; hypertension; obesity; car-
diotrophin-1
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Changes of endothelial function
and oxidant status in insulin resistance
and obesity under the conditions
of iodine deficiency

Abstract. Background. The topicality of the theme is due to the significant prevalence of cardiovascular diseases
and an increase in costs for medical care, the high risk of disability, which characterizes the medical and social
component of the problem. Pathological changes can be a manifestation not only of a cardiovascular disorder,
but also develop as a result of other diseases, including diabetes mellitus, obesity, and thyroid pathology. One
of the main mechanisms of morbidity and mortality is macrovascular complications that can occur in endothelial
dysfunction and oxidative stress. The purpose of the research is to study the peculiarities of changes in the parame-
ters of the endothelial system and oxidant status in animals with insulin resistance and obesity under conditions
of adequate iodine supply and iodine deficiency. Materials and methods. Study included 75 sexually mature rats
having received a high-carbohydrate, high-fat diet under conditions of adequate and limited iodine supply, followed
by analysis of markers of carbohydrate metabolism, thyroid status, indices of endothelial function, lipid peroxidation
and antioxidant protection. Results. The development of insulin resistance and obesity in a diet loaded with fructose
and fats is accompanied by the development of endothelial dysfunction: in the blood serum, the level of endothelin-1
increases and inducible NO-synthase (iNO-synthase) is activated, in the myocardium, the activity of iINO-synthase
increases compared to the data in animals who received a standard diet. The development of oxidative stress in
experimental animals characterizes an increase in the content of diene conjugates and thiobarbituric acid-reactive
substances in blood serum and myocardium against the background of inhibition of serum antioxidant enzymes
(catalase, superoxide dismutase, ceruloplasmin, glutathione peroxidase, glutathione reductase). The degree of
endothelial dysfunction and the intensity of lipoperoxidation increase with hypothyroid dysfunction against the
background of iodine deficiency. Conclusions. Metabolic disorders under the conditions of insulin resistance and
obesity are characterized by the development of endothelial dysfunction and oxidative stress, which are the predic-
tors of the development of cardiovascular risks. Their intensity depends on carbohydrate and thyroid homeostasis.
Keywords: cardiovascular system; insulin resistance; obesity; thyroid homeostasis; endothelial dysfunction; pro-/
antioxidant system

Introduction

Cardiovascular diseases (CVD) take a central place in
the structure of morbidity and mortality, especially in the
developed countries of the world. Significant rejuvenation
and rapid growth of pathologies of the circulatory system lead
to invalidation of the working age population [1]. Among
the total number of deaths in the world, one third (about
18 million) per year is caused by CVD [2]. Over the last de-
cade, there has been an increase in diseases of the circulatory

system under the age of 55, especially in women. The same
tendency persists in Ukraine [3]. Over the past thirty years,
mortality because of CVD has doubled and in 2019 (before
the coronavirus pandemic) took first place in terms of years
of potential life, lost due to premature death from cardiac
pathologies [4]. The development and course of diseases of
the circulatory system are closely interrelated with risk fac-
tors, among which a significant role belongs to the comorbid
pathology, including quite common diabetes mellitus (DM),
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obesity, and hypothyroidism [5, 6]. According to the Inter-
national Diabetes Federation, more than 400 million people
suffer from DM, and according to scientists’ forecasts, it is
expected to increase up to 600 million over the next twenty
years [7]. At the same time, 200 million people have been
diagnosed with impaired glucose tolerance [8].

An important factor contributing to the formation of
insulin resistance (IR) is obesity. Excessive accumulation
of adipose tissue can increase the risk of complications [9].
Currently, the prevalence of overweight has reached pan-
demic proportions and becomes a socio-economic burden
for modern society [10]. On the basis of clinical and experi-
mental studies, it has been found that excessive body weight
is one of the probable triggers for the CVD development, and
the degree of cardiovascular risk depends on the distribution
of adipose tissue and is especially high in central obesity [11,
12]. Disturbance of thyroid homeostasis can be an aggrava-
ting factor of these endocrine diseases. It is important that
more than 30 % of the population of 50 world countries live
in goiter endemic regions, and in Ukraine over the last de-
cade the number of cases of thyroid pathology has increased
from 689 thousand to 1 million 846 thousand cases [13].

Vascular diseases are the main cause of disability and mor-
tality in patients with DM and excessive body weight [14]. It is
known that hyperglycemia positively correlates with vascular
complications, and impaired glucose tolerance can cause
a high risk of developing coronary events. Although their
pathogenetic mechanisms are complex, excessive production
of reactive oxygen species plays an important role [15]. The
aggressive influence of free radicals is especially dangerous
when the body’s antioxidant reserves are simultaneously in-
hibited. Another negative factor affecting the oxidant status
is a violation of the balance between vasodilation and va-
soconstriction, inhibition and promotion of proliferation,
anti- and prothrombotic homeostasis, which characterizes
the development of endothelial dysfunction [16].

The most powerful vasoconstrictor in the body is en-
dothelin, released out of the damaged endothelium [17].
Endothelial enzymes (isoforms of NO-synthase) from L-ar-
ginine, by reducing inorganic nitrates, form the endogenous
vasodilator nitric oxide [18]. The complex mechanism of
formation of endothelial dysfunction can be already triggered
at the stage of prediabetes, minimal thyroid insufficiency
and excessive body weight. Therefore, its early detection will
contribute to the timely prevention of the development and
progression of CVD and their complications.

The purpose of the research is to study the peculiarities of
changes in the parameters of the endothelial system and oxi-
dant status in animals with IR and obesity under conditions
of adequate iodine supply and iodine deficiency.

Materials and methods

Experimental studies included non-linear male rats
weighing 150—180 g (n = 75), randomized by the method
of accidental sampling. The animals were divided into the
following groups: group 1 — control (intact animals, n = 15),
group 2 — animals with IR under conditions of adequate
iodine supply (n = 15), group 3 — animals with obesity under
conditions of adequate iodine supply (n = 15), group 4 — IR
animals under conditions of iodine deficiency and group 5 —

animals with obesity under conditions of iodine deficiency
(n = 15). The control group included intact animals kept
under the conditions of a standard food ration, the usual
temperature and light regime of the vivarium.

In order to simulate the development of IR (groups 2
and 4), animals received 10% fructose solution instead of
drinking water for eight weeks [19]. To reproduce obesity
(groups 3 and 5), rats were kept on a high-fat diet during
the experiment (eight weeks). Animals in groups 4 and 5
were kept on an iodine-deficient diet during the same pe-
riod. Carbohydrate metabolism was characterized by the
content of insulin in the blood serum, glycated hemoglobin
(HbAIc) and the blood glucose concentration. The deve-
lopment of IR was assessed by the values of the HOMA-IR
(Homeostasis Model Assessment Insulin Resistance) index.
The content of insulin in the blood serum was determined
by the enzyme-linked immunosorbent assay (ELISA) using
a set of reagents EIA-2935 (Elabscience, USA) using a tablet
analyzer Stat Fax 2100 (China).

The concentration of glucose in the blood was deter-
mined by the glucose-oxidizing method using reagents from
the LLC RPE “Filisit-Diahnostyka” (Dnipro, Ukraine).
The content of HbAlc in whole blood was determined by the
reaction with thiobarbituric acid (TBA) using a standard set
of reagents of LLC RPE “Filisit-Diahnostyka” LLC (Dni-
pro, Ukraine). Control over the reproduction of obesity was
performed by weighing the animals, measuring the nasal-anal
length and calculating the body mass index (BMI). Body
weight gain was estimated in percents and characterized as
follows: with an increase at 10—25 %, obesity was considered
mild; with an increase at 26—40 % — moderate severity; with
an increase of more than 40 % — severe.

BMI was calculated according to the formula: BMI
(g/cm?) = m / I?, where m — is the body mass (g); | — body
length (cm). To assess the thyroid status of animals, the
content of free triiodothyronine (fT,) and thyroxine (fT,),
thyroid-stimulating hormone (TSH) in blood serum was
studied, followed by the calculation of fT,/fT,, TSH/fT, in-
dices. The level of hormones of the pituitary-thyroid axis was
determined by enzyme immunoassay using the ELISA kit
(Elabscience, USA). The condition of iodine supply of rats
was assessed by the concentration of iodine in daily portions
of urine, which was collected using metabolic cages.

The state of endothelial function was studied by the con-
tent of ET-1 level in blood serum, iNOS activity in blood
serum and myocardium. ET-1 content was determined by
enzyme immunoassay using Biomedica (Austria) reagents.
The activity of iNOS was investigated by immunoenzymatic
method using the reagents “Rat NOS2/iNOS (Nitric Oxide
Synthase 2, Inducible) ELISA Kit” (Elabscience, USA). The
intensity of the processes of lipid peroxidation was characte-
rized by the accumulation of diene conjugates (DC) and thio-
barbituric acid-reactive products (TBA-AP) in blood serum
and myocardium. The state of the antioxidant system was
determined by the activity of catalase, superoxide dismutase
(SOD), glutathione peroxidase (GP), glutathione reductase
(GR), the content of ceruloplasmin (CP) in blood serum.

Statistical analysis of the results was performed using Mi-
crosoft Excel and Statistica 5.5 (Multiple Regression) com-
puter programs using variational statistics methods. For each
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of the samples, it was checked whether the distribution of the
studied indices was normal using the Kolmogorov-Smirnov,
Lilliefors tests. The obtained data conformed to the Gaussian
law, so the results are represented by the M = m interval. The
significance of the differences was assessed according to the
Student’s t-test. A value of p < 0.05 was considered reliable.

According to the decision of the ethics committee in the
Ivano-Frankivsk National Medical University of the Ministry
of Health of Ukraine (protocol No. 123/21 dated 09/21/2021),
it was determined that the performed studies fully comply with
the main provisions of the Rules for Conducting Work Using
Laboratory Animals (1977). The conditions of keeping and
manipulation of the animals during the research, the removal
of the rats out of the experiment met the requirements of the
legislation of Ukraine (Law of Ukraine No. 3447-1V “On
the Protection of Animals from Cruelty Treatment”, 2006),
Order of the Ministry of Health of Ukraine No. 281 dated
November 1, 2000 “On measures for the further improvement
of organizational norms of work with the use of experimental
animals” and the principles of the European Convention on
the Protection of Vertebrate Animals Used for Experimental
and Other Scientific Purposes (Strasbourg, 1986).

Results

As a result of the study, the development of IR was ob-
served in animals receiving a high-carbohydrate diet under
the conditions of adequate iodine supply and iodine de-
ficiency (groups 2 and 4), which is confirmed by changes
in carbohydrate metabolism indices. At the same time, the
HOMA-IR index in animals of these experimental groups
exceeded the data of intact animals at 94.0 % (p, ,< 0.001)
and 2.5-fold (p, ,< 0.001), respectively (Table 1). In group 3,
the changes in indices of carbohydrate metabolism were less
pronounced, and the HOMA-IR index exceeded the value
of animals following a standard diet at 64.1 % (p,_; < 0.01).

Keeping rats on an iodine-deficient diet (groups 4
and 5) led to the development of hypothyroid dysfunc-
tion (a decrease in the level of fT, and T, at 23.9—64.1 %
(P14 1_s < 0.01), and an increase in TSH at 30.8—61.5 %
(P14, s < 0.01) relative to the data in intact animals). Such
changes occurred against the background of a decrease in
iodine excretion with urine (Table 2).

During the experiment, an increase in BMI was found in
animals of all groups at 32.6—71.7 % (p < 0.01) compared to
the control. The development of moderate obesity in condi-

tions of a high-fructose diet and the heavy one — on the back-
ground of a high-fat diet, regardless of thyroid homeostasis.

In isolated IR (group 2), a 2.4-fold (p,_, < 0.01) increase
in the level of ET-1 and a 3.5-fold (p, , < 0.001) increase
in the activity of iNOS were observed in blood serum com-
pared to similar indices of intact rats, which characterizes
the development of endothelial dysfunction. Under these
conditions, a 2.5-fold (p,_, < 0.001) activation of iNOS was
detected in the myocardium compared to the control. In IR
on the background of hypothyroid dysfunction (group 4),
the level of ET-1 in the blood serum increased threefold
(p,_, <0.001) and the activity of iNOS increased 4.3-fold
(p,.,< 0.001), in the myocardium — iNOS was activated
2.7-fold (p,_, < 0.001) compared to control data (Table 3).

The development of IR was accompanied by the activation
of free radical processes. In particular, in the blood serum
and myocardium of rats receiving a high-fructose diet, the
content of DC and TBA-AP increased at 79.7 % — 2.1-fold
(p,_, <0.05) compared to the initial data. In the animals kept
on a combined diet (group 4), the content of lipid peroxida-
tion products in the examined tissues exceeded the control
data at 76.9 % — fourfold (p,_, < 0.05). Simultaneously with
the activation of lipoperoxidation processes, multidirectional
changes in the activity of antioxidant enzymes were observed
in experimental animals. In rats with isolated IR, inhibition of
catalase at 69.4 % (p, , < 0.01), SOD — at 35.4 % (p, , < 0.05),
and a decrease in the content of CP in blood serum at 59.3 %
(p,_, <0.05) with a simultaneous increase in the activity of GP
and GR at 52.4 and 66.7 % (p,_, < 0.05) were determined with
respect to similar data of the control group (Table 5). Fruc-
tose loading during iodine deprivation leads to unidirectional
changes in the antioxidant system, but there is a tendency to
depletion of the antioxidant reserve.

In the animals of group 3, under the conditions of obe-
sity, a 2.3-fold (p,_; < 0.001) increase in ET-1 content in the
blood serum and a 2.8-fold (p, ; < 0.001) increase in iNOS
activation were observed compared to the data in intact rats.
At the same time, in the myocardium of animals, an increase
in the activity of iNOS was found two times (p, ; < 0.001)
compared to the control. Obesity against the background
of iodine deficiency has led to a 2.5-fold (p, 5 < 0.001), in-
crease in the level of ET-1, a 3.9-fold (p,_; < 0.001) increase
in the activation of iNOS in blood serum, and a 2.5-fold
(p,_s<0.001) increase in the activity of iNOS in the myocar-
dium compared to the parameters of the intact group.

Table 1. Indices of carbohydrate metabolism in rats with insulin resistance, obesity under conditions
of adequate iodine supply and iodine deficiency (M £ m)

Groups . HbA1C, pmol

ST Insulin, mcUl/ml Glucose, mmol/l of fructose/g Hb HOMA-IR
1 13.09 + 0.53 4.32 £0.40 3.59 £ 0.42 2.51+£0.28
> 17.71 £ 0.52 6.18 = 0.41 6.89 + 0.47 4.87 £0.35
P,_,< 0.001 P, < 0.01 P,_, < 0.001 P,_»< 0.001
3 15.82 + 0.72 5.78 £ 0.28 4.87 £0.39 412 +0.37
p;_;< 0.01 p,.s< 0.01 p,s< 0.05 p,_;< 0.01
4 20.18 + 1.05 7.11 £0.30 7.36 £ 0.82 6.37 £ 0.53
p,_s< 0.001 p;_.< 0.001 p;_.< 0.001 p,_s< 0.001
5 16.01 + 0.81 6.72 + 0.36 5.12 £ 0.56 479 +0.25
p,s< 0.01 p,_s< 0.001 p,s< 0.05 p,s< 0.001
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Table 2. Indicators of thyroid status in rats with insulin resistance, obesity under conditions

of adequate iodine supply and iodine deficiency (M £ m)

Groups
T fT,, pmol/l fT,, pmol/l TSH, miu/I
1 6.58 + 0.30 28.93 +1.04 0.13 £ 0.01
5.33+0.37 25.15+1.24
2 b,.< 0.05 b.,< 0.05 0.10 £ 0.02
0.160 + 0.009
3 6.96 + 0.47 29.33 +1.62 D,.< 0.05
4 2.36 £ 0.38 13.17 £2.29 0.170 = 0.009
p;_.< 0.001 p;_.< 0.001 p,..< 0.01
5 4.72 £ 0.30 22.01 +1.85 0.21 £ 0.02
p,s< 0.001 p,s< 0.01 p,s< 0.01

Table 3. Indices of endothelial function in rats with insulin resistance, obesity under the conditions

of adequate iodine supply and iodine deficiency (M £ m)

Groups Endothelin-1, pmol/l iNOS, nmol/min x mg

of animals Blood serum Blood serum Myocardium

1 8.27 + 0.41 16.02 £ 2.45 10.42 £1.25

5 19.94 + 3.31 56.48 + 5.85 2591 £2.14
P,,< 0.01 p,.,< 0.001 P,.,< 0.001

3 19.12 £ 2.47 4472 + 512 20.93 £ 2.05
p,,< 0.001 P,< 0.001 P, < 0.001

4 24.94 + 3.84 68.93 + 8.22 28.39 + 3.86
p,..< 0.001 p,..< 0.001 p,..< 0.001

5 20.77 £ 2.78 63.19 +7.02 26.25 + 3.22
p,s< 0.001 p,s< 0.001 p,s< 0.001

Table 4. Indices of lipid peroxidation in blood serum and myocardium in rats with insulin resistance, obesity
under conditions of adequate iodine supply and iodine deficiency (M £ m)

Groups DC, cu/ml TBA-AP, nmol/ml
of animals Blood serum Myocardium Blood serum Myocardium
1 0.39 + 0.08 1.32+0.15 3.05 +0.71 3.45 +1.02
5 0.73+0.13 1.94 + 0.1 5.48 +0.16 721 +1.11
P,,< 0.05 p,,< 0.01 p,.,< 0.01 p,,< 0.05
3 0.54 + 0.03 2.07 + 0.31 4.62 +0.18 6.02 + 0.63
p;< 0.05 p;s < 0.05 pPis< 0.05 p;s< 0.05
4 0.69 +0.11 243 +0.19 12.24 + 2.63 8.34 + 0.92
p,.<0.05 p,_,< 0.001 P, <0.01 p,.< 0.01
5 0.62 + 0.07 2.17 + 0.22 8.32 + 1.55 7.64 +1.41
p,.< 0.05 p,.< 0.01 p,.< 0.01 p,.< 0.05

Table 5. Indicators of antioxidant status of blood serum in rats with insulin resistance,
obesity under conditions of adequate iodine supply and iodine deficiency (M = m)

Groups Catalase, mg SOD, with mg CP. cu GP, pmol mg GR, nmol min

of animals H,0, mi hemoglobin ’ protein mg protein
1 11.18 £ 1.69 38.25 + 4.31 54.25 + 8.65 0.21 +£0.03 0.15 +0.02

> 3.42 +1.63 24.70 + 3.24 32.16 = 5.62 0.32 £ 0.03 0.25+0.04
p,.< 0.01 p,.< 0.05 p,.< 0.05 p,.< 0.05 p,»< 0.05

3 4.21 +1.61 25.44 + 3.58 30.82 + 5.22 0.12 £ 0.02 0.09 + 0.01
p,s< 0.01 p;s< 0.05 p;s< 0.05 p,< 0.05 p,s< 0.05

4 6.12+1.64 22.11 + 3.11 19.90 + 5.02 0.41 £ 0.04 0.31 £ 0.06
P, < 0.05 p;,_s< 0.01 p;,_s< 0.01 p,_s< 0.01 p,s< 0.05

5 6.76 + 1.21 23.24 + 2.65 18.67 +5.12 0.10 £ 0.03 0.07 £ 0.03
p,s< 0.05 p;s< 0.01 p,s< 0.01 p,s< 0.01 p;s< 0.05
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In the blood serum and myocardium of animals
of group 3, an increase in DC content at 38.5-74.5 %
(p,_; < 0.05) compared to the data in animals of the con-
trol group was found. More significant changes in lipid per-
oxidation indices were found in IR under the conditions
of iodine deprivation (the content of DC and TBA-AP in
the examined tissues has increased at 59.0 % — 2.7-fold,
p,_s < 0.05). The development of obesity has led to a de-
crease in the activity of the studied antioxidant enzymes at
33.5-62.3 % (p,_; < 0.05) compared to the data in animals
with the appropriate BMI. More pronounced changes in the
antioxidant reserve were found in obesity under conditions
of iodine deprivation (decrease in the activity of antioxidant
enzymes at 39.2—65.6 % (p,_s; < 0.05) compared to similar
data of the control group).

Discussion

As a result of the study, it was determined that fructose
loading with adequate or limited iodine supply leads to the
development of endothelial dysfunction, especially in com-
bined endocrinopathy (IR in combination with hypothy-
roid dysfunction). It is known that ET-1 has a significant
vasoconstrictive effect, pro-inflammatory and proliferative
properties. ET-1 indirectly affects the main links of diabetic
complications and dysfunction of the cardiovascular system,
because endotheliocytes are the first targets that are damaged
under the influence of hyperglycemia [20]. According to ex-
perimental and clinical studies, in the absence of functional
B-type endothelin receptors, the level of insulin in blood
serum decreases and glucose tolerance increases [21].

Activation of iNOS in IR, especially under conditions
of iodine deprivation, may reflect the peculiarities of the
immune response, the development of inflammation, and
pathological processes (increase in glycosylation end pro-
ducts, activation of protein kinase, polyol, and hexamine
pathways of glucose metabolism). Such mechanisms are ac-
companied by the development of oxidative stress, because
the early trigger of endothelial dysfunction is an imbalance
between the accumulation of the active oxygen forms and the
bioavailability of NO. It is known that if the iNOS gene of
diabetic rats is transferred into intact arteries, then NO-de-
pendent vasodilation is damaged, which characterizes the
development of endothelial dysfunction [22]. It is likely that
the NO-synthase pathway of L-arginine metabolism is ac-
tivated in experimental animals, which leads to an increase
in the activity of iNOS in diabetes mellitus, which, under
conditions of oxidative stress, can turn into compounds toxic
to the body, in particular, peroxynitrite, dinitrogen trioxide,
nitrates and nitrites [23].

In response to the intense development of oxidative stress
when glucose tolerance is impaired, the antioxidant system
reacts, because the toxic effect of products in cells is due
to the fact that oxidized proteins and lipids are a source of
free radicals that deplete the reserves of cellular antioxidants
[24]. As a result of the analysis of the data obtained, mul-
tidirectional changes in antioxidant defense enzymes were
determined in animals with IR. This reaction of enzymes
against free radicals under the influence of oxidative stress
is natural, because catalase and SOD belong to the first line
of defense. Excessive intensity of nitroso-oxidative reactions

is associated not only with a decrease in the activity of the
antioxidant system, but also with decompensation of carbo-
hydrate metabolism [25]. Therefore, the detected antioxidant
imbalance may indicate a greater probability of damage to
myocardial tissue and blood vessels under conditions of IR.

Changes in the parameters of endothelial function in
obese animals, found during the study, reflect a high risk of
developing vascular disorders, because a significant increase
in ET-1 can be a consequence of the inflammatory process,
the progression of oxidative stress, excessive production of
cytokines and stimulation of the generation of free radicals.
Under the conditions of excessive body weight, adipose tis-
sue and its adipokine are important for the development of
endothelial dysfunction, because under such conditions,
inflammatory processes are activated, which directly or indi-
rectly depend on the substances it synthesizes [26, 27]. Thus,
an increased amount of reactive oxygen species causes cell
damage and death, and oxidative stress increases the perme-
ability of the vascular endothelium and leads to the adhesion
of leukocytes [28]. Activation of iNOS under conditions of
exposure to obesity may be a consequence of excessive syn-
thesis of NO in response to inflammation.

Simultaneously with the development of oxidative stress
due to the activation of lipoperoxidation processes in animals
with excessive body weight, inhibition of the activity of cata-
lase, GP and GR was found against the background of SOD
activation. Such dynamics is regarded as a reaction to the
formation of a large number of free radicals, which correlates
with an excessive increase in body weight.

Conclusions

High-carbohydrate and high-fat diets in animals predis-
pose to the development of IR and obesity, which leads to the
development of endothelial dysfunction and oxidative stress,
which are potentiated under conditions of iodine depriva-
tion and the development of hypothyroid dysfunction. Such
processes can cause damage to blood vessels and myocardial
tissues, and act as triggers for the development of cardiovas-
cular pathology.
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Toaopis T.B., BopoHuy-CemyeHko H.M., Aiayiuko O.M.

IBAHO-DPAHKIBCbKY HALIOHAABHA MEANYHV YHIBEPCUTET, M. IBAHO-PPaHKIBCHK, YKpQiHO

3MiHN eHAOTEAIaAbHOT PYHKLiT TO OKCUAAQHTHOIO CTATYCY
NPy iHCYAIHOPE3UCTEHTHOCTI 1 OXKUPIHHI
30 YMOB MOAHOIo Aediuunty

Pe3tome. Akmyaavnicmp. AKTyanbHiCTb TEMU 3yMOBJIEHA 3HAYHOIO
MOILIMPEHICTIO CePLEBO-CYIMHHUX 3aXBOPIOBaHb Ta TiIBUIIICH-
HSIM BUTpAT Ha MEAUYHE O0OCIyrOBYBaHHS, BUCOKUM PU3UKOM
IHBaJIiTHOCTI, 1110 XapaKTepU3ye MEAUKO-COIliaTIbHY CKJIaJI0BY
npo6jeMu. [TaTomoriudi 3MiHM MOXYTb OyTH HE TUIBKH ITPOSIBOM
KapIioBacKyJISIpPHOI CUCTEMHU, a i pO3BUBATUCS BHACTIIOK iHIIINX
3aXBOPIOBaHb, 30KpeMa IyKPOBOTO /1iabeTy, OKUPiHHS Ta TUPEO-
imHoi maTosorii. OMHUM i3 TOJIOBHUX MeXaHi3MiB iHBaJliIu3allii Ta
CMEPTHOCTI € MAKPOCYIMHHI YCKJIATHEHHS, 1110 MOXYTb BUHUKATH
3a YMOB €HAO0TeialbHOI IUC(YHKIIII Ta OKCUIATUBHOTO CTpe-
cy. Mema docaidxcenns: BUBUUTH OCOOJIMBOCTI 3MiH ITOKa3HUKIB
EHIIOTETiaJIbBHOI CUCTEMM Ta OKCUJAHTHOTO CTaTyCy y TBapWH i3
IHCYJIHOPE3UCTEHTHICTIO 1 OXXUPIHHIM TIpY HAJIEXKHOMY 3a0e3-
MeyeHHi omoM Ta itomHomy aediuuti. Mamepiaiu ma memoou.
JlocnimkeHHsT TpoBeeH] Ha 75 cTaTeBO3PLIMX 1ypax, sSIKi OTpU-
MYBaJIi BUCOKOBYTJIEBOJHY, BUCOKOXHMPOBY JIETH 32 YMOB Ha-
JIEXKHOTO Ta 0OMEXKEeHOTO 3a0e3MeUeHHs MOI0M, i3 TTOJATbIIUM
aHaJi30M MapKepiB BYIJIEBOJHOTO OOMiHY, TUPEOiZHOTO CTaTyCYy,
MOKAa3HUKIB €HAO0TeNiaIbHO1 (DYHKILii, TEPEKMCHOrO OKMCHEHHS
JIMIAIB I aHTUOKCUAAHTHOTO 3axucty. Pesyismamu. Po3BuTok
IHCYJIIHOPE3UCTEHTHOCTI Ta OXKMPIHHS P HaBaHTaXXeHHI Ii-

€Tr (PYKTO3010 Ta KUPAMU CYITPOBOIKYETHCS PO3BUTKOM €H-
JoTeiabHOI AMC(YHKIIIT: y CUpOBaTLi KPOBi 30LIbIIYETHCS Pi-
BEHb €HIOTENIiHY-1 Ta aKkTMBY€ETbCs iHIyHMoeabHa NO-cHuHTa3a
(iNO-cuHTa3a), y Miokap/i 3pocrae akTuBHicTb iNO-cuHTa3n
MOPIBHSIHO 3 TaHUMM TBApUH, y SIKMUX XapuOBHUi pallioH CTaH-
JNapTHUI. PO3BUTOK OKCHAATUBHOTO CTPECY B MOCTIMIHUX TBAPUH
XapaKTepU3ye 3pOCTaHHs BMICTY IiEHOBUX KOH IOTaT i peaKTUBHUX
CITOJTYK Tio0apOiTypOBOi KMCIOTH B CUPOBATIII KPOBi Ta MioKapi
Ha TJIi MPUTHIYCHHSI aHTUOKCUIAHTHUX (DepPMEHTIB CUPOBATKU
KpOBi (KaTajia3a, CynepoKCUIIMCMYTa3a, LiepyI0Iia3MiH, IiyTa-
TIOHIIEpOKCHIA3a, TIyTaTioHpeayKras3a). CTyIiHb eHAO0TeTiaIbHOT
NUCMYHKILIT Ta iIHTEHCUBHICTD JIiNMONEPOKCUIaLii 3pOCTalOTh MPU
TiMOTUpeOoiaHii AuchyHKLII Ha T1i ogHoro Aediunty. Bucnosku.
MeTaboniuHi MopyIIeHHs 32 YMOB iHCYJIiIHOPE3UCTEHTHOCTI i
OXMPIHHS XapaKTepU3YIOThCsl PO3BUTKOM €HAOTENialbHOI TUC-
(yHKIIiT1 Ta OKCMIATUBHOTO CTPECY, 1110 € TIPSIUKTOPaMU BUHUK-
HEHHSI Kap/IioBacKy/ISIPHUX PU3UKIB. IX iIHTEHCUBHICTb 3aI€XXUTh
Bill ByTJIEBOAHOTO Ta TUPEOIAHOIO TOMEOCTA3Y.

Kii04oBi ciioBa: ceplieBo-cyaMHHa CUCTEMA; IHCYITIHOPE3KC-
TEHTHICTb; OXXUPIHHS; TUPEOIHUII TOMeOocTa3; eHIoTeliajIbHa
nucGyHKITIST; TTPO-/aHTUOKCHUIAHTHA CUCTeMa
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Peculiarities of ionoregulatory renal function
of rats in the dynamics of experimental
diabetes mellitus development

Abstract. Background. The purpose of the research was to study the peculiarities of ionoregulatory renal function
in the dynamics of alloxan-induced experimental diabetes mellitus. Materials and methods. The experiments were
carried out on 63 white non-linear mature male rats, 53 with experimental diabetes mellitus of varying duration in-
duced by intraperitoneal administration of alloxan in a dose of 160 mg/kg of body weight, and 10 intact rats (control
group). Ten, 20, 25, 30, 40 and 45 days after administration of the diabetogenic substance, the animals were with-
drawn from the experiment. lonoregulatory function of the kidneys was studied by means of the clearance method
under condition of water induced 2-hour diuresis to determine the clearance of endogenous creatinine, glomerular
filtration rate, sodium and potassium content in the urine and blood plasma. It was followed by calculation of the
electrolyte excretion, intensity of their filtration, absolute and relative reabsorption, their proximal and distal tubular
transport (including standardized by glomerular filtrate volume). Results. The ionoregulatory function of the kidneys
in rats with alloxan-induced experimental diabetes is characterized by the intensification of natriuresis and kaliuresis
at all stages of the experiment. An increase in the urinary sodium loss in the early stages of alloxan-induced experi-
mental diabetes is primarily stipulated by glomerular hyperfiltration, followed by an enhancement of filtration sodium
load to the nephron. The loss of proportionality between the filtered amount of sodium and its proximal reabsorption
causes a decrease in the total reabsorption potential of the tubular segment of the nephron in the dynamics of
alloxan-induced experimental diabetes. It is reflected primarily on the proximal tubules, and subsequently induces a
functional weakening of the tubule-tubular connection and relative dysfunction of the distal segment of the nephron
with subsequent inhibition of aldosterone-dependent regulatory mechanisms. Conclusions. The kaliuric reaction
of the diabetic kidney may serve as one of the signs of decompensation of the renal blood flow autoregulation by
tubuloglomerular feedback, which is an initiating factor for the dysfunction of the tubular apparatus of diabetic kidney.
Keywords: experimental diabetes mellitus; alloxan; ionoregulatory renal function

Introduction

Angiopathic complication of diabetes mellitus, diabetic
kidney disease, is accompanied by damage of renal vessels
in all parts of the nephron from glomerular capillaries and
tubules to arterioles and arteries of all calibers. Therefore,
it causes severe functional disorders including tubulopathies
with the disturbance of reabsorption and osmoregulation
processes, electrolyte disorders, and require a detailed study
in the dynamics of diabetic renopathy progression [1].

These are disorders of the tubular transport of electrolytes
affecting the processes of redistribution of tissue fluid, osmo-
regulation additionally leads to the changes in local hemo-
dynamics in the kidneys, deterioration of nephron function

and, subsequently, to structural changes in the kidney tissue,
development of tubulointerstitial disorders and progressive
impairment of kidney function [2, 3].

Therefore, the purpose of the research was to study the
peculiarities of ionoregulatory renal function in the dynamics
of alloxan-induced experimental diabetes mellitus (EDM).

Materials and methods

The experiments were carried out on 63 white non-li-
near mature male rats, 0.18—0.20 kg, kept under identical
standard vivarium conditions. EDM was simulated by the
intraperitoneal administration of alloxan monohydrate to
53 animals in diabetogenic dose of 160 mg/kg after the pre-
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ceding 12-hour deprivation of food with preserved access to
water ad libitum. Ten (group 1), 20 (group 2), 25 (group 3),
30 (group 4), 40 (group 5) and 45 days (group 6) after ad-
ministration of the diabetogenic substance, the animals with
EDM and 10 (intact) rats of the control group were with-
drawn from the experiment. All the animals were loaded
with water in the volume of 5 % of body weight, urine was
collected for 2 hours, euthanasia was performed by decapita-
tion under light ether anesthesia. The level of glucose in the
blood samples, collected at the moment of animals’ decapi-
tation, was determined considering only those with persistent
hyperglycemia, exceeding 7.0 mmol/L.

Further analysis of urine samples, as well as blood plas-
ma, enabled the assessment of the function of vascular-glo-
merular apparatus, proximal and distal tubular portions of
the nephron by clearance method [4, 5]. Plasma and urine
concentrations of sodium and potassium were detected
by flame photometry with following calculation (conside-
ring water-induced 2-hour dieresis, clearance of endoge-
nous creatinine and glomerular filtration rate) of excretory
electrolytes fractions, intensity of their filtration, absolute
and relative reabsorption, their proximal and distal tubular
transport (including standardized by glomerular filtrate (GF)
volume) [4, 5].

The data obtained were statistically processed with de-
termination of the mean value and standard errors. The
non-parametric Mann-Whitney rank test, provided by the
software Statistica for Windows, v. 8.0 was used to assess the
probability of difference between the studied groups [6].

The research was carried out in compliance with the pro-
visions of the EU Directive No. 609 (1986) and the Order of
the Ministry of Health of Ukraine No. 690 dated 09/23/2009
“On measures to further improve organizational norms for
work with the use of experimental animals”.

Results

Analysis of the parameters of the ionoregulatory renal
function in the dynamics of alloxan-induced experimental
diabetes demonstrated the intensification of natriuresis al-
ready at the early stages of EDM (Table 1). On the 11" day
of the experiment, the maximal urine loss of sodium was
observed for the entire duration of the experiment. The uri-
nary concentration of sodium ions in animals of this group
exceeded the control index by 5.9 times, sodium excretion
increased by 6.5 times, including standardized by GF (by
4.7 times), and the clearance of sodium ions in 11-day
EDM 7-fold increased as compared with the control level.
A significant increase in the filtration load of the nephron
with sodium ions in the 11-day EDM group (by 1.3 times as
compared with the control) caused an intensification of the
absolute tubular transport of the electrolyte mainly in the
initial segments of the nephrons. The proximal sodium trans-
port in alloxan-diabetic rats 1.4 times increased in compari-
son with the control accompanied by practically unchanged
distal transport of the cation. At the same time, a more de-
tailed analysis of the transtubular transport of sodium ions in
different sections of the renal tubules showed that scaled to
the unit of the working nephron, its proximal reabsorption
exceeded the control index by only 4.6 %, and standardized
distal sodium reabsorption 27.8 % decreased as compared

with the control level. A significant decline of relative sodium
reabsorption in rats with 11-day EDM caused a reduction (by
6.1 %) of plasma sodium content and was accompanied by an
almost 6-fold elevation of the sodium concentration index.

Meanwhile, a kaliuric reaction developed in rats with
11-day EDM as well: urine concentration of potassium ions
and its excretion increased significantly, 2.3 and 2.6 times
exceeding those of the control animals. The ratio coefficient
of sodium and potassium urine concentrations was found to
be 2.5 times higher than that of the control level.

Sodium urinary loss on the 21 day of the experiment, de-
spite a significant limitation in comparison with the level of
natriuresis at the earlier stages of alloxan-induced diabetes,
nevertheless, exceeded the control values. Sodium excretion
including that standardized by the volume of GF, by the 21*
day of the experiment decreased by 4.8 and 3 times, respec-
tively, accompanied by a significant reduction of sodium
urine level (by 2.2 times). However, the latter was found to
be 2.7 times higher than that of the control level, and sodium
excretion — absolute and standardized one — was 1.3 and 1.5
times higher, respectively.

Apparently, the mentioned sodium loss wasn’t caused by
filtration overload of nephrons, which was reliably reduced
(by 1.5 times) practically approaching to the control level
with a corresponding decline of the absolute sodium tubular
transport due to the proximal segment as well as due to distal
tubular transport. On the 21* day of the experiment the pro-
ximal sodium reabsorption 1.5 times decreased coinciding
with the level of control animals, and the distal transport of
the cation was significantly reduced as compared with corre-
sponding index of rats with 11-day alloxan diabetes as well as
control level — 2.2 times. Regardless the fact that the relative
sodium reabsorption increased significantly (by 0.13 %) to
the control values from the 11" to the 21 day of the experi-
ment, proximal and especially distal sodium reabsorption,
standardized to the unit of the working nephron, reduced
not only in comparison with the indices of the 11-day EDM
(by 4.9 and 33.9 %, respectively) but with the control values
(by 9.2 and 52.2 %, respectively) as well. Meanwhile, sodium
clearance 4.5 times decreased, remaining 55.6 % higher than
the control index. Due to the mentioned filtration-transport
disorders, the concentration of sodium ions in the blood con-
tinued decreasing to the critical limit (by 6.5 % compared to
the rate of rats with 11-day diabetes and by 12.2 % compared
to the control level). It resulted in the decline of concentra-
tion sodium index by 2.1 times from the 11™ to the 21% day of
the experiment that remained almost three (2.8) times higher
than the corresponding parameter of the control group.

The concentration of potassium ions in the urine of rats
with 21-day EDM practically did not change from the 11"
day of the experiment, while its excretion was found to be
twice decreased, exceeding the control by only 22.4 %. This,
in turn, almost brought the concentration coefficient of urine
sodium and potassium ions to the level controls.

The ionoregulatory function of the kidneys of rats with
26-day diabetes was characterized by a sharp decline of the
sodium urine excretion. The absolute sodium urine excre-
tion on the 26™ day of the experiment 1.3 times decreased as
compared to that index on the 21 day of diabetes, practically
reaching the control level. At the same time, cation excre-
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tion standardized by GF volume reached the lowest level for
the entire period of the experiment on the 26™ day after the
administration of diabetogenic substance, decreasing almost
six-fold in comparison to the index of 21-day diabetes and
by 3.8 times compared to the controls. The lowest sodium
urine concentration in rats with 26-day alloxan-induced
diabetes (6.4 times less than the corresponding index at the
early stages of EDM) balanced the concentration index of
sodium ions, bringing it closer to the control values. Howe-
ver, it did not lead to normalization of the content of sodium
ions in the blood plasma, which, although slightly increased
against the level of 21-day diabetes (by 6.6 %), but remained
11.4 % lower than the corresponding parameter of rats in the
control group.

It was noteworthy that sodium filtration charge exceeded
the control index by four times on the 26™ day of the experi-
ment, increasing by 4.7 times from the 21* day of alloxan
diabetes with a corresponding enhancement of the absolute
sodium tubular transport. The intensification of sodium tu-
bular transport was mainly related to its proximal reabsorp-
tion, which exceeded the control values by 4.4 times, raising
by 4.8 times from the 21 day of the experiment. Moreover,
the standardization of proximal tubular reabsorption by the
volume of GF also demonstrated a similar tendency: its in-
crease by 8.7 % from the 21* to the 26™ day after diabetes
induction brought the mentioned index closer to the control
level differing only by 6.6 % from the last one. At the same
time, a significant intensification of sodium distal transport
in the 26-day EDM (by 2.4 times as compared to the level
the previous period of the experiment), calculated per unit
of functioning nephron, revealed an opposite trend. A signi-
ficant reduction of this parameter (by 1.7 times as compared
to the level of rats with 21-day diabetes and by 3.9 times
as compared to the control level) was registered. The level
sodium relative reabsorption on the 26™ day after alloxan ad-
ministration turned out to be the highest for the entire period
of the experiment, and sodium clearance, although slightly
lowering concerning that index of 21-day alloxan-induced
diabetes (by 26.7 %), remained, however, 22.2 % higher than
the control parameter.

A sharp reduction of kaliuresis on the 26" day after the
induction of EDM (the concentration of potassium ions in
the urine of rats decreased by 28.8 % from the 21* day of
the experiment, exceeding the corresponding index of the
control group by 89.7 %) was accompanied by a significant
elevation of potassium excretion (by 1.8 times in comparison
to that in rats with 21-day diabetes and by 2.2 times as com-
pared to the control value). It resulted in the 2.3-fold decline
of the ratio coefficient of urine concentrations of sodium and
potassium concerning that on 21* day of the experiment and
twice-fold — against the control value.

Analysis of monovalent cations transport in different
segments of renal tubules on the 31* and 41* days of allo-
xan-induced diabetes revealed, mostly, unidirectional chan-
ges. Both 31- and 41-day diabetes were associated with the
significant intensification of absolute and standardized sodi-
um excretion in comparison with the corresponding values
on the 26™ day of the experiment (by 3.1 and 2.5 times as
for the absolute excretion and by 2.9 and 3.1 times as for
the standardized sodium excretion). It exceeded the level

of electrolyte excretion in control rats by 3.3 and 2.7 times,
respectively. However, remaining 24.6 and 19.7 % less than
the level of control as for the standardized by the volume
of GF sodium excretion. Meanwhile, the urinary sodium
concentration increased markedly — by 4.1 times on the 31*
day of the experiment and by 3.7 times in its 41-day duration.
Moreover, the plasma content of sodium ions also increased
significantly (by 33.3 % in the 31-day diabetes and by 8.8 %
on the 41 day of the experiment), improving the concen-
tration index of the cation by 3.0 and 3.3 times, respectively.

Mentioned changes developed against the background
of an increase in the filtration charge and absolute sodium
transport, which on the 31* day of EDM turned out to be the
highest throughout the entire experiment (5.3 times higher
than the index of control animals), 3.7-fold exceeding the
control parameter on the 41* day of diabetes. Meantime,
despite a significant elevation of relative sodium reabsorp-
tion in rats with 31-day diabetes, which developed due to a
significant intensification of its proximal and distal tubular
transport (5.6- and 1.2-fold more than the control parame-
ters, respectively), sodium clearance raised twice, exceeding
the control index by 2.8 times. A more detailed analysis of
the tubular sodium transport revealed a 34.0% increase of
the standardized equivalent of its proximal reabsorption,
exceeding the control parameter by 25.2 % with an almost
unchanged level of distal sodium transport, which, never-
theless, remained 4.3 times less than that of controls when
scaled to the unit of the working nephron.

Mentioned changes in transtubular sodium transport, al-
though expressed to a lesser extent, persisted until the 41 day
of the experiment: its proximal reabsorption only by 3.9 times
exceeded the control index, decreasing by 30.0 % from the
31* day of the experiment and practically not differing from
control level when standardized by the volume of GE. Distal
sodium transport in rats with 41-day EDM was 24.5 % higher
than the control level, although reducing by 27.5 % versus the
rate of 31-day diabetes. However, standardized by the volume
of GF its equivalent showed a tendency to decline after the
31* day of the experiment (by 14.3 %) and was the lowest
during the entire study period (5 times lower than the index
of control rats). At the same time, sodium clearance did not
differ from the corresponding parameter of rats with 31-day
EDM and exceeded the control index by 2.9 times.

The concentration of potassium ions in urine on the 31*
and 41* days of the experiment continued to decrease versus
the level of 26-day diabetes (by 26.5 and 6.7 %, respective-
ly). It was significantly higher than that of the control level
(by 20.5 and 76.9 %, correspondingly), accompanied by a
reduction of potassium excretion after the 26™ day of the
experiment (by 2.1 and 1.6 times until the 31* and 41* days
of diabetes, respectively) practically to the control level. At
the same time, the ratio coefficient of urine concentrations of
sodium and potassium significantly increased in both 31- and
41-day alloxan diabetes (was 3.2 and 2.2 times higher than
the control level, correspondingly).

Changes in the tubular transport of sodium and potas-
sium ions on the 46™ day of alloxan-induced EDM signifi-
cantly differed in features and severity from ionoregulatory
renal function disturbances in the earlier periods of the ex-
periment.
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Table 1. Characteristics of tubular transport of sodium and potassium ions in rats
with experimental diabetes under conditions of induced water diuresis (X = Sx)

Groups, humber of animals
i Controls, 11-day 21-day 26-day 31-day 41-day 46-day
n=10 EDM EDM EDM EDM EDM EDM
(group 1), | (group 2), | (group 3), | (group 4), | (group5), | (group 6),
n=10 n=9 n=28 n=10 n=8 n=8
1 2 3 4 5 6 7 8
2674021 | 242056 1':o4>iooé27
Uri , 0.65 + 0.07 orx s p < 0.001 :
rine concentration 419+016 1.94 £0.27 504 p < 0.001 <0.01 p; < 0.001
of sodium ions, 0.71£0.05 190 p < 0.001 p>". p, < 0.001 A p, < 0.05
mmol/L p<0.001 | o _0got | Pi<0.00f b, < 0.05 P> 0.7 0, 0.1
<P p, < 0.001 2 <Y p, < 0.001 s> U
p, < 0.001 Y p, < 0.01
P> 0. p, <0.05
7755106 | 6252197 | MR
Excreti 249030 | /°*1 p <0.01 p>0.
xcretion 1498 +1.12 3.12+0.53 0.8 p < 0.001 <0.01 p, < 0.001
of sodium ions, 2.32+0.21 0001 p>0.1 P 0.001 p, < 0.01 b < 005 p,>0.5
pmol per 2 hours p<0. p, < 0.001 P S 0 4 p, < 0.001 P < 0'01 p,>0.1
P, > 0. P, < 0.001 P o P, <0.05
P> 0. ps > 0.1
0dgsoe | 0402018 | OSOLEV
Standardized 0.16+003 | “*°xY p<0.05 p<?.

; 0.94 +0.21 p<0.05 p, < 0.001
excretion 0.61+0.06 2.86 + 0.33 502 p < 0.001 <0.001 p; < 0.001 <0.01
of sodium ions, R p < 0.001 p< 0.001 p; < 0.001 P <0.05 p, < 0.05 P <005
pmol/100 ml of GF P <. p, < 0.001 P <. p, < 0.05 Ps <.

p, < 0.001 04 p.> 0.1
Pe > P> 0.4
112.81 £ 2.03
12313 + 4.45
Plasma (19922300 | 118132140 | P07 2R05 100 4 P O
concentration 127.75 + 1 51 120.00 + 2.17 < 0.001 p < 0.001 P <0.001 p,>0.6 P 509
of sodium ions, I p <0.05 p<0 p, < 0.05 Pr<?. p, > 0.08 P, > 1.
mmol/L p,>0.07 p,>0.7 P, < 0.001 p, < 0.05 P> 09
2> - p, < 0.001 020,01 p, < 0.001
AR ps < 0.05
0.010 + 0.002
. 0.018 +0.001 | 0:020%0.005 | 5,7 o5
Concentration 0.006 = 0.001 p < 0.001
{ 0.017 +0.002 p < 0.001 p, < 0.001
index 0.0060 + 0.0004 0-035£0.002 1 ™7 5 504 p>07 D, < 0.001 P < 0.01 0, < 0.05
of sodium ions, ’ - p < 0.001 ’ p, < 0.001 1= p,=1.0 2
units Py < 0.001 < 0.001 P> 0.5 <0.01 P> 0.1
P, < ©. p, < 0.001 S p, <0.05
P> 0. p. < 0.05
136.16 = 13.00
206,06 + 30.63| 26261 2 19.57| 18394 13881 0 gt
Filtration fraction 67.09 +5.16 4533+ 7.77 <0001 p < 0.001 P <0.001 p, < 0.001
of sodium ions, 4973380 | >0 p>0.7 pe 0,001 p, < 0.001 b 0001 p, < 0.001
pmol/min p<b p, > 0.06 Pr<?. p, < 0.001 P <O p, > 0.09
p, < 0.001 0.2 ps>0.5 0.01
Ps> 0. p, < 0.01 Po<?.
¢ ps < 0.05
131.13 + 12.99
206,04 5 30.63| 26255 = 19.56 | 19389 £ 1367|701
Absolute tubular 66.96 517 4530+ 7.77 > 0‘001' p < 0.001 P < 0’ 001 p, < 0.001
transport of sodium | 49.72 + 3.80 5 <005 p>0.7 P <0.001 p; < 0.001 P <0.001 p, < 0.001
ions, ymol/min p<?. p, > 0.06 Py <?. p, < 0.001 P, <9 p,>0.09
p, < 0.001 02 p,>05 001
Ps > 0. p. < 0.01 Po<?
¢ ps < 0.05
99.98 + 0.01
99.980 + 0.003| 9997001 1 ™70 05
. 99.990 + 0.002 p>0.09
Relative 99.80 + 0.03 99.93 + 0.01 < 0.001 p<0.01 <0.001 p; < 0.001
reabsorption 99.960 +0.004| 7 p>0.1 o001 p, < 0.001 B 005 p,<0.01
of sodium ions, % p<?. p, < 0.01 P 0001 p, =0.001 Dy p, < 0.05
P, <. p, < 0.05 s 5 p.>07
P.=1. p.>0.8
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The end of the Table 1

1 2 3 4 5 6 7 8
0.036 + 0.009
0.022.4 0,00 | 0051 £0.007 0.052; 200121 " p<0.05
Clearance 0.126 + 0.012 0.028 +0.004 | ™ 503 p < 0.001 <0.01 p, < 0.001
of sodium ions, 0.018:0.002 | ™ 25 o1 p>0.08 pp< 0001 p, < 0.01 21 S 008 p,>0.7
ml per 2 hours ’ p; < 0.001 1p2 S '0_5 p, < 0.01 pi < 0:05 p,>0.2
P, < 0.001 510 p.>0.06
T ps>0.3
15.93 + 1.56
2176 +1.88
Proximal 5054091 | 2430367 | S1O8EEE2 10 g 001 vd
reabsorption 5554045 | 763063 | °F p < 0.001 b 0,001 p, < 0.001 b 0001
of sodium ions, 200 p<0.05 P> 507 p, < 0.001 P 0001 p, < 0.001 e .09
mmol per 2 hours P> 0. p, < 0.001 P <. p,>0.5 pa_ p
p,>0.2 D, <0.01 p, =0.001
5 <O P, < 0.05
403.25 + 35.20
311.02 + 14.23
428.81 +43.18 p>0.7
Distal transport 110,005 12,76 | 18901 + 3230|4287 £ 212017, 0 4 Pl D,>0.7
of sodium ions, 412.10 + 14.58 : 507 ’ p < 0.001 P S 0'4 p,>0.3 P < 0 05 p, < 0.01
pmol per 2 hours p>0. p, < 0.001 Py > 0. p, < 0.001 P, <. p,>0.5
p, < 0.001 505 p, < 0.01 508
Ps > 0. p, <0.05 P>
P, < 0.05
10.99 £ 0.22
Standardized (1092045 | 14862030 | 12130481 T g4
proximal 1133+003 | 1078029 oo p < 0.001 b o p,>0.2
reabsorption 1187£018 | 2005 p<0.05 S p, < 0.001 D s p,> 06
of sodium ions, p>0. p,>0.2 Py >05 p, < 0.001 P <0.05 p,>0.8
pmol/100 ml of GF P> 0. p, < 0.001 Bs 007 p, < 0.001
A ps < 0.05
0.29 +0.03
0.18 +0.02
Standardized distal oasso0s | 0232003 | 02120021 Ty gpor | P<O001
transport of sodium 0.90 + 0.04 0.65 +0.05 S < 6061 p < 0.001 P < 0'001 p, < 0.001 P N 0 06
ions, umol/100 ml UL p <0.01 P 005 p, < 0.001 B 01 p,<0.01 Y
of GF Py <. D, < 0.05 P <. p,>0.2 Ps > Y.
p,>0.7 0204 p.>0.05
4T ps < 0.05
11.81+1.85
18.13+2.06
Ui . 19442132 | 128021211 15 6001 p>08
rine concentration 2375 + 0.55 23.94 + 0.47 <0.001 p>0.1 5006 p, < 0.01
of potassium ions, | 10.25+0.42 0001 p < 0.001 P b.01 p, < 0.001 P 2007 p, < 0.01
mmol/L p<?. p,>06 Py <?. p, < 0.001 P, > 0. P, < 0.01
p, < 0.01 p,>0.3
p, < 0.01 0.2 0.0 p.>05
AR ps < 0.05
40.39 + 4.47
4714 +595
Excret 73912614 | 3903571 o007 p>0.4
xcretion 84.39 + 3.81 40.43 £ 6.55 <0.001 p>09 Z0.001 p, < 0.001
of potassium ions, 33.03+1.15 < 0.001 p>05 P 504 p; < 0.001 P '> 03 p,>0.7
pmol per 2 hours p<b p; < 0.001 Py > Y. p,>0.8 P> U. p, < 0.01
p, < 0.01 p, < 0.05
P, < 0.001 530 P> 8431
ps> 0.
Ratio coefficient 0207 + 0,003 | 0-15420.049 | 0113 0029
: 227 + 0. p>02
of urine 0.081 + 0.011 0.036 + 0.006 <0.001 p <0.05 >0.07
concentrations 0071 +0.007 | 0177 £0.009 | 7201 =5 p<0.01 P 6,08 p, <0.05 b s
of sodium DAL p < 0.001 P 0.001 p, < 0.001 P 0,001 p,> 0.1 P: 0.05
and potassium, Py <O p, < 0.01 P < 0'001 p, < 0.01 P, < 0'05
units Ps <. p, < 0.05 pF; "y
,> 0.

Notes: intergroup differences were assessed using the non-parametric Mann-Whitney test; probability of discre-
pancy of indices compared: p — to the control group; p, — to the group 1; p,— to the group 2; p,— to the group 3;
p,— to the group 4; p, — to the group 5.

Despite the limitation of sodium urine loss, which was
found to be markedly reduced as compared to the level of
41-day alloxan diabetes and, at the same time, still slightly
exceeding the control level the intensity of natremia conti-
nued to decrease after the 41 day of alloxan-induced EDM

(by 8.4 %). It remained 11.7 % less than control level, and
sodium concentration index, although twice-reduced versus
that index at the previous stage of alloxan-induced diabetes,
still remained 66.7 % higher than that of the controls. Both
absolute and standardized sodium excretion continued to
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reduce in the dynamics of alloxan diabetes, remaining 74.6
and 45.9 % higher than the values of animals of the control
group, respectively.

Filtration sodium fraction, as well as its absolute tubular
transport, on the 46™ day of EDM significantly differed from
those values of animals with 41-day diabetes (decreased by
26.0 and 28.7 %, respectively), exceeding the control level by
2.7 and 2.6 times. However, in the absence of reliable changes
in the relative sodium reabsorption after the 41 day of the
experiment, its more detailed analysis revealed further limi-
tation of the proximal sodium reabsorption, including that
standardized by volume of GF (by 26.8 and 9.4 %, corre-
spondingly). At the same time, the distal sodium transport in
the 46-day EDM was found to be enhanced in absolute rates
as well as standardized values as compared to its intensity on
the 41 day of the experiment (by 29.7 and 61.1 %, respec-
tively), however, not reaching the level of control animals.
The level of sodium clearance while decreasing concerning
that in 41-day diabetes, remained 2.1 times higher than the
corresponding index of control animals. Urinary potassium
excretion, its urine content and ratio coefficient of urine
concentrations of sodium and potassium on the 46" day after
induction of alloxan EDM continued to decrease versus the
level of 41-day diabetes, approaching the control values.

Discussion

The revealed increase of sodium urine excretion in EDM
of different duration results from both the hemodynamic-hy-
perperfusion nature of urination as well as local compensato-
ry-adaptive mechanisms of autoregulation of renal activity.
Thus, the intensification of urination and hyperfiltration,
noted above for the 11" day of the experiment [7, 8], cause
an augmentation of the filtration sodium load of the neph-
ron with sodium ions, during which the charge on tubulo-
cytes raises significantly due to the necessity of an enhanced
reabsorption of the components of an excessive volume of
ultrafiltrate [9, 10].

Overloading of the reabsorption transport systems in the
proximal tubules, expected to reabsorb from 2/3 to 3/4 of
filtrated fluid and equal amount of sodium [3], probably
causes the total cation loss found in the early period of EDM.
Scaled to the unit of the working nephron, the standardized
sodium excretion in the 11- and 21-day EDM also maximally
exceeds the control values, testifying to the structural integ-
rity of the proximal tubules.

Weakening of the glomerular-tubular balance causes
the flow of large volumes of hypernatrium intratubular fluid
from the proximal tubules to the loop of Henle and distal
segments of the nephron that is consequently expected to
result in the augmentation of distal sodium reabsorption by
tubular-tubular feedback mechanism. However, against the
background of significant enhancement of sodium reab-
sorption in both proximal and distal tubules, scaled to the
unit of the functioning nephron, it is found to be reduced,
mainly in the distal segments. Therefore, under conditions
of overload by the filtrate, despite the very strong reabsorp-
tion capabilities of the tubules for sodium ions, the proximal
sodium reabsorption by a single nephron is limited. In its
turn, it causes the maximal tension of the tubular-tubular
connection and the relative inability of the distal tubules

to provide the retention of those sodium ions that avoided
proximal tubular reabsorption. As a result, hyponatremia
develops. With preserved autoregulation of water-electrolyte
homeostasis, the development of hyponatremia should cause
sodium retention and, accordingly, reduce its excretion with
urine [3]. Hyponatremia, detected on the 46" day of EDM,
is accompanied, conversely, by an elevation of the urinary
sodium concentration, which creates the impression of sup-
pression of aldosterone-dependent regulatory mechanisms.
An augmentation of kaliuria under these conditions can serve
as a sign of decompensation of autoregulation of renal blood
flow by tubuloglomerular feedback, contributing to the fur-
ther progression of renal dysfunctions against the background
of diabetes.

Conclusions

Ionoregulatory function of the kidneys in rats with al-
loxan-induced experimental diabetes is characterized by
the intensification of natriuresis and kaliuresis at all stages
of the experiment. The increase in urinary sodium loss in
the early stages of alloxan-induced experimental diabetes is
primarily stipulated by glomerular hyperfiltration, followed
by an enhancement of filtration sodium load to the nephron.
The loss of proportionality between the filtered amount of
sodium and its proximal reabsorption causes a decrease in
the total reabsorption potential of the tubular segment of
the nephron in the dynamics of alloxan-induced experi-
mental diabetes. It is reflected primarily on the proximal
tubules, and subsequently induces a functional weakening of
the tubule-tubular connection and relative dysfunction of the
distal segment of the nephron with subsequent inhibition of
aldosterone-dependent regulatory mechanisms. The kaliuric
reaction of the diabetic kidney may serve as one of the signs
of decompensation of the renal blood flow autoregulation
by tubular-glomerular feedback, which is an initiating factor
for the dysfunction of the tubular apparatus of the diabetic
kidney.
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BYKOBUHCHKN AEPXKABHU MEANYHWU YHIBEPCUTET, M. YepHisLj, YkpaiHa

OCco6AUBOCTI iIOHOPETryAIOBAABHOT PYHKLIT HUPOK LLLYPIB Y AMHAMILi PO3BUTKY
€KCNEePUMEHTOABHOTIO LlYKPOBOrO Aiabety

Pe3wome. Memoro nocnigxeHHs 0yJ0 BUBYUTU OCOOIMBOCTI
i0HOpeTyIIoBaIbHOI (DYHKIIiT HUPOK LIYpiB Y AMHAMILli PO3BUTKY
AJIOKCaH-1HIyKOBAaHOTO EKCIIEPUMEHTATBbHOTO IIyKPOBOTO /1ia0eTy.
Mamepiaau ma memoou. J1ocnikeHHsI TIpoOBeIeHi Ha 63 cTaTteBo-
3piMX HEeJMHIHHUX caMIIIX OiUTMX LIypiB, Y 53 3 SIKMX BUKIUKAIA
eKCMEepUMEHTATbHUI LIyKpPOBUI [iabeT pi3HOI TPUBAJIOCTI LIISI-
XOM OJIHOPA30BOT'0 BHYTPIlIHBOOUEPEBUHHOTO BBEIEHHSI PO3UUHY
ajlokcaHy B 103i 160 Mr/kr Macu Tina, 10 iHTAKTHUX IypiB yBIATILTI
1o KoHTposbHOI Tpynu. Yepes 10, 20, 25, 30, 40 ta 45 ni6 micias
BBeJIEHHSI 1ia0eTOreHHOI peYOBMHU TBApMH BUBOAMJIU 3 €KCIIe-
puMeHTy. BuBueHHST eKCKpeTopHOi (hyHKIIT HUPOK 31idCHIOBAIN
KJIipeHC-MEeTOI0OM 3a YMOB BOJHOTO iHAYKOBaHOTO 2-TOAMHHO-
ro Jiype3y 3 BU3HAYEHHSIM KJIiPEHCY €HIOTEHHOIr0 KpeaTuHiHy,
LIBAAKOCTI KJITyOOUKOBOI (iNIbTpallii, KOHUEHTpallil iOHiB HATpito Ta
KaJlito B po0ax cevi Ta rjia3Mu KpoBi i HACTYITHUM PO3PaxyHKOM
TTOKA3HUKIB €KCKPEIlil eJIEKTPOITITiB, IHTEHCUBHOCTI X (bibTpaltii,
a0COJIIOTHOT Ta BiIHOCHOI peabcopO1lii, KOHLIEHTPALIifHOTO iH-
JIEKCY, TPOKCUMAJIBHOTO Ta AUCTAILHOTO HUPKOBOTO TPAHCIIOPTY
(y ToMy umciti B riepepaxyHky Ha 100 Mk KilyOOuKoBOTO (hiibTpa-
Ty). Pe3yabmamu. loHoperymoBaibHa GYHKIISI HIPOK Y LIYPiB 3
aJIOKCaH-iHIyKOBaHUM €KCIIEPUMEHTAJIbHUM J1iabeTOM XapaKTe-

pU3yeThCS iHTeHCUDIKalIi€ro HAaTpili- Ta Kajliiiype3y Ha BCiX CTamisIx
eKCIepruMeHTY. 301/IbIIIEHHS BTPAT iOHIB HATPIIO 3 KiHIIEBOIO CEYCIO
Ha paHHIX CTaisIX aIOKCaH-iHIyKOBAaHOTO €KCIIEPUMEHTAILHOTO
niaGeTy B mepliry uepry o0yMOBJIEHO KJIYOOUKOBOIO rinepdiibrpa-
LIi€10 3 HACTYITHUM 3POCTaHHSIM (ibTpallifHOTO HABAHTAXKEHHS
HedpoHa HaTpieM. Brparta nponopuiiitHOCTi MixX TPOdiTETPOBAHOIO
KIJIBKICTIO HATPilO Ta IOr0 MPOKCUMAJIBHOKO PeadcopOLIie€to BUKITU -
Ka€ 3MEHIIeHHS 3arajlbHOTO PeabcopOITiitHOTO MOTEHITiaTy KaHaTb-
1I€BOTO Bi/liTy HehpoHa B IMHAMILI PO3BUTKY aTOKCaH-iHIYKOBa-
HOTO eKCIepUMMeHTaIbHOTO AiadeTy. Lle B mepiry yepry Bizoopaxa-
€ThCSl HA MIPOKCUMAJIbHUX KAHAJIBLISIX, & B TOAATBIIOMY BUKITMKAE
(yHKITiOHaIbHE TTOCTA0EHHST CHJIM KaHAJIbIIEBO-KaHATbIIEBOTO
3B’SI3KY I BiIHOCHY AMC(YHKIIiI0 IMCTAIBHOTO Bidaiy HeppoHa
3 HACTYMTHUM MPUTHIYEHHSIM aJIbJOCTEPOH-3aJIEKHUX PETYISATOP-
HUX MeXaHi3MiB. Bucnoexu. KaniitypruuHa peakuist n1iaGeTH4HOIL
HUPKU MOXe OyTH OJTHI€I0 3 O3HAK JEKOMIICHCAllii aBTOPETYJISIIii
HMPKOBOTO KPOBOTOKY 32 MPUHIIMIIOM KaHAJbIIEBO-KITYOOUKOBOTO
3BOPOTHBOTO 3B’SI3KY, 1110 € iHillil0I0YUM (PaKTOpPOM AMCHYHKILIT
KaHaJIbLIEBOTO anapary Aia0eTUYHOI HUPKH.

KiouoBi c10Ba: excriepuMeHTaIbHMIA LIYKPOBMIA 1iabeT; ajno-
KCaH; ioHOpeTy/IoBaibHa (PYHKILiSI HIPOK
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OCoO6AUBOCTI LUPKOAAIOHHOT peryasuii
PO6OTU LLMTOMOAIOHOT 3AAO03U

Pestome. LupkagiaHHa pUTMi4HICTb — L@ aBTOHOMHUK nepiof po6oTu KIIiTWH opraHa, Lo KOHTPOTIETLCS CTa-
JIMMU MexaHi3amamu 3BOPOTHOIO 3B’AA3KY | crieyngidHummn reHamu. LLiutonogibHa 3ano3a, sk nepuepuydHmuvi opraH
EHOOKPUHHOI cnctemm JIIoanHN, MigrnopsiaKoBY€ETbCA 84EHOrINOQI3y W LUMLLKONOLIGHOMY Tiny. MenaTtoHiH, ik oguH
i3 rosoBHUX MegiaTopiB UMpKagiaHHOro BrsimBy Ha TKaHWHW, € 3arasibHOBIZOMUM CBOIMU MPOTUMYXIMHHUMU U
peryntoBanbHUMK BI/IMBaMU Ha HU3KY TKaHWH, NpoTe oro B3aeMO3B'I30K 3 FOPMOHIMPOAYKYHHOK aKTUBHICTIO
LynTONnO[IOHOI 3a103u focnigxeHni HegoctatHbo. MeToro po6oTu 6yno npoaHaniayBatu cy4acHi AaHi oo
umpkagiaHHoi perynayii po6oTu LUMTONO[IOHOI 321031 LUISIXOM AOCTIAXEeHHS] JOKa30BUX HayKOBUX ry6rikayivi 3
BIAKpUTMX 6a3 [JaHWX 3a OCTaHHI MATb PokiB. [iHeanounTy, Lo MPoAYKYHTe MEIATOHIH, MatoTb FOMEO3UCHI reHn
Otx2 i Crx, nesaktvBauisi SKMX NPU3BOAUTL [0 3HAYHOIO 3HVXKEHHS MPOAYKUII MenaToHiHy LUMLLIKONOZIGHUM TirlOM.
Kpim niHeanoynTiB, MesiaToHiH MOXe CUHTEe3yBaTUCh | aAeHOrINoI3-He3anexxHnmm napagosikyapHUMN KIliTUHamuy.
Briime menatoHiHy Ha TupeounTy 3abe3aneqyeTbCs 38’ a3yBaHHAM 3 peLiernitopamu MT1 i BIJIMBOM Ha eKCrpecito re-
HiB TnpeornobyniHy, PAX-8 i TTF-1 (NKX2-1). 3a ymoBu KOpOTKOro ¢hotonepiogy MenatoHiH npurHidye BUpo6IeHHs
TUPEOTPOIMHOIO rOPMOHY [3, IKWU, y CBOKO HYepry, Ai€ Ha TaHiynTy rinotanamyca, peryrnoryv banaHc geioguHasu
(Dio2/Dio3). Lle npuBoanTb [0 YiTKO HanaLLTOBaHOro CE30HHOIrO KOHTPOTO BUAINIEHHSI TUPEOIAHOro ropMOHY Tpu-
VIOATUPOHIHY. 3a yMOBU PO3BUTKY MATOMOMYHNX CTaHIB LUNTOMORIOHOI 3851031 CrIOCTEPIraeTbCsA MOPYLLEHHS po6oTH
Vi KOHTPOJTIO UMpKagiaHHNX PUTMIB, 30KpeMa 3HWKEHHS1 PIBHIB ME/IaTOHIHY i, BIAMOBIAHO, 3HWXXEHHS eKCrpecii reHis
Clock. BucHoBKW. LinpkagiaHHa peryrsvis po6oTy TupeouunTis BiAbyBaeTbCA Mif B/IMBOM MEJaToOHIHY, LLJO CEeKpeTy-
€TbCS MiHeasoynTamm Ta iHKom — napacbostikynspHUMKN KiituHamu. TUpeoTpOrnHWY FOPMOH CEKPETYETLCS 3 MEBHOK
LmpKagiaHHOK Nepiogn4HICTIO Nig BI/IMBOM aKTuBaLii XPOHOPUTMIYHMX reHiB. 3amicHa ropMoHasibHa Teparis Mmae
6y TV cKepoBaHa He TiflbKW Ha BiJHOBJIEHHSI PIBHIB riNogi3apHUX roOpMOHIB, arne Vi Ha MNoBEepHEHHS 6i0sI0r4HOro putmMy
BUAINEHHST TUPeoTPOINHOro ropMoHy. MenaToHiH BrimBae Ha ympkagiaHHy poboTy TUpeouunTiB, Lo [OBELEHO BU3Ha-
YeHHSIM eKcripecii reHiB xpoHoputmis Bmal-1, Dio2, TTF-1. [Npy TupeoigHivi natosnorii crnocTepiracTbCs nopyLUEHHs
umpKagiaHHUX PUTMIB, 3HVKEHHS PIBHIB MenaToHIHy Vi 3HKeHHs ekcripecii renis Clock.

Krno4yoBi cnoBa: xpoHoputMmu, umpKagiaHHa akTUBHICTb, LLUMLLIKOMNOAIGHE Tiflo; MenaToHIH,; TMPeoLmMTH; ropMo-
HasibHa cekpeyisi

Bctyn

OpraHi3mu ccaBlliB aJaNTyOThCs 10 3MiHU MOPU POKY
YU AHS i HOYi 3a TIOTIOMOTOI0 HEHPOSHIOKPUHHUX MeXa-
Hi3MiB, SIKi BUBHAUAIOThCS (POTOMEPIOANYHOIO CEKPELIiEI0
MenaToHiHy. LlupkagiaHHa pUTMIYHICTD SIBJISIE COO0IO aB-
TOHOMHUI1 Mepios poOOTH KIIITUHU, SIKUIT KOHTPOJIOEThCS
3aBISIKA MeXaHi3My 3BOPOTHOTIO 3B’S13Ky TPAaHCKPUIILIi Ta
TpaHCALIT crienn(ivyHUX TeHiB IUPKaaiaHHOTO TOAMHHUKA
(Clock) [1]. Y ccaBuiB LieHTpaJbHUI LIMPKadiaHHUI BOMilA
pUTMY, SIKMI pO3TalllOBAaHUI Yy Cymnpaxia3sMaTUIHOMY SIIpi

rirorajgamMyca, KOHTPOJIIOE IMPKaaiaHHI PUTMU POOOTH Tie-
pudepuyHux opratis [2]. [inogizapHo-11uTonoaioHa Bich
TaKoX TiepeOyBae€ TiJ KOHTPOJIEM LIEHTPaJIbHOTO TOIUH-
HuKa [3], mpoTe ocTaHHI JOCTIIXKEHHS TTOKA3YIOTh BILJIUB
mkoronioHoro tina (LLT) Ha akTUBHICTB Ta iHTEHCHUB-
HICTh TOPMOHCEKPETYI0UOi pOOOTH IMTOMOAIOHOI 3a1031
(II13) y mexkax 1i€i oci. BinblicTs ¢hyHIaMEHTaIbHUX POOIT
MMHYJIOTO CTOJITTSI TPUCBSTYCHI qociKeHHIo BruBy LT
Ha roHanu [4, 5], 110 B NepeBakHiil OiIbIIOCTI BUSIBUB-
csl TIpPUTHIYYBaJIbHUM, TOJi SIK 3B’s130K i3 LL[3 BuBuaBCs
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HEIOCTaTHhO. MeJlaTOHIH, SIK OOWH i3 OCHOBHUX ar¢HTIB
KOHTPOJTIO LIMPKaliaHHUX 3MiH Y TKAHUHAX OpraHi3my, Ipo-
nykyerbes T i mae npsamuii Brums Ha L3 [6, 7], mpore
MeXaHi3MU 1€l B3aEMOIi1 J0Ci TOCTiIKEeHI HETOCTaTHBO.

Metoro poboTH Oyj10 MpoaHaai3yBaTu CydyacHi maHi
11010 IMPKaiaHHOT peryJsiiii poOOTH IIUTOIOMIOHOT 3a710-
31 LUISIXOM AOCJIiIKEHHSI JOKA30BUX HAyKOBUX MyOTiKallii
3 BiIKpUTUX 0a3 JaHUX 3a OCTAaHHI ITSITh POKIB.

Pe3yAbTaTM TO OOrOBOPEHHS

Bimomo, 110 mmupKagaiaHHUT KOHTPOJIb peasi3yeThCs
TPaHCKPUILIiHO-TPaHCISALIIHHUMU MeXaHi3MaMu 3BOPOT-
HOTO 3B’SI3KYy. Y IeHHUI 4ac MPOOyKIIisl MUpKadiaHHOTO
nokoMoTtopHoro nukiay (CLOCK — circadian locomotor
production cycle kaput) i ¢pakTOpiB TPAaHCKPUIILIil SIEPHOTO
TpaHciokaTopa 1 (Bmal-1), moniGHoro no simepHoro TpaH-
cJIoKaTopa 2 MO3KY i M’s3iB, TeTepOIMMEpPU3YETHCS i 3B’ 51~
3y€eTbCs 3 eJieMeHTaMu TipomoTopa E-box mist KepyBaHHS
tpuBaiictio (Perl-3) i kpuntoxpomom (Cryl/2) ekcrpecii
reHa [8, 9]. Posnanu, y ToMy 4ncii iMyHOJIOTIUHI 3aXBOPIO-
BaHHsI, MOXYTb OYTH TMOB’SI3aHUMU 3 MOPYIIEHHSIM POOO-
™ 1MpKaaiaHHoro ronuHHuKa. LT cuHTe3ye MenaToHiH,
SIKU# 3B A3yeTbCsl 3 MeMOpaHHUMU petienitopamu MTT i
MT?2 kyiTuH i 6epe yJacTb Y KOHTPOJIi LIUPKadiaHHUX PUT-
MiB [10], a TaKOX IIMPOKO TOCTIIKYETHCS SIK MOTEHIIITHUI
TepaneBTUYHUM 3aci0 IJ1 KOpPEeKIlil aBTOIMyHHHUX 3aXBO-
pIOBaHb 3aBISIKM OTO iMYHOPETYJIITOPHOMY BIutuBy [11].

Po6ota 1113 3anexxuTh BiI POAYKILil THPEOTPOITHOTO TOp-
mony (TTT), axuii, y cBOIO 4epry, aKTUBYETHCSI TUPEOTPO-
niH-punizuHr-ropmorom (TPT) rinoranamyca. Brutu TTT
Ha 1113 cynmpoBOMXKY€ETHCSI aKTUBALIIEI0 HU3KY T€HiB, TAKUX
SIK CUMIIOPTEpP MOAMAY HATpilo, TUPEOiaHa TIepoKcuaasa i
tupeorio0yaiH [12]. TTT Takox KOHTPOJII0€ (DyHKIIIOHATbHY
akTuBHICTh (pakTopiB TpaHckpurilii PAX8, TTF1/NKx2.1
i TTF2/FoxE1, HeoOxinHux mis ekcrnpecii mux redis. TTT
KOHTPOJIIOE TPAHCKPUIILIiIO TeHa TUPEOrIO0YIiHy Ha T1a3-
MaJjieMi TUPEOLIUTIB Yepe3 B3aEMO/IiI0 3 HOro peLienTopom, a
HAM® i PAX8 € ocHOBHUMM (i3i0JIONYHUMU MeIiaTopaMu
JIaHol akTWBaLii. IcHyIOTh my0miKallii, SIKi MoKa3yioTh, 110
113 Takox npoaykye menatoHiH [13—15]. Cekpeuiss TTT
BiZIOYBA€ETHCSI 32 YMOBHU CTAJIOT0 BOJHO-COJILOBOTO TOMEOCTA3y
B OpraHi3Mi, apke BiloMO, 110 TOPYUIEHHS B CUCTEMI «aJie-
HOTINo(}i3 — MUTONOAIOHA 3a/103a» B eKCIIEPUMEHTAIbHIX
TBapUH 32 YMOBU TO3aKJITUHHOTO 3HEBOJHEHHSI MIPU3BO-
JSTh JI0 TiMOTHPeo3y [16] HaBITh MpU eKCIIEpUMEHTATBHOMY
JOCTiKeHHi TpuBaiticTio 60 mHiB. BioximiuHi it ysTpacoHO-
rpaiyHi 03HAKU TiMOTUPEO3Y, SIKi CYIPOBOIKYIOThCS 301J1b-
meHHsIM 00’emy i macu 1113 yepe3 komIieHCaTOpHMIA BILIAB
ajieHorinogisa, 1110 BiA3HAYEHi B eKCIIEPUMEHTAJIbHIl pOOOTI
Ha TBapuHax [16], y KIIiHiLll MOXYTh CJIYTyBaTh MapKepaMu
MiABUIIIEHOTO PU3MKY PO3BUTKY BY3JIOBOTO 300a B MAIIEHTIB
3 MOXKJIMBUM TicJgonepaliitHuM peurausBom [17].

R. Garcia-Marin i criiBaBT. JOBOISITH, 1110 MEJIATOHIH Ha
piBHi I3 y mypiB cuHTE3yeThCs TapadOTiKyIIPHUMM KJTi-
tuHaMmu. Peuenrropu menatoHiny MT1 npucyTHi y ¢osmiky-
napHaux KiituHax 113 [14]. biocunTes TpuitonTupoHiny (T,)
i Tupokcuny (T,) MiCTUTb JeKiJIbka OKMUCHUX peaKlliii, 110
KaTati3ytoTbes (DepMEHTHUM KOMILUIEKCOM, 3alpOIIOHOBA-
HUM SIK TUpoKcrucoMa. KoMIuiekc ooOMexkeHMI ariKaabHO0
MeMOpaHOI0 Ha MeXi MiKpOBOPCHMHOK i kosioiny. Ha cho-

TOIHi OyJI0 OImMcaHO 0araTo MexaHi3MiB KOHTPOJIIO i caMo-
30epexeHHs 113, i Oyi10 BCTaHOBIIEHO, 1110 iX AUcOalaHC €
BiAIOBigaabHMM 3a po3BUTOK marosorii 1113 [18]. OTxe, 3
OIJISIAY Ha 1i MOTY>KHi aHTUOKCUIAHTHI BJJACTUBOCTI i1 y KOH-
TEKCTi YHiKaTbHUX OKMCHIOBaIbHUX 1TOTpeO 1113 MenaToHiH,
110 ceKpeTyeThcsl C-KIIITUHAMU, MOXKe OyTH TTOCepeTHUKOM
aKTUBHOCTI (poJTikyIsspHUX KIiThH i pyHkii 113 3aramom.

3TiIHO 3 HEeIOJAaBHIMU JOCIIIKEHHIMM, TTiHEAJIOLNTH
€ UM HE ENMHUMM KJIITUHAMU, 1110 MalOTh FTOMEO3MCHI TeHU
IIJIsT KOMyBaHHSI (haKTOPiB TPaHCKPUIILIl, SIKi peTyJIiol0Th
npoiiecu po3BUTKY [19, 20]: Otx2 (OpTOAEHTUKYISIPHUIA
romeo3ucHuii rex 2) i Crx (KOHyC-CTpMKHEBUI TOMEO3UC-
HUIi reH), sKi 30epiraioThes i mocTHataibHO. Otx2 i Crx
MPUCYTHI BUKJTIOYHO B miHeasouuTtax LT, 1o npoaykyooTsh
MeJIaTOHIH. Y oMy ekcrniepuMeHTi [20, 21] 3a momomororo
TexHoJoril siRNA gochninxyBanuch KyJbTUBOBaHi MiHea o-
LIUTH IIYpPiB 3 iMiTaIli€l0 HIYHOTO MePioAy IUISIXOM J0aBaH-
HSI HOpaJIpeHaJliHy 10 KYJIBTYpaJIbHOTO cepeaoBuiia. byso
BUSIBJICHO, 1110 Ae3akTuBalist Otx2 3HUXYE piBHI eKcrpecii
¢epMeHTIB, SIKi OepyThb y4acTh y CUHTE3i MeJIaTOHIHY SIK Ha
PiBHi TPAHCKPHUIITY, TaK i Ha piBHi OinKka. [1omibHi pe3yabra-
™ Oy oTpuMaHi rmpu me3aktuBarii Crx [22]. OmHovyacHe
sauieHHsT Otx2 i Crx mpu3BesIo 0 1e OLIbIIOT0 3HIKEHHST
PiBHIiB TpaHCKPUMNTY i OijKa (hepMEHTIB, 1110 MPOAYKYIOTh
MeJIaATOHIH, a TAKOX 3HU3UJIO PiBEHb MEIATOHIHY, 1110 BU-
NISIETbCS B KYJBTYpaJibHE CEPEIOBUIIIE.

MenatoHiH, sskuit cuHTedyeThest LT, okpim nodpe Bi-
JIOMOI XpOHOOIOTMYHOI (PyHKIlii, 6epe yyacTb y MeXaHi3zMax
PeryJsiiii OKMCHOTO CTPECY, allONTO3y, MiTOXOHAPiaIbHOTO
roMeocTasy, Kackajgax OHKOCTaTUYHOI Ta iIMyHOMOYJIFOI0UOL
akTUBHOCTI KiiTuH [14]. Ha choromHi B JiTepaTypi € AaHi,
III0 BKA3yIOTh Ha 3B 30K MiX MEJIATOHIHOM i aKTMBHICTIO
I3 [7, 15, 23]. TToBimomiistiiocs Tpo aesiki epekTu mena-
TOHIHY B paMKax oci «rirmotaiamyc — rirmodiz — 1I3» [24].
OrnucaHo eKCIePUMEHT, y SIKOMY BiIOYJI0CSI 3HVKEHHST PiBHSI
LIMPKY/TI0I0UnX TopMOHiB 1113 micist BBeIeHHS MeIaTOHiHY, a
TaKOX JIOBEACHO 1IEHTPAIbHY POJIb MEJIaTOHIHY B KOHTPOJI
MOATUPOHIH-IeoAMHA3 i iX BIUIMB Ha CE30HHY PEepOIyK-
TUBHY (iziosorito [25]. [cHYIOTh naHi 111010 iHTiIOY04OI Iil
MeJIaTOHiHY Ha Tiposticpepallito KIITHH i cuHTe3 ropMoHiB 1113
1 3aXMCHOI Iii MeJIaTOHIHY ITPOTH OKMCHOTO MOIIKOMKEH-
Ha L3 [26]. IcHye HU3Ka MyOTiKaLii II0A0 JOCTiIKEHHST
BIUIMBY MeJIATOHIHY Ha CUHTE3 TUPEOITHNX TOPMOHIB THUpEe-
OLIMTAMM Ta iX 3arajJibHy CUHTETUYHY aKTUBHICTh [27, 28],
30KpeMa exkcrpecio cnenudiunux ms 113 renis: Tupeo-
rnoOyminy, PAX-81 TTF-1(NKX2-1) pasowm i3 BrutuBom TTT
Ha peryJsiiilo OCHOBHUX (DEPMEHTIB CUHTE3y MEJIaTOHIHY
(apankinamin-N-anetmirpancgepasa (AANAT), atetuice-
poTtoHiH-MeTuTpaHchepasza (ASMT), panille Bizoma K
rimpoxcu-inmon-o-metwi-Tpancdepaza (HIOMT)). OgHaxk,
HACKiJIbKY BiZIOMO, BiICYTHI MOCJiIKeHHSI, TIPOBEJeH] Ha
MOJIEKYJIIPHOMY PiBHi, 1110/10 BIUIMBY MeJIATOHiIHY Ha aKTUB-
HicTh HopMabHUX TUpeoluTiB L3 y ctaHi criokoro 3ay103u.

MenartoHiH 3B’s13yeThest 3 G-0i/10K-3B’SI3aHUMM peLieT-
topamu MT1 i MT2 y TyOepanbHiit yacTii Tirmorajgamyca i
cymnpaxiazmMatTuaHoMmy sapi [28]. [MorepenHbo 3a3HaYeHUIA
peuentop MT1 Mae minBullieHy CIOPiTHEHICTh 3 MEIaTOHi-
HoM [30], i 3B’s13yBaHHS 3 HUM IIPU3BOIUTH IO IIPUTHIYEHHST
aKTUBAallil HEPOHIB CyIpaxia3MaTUYHOTO siApa (Peryssitopa
HMpKagiaHHUX pUTMiB). JIOBruii mik cekpelilii MeJaToOHiHY

Tom 19, N2 2, 2023

www.mif-ua.com, https://iej.zaslavsky.com.ua 51


http://www.mif-ua.com
https://iej.zaslavsky.com.ua

OrAsp Aitepatypm / Literature Review

[ d ]

332 YMOBU KOPOTKOI0 (hOTOIEPiony MPUTHIUYE €KCIIPECiIo
B-cyoommnauti rera TTT y TybepanbHiid yacTii rinodisa,
TOMY CUTHaJIbHA (DYHKIIisI MeJIaTOHIHY pO3IIM(MPOBYETHCS Y
doronepioguuHi 3mMiHuU 1uisixoM BupooieHHst TTT [21]. TTT,
y CBOIO Yepry, 3B’13YEThCS 3 PELIENTOPAMU, PO3TALLIOBAHUMU
Ha TaHiMTax (crienndiyHuX TTiaTbHUX KITTHHAX), 1110 BUCTH -
JIAl0Th 6a3aJIbHY YaCTUHY TPEThOTO LIUTYHOUYKA, BUKJIUKAIOYU
HiIBUIIEHHS PiBHS AeitonmnHaszu 2 (Dio2) i 3HIKeHHS eKc-
npecii reHa aeiioguHasu 3 (Dio3). Ockinbku Dio2 KoHBep-
Tye T4 y GioakTuBHuii T;, a Dio3 inaktuBye T;, BUK/IMKaHe
menatoHiHoMm TTT mepemukanHst B Dio2/Dio3 crippuuHsie
MiABUILIEHHS PiBHA iHTparinorajiaMiyHoro T, 3a yMOBHU J10B-
roro ¢otorepiony [30]. Lisg ¢oTonepionnuHa 3MiHa CUTHAILY
TTI/T, € K11040BOIO /IS CE30HHOT CUHXPOHi3allii, a TAKOX
KOHTPOJIIO MacH Tijia i Temmieparypu [21]. IcHye gocmimkeH-
Hs1 podi peuenropiB MenaroHiHy MT1 i MT2 y moayssiiii
rinogizapHO-TUPEOinHOI (PYHKIIii B eKCIIEPUMEHTATbHUX MU~
1Ie# 3 iHIYKOBaHUM TIPOIIITIOYpaLIIOM TiloTrpeo3oM [28].
JlikyBaHHST MeJIaTOHIHOM Y TpYITi MUILIEH 3 TiMOTUPEO30M
CMPUYMHUIIO TIPOTUJIEXKHI 1110JI0 3aCTOCYBAHHS MPOTITIO-
ypauuiy 3miHu [29] B piBHsX uupkymowouux T,, T, i TTT;
CIOCTEepPiTrazoch MiIBUIIEHHS piBHs Oika penentopa TTT y
TUPEOLIMTAX, aKTUBAlLil eKcripecii 0ikiB M T2 peuenTopiB siK
y kmituHax 113, rak iy HIT, i MT1 peuenropa y T,

MenaToHiH BrummBa€e Ha (i3ioI0TiuHi IPOLIECU SIK pe-
LIENITOP-0MOCEePENKOBAHUM LJIIXOM, TaK i pelenTop-He-
onocepenkoBanuM [28]. Helipo3axucHa pyHKIIisI MeIaTo-
HiHy 0a3y€eTbCsl HAa TOro CTUMYJIIOIOUiii aKTUBHOCTI 1100
rayratioHnepokcunasu [31], ska ciayrye aHTUOKCUIAHT-
HUM (epMeHTOM rosioBHOro Mo3ky. Ockinbku LT otpu-
Mye€ iH(opMallito 111010 OCBITJIEHHS 3 CITKiBKM OKa, TaH-
IIiOHAPHI KIIITUHU MIiCTATh MEJIaHOIICUH (IO KOIXYEThCS
reHoM OPN4), sikuii, y CBOIO Uepry, peryjto€ CUrHaJIbHUMI
UISIX 1711 cekpeltii MenmatoHiHy. LT takoxk cekpeTye mpo-
CcTarJIaHIMHU MPU CTUMYJISILIT HOperniHe(pUHY uepes3 ajlb-
(a-agpeHepriyHi pelenTopy Ta IiIBUIIEHY aKTUBHICTh
BHYTPIIlTHbOKJIITUHHOI afeHWIaTuKiIa3u. [Ipocrarnan-
JUHY BUCTYIIAIOTh y poJi (hacuiliTaToOpiB CeKpellii MeaaTo-
Hiny. [IporunyxnuHHa nis menatoHiny [32] acouiifoBaHa
3 1Oro BIJIMBOM Ha CYAMHHUI eHAOTeialbHUi (pakTop
pocty (VEGF), akTuBaii€io aromnro3y i IpurHideHHsIM Mi-
To3y (uepe3 BrMB Ha Bcl-2 i Notchl) y majirdizoBaHux
KJIiTHHAX. AHTMOKCHIAHTHA [isI MeJIaTOHIHY ITOKa3aHa B
eKcrepuMeHTi 3 TKaHuHoto 113 excriepuMeHTaIbHUX TBa-
puH [33]. OKcuaaTMBHUI CTpeC TKaHWH OyB 3MOAEIbOBa-
HU# 1UISIXOM BBEIEHHSI BUCOKUX KOHIEHTpalliil ionary
KaJlito, SKUK CIIpUUYMHSB MePeKUCHE OKMCHEHHS JIiiIiB.
JlikxyBaHHS MeJIaTOHIHOM IT0Ka3aj10 e(heKTUBHI pe3yIbTaTu
sk y knituHax I3, tak i B iHImMx TkaHuHaX. HalicuibHi-
MM 3aXUCHUM eeKT MeJaTOHIHY CIIOCcTepiraBcs caMe B
1113, ToMy aBTOpU ITOXOIATH BUCHOBKY, 110 1113 crmbHimme
pearye Ha aHTMOKCHUIAHTHY JIil0 MeJIaTOHiHY. 3aBIsSIKU OC-
TaHHIM IOCTIIXKXEHHSIM OYyJI0 3aTIepeuyeHO CTUMYJTIOIOUY Jit0
MenaToHiHy mono I3 B yMoBax BUKOHAHHSI MOPOTOBUX
¢isnuHnx HaBaHTaxXeHb [34]. [IpoBeneHMiT eKCIIEpUMEHT
Ha CTyJeHTax-aTJIeTaX He TT0Ka3aB 3B’SI3KY MiX BBEICHHSIM
menatoHiny i nmigsuuieHHsm T, 1 T;. TTT nmiguurysaBcs
PIBHOCUJIBHO B IPYIIi CTYIEHTIB i3 MOIEpeaHbO BBEACHUM
MEJIaTOHIHOM i B TPyIi 3 BUKOPUCTAHHSM ILJIale00 Mics
BUKOHaHHS (hi3MUHUX BMpPaB.

CyuacHi nyO0iikamnii cBimgats [33, 35], mo 3a ymMmoBH
KOPOTKOTpUBaoro ororepioay MeaaToHiH iHriOye BU-
poonenns TTI-B, skuit, y cBOIO uepry, i€ Ha KJIiTUHU
eNeHIUMHU — TaHIIUTH TiloTajamMyca, peTyJIioloun bajJaHC
neiionuHasu. Lle mpuBOAUTH A0 YiTKO HAJIAIITOBAHOIO Ce-
30HHOTO KOHTPOJIIO BUAUIEHHS iHTpATriloTajlaMiqvHOTO TH-
peoinHoro ropmony T, [21]. [loBeaeHo, 1110 HiUHi BBEIEHHS
MEJIATOHIHY €KCIIepUMEHTAIbHUM MUIIaM 3 1eiluToM
MeJIaTOHIHY IMiTyIOTh (poTOIepioanyYHi Bapiallii ekcrpecii
reiB Tshb, Dio2 i 3 i Rfrp, sik 11e crmocrepiraioch y ccaBlliB
3 HOpMaJIbHUM BUPOOJIEHHSIM MeJIaTOHiIHY. Y pe3ysbrari
BUCYHYTO T€OPIil0, 3riIHO 3 IKOIO KEPOBAaHUI MEJIaTOHiHOM
curHai T, perymoe Heiiponn RFRP-3 yepes nozaneiiponHi,
MOXJIMBO TaHILIUTAPHI, PELIENTOPU JO TUPEOITHUX TOPMO-
HiB a. Takox mociigkeHo uupKaaiaHHy QYHKIIOHAIbHY
pPOJIb TYYHUX KJIITUH, MEJIATOHiIHY i TicTaMiHy ITPU MacTo-
LIMT-3aJIEKHUX 3aMaJIbHUX 3aXBOPIOBAaHHSX [36].

€ JaHi m0a0 3MiHM KiJIBKOCTI i1 aKTUBHOCTiI MacTOIIV-
TiB ITiJl BIUIMBOM LIMPKaJdiaHHUX PUTMiB IIPU peryJIsiii aKk-
TUBHOCTI Bulle3azHaueHux reHiB Clock, Bmal-1, Perl/2.
PesynbpraTu mociiakeHHs, MPOBEAEHOTO Ha Malli€HTaxX 3
€runry 3 giarHoCTOBaHUM THUpeoinuToM XamumoTo [10],
MoKa3aJly HU3bKi PiBHI MeJIaTOHIHY pa3oM i3 KJIaCUYHOIO
KapTUHOIO TOPMOHAJIBHOIO N1cOaJaHCy B MAIli€HTIB 3 MHi-
arHoCTOBaHUM THpeoinuToM. OKpiM GioXiMiuHOTO Mokas-
HUKa, 0yJ10 BU3HaYeHO rinodyHkitito reHiB Bmal-1, Per-2 i
TNF-a. Otxe, aBTOpU AT BUCHOBKY TPO 3B’SI30K MiX
XPOHIYHUM THUPEOIIUTOM i MOPYIIEHHIM LYPKaaiaHHOTO
PUTMY B MAIli€HTIB, 110 MiATBEPIXKYBATOCH 3HUKEHHSIM
eKCIpecii KIIIOYOBUX T€HIB XPOHOPETYJISIII.

Posyminng Bzaemo3s’sa3ky LT i I3 y mepury yep-
ry 6a3yerbcsi Ha (hyHIaMEHTaJbHUX POOOTAX MUHYJIOTO
crojirrs [27, 37]. ExcniepuMmenT 3 ekctupnaniero T y
HOBOHAPOMXKEHMX IIypPiB [5] ITOKAa3aB BIIUB Ha PO3BUTOK
Jle30praHizaliiiHuX rnpoueciB Mopdosorii Tumyca, a came
3JI05IKiCHOTO TIEPETBOPEHHSI €ITiTe TiaIbHUX i CIIOJTyYHOTKA-
HUHHUX €JIEMEHTIB, 30i7IbIIEHHS YACTKY CITOJTYYHOI TKaHU -
Hu y HI3. @onikynspHi kiitnHu 113 MicTuiamn Kpucraio-
TMOAiIOHI TiNBIIS 11 BE3UKYJH, TOAI SIK 'y mapadoiKyasipHUX
KJIiITUHAX eHA0IIa3MaTUUYHUIA PETUKYJIYM 30i1bIIyBaBCs
3 MIOSIBOIO CBITJIMX TpaHyI-BKIIOUEHb Y IUTOILIa3Mi [5].
[HIIIe TOCTIKEHHST 3 TOBTOCTPOKOBHMM CITOCTEPEXKEHHSIM 3a
tBapuHaMu micisa BuganeHHs LT BusBuio rinepTpodiuHi
i rinepriacTuyHi 3MiHK y dosikynax L3 3 konoigHO©O
pe3opO1liero Ha APYrUit Micsub micias BuaaiaeHHs [38]. dari
B KiitnHax L3 BinOyBanuce nojimopdHi 3MiHU, SIKi B €KC-
MEePUMEHTI MiUISIraii 000POTHOMY PO3BUTKY MPU BBEACHHI
iomy. OkpiMm Toro, BBemeHHs ekcTpakTiB LT mporumisio
BBy TTI Ha IIBUIKICTE OCHOBHOTO METabO0JIi3My.

DyHnaMmeHTanbHe H0CHimKeHHs 1978 poky BU3HAYaI0
ocobsmmBocTi BruuBy TTT, T, 1 T, Ha ocHOBHMI1 Ta iHAyKOBa-
HUII HOpaIpeHaaiHOM MeTa0oJ1i3M iHI0IeaMiHy Ha KyJbTypi
1rypiB [27]. OcHOBOI0O MOJIEJIi CIyTyBajao CIIOCTePEKEHHS
1I0/I0 YTBOPEHHS MEJIATOHIHY 3 IOro NornepeIHuKa — ami-
Hokucinotu Tpuntodany. [Ipu nonaBaHHi 10 KyIbTypaTbHO-
IO CEpPEeIOBUIIIA OKPeMO ab0 B MPUCYTHOCTI HOpaapeHaTiHy
TTI y no3ax 5 i 20 MOn He YMHUB CYTTEBOTO BILUIMBY Ha
MeTabotizm Tpurnrodany enidiza, npore T, y 103i 2,5 MKT
ITiIBUIIYBaB KOHIIEHTpAllil0 MeJIaTOHiHY, a B IPUCYTHOCTI
HOpaJapeHalliHy TAKOX iHIYKyBaB 30i1bleHHsT N-aleTuice-
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poTtoHiHy. [opmon T, mpu BBeieHHi HU3bKOI 103U MeJIaTOHi-
HY IiABUIIYBaB IOro KOHLIEHTPALLit0, TOMAi SIK MiABUILEHHS
031 BUKJIMKAJIO 3HAYHE MiABUIIEHHS KOHIIEHTpaLIil BCiX
npociimkyBanux iHgonamiHiB LT, OctanHsg no3a Ts Takox
nocuoBaia NAS, cTuMmynboBaHy HopaapeHaniHoM. OTxe,
OTpUMaHi pe3yIbTaTh CBiTYMIN TIPO TIPSIMUIL TTO3UTUBHUM
3BOpOTHUI 3B’130K Mix II[3 i [T

BaxxBy cTUMyTIOI04Y i1 CHHXPOHI3YIOUY POJIb Y TOPMO-
HaJIbHUX CEKpeLIisiX oci «rinmoranamyc — rimogiz — LI3» Bi-
NirparoTh CBITJIOBI MOAPA3HUKM, SIKi HAAXOISTH Bill CITKiBKU
6e3nocepenHbo 10 SCN-Clock uepe3 peTuHOTrImoTaaMiv-
HuUil TpakT [23, 35]. 3 iHI1IOr0 GOKY, CBIT/IOBI MOAPa3HUKU
nocsraiors LT i mpurHivyioTs cekpeliro MeaaToHiHy. [1o-
Ka3aHo, 1110 MeJaTOHiH MOXe BifirpaBaTy rajJbMiBHY POJib
y cekpelrii oci «rinotanmamyc — rimodiz — I 3» [39]. [xmi
TOCJIIXKEHHS MOKa3yloTh, 1o BuaiieHHs TTI BimOyBaeTh-
cs 32 MyJIbCYIOUUM, YIbTPaJiaHHUM TUIIOM MiJl BIUIMBOM
piBHIB LIMPKY/0t0urX ropMoHiB 1113 i HATHUPKOBUX 3aJ103
[1]. [ToHM>XXEeHHST KpMBU3HU MyJbcytodoro BuaiieHHss TTT
criocTepiraiau T 4yac rojiogyBaHHs. Y ccaBlliB (peHOTU-
MoBa BapiaTMBHICTb BUHMKAE MpeHaTaIbHO i1 MOB’sg3aHa
3 XapakKTepoM (POTOIEepioOAUYHOIO BIUIMBY MaTepi ITil Jyac
BariTHOCTI. MaTepuHCBHKUIA (DOTOIIEPio ITPOTrpaMyeE TilmoTa-
namiyHmii ctatyc 1113 HamankiB yepes TpaHCIIAlLlEeHTapHY
KOMYHIKaIIilo 3a JOIIOMOTOI0 MeJIaTOHiIHY, 00YMOBIIIOIOUM
0COOJIMBOCTI XpOHOOpPraHi3allii aiTeit y>ke 3 MOMEHTY Ha-
pomxkeHHs |35, 40]. ABTopu maHoi poOOTH TaKOXK BHU3HA-
YWIM 0COOJMBOCTI LMpKagiaHHUX puTMiB cexpeuii TTI 3
PiYHUM TIIKOBUM TIPUPOCTOM Y IpyaHi, Tofdi sk T, 1 T, He
MoKa3ajiu nmarepHy LpKagaiaHHoro putmy. [atieHTH 3 1ieH-
TpaJbHUM TilIOTUPE030M, OCOOJIMBO SIKIIO BiH BUKIMKAHUI
nediuurom TPI, neMoHcTpytoTh MopyiieHHs [23] abo Bin-
CYTHICTb LIUpKagiaHHOro putmy cekpenii TTT.

BucHoBKMU

1. LupxanmiaHHa peryJsiisi poOOTH TUPEOLIUTIB BigOy-
BA€ETHCS TTiJ] BIUTMBOM MEJIATOHIHY, 1110 CEKPETYETHCS TiHe-
aJJoLMTaMM Ta iHKOJIM — TapadoIiKyIIpHUMU KIIITUHAMMU.

2. TupeoTpOITHUIT TOPMOH CEKPETYETHCS 3 TIEBHOIO
HUpPKaaiaHHOIO MepPioAUYHICTIO IMiJ BIJIMBOM aKTHUBallil
XPOHOPUTMIYHUX TeHiB. 3aMiCHa TOpMOHAaJIbHA Teparlis
Mae OyTH CKepoBaHa He TUTbKW Ha BiIHOBJIEHHS PiBHIB Ti-
nodizapHUX TOPMOHIB, aJie i1 Ha TOBEpHEHHS 0i0JIOTiYHOTO
putMy BunineHHst TTT.

3. MenaToHiH BIJIMBA€E Ha LIMPKaJiaHHY pOOOTY TUPEO-
LIUTIB, 1110 TOBEJCHO BU3ZHAYEHHSIM €KCIIPecii TeHiB XpOHO-
purmiB Bmal-1, Dio2, TTF-1.

4. Ilpu maromorisx 1113 crmocTepira€Tbes mMOpyLIeHHS
UpKaTiaHHUX PUTMIB, 3HVZKEHHS PiBHIB MEJIaTOHIHY i 3HU-
KeHHs ekcrpecii reHiB Clock.

5. XpoHniuHi 3axBoptoBaHHs 1113, 1110 CynTpoBOIXKYIOTh-
cs1 00’eKTUBHMMM O3HaKaMu nopyieHHs: podotu LT, ma-
I0Th MiABUILIEHWI PU3UK PELIUAUBY i YCKIIATHEHb.

KondumikT inTepeciB. ABTOpH 3as1BJISIIOTH MPO BiJICYTHICTD
KOHGITIKTY iHTepeciB i B1acHOI (hiHaHCOBOI 3al1iKaBJEHOCTI
MpU IMiArOTOBIIi 1aHOI CTAaTTi.

Incdopmanist npo BHecoK Ko:kHOTO aBTopa. boiuyk T.M. —
KOHIIETIS i IU3aiiH TOCTiMKEeHHs, HalucaHHs TeKcTy; [lo-
noea 1.C. — 30MpaHHs i aHaJIi3 MaTepiasliB, HAaITMCaHHS TEKCTY.
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Peculiarities of circadian regulation
of the thyroid gland

Abstract. Circadian rhythmicity is an autonomous period of or-
gan cells’ functioning that is controlled by feedback mechanisms
and specific genes. The thyroid gland, as a peripheral organ of the
endocrine system, is subordinate to the adenohypophysis and pi-
neal gland. Melatonin, as one of the main mediators of circadian
influence, is well known for its antitumor and regulatory effects on a
number of tissues, but its relationship with the hormone-producing
activity of the thyroid gland has not been sufficiently studied. The
purpose of the work was to analyze the current data on circadian
regulation of the thyroid gland by examining evidence-based sci-
entific publications from open databases over the past five years.
Melatonin-producing pineal cells possess the homeotic genes Otx2
and Crx whose deactivation leads to a significant decrease in mel-
atonin production by the pineal gland. In addition to pineal cells,
melatonin can be synthesized by adenohypophysis-independent
parafollicular cells. The effect of melatonin on thyrocytes is pro-
vided by binding to MT1 receptors and affecting the expression of
thyroglobulin, RX-8, and TTF-1 (NKX2-1) genes. Under con-

ditions of short photoperiod, melatonin inhibits the production
of thyroid-stimulating hormone (TSH) B, which, in turn, acts on
hypothalamic tanycytes by regulating the balance of deiodinase
(Dio2/Dio3). This leads to a well-regulated seasonal control of the
release of the thyroid hormone triiodothyronine. Conclusions. Cir-
cadian regulation of thyrocyte activity occurs under the influence
of melatonin, which is secreted by pinealocytes and sometimes by
parafollicular cells. TSH is secreted with a certain circadian pe-
riodicity under the influence of the activation of chronorhythmic
genes. Hormone replacement therapy should be aimed not only at
restoring the levels of pituitary hormones, but also at restoring the
biological rhythm of TSH secretion. Melatonin affects the circadian
work of thyrocytes, which is proven by determining the expression of
the chronorhythm genes Bmal-1, Dio2, TTF-1. In thyroid patholo-
gy, there is a violation of circadian rhythms, a decrease in melatonin
levels, and a decrease in the expression of Clock genes.

Keywords: chronorhythms; circadian activity; pineal body; mela-
tonin; thyrocytes; hormonal secretion
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CemeHtok N\.M., lNaHekiB B.1., YepHyxa A.B., KO3BeHKo T.KO.
YKo QiHChKUV HQYKOBO-MPAKTUYHWN LIEHTD EHAOKDOUHHOI XipYyPrii, TOQHCIAQHTALT @HAOKPWHHWX OPIraHIB | TKAHWH
MQO3 Ykpainu, m. Kunis, YkpaiHa

MiAAITKOBO MEHCTPYAAbBHO AUCOHYHKLIS
9K MApPKep MANUOYTHIX PO3ACAIB CEKCYOAbHOIO
TO PEenNPOAYKTUBHOIO 3A0POB’ 9 XXIHOK

Peswome. Orisg nitepatypum npuceBsideHnsi CTaHy 340PO0B’S XIHOK paHHbOro pernpoayKTUBHOIMO BiKy. Lle nos’s-
3aHO i3 CrifIbHUMU YUHHUKaMU ¢hopMyBaHHS, SIKi BUHUKaKOTb y Mig/IITKOBOMY Bili, & K/iHIYHO MPOSIBIISIIOTLCS B
penpogyKkTnBHoMy. Poananu (hyHKLIOHYBaHHS PenpoayKTUBHOI cuctemm y nybeptaTtHoMYy Bili 4HacTo npu3BoasiTe
[0 6e3nnigas, akyLuepCbKux yCKnagHeHb Ta nepuHatasabHuX BTpar. YwHHUKOM natoreHe3y pyHKLUIOHasIbHOI
ameropei npu BTpaTi Macy Tina e rpesniH. Mloro KoHUeHTpaL|is Mae HeraTBHWI KopenauiiHui 38’830k Mix IMT Ta
PIBHSIMY @HAPOIreHIB y XIHOHOMY opraHiami. HaamipHi ¢isnyqHi HaBaHTa)XXeHHS € OAHIEO 3 MPUYMH QOYHKLIOHa/IbHOI
ameHopei, agxe npwv Yivi natonorii QikcyroTbCsa NigBULLEHI piBHI B-eHAOPIHY Ta rpeniHy, a TakoX Haa3BuHaniHo
HU3bKi KOHUEHTpauil nentuHy. [JocnigXeHHs OCTaHHIX POKIB MPOAEMOHCTPYBA/IN 3HAHYEHHS MPUXOBAHNX FEHETUYHUX
pernpoRyKTUBHUX MOSTIIMOPI3MIB Y XIHOK i3 BULLIEO3HAYEHUMUN YUHHUKaMN PUUKY aMeHopei LLjofo ManbyTHbO-
o nopyLUeHHs1 epTUIIbHOCTI B UnX XIHOK. Came TOMY XIiHK1 6e3 reHeTU4HMUX noniMopeiamiB ricsisi yCyHeHHs
Br/INBY YNHHUKIB PU3UKY 30aTHI 4O BiHOBJIEHHSI IK MEHCTPYaslbHOI, TaK i pernpoRyKTnBHOI eoyHKUii. OgHak y
nayieHTiB 3 [ESKUMU TUNamMu reHeTUYHUX MyTauivi aMeHopesi 36epiracTbCsl, He3Baxaro4n Ha Hopmarsisawjito macu
Tifa, 3HUKHEHHS1 CTPECY Ta/ab0 3MEHLLEHHS (Di3NYHUX HaBaHTaXeHb 3a YMOB BiliHM Big3HA4aeTbCsl 3POCTaHHS
4YacToTu rinotanamidHux aNCyHKLIA y XIHOK aKkTUBHOIO PerpoayKTUBHOIO BIKY i3 3HVXKEHHSIM Macu Tina Ha Tiii
cTpecy, TpaBM rosioBu, L0 Hagae rnpobremi Hag3Bn4ariHoOi rocTpoTy Ta akTyasbHOCTI. [puknagom KiiHiHHOro
rposiBy (PyHKLIOHa/IbHOI FOHa40TPONMHOI HEAOCTATHOCTI € MOPYLLEHHS MEHCTPYaslbHOro UNKIy 3 (hOpMyBaHHAM y
35 % Bunagakis BTOpUHHOI ameHopei. BUKimkaHa CTpecoMm («rcuxXoreHHa») aMeHopesi — oAHa 3 HavinoLLMPEHILLINX
rpu4nH QOyHKLIOHaIbHOI FOHa40TPOMNHOI HegocTaTHoCTi. MeHCTpyasibHa Ta cekcyasibHa XiHova aUCyHKLis — Le
b6aratohakTopHui po3anan, aKkuui rnoripLuye epTusibHICTb XIHOK, NpU3BOANTL 4O BTPAT BarirTHOCTI, 6e3rigas,
aHomarsibHoro repeodiry rectauii. QuemetabornidHi po3nanu, nopyLLeHHs oBapiasibHOro CTepoifgoreHesy npu riro-
Tasnamo-rinogizapHoMy aucbanaHci HaaaroTs NPobeMi MybTUANCUNIITIHAPHOCTI.

Knrou4oBi cnoBa: meHcTpyasnsHa gucyHKUIS; MigniTky; po3nanm cekcyasnbHoro Ta pernpogyKTMBHOMO 340008B's
XKIHOK

CtaH 3010pOB’sl >)KiHOK PaHHBOTO PEMPOAYKTUBHOTIO BiKY
Ma€ OpsSIMUil 3B’SI30K i3 CTAHOM 3I0POB’S MiBYATOK-ITiI-
niTkiB. Lle moBsi3aHo i3 CMiJIbBHUMU YMHHUKAMU (DOpMY-
BaHHSI, SIKi BUHUKAIOTH y ITiUIITKOBOMY Billi, a KIiHIYHO
MPOSIBIISIIOTHCS B PEIIPOAYKTUBHOMY [1]. YMOBM choroaeHHs
111e OiTBII 3arOCTPUIN ITPOOIEMY BiITBOPEHHS HaCEIeHH!,
ajpKe BiliHA B YKpaiHi 3pyiiHyBaJia TUCSIUi CiMelt MOJIOIOTO,
(bepTUILHOIO BiKy, YaCTMHA MOJIOAOr0 HaceJieHHs OyJia
BUMYIIIEHA BUiXaTH i3 KpaiHU, yacTuHa OyJia BOMTa Ta cKa-

niyeHa [2]. Po3ymitoun 3HaueHHsI 0€3MeYHOro mepeoiry
my0epTary y BilTBOpeHHI HapoJIoHAaCeIeHHS YKpaiHu, Hay-
KOBIIi 3BepTAIOTh yBary Ha 3Ha4YeHHs ONTUMAaJIbHOI Macu
TiJa y 1ei BikoBuii niepion [3].

[Ty6eprat (12—17 pokiB) — 1e dizionoriuHuii mepios
i3 3pOCTaHHSAM YaCTKU KMPOBOi TKAHWHU, 110 IIPUPOTHO
HeoOXimHa 1151 YHKIIIOHYBaHHS PENTPOIYKTUBHOI CUCTEMU
MaiOyTHBOI1 XKiHKM [4]. 3araapHOBiIOMUM € (DAKT, 1110 HOP-
MajibHa MEHCTpYyasibHa (DYHKIIisl MOXe (hopMyBaTHUCSI, KOJIU
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YacTKa XXMPOBOi TKAHWHU B 3KiIHOYOMY OpraHi3Mi CTAaHOBUTH
noHan 17 %, a oByJIsIList — KOJIM YacTKa KMPOBOI TKAHUHU
nepesuiye 22 % [5].

dizioM0oriYHO 3pOCTaHHST YaCTKM XMPOBOI TKAHUHU
MPU3BOAUTH 10 MiABUILEHHS PiBHS JENTUHY B CUPOBATLIi
KpOBI, 1110 30ira€Tbcst 3 4eproBuM hizioJOrivHUM TiKOM
pocty (11—12 pokiB). JIenTUH HaACUIAE CUTHAIW Y BUILI
LIEHTPAJIbHI CTPYKTYPU TOJIOBHOTO MO3KY TTPO JOCSITHEHHS
KPUTUYHOI MacHu XHUPOBOI TKAHWHU, 1110, Y CBOIO YepTy,
iHiLil0€ mouyatok mybepraty [6]. ITin BIJIMBOM JICTITUHY B
MyOepTaTHOMY ITepioli CTUMYJTIOETHCS €KCITPECisT KiCTIeITTH-
Hy B HEMpOHaXx rinorajamyca, sika, y CBOIO Yepry, CTUMYJIIOE
MyJbCYIOUY CEKpELlil0 TOHAAOTPOMiH-PUITiI3UHT-TOPMOHY
(IaPIN) Ta mosiBy MeHapxe. 3HUXKEHHS YyTJIMBOCTI TKAHUH
IO iHCYJIiHY y LIbOMY Billi Bimirpae pob (i3iojIoTiyHOro
¢deHOMeHa, SIKUI CIpUsIE MiABUIIEHHIO PiBHS CTaTeBUX
TOPMOHIB, COMaTOTPOITHOTO TOPMOHY Ta KopTu3oiy. Came
TOMY BUHUKAIOTh YMOBH J1JIs1 (Di3i0JIOTiYHOT iHCYJIiHOpEe3UuC-
TeHTHOCTI (IP), rinepiHcyiHeMii, TinepKOpPTU30J1i3MYy, 1110
MNPU3BOAUTH IO TPAH3UTOPHOI TillepaHAPOTeHil Ta Mopy-
LLIEHHSI MEHCTPYaJIbHOTO LMKJTY [7]. 32 HAssBHOCTI TeHETUY-
HOI HETTOBHOIIIHHOCTI (pepMEHTHUX CUCTEM OyIb-sKa 3MiHa
CTHUJIIO XXUTTSI, IO CYTIPOBOJIKYETHCSI CTPECOM, TIPU3BOIUTH
JIO TIOPYIIIEeHHS 0ajaHCy CITOXKMBAHHSI i BUTpaTU €Hepril Ta
MOe CIPOBOKYBAaTH TlepUMEHapXealbHUI MOYaTOK PO3-
JIafiiB MaiiOyTHBO1 (pepTuibHOCTI |7, 8]. Posnanu (pyHKIi-
OHYBaHHS PeTIPOAYKTUBHOI CUCTEMHM Y ITyOepTaTHOMY Billi
YacTO MPU3BOAATH 10 O3S, aKyLIEPChKUX YCKITATIHEHb
Ta IepuHaTaIbHUX BTparT [9].

JloHenaBHa HMIMPOKO IOCIiIXKYBAaHOIO MPOOJIEMOIO Y
MiIJIITKOBOMY Billi OyB HaIJMIIIOK Macu Tijia Ta iOT0 He-
raTUBHUI BIUIMB Ha (OpMyBaHHSI META0OJiYHOTO CUHIPO-
My (MC) i1 3pocTaHHS YaCTOTHU MOPYLIEHb MEHCTPYaIbHOT
¢yHKIil B IboMy Bimi. ITompu 11e 3a yMOB ChOTOIEHHS HE
ICHY€ 3araJiIbHONMPUIHATOrO yHi(hiKOBAHOTO BU3HAYEHHSI
MCy gmiteit i mimmitkiB [10]. Ta Bce X OiIbIIiCTh TOCTiTHN -
KiB i3 1Tpo0ieMU BBaXKatoTh, 110 JUISl BCTAHOBJIEHHS liarHO3Y
HeoOXimTHa HasSIBHICTh LIEHTPAJIbHOTO OXKUPiHHS, apTepiaib-
HOI TinepTeH3ii, MOpyIIEHHs TOJIEPAHTHOCTI 10 TJIIOKO3U
abo ykposoro aiadety (LI1) ta qucniminemii. I1pu nibomy
MOPYIIEHHSI MEHCTPYATbHOTO LIMKJTY B MIJTITKIB pO3rsiaa-
€Tbes sIK KomnoHneHt MC [11].

JomiHyBaHHS aHIpOreHiB, 3ymoBJeHe 1P, cTBopioe 1710
JUTSI BAHUKHEHHSI TAKOTO €HIIOKPUHHO-00MiHHOTO CUHIPO-
My, SK noJiikicto3 sieunukiB (CITKA) [12, 13]. I1pu nibomy
MOPOYHE KOJIO OOMIHHO-METa0OIIYHIX PO3JIaliB HEPITKO
CYIPOBOIXKYETHCS OXKUPIHHIM. Po3risiiarouu BIUIUMB pi3HUX
CKJIaJIOBUX XXMPOBOi TKAHVMHU Ha PETPONYKTUBHY (DYHKIIiIO
xkinku nipu CITKS, nocainHukuy 3 mpoGiemMu Bia3HavYaroTh
0co0JIMBe 3HAYEHHS JIENTUHY, aIUIIOKiHY, PE3UCTUHY Ta
dakTopa HeKpo3y NyxJvuHu o [13, 14].

Ha ¢opmyBaHHSI MeHCTpyalbHOI AUCGHYHKIIIT MOXe
BIUIMBATHU i 3HMKEHA Maca Tijia. 3a JaHUMU aBTOPiB, aMEHO-
pesl y BilllOBiZlb HA HYTPiEHTHUIA TOJIOM € 3aXMCHOIO peaKlli-
€10 Ha OOMEKeHHS 13Ki, OCKIJIbKA MeTa001i3M MOTEHIIITHOTO
MaTepUHCHKOTO OpraHi3My MoKe 3a0€3MeYnTH BUKUBAHHSI
JIIIIe XiHovoro opratHizmy. 'imogizapHuM IENTUIHUM TOP-
MOHAaM aBTOPU BiIBOJSTh OCHOBHY KOOPIMHYIOUY POJIb Mixk
XapuyyBaHHsIM Ta epTuiibHicTIO [15]. ¥ Bumanky BTpatu
10—15 % (momipHa) a6o > 30 % (KpuTU4YHA BTpaTa) Macu

Tija mepudepnIHN MeTab0J1i3M Ta (DYHKIIIOHAIbHA AKTHUB-
HICTb CTaTeBUX CTEPOIiB MopyurytoThes [ 15]. JocmimkeHHs
OCTaHHIX POKiB ITOKa3alu, 110 TOPMOHAaJIbHA aKTUBHICTh
aJIUTIOLIMTIB HE OOMEXYEThCSI METa00JIi3MOM CTaTEBUX CTe-
pOifiB, aje TaKOX BKJIIOUAE CEKPeIlilo AesIKMX MeTaboIiu-
HUX TOPMOHIB, $SIKi PEeryItol0Th PETIPONYKTUBHY (DYHKILi1O
(HampuKJa:, JENTUHY, TpeaiHy Toio). KoHueHTpaltis gen-
THHY KOPEJIIOE 3 MacoIo Tijia, a ingexc Macu tia (IMT) — 3
BiJICOTKOM KMPOBOI TKaHUHH [16].

3 iH1I0TO OOKY, XKiHKM 3 aMEHOPE€EIO MaJId MEHIITY KOH-
LIEHTpALlit0 JIETITUHY TOPIiBHSHO 3i 30POBUMU XiHKAMM,
sKi Oya1u pernpe3eHTaTMBHUMMU 3a BiKOM, Macolo Tija Ta
BMIiCTOM KMUPOBOI TKaHMUHU [17]. 3MEHIIIEHHSI Macu XXUpy
B XiHOK 3 ()yHKIiOHAJIBHUM LIEHTPAJIbHUM TilIOTOHAIU3-
MOM — HalBaXJIMBIIINI (paKTOpP 3HMKEHHS KOHLIEHTpaLIil
JIEITUHY. ABTOpaMHM BiI3HA4Y€HO, 1110 (PYHKIIOHATBHUI TO-
HamoTpoIHui nedinut BuHukae pinmre mpu IMT Bin 18 no
25 kr/m?, HiX y mamienTok i3 IMT < 17 kr/m? [16]. Husbka
KOHILIEHTpALlisl JIENTUHY CYMPOBOIXKYETHCS MOIATBIIOI0
3MiHOIO TyJIbCALIIHOT ceKpellii JII0TEiHi3ylI0u0ro ropmMo-
Hy (JIT) [18]. Kpim Toro, rimosienTuHeMist MpU3BOAUTH 10
aKTMBAIlii aIpeHEePriYHOl CUCTeMU i 30iIbIIEHHS CEKpelil
[HPI Ta iHIIMX HepoNTEeNTUAHUX TOPMOHIB. Y CBOIO Yepry,
11€ CTUMYJIIOE CEKPELlilo alpeHOKOPTUKOTPOITHOTO TOPMOHY
(AKTT) Ta xopTHu30J1y, 1110 CTa€E TOAATKOBUM UYMHHUKOM
npurHiveHHs cexkpeuii [HPT/JIT [16]. € noBinoMaIeHHS PO
yCIIillIHe JiKyBaHHsI (DYHKIiOHAJIBHOI TiMmoTajaamMiuyHO1 aMe-
Hopei pekoMbGiHaHTHUM JenTtuHoM [19]. Lle cBiguuTh npo
BaXKJIUBICTD JISTITUHY B PETYJIALII peIIPOLYKTUBHOI (DYHKIII.
Husbka 0a3ajibHa KOHLIEHTpaLlisi HEMPOrOPMOHIB CIOCTE-
pira€eThbes y MaLEHTIB 3 (PYHKIIIOHAIBLHOIO TiIToTalaMivHO0
ameHopeelo [20].

YnHHMKOM naToreHe3y (pyHKIiOHAJIbHOI aMeHOpel Tpu
BTpati MacH Tija € rpesiH. Moro KOHIEHTpallist Mae Hera-
TUBHUI KopessiiiHuii 38’5130k 3 IMT Ta piBHSIMU aHIpO-
TeHiB y >KiHOYOMY opraHi3mi [21, 22]. ABTropaMu Big3Hava-
€ThCS 3pOCTAHHSI KOHIEHTPAILil TpeJTiHy MicJsl BTpaTh Macu
TiJla, HEIIOBHOILIIHHOI Ai€TH ab0 MepeHeCeHUX TpaBM, Mif
yac HeaJeKBaTHOTO XapuyBaHHSI (HaBiTh €yKaJIOPiitHOTO) Ta
HeraTMBHOTO OanaHcy eHeprii [23, 24]. PiBHi rpeniHy Oyiu
HabaraTo BUIII Y XKiHOK 3 (QYHKIIOHAJIbHUM LIEHTPaIbHIUM
rinoroHagu3MoM, HiX y 300pOBUX XiHOK [25]. OcKinbku
IpeJIiH IIPUTHiYy€e aKTUBHICTB TinoTagamMo-rinodizapHo-ro-
HaJHOI oci, nrucbanmaHC HEHPOIIENTUIIB MOXe OyTU Mpu-
YIHOIO CTiliKO1 aMeHOopel Iic/Isi HopMali3allii Macu Tija Ta
KOHIIEHTpalii JenTuHy [25].

HanmipHi ¢i3nuHi HaBaHTaXXEHHSI € OHIEIO 3 MPUYMH
(yHKIIIOHAJIBHOI aMeHOpel, aIKe IIpH il maToaorii (ik-
cytoThes TinBuieHi piBHi [HPT, B-eHnopdiny Ta rpeminy,
a TaKOXX HaA3BMYAlHO HU3bKi KOHLIEHTpalii JenTuHy. [o-
CJIIKEHHST OCTaHHIX POKiB MPOJEMOHCTPYBaIU 3HAYEHHS
MPUXOBAHUX TeHETUIYHUX PEIPOAYKTUBHUX MOJiMOP(i3MiB
y XiHOK i3 BUllle3a3HAYeHUMU YMHHUKAMU PU3UKY ame-
HOpeI 111010 MaliOyTHHOTO MOPYLIEHHS (hepTUIBHOCTI LIUX
XiHok. CaMme TOMy XKiHKHM 03 TeHeTUIHUX MOJIiMOp(i3MiB
TicJIsI YCYHEHHS BIUIMBY YUHHUKIB PU3UKY 30aTHI 1O Bil-
HOBJIEHHSI SIK MEHCTPYaJIbHOI, TaK i perpoayKTUBHOI (DyHK-
miii. OmHAaK y Mali€eHTIB 3 AeIKUMM TUIIAaMU TeHETUYHUX
MyTalliii aMmeHopesl 30epiraeThbCsi, He3BaXkauu Ha HopMa-
Jli3allilo Macu Tijla, SHUKHEHHsI CTpecy Ta/ab0 3MEHIIeH-
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Hs1 (i3MYHKUX HaBaHTaxeHb [26]. HeagekBaTHa mpoayKIiist
donikynoctumytordoro ropmony (PCI) i JIT € nposina-
HUM TaTOT€HHUM MEXaHi3MOM MEHCTPYaJbHUX PO3JIaliB.
JocnigHnKy 3 i€l mpo0JieMy BiI3HAYAIOTh, 110 SEYHNKOBA
CTPYKTYpa MPpU LIbOMY 3aJIMILIAETHCS HEYIIKOIKeHOoo. Lleit
CTaH TaKOX YacTO Ha3MBaIOTh TiMOTOHAOTPOITHUM TillOTro-
HaJM3MOM Yepe3 MOoKa3HUKU KOHIIEHTpallil TOHaI0TPOIliHY
B MeXax 4M JelI0 HUXYe TTOKa3HUKIB pepepeHTHUX HOPM
IIJIST 3MOPOBUX KiHOK.

3a yMOB BiliHU BiI3HAYA€ThCsI 3POCTAHHS YaCTOTH Ti-
noTajzaMidyHUX TUCGYHKIIIN y XiHOK aKTUBHOTO peTpo-
IYKTUBHOIO BiKY i3 3HM3KEHHSIM MacH TiJla Ha TJIi CTpecy,
TpaBM rOJIOBH, 1110 HaJa€ MpobieMi Ha3BUYatHOI TOCTPOTH
Ta akTyaibHOCTi. KiliHiuHa KapTrHa MOCTTpaBMaTUYHOTO
rinonityitapusmy MaHidectye y 17—23 % nauieHTiB ye-
pe3 12 micsuiB micas TpaBmu [27]. BBaxkaeTrbest, 1110 Bei 1i
YUHHUKMY € TTPOBITHMMMU 11010 TTOPYIIEHb CeKpellii pi3HUX
HeliporienTuaiB, Hacamrepea HeliponenTuay Y (NPY),
KOPTUKOTPOIiH-puizuHr-ropmony (KPI'), nentuny, rpe-
niny ta B-enmopdiny [17, 20, 28].

IIpuknanoM KIiHiYHOTO MPosIBY (PYHKITIOHATBLHOI TOHA-
JOTPOITHOT HEJIOCTATHOCTI € TTOPYIIEHHS MEHCTPYAJIbHOTO
LIMKITY 3 popMyBaHHAM Y 35 % BUTAIKiB BTOPMHHOI aMeHO-
pei [28, 29]. [Ipu uboMy BinOYyBa€eThCS MOPYILIEHHS CEKpellil
THPT, 10 npu3BoOAUTD 10 TTOPYILIEHHST BUPOOJICHHST TOHA/10-
TPOITiHY: i30JIbOBaHe Ta KOMOiHOBaHE 3HUXKEHHS YaCTOTH Ta
amrutityn JIT- Ta @CT-imMmynbeiB abo iX MOBHA BiICYyTHICTh
i 3HMKEeHHS 6a3ajibHOI cekpellii roHagoTpomniHis [17, 30,
31]. ABropu [17] onucyioTh (yHKIIIOHAIBHY TOHATOTPOITHY
HEJIOCTATHICTb SIK BiICYTHICTh MEHCTpYallil MPOTSATOM Oifib-
1Ie HiXX 6 MicsI1IiB Ha TJIi HU3bKOI 400 «HU3bKOHOPMAIbHOT»
(< 5MOn/m) xonuentpatii JII ra ®CT [17].

BukiaukaHa cTpecoM («IICUXOT€HHa») aMeHopes —
OIHA 3 HAUTTOIIMPEHIIINX MPUINH (QYHKIIOHAIHHOI TOHA-
JMOTPOITHOI HepocTaTHOCTI [32, 33]. ¥V uux BUnaakax piBeHb
KPT Binirpae nipoBinHy poJb. [ocTpuii cTpec cynpoBOIKY-
eTbes 30inbeHHsIM piBHS KPI, xpoHiuHWii cTpec mpurHi-
yye eJeKTpodi3ioaoriuHy akTUBHICTb TeHepaTopa iMIyb-
ciB [HPI [34]. ITinBuiiena cexpetist KPI takox ctumyiioe
BUPOOJIEHHS B-eHA0pdiHY, AKMIT Mae He3aleXHY iHTi0y10-
qy [Iif0 Ha TilmoTajJaMo-TimodizapHo-I€YHUKOBY Bich [32].
THPT Ta cekpellis KOPTU30Jy BUILI Y KiHOK 3 (DYHKIIiO-
HaJIbLHUM LIEHTPAJbHUM TilOTOHAAM3MOM MOPiBHSIHO 3i
3nopoBuMu XiHKaMu [34]. Lleit (pakT BBaXKa€THCS TaKUM,
1110, 3 OTHOTO OOKY, IEMOHCTPYE 3HAUYEHHS XPOHIYHOTO
crpecy B matoreHesi 3poctanHst KPT, 3 iHmoro — nosicHioe
nopyueHHst [HPT'/roHanorponHoi cekpelii. Y XiHOK i3
CTPECOBOIO aMEHOPEEIO BiI3HAYAETHCS 3HMKEHHS PiBHS
AKTT Ta kopTuzomy, Taka X peakilis XxapaKTepHa y BifIo-
Bimb Ha ek3oreHHy ctumyssiito THPI [32]. Lle moxe 6yt
CBiTUEHHSIM KOMIIEHCATOPHOTO 3HUXXEHHS YYTJIIMBOCTI 10
TPl B ymoBax ii HanMipHoi nipoaykitii. [linBuiieHa akTu-
Ballisl TinoTajiamo-rinogizapHo-HaJAHUPKOBOI OCi Bif3HAa-
Ya€ETHCS TAKOXK Y >KiHOK i3 aMEHOPE€EI0 BHACIIIOK HEPBOBOL
aHopekcii [35].

[TpoBOaSIUM AOCTIAKEHHS XiHOK paHHBOTO PEMpo-
IYKTUBHOTO BiKy i3 BTpaTamMu BaritHOCTi | TpuMecTpy B
aHamHe3i B pamkax HIIP «Po3pobka, BmockoHaJIeHHS Ta
BIIPOBAIKEHHSI HOBUX METO/IiB IiarHOCTUKM Ta JIiKyBaH-
H$I CeKCyaslbHOI MUCYHKILT y KiHOK pi3HOTO BiKYy i3 Ae-

diumurom anaporenis» (Ne 0122U001153), mu 3BepHYyIUN
yBary Ha Te, 1110 OijbIlla YacTMHA OOCTEXXEeHUX Ha eTarli
CTAHOBJICHHSI MEHCTPYaJIbHOTO LMKy MaJia ioro mopy-
IeHHs (OJIiITOMEHOPEI0 — aMEeHOPEI) Ta BTpaTy Macu
Tisla B aHaMHe3i (45 i3 69 obcrexennx — 65,2 %). Ha gac
HAaCTaHHS MepIIOoi BaTiTHOCTI XiHKW Big3Hadalu IWC-
KOMGOPT NPU CTAaTEBOMY XKUTTi, 3HUXKEHHS JIyOpMKallil
Ta ni6imo. Ilokasnuk IMT Ha yac rpaBimapHOTO IEOIOTY
craHoBMB < 17 Kr/M?. BuUsHaueHHsS] TOPMOHAJIEHOTO TJia
LIMX KiHOK MpPHY MiATOTOBLIi 10 HACTYITHOI BariTHOCTI BKa-
3yBaJI0O Ha aHAPOTeHHY HEJIOCTAaTHICTh: piBeHb BIILHOIO
tectocrepony — 1,08 mporu 3,38 nKr/Mi1 rpynu KOHT-
pomo (p < 0,05), ATEA-C — 47,67 [31,1; 67,4] Mxr/mn
Ta 351,92 [281,27; 432,14] mxr/ma (p < 0,001). KoHiieH-
Tpailii CTaTeBUX CTEPOIimiB MPSIMO Ta CTATUCTUYHO Bi-
POTiIHO KOpEJIOBAJIM 3 TOKa3HUKAMU TOHAAOTPOIMHUX
ropmoHiB: JIT Ta ectpangion — r = 0,67; OCI ta ectpa-
nion — r = 0,64; JIT Ta ATEA-C — r = 0,33 (p = 0,02),
®OCT ta ATEA-C — r= 0,27 (p = 0,03). Yce ue cBigumio
PO HasIBHICTb (hi3i0JIOTIUHOTO TiMOTOHAANU3MY Y XKiHOK
i3 TinepaHApPOreHi3MOM: 3HUXXEHHS PiBHS MEOTUIHUX
TOPMOHIB rimodisa i3 3HaYyIIUM IPUTHIYEHHSIM pPiBHS
JIT (mokasznuku ®CI 4,46 [3,89; 5,03] OJ1/n1 npoTH KOH-
TpoabHOi rpynu 7,23 [6,91; 7,54] On/n; nokasuuku JIT
00CTEXEHHUX XKiHOK i3 CEKCyaTbHOW NUCGHYHKIIIEIO CTAHO-
Bwin 2,77 [2,13; 3,41] O/l /1 npoTH moKa3HMUKA KOHTPOJIIO
6,63 [6,14; 7,111 O[/1), 110 YHEMOXJIUBIIIOE TIOBHOIIIHHE
3aJly4eHHSI IIpeaHTPaIbHUX (DOJIIKYIiB i3 MPUMOpPIiaIbHO-
ro nyna BHacaimok gedinuty ATEA-C. 1i 3minu, okpim
KJIACUYHO1 BTOPMHHOI aMEHOpei, HEPIIKO CYIPOBOIXY-
IOTHCSI TIATOJIOTIEI0 CIM30BUX 000JTOHOK PEPOAYKTUBHUX
LJISIXiB: TinmojiyOpukailieo, 3HUXKEHHIM J1i0ifo, aucra-
peyHieto [2, 7]. 3HMXKEHHS npotipepaTUBHUX MPOLIECIiB
NO3piBaHHS BariHaJbHOTO ETIiTEeNi10 Ta 1OTO MOTOHIIIEHHS
crnpusie popMyBaHHIO IUCOAKTEpiaJbHUX CTaHiB BariHU Ta
MEePCUCTEHIIil aHaepoOiB. 3MIiHIOEThCS i MPOIYKIIisl LIEePBi-
KaJIbHOTO CJIM3Y, 110 MPU3BOAUTD JI0 MPUTHIUYEHHST IMyHHO-
ro KOHTPOJIIO B Lill AijsgHIIi. Y BiAIIOBiAb Ha HEAOCTATHIO
MPOAYKIIi0 €CTPOTEHIB, POTeCTEPOHY Ta aHAPOTEHIB T0-
PYIIYETHCS IMiKO3aMiHOITiKaHOBA CKJIaa0Ba LiepBiKaabHO-
ro CJIM3Y, 110 IIPUTHIUY€E BariHAJILHUM iIMyHITET Ta CIIPUSIE
XPOHi3allii 3amajbHUX MPOILIECiB BariHM i nepBikca [7].
Vce 11e He MOXe He BimoOpa3uTucs Ha MOJAJbIINX I'eC-
TalifHUX MOXKJIMBOCTSIX €HIOMETPIs SIK TOJIOBHOI CTPYK-
TypU B peallizaliii mpoliecy BariTHOCTi. 3a OTpMMaHUMU
Hamu naHumu [37], rpaBimapHa nmepeOynoBa eHIOMETPis
CYIIPOBOIXYETHCS 3MiHAMUM B OOMiHi HYKJIEIHOBUX KHC-
JIOT, TJIIKOTeHY, IIiKO3aMiHOTIiKaHiB Ta mimimiB. I1pu 1ipo-
My caMe TJIiKOTeH BUCTYIa€ OCHOBHUM CyOCTpaTOM 3ajio3
eHnomeTtpis. Lli maHi € ikaBUMM 3 OIISIAY Ha Te, IO III0-
K032 BCMOKTYETbHCSI Y TPABHOMY TPaKTi i1 TPAHCIIOPTYETHCS
y IPOCBIT MaTKu, 1¢ MeTa0O0Ii3yEThCS SIK eHepreTUYHUI
cyOcTpar, a ii Ha/UTUIIIOK 30ePira€ThCsl Y BUTJISI TJTIKOTEHY.
Cami X MexaHi3MU CUHTE3y TJIiIKOTeHY KOPETIOIThCs CTa-
TEBUMU TOPMOHAMU Ta B XKiHOYOMY OpraHi3Mi MaloTh TIPSIMY
3aJICKHICTD Bifl OBYJISITOPHOCTI MEHCTPYaJIbHOTO IIUKITY Ta
(¢ yHKIIIOHYBaHHS XK0BTOrO Tija. Lleit peHOMEH 3a0e3meuye
JKMBJICHHS 0JIACTOLIMCTH MPU PaHHIX eTarnax BariTHOCTI Ta
MOBHOIIiHHICTb MpolIeCiB ii Himaiii. JlocniaHuku po3risiga-
10Th MOXJIUBICTb 3HUKEHOTO PEKPYTUHTY 3aI1aciB ITiKOTeHY
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MaTKH B IIePioa 10eMOPiOHATBHOTO PO3BUTKY Ta iIMILIaHTA-
11 sIK 6a3ucy ISl MTOPYIIEHHS recTaliiHOl CITIPOMOXHOCTI
eHAOMETpisa B MaiiOyTHbOMY [38].

SIk Bimpearye opraHi3Mm KiHKM Ha BTpaTy Macu Tija B
PenpoOayKTUBHOMY acCIleKTi, 3aJIeKUTh Bil 0araTboX YMHHU-
KiB, aJie HayKOBIIi MiIKPECIIOI0Th 3HAaUeHHS BiKy Talli€HT-
KM, 4acy Bill MOYaTKy MEHCTpyaIbHOI (byHKIIil, INBUAKOCTI
BTpaTH MacH Tijla Ta HASIBHOCTI TeHETUYHUX ITOIiMOP(i3MiB
KOXHOI OKpeMO B3SITOI >KiHKM. B 00cTeXXeHMX HaMU >KiHOK
TakuM noaimopgdizmom Oyna BusBieHa myTaiiss MTHFR
677 C>T — romosurora TT, 110 cynpoBoOKyBajaocs rirep-
romoiucreinemiero (10,13 [8,5; 13,3] MMoIIb/J1, Yy KOHTPO-
mi — 4,95 [4,52; 5,48] mMoaib) Ta gediuuTom Bitaminy D
(16,8 [11,3; 19,5] HmMounb/1).

VYce e nmpu3BoAUTH 40 MaliOYTHIX MyIbTH(aKTOpialb-
HUX PO3JadiB 3I0pOB’s MOJIOINX KiHOK: pO3JIaliB TpaBHOI
cuctemu —y 22,6 %, a 3a JaHWUMHU IeIKUX aBTOPiB, 10 70 %;
ceyocTaTeBoi cucteMu — y 15,0 %, opraHiB AuXaHHS —
14,8 %, cucremMn KpoBoobiry — 13,9 % ta onopHo-pyXxoBoi
cucrtemu — 22 % [39, 40].

BucHoBKMU

CTaH 3110pOB’s1 )KiHOK paHHBOTO PEMPOAYKTHBHOTO BiKY
Ma€ TIpSIMUIL 3B’S130K i3 CTAaHOM 300POB’ S NiBYATOK-ITiIIiT-
KiB. MeHcTpyaibHa Ta ceKcyasibHa XiHOoua AMCQYHKILST —
1e 6araToakTOpHUI po3an, sIKUi MOTipIiye GhepTUuib-
HICTb KiHOK, IIPU3BOAUTH A0 BTpAT BariTHOCTI, O€3IUTi I,
aHOMaJIBHOTO Iepe0iry recrauii. JlucmeradostiuHi posiany,
TOPYIIEHHS 0BapiaJlbHOTO CTEPOiOreHe3y MpH TirmoTasa-
Mo-rinodizapHoMy aucOasiaHCi HalalThb MPodJIeMi MyJib-
TUANCLUTIUTIHAPHOCTI.

KonduikT inTepeciB. ABTOpU 3asIBJISIIOTH PO BiICYTHICTh
KOHITIKTY iHTepeciB Ta BIacHOI (DiHaHCOBOI 3alliKaBIeHO-
CTi IPU MiATOTOBIIi JaHOI CTATTi.
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Adolescent menstrual dysfunction as a marker of future disorders
of women’s sexual and reproductive health

Abstract. The literature review considers the health state in wo-
men of early reproductive age. This is related to the common
factors of formation that arise in adolescence, and are clinically
manifested in the reproductive age. Disorders of the reproduc-
tive system functioning in puberty often lead to infertility, ob-
stetric complications and perinatal losses. Ghrelin is a factor in
the pathogenesis of functional amenorrhea during weight loss. Its
concentration has a negative correlation with body mass index
and androgen levels in the female body. Excessive physical exer-
tion is one of the causes of functional amenorrhea, because this
pathology is associated with increased levels of 3-endorphin and
ghrelin, as well as extremely low concentrations of leptin. Recent
researches have demonstrated the importance of hidden genetic
reproductive polymorphisms in women with the above-mentioned
risk factors for amenorrhea for the future impairment of fertility.
That is why women without genetic polymorphisms are able to re-
store both menstrual and reproductive functions after eliminating
the influence of risk factors. However, in patients with some types

of genetic mutations, amenorrhea persists despite the normaliza-
tion of body weight, disappearance of stress and/or reduction of
physical exertion. Under conditions of war in Ukraine, there is an
increase in the frequency of hypothalamic dysfunctions in women
of active reproductive age with a decrease in body weight against
the background of stress, head injuries, which gives the problem
an extreme acuteness and urgency. An example of a clinical mani-
festation of functional gonadotropin insufficiency is a menstrual
disorder with the formation of secondary amenorrhea in 35 % of
cases. Stress-induced (psychogenic) amenorrhea is one of the most
common causes of functional gonadotropin deficiency. Menstrual
and sexual female dysfunction is a multifactorial disorder that
impairs women’s fertility, leads to pregnancy loss, infertility, and
abnormal gestation. Due to dysmetabolic disorders, violations of
ovarian steroidogenesis with hypothalamic-pituitary imbalance,
this problem becomes multidisciplinary.

Keywords: menstrual dysfunction; adolescents; disorders of wo-
men’s sexual and reproductive health
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Association of polycystic ovary syndrome
with multiple health factors
and adverse pregnancy outcomes

Abstract. Polycystic ovary syndrome (PCOS), an endocrine and metabolic disorder in women of reproductive age,
is characterized by high androgen levels, irregular periods, and small cysts in the ovaries. PCOS affects approxi-
mately 10 % of reproductive age women of all races and ethnicities. PCOS has been recognized to affect women of
reproductive age since antiquity and in the 21° century, it emerges as the most widespread and serious reproductive
metabolic disorder in the world. PCOS is a multifactorial disorder that affects both the reproductive and metabolic
health of women. In addition, PCOS is a leading symptom of infertility in women. Nevertheless, women with PCOS
who become pregnant unfortunately have an increased risk of complications, such as gestational diabetes mellitus
(GDM), preterm birth. Many people believe GDM disappears after childbirth, despite the fact that GDM is a war-
ning symptom of type 2 diabetes mellitus, metabolic syndrome, and cardiovascular disease. According to growing
evidence, GDM complicates 40 % of PCOS pregnancies, suggesting that PCOS is a risk factor for GDM. Hence,
PCOS is a lifelong disorder that can eventually lead to various long-term health complications, including chronic
menstrual irregularity, infertility, endometrial hyperplasia, and endometrial cancer. Thus, it's a scientific fact that both
PCOS and GDM are significantly associated with each other. However, most studies on the risk of GDM in PCOS
patients are retrospective. Therefore, there is no strong evidence whether PCOS is a risk factor for GDM or any
other related factor. PCOS, a polygenic endocrinopathy, is in a true sense a set of diseases that worsen the state
of the body. Reproductive and metabolic disorders associated with PCOS cause several clinical symptoms, such
as irregular and painful periods, hirsutism, acanthosis nigricans, acne, psoriasis, anxiety, mood swings, patterned
baldness, cardiovascular problems, type 2 diabetes, infertility, pelvic pain, low libido, low self-esteem, etc. Further
studies are needed to understand the genetic and epigenetic contributions of PCOS, PCOS-related comorbidities,
the role of placenta in nutrient availability, and influence of medications that may affect the long-term offspring health.
Keywords: polycystic ovary syndrome; pregnancy complications; gestational diabetes mellitus; PCOS-related
comorbidities; review

Polycystic ovary syndrome (PCOS) affects approximately
10 % reproductive age women of all races and ethnicities
[1, 2]. PCOS has been recognized to affect women of repro-
ductive age since antiquity and in the 21% century, it emerges
as the most widespread and serious reproductive-metabolic
disorder in the world [3]. PCOS is a multifactorial disorder
that affects the female reproductive system and is characteri-
zed by hyperandrogenism, ovarian dysfunction, and polycys-
tic ovarian morphology [4].

However, the phenotypic heterogeneity among women
with PCOS variably affect pregnancy outcomes. Women with

PCOS may have challenges conceiving secondary to the ef-
fects of obesity, metabolic dysfunction including insulin resis-
tance (IR), inflammation, or endocrine abnormalities. These
conditions influence ovulatory function, endometrial recep-
tivity, and oocyte quality [5]. The phenotypic variability of
PCOS and differences in diagnostic criteria from adolescence
to adulthood have contributed to the research, intervention,
and clinical management challenges for this condition [6].
Pregnant women with PCOS have increased risks for
adverse pregnancy outcomes, independent of subfertility and
use of assisted reproductive technology [7]. Adverse peri-

© «MixHapoaHuil eHZOKpUHonoriuHwi XypHan» / «International Journal of Endocrinology» («Miznarodnij endokrinologicnij Zurnal»), 2023

© Bupaseup 3acnascokuii 0.10. / Publisher Zaslavsky 0.Yu., 2023

i kopecnonpenuii: Mapkin J1.5., gokTop MeanuHux Hayk, npodecop, uneH-kopecrionaeHT HAMH Ykpaiku, 3asigyBay kagenpu akyluepctsa i rikekonorii, JIbBiBCbKuit HaLioHanbHuii MeguyHMit
yHiBepcuTeT imeHi lanuna fanuubkoro, Byn. Mekapcbka, 69, M. JIbgig, 79010, Ykpaika; e-mail: redact@i.ua
For correspondence: Markin L.B., MD, PhD, Head of the Department of Obstetrics and Gynecology, Danylo Halytsky Lviv National Medical University, Pekarska st., 69, Lviv, 79010, Ukraine; e-mail: redact@i.ua

Full list of authors information is available at the end of the article.

62 MiXXHOPOAHUI €HAOKPUHOAOTIHHWIA XKYPHOA, ISSN 2224-0721 (print), ISSN 2307-1427 (online)

Tom 19, N2 2, 2023


mailto:redact%40i.ua?subject=
mailto:redact%40i.ua?subject=

[ d )

Orasa Aiteparypm / Literature Review

natal outcomes include early pregnancy loss, gestational
diabetes mellitus (GDM), hypertensive spectrum disorder
(i.e., gestational hypertension and preeclampsia), small-
and large-for-gestational-age infants (SGA, LGA), preterm
birth, and cesarean deliveries [8, 9].

The pathobiology of these adverse perinatal outcomes
among women with PCOS is debated. The metabolic, ge-
netic, clinical, and biochemical characteristics of PCOS
contribute to an altered intrauterine environment, in-
creased risks for pregnancy complications, and long-term
fetal developmental programming risks observed in this
higher risk population. Despite the higher rates of adverse
pregnancy outcomes associated with PCOS, there is no
consensus on perinatal guidelines specific to the manage-
ment of PCOS in pregnancy. Increased surveillance and
clinical management strategies during pregnancy have been
directed from PCOS-related conditions and characteristics
[10, 11].

PCOS is complicated by phenotypic heterogeneity,
different diagnostic criteria, and variable chronic health
conditions that an individual may have entering pregnan-
cy, which challenges the development of evidenced-based
strategies to improve pregnancy outcomes. PCOS-related
comorbidities include overweight/obesity, IR, dyslipidemia,
low-grade chronic inflammation, and mental health dis-
orders [12]. PCOS is associated with an increased risk of
adverse perinatal outcomes, but the effect of the different
PCOS phenotypes on these adverse outcomes are conflic-
ting [13].

Women with PCOS who undergo in vitro fertilization
(IVF) have similar clinical pregnancy rates as other women
who undergo IVF for other infertility causes. In a recent
meta-analysis, among women who underwent IVE, PCOS
was associated with higher rates of miscarriage (odds ratio
(OR) 1.52; 95% confidence interval (CI) 1.04—2.22), ovarian
hyperstimulation syndrome (OR 4.62; 95% CI 3.20—6.68),
GDM (OR 2.67; 95% CI 1.43—4.98), gestational hyperten-
sion (OR 2.06; 95% CI 1.45-2.91), LGA (OR 2.10; 95%
CI 1.01—-4.37), and preterm birth (PTB) (OR 1.60; 95% CI
1.25—2.04) compared with IVF performed for other causes
of infertility [7]. The review was limited by varying degrees
of heterogeneity between the studies and the limited number
of prospective studies included in the analysis but underscore
the significant risks associated with PCOS among this higher
risk IVF population.

The most common pregnancy complications reported
among women with PCOS are GDM (OR 2.78—3.58) and
hypertensive spectrum disorder (OR 2.46—3.43), which are
significantly increased, independent of age, fertility treat-
ment, obesity status, or other confounding demographic
factors [8, 13, 14].

A significant number of these women meet criteria for
metabolic syndrome; research models have suggested pre-
conception or early pregnancy measures of sex-hormone
binding globulin, afamin, androstenedione, fasting glucose
and triglycerides, and IR as potential predictors of GDM
among the PCOS population. These metabolic markers are
in addition to known risk factors such as age, obesity, pre-
diabetes, family history of diabetes, and history of GDM
[15, 16].

Prospective studies are needed to determine the efficacy
of these markers in predicting GDM among women with
PCOS. The association of PCOS with adverse neonatal out-
comes is inconsistent. In the most recent meta-analyses,
PCOS was associated with an increase in the risk for PTB
(OR 1.52—1.93) [7, 14].

Studies have reported an increased risk for both SGA
and LGA among women with PCOS but only when con-
sidering prospective studies and within specific populations
[8]. Opposite growth outcomes may suggest different under-
lying comorbidities known to affect growth, including IR,
prediabetes, dyslipidemia, hypertensive disorders, obesity,
obstructive sleep apnea, and over-/undernutrition. Neonates
born to mothers with PCOS have higher rates of neonatal
intensive care unit admissions (OR 1.74—2.31) and perinatal
mortality (OR 1.83—3.07) [8, 17].

The placenta is the largest endocrine organ during preg-
nancy, communicating with both the fetus and the mother to
ensure normal fetal development and growth. The placenta
serves as a mediator of pregnancy complications, neonatal
outcomes, and developmental programming of the offspring
[18]. Human studies suggest higher prevalence of placental
infarctions, villitis, and villous immaturity even after adjus-
ting for significant demographic and pregnancy compli-
cations associated with PCOS during pregnancy [19]. The
variable PCOS phenotype and the significant maternal and
neonatal morbidities associated with PCOS have contributed
to the challenges and paucity of studies focused on placental
dysfunction and contributions to adverse outcomes.

Offspring born to women with PCOS are associated with
increased risks for higher childhood body mass index (BMI),
abnormal cardiometabolic markers, and neurodevelopmental
disorders [20]. The genetic and epigenetic contributions of
PCOS, PCOS-related comorbidities, and adverse pregnancy
conditions (GDM, SGA, LGA, and preeclampsia) affect the
intrauterine environment and long-term offspring health.

Periconception individuals with PCOS have multiple
factors that are associated with increased perinatal complica-
tions [21]. Pregnancy is often a motivating period for indivi-
duals and families. Optimizing health before pregnancy may
improve pregnancy outcomes and maternal lifelong health.
The preconception period provides a window of opportunity
where pregnancy-related complications can be discussed,
preventative screening and safe treatments during pregnancy
can be initiated, and nutritional and lifestyle behaviors can
be optimized to improve oocyte quality and potentially preg-
nancy outcomes [22].

Pre-pregnancy BMI is strongly associated with adverse
perinatal outcomes and incrementally increases the risk
for preeclampsia, GDM, indicated preterm delivery, and
macrosomia [23, 24]. Lifestyle interventions incorporating
high-quality nutrition, physical activity, and behavioral stra-
tegies should be advised before pregnancy as the primary
approach to aid in losing weight and improving health [25].
Studies have demonstrated improved fecundity and live birth
rates among modest weight-loss (5—10 % of initial body
weight) and healthy lifestyle interventions in the subfertile
PCOS population, but trials showing a benefit from a weight-
loss intervention pre-pregnancy to reduce pregnancy-related
complications are currently lacking [26].
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Antiobesity medications are not recommended during
pregnancy, and women should be advised to discontinue and
implement other strategies before pregnancy [27]. Although
bariatric surgery has been shown to decrease rates of GDM,
hypertensive disorders, and macrosomia, it has associated
risks with potential postsurgical complications, fetal growth
restriction, and nutritional challenges that need to be con-
sidered [28]. Among women who undergo bariatric surgery,
pregnancy should be avoided within 1 year of the operation
or weight stabilization. Bariatric surgery often improves IR,
impaired glucose tolerance, hyperlipidemia, and sleep-dis-
ordered breathing, but as an intervention to improve concep-
tion rates or pregnancy-related complications among women
with PCOS is considered investigational.

PCOS is also associated with an increased risk of de-
pression, anxiety, bipolar disorder, eating disorders, and ob-
sessive-compulsive disorder, particularly among individuals
with weight concerns or subfertility [29]. Routine screening
for depression, anxiety, and other mental health disorders
are recommended upon diagnosis of PCOS and if negative
to screen again among those with high-risk factors such as
obesity, diabetes, pregnancy, postpartum, or family history of
mental health disorders [29].

IR, hyperinsulinemia, and impaired glucose tolerance are
common features observed among individuals with PCOS
that may present even during adolescence. Because of the
increased risk for GDM, women are recommended to be
screened for diabetes and cardiovascular risk factors (obesity,
dyslipidemia, and nicotine use) before conception.

International guidelines have recommended a 75-g
oral glucose tolerance test to be offered in all women with
PCOS when planning pregnancy or seeking fertility treat-
ment [30]. Women taking metformin should discontinue
the medication for at least 3 to 5 days before oral glucose
tolerance test.

IR and obesity are strongly associated with sleep-brea-
thing disorders. Obstructive sleep apnea increases the risk
for GDM and preeclampsia 2—3-fold in addition to more
rare maternal outcomes such as cardiomyopathy, pulmonary
edema, and mortality [31]. Therefore, women with PCOS
should be screened for symptoms related to sleep-breathing
disorders preconception and throughout pregnancy [32].

Women with PCOS have higher risks for adverse preg-
nancy outcomes and are recommended to have closer sur-
veillance during the prenatal and postpartum period. Even
after adjusting for significant confounders, individuals with
PCOS have up to a 2-fold higher risk for hypertensive spec-
trum disorder and GDM [4]. However, there are no specific
guidelines for antenatal fetal surveillance or ultrasound as-
sessments for PCOS. Recommendations for this population
is driven by the high-risk characteristics that women with
PCOS commonly have. Therefore, individualized fetal sur-
veillance and perinatal management is recommended.

Metformin use during pregnancy among women with
polycystic ovary syndrome Metformin has been widely used
in women with PCOS for induction ovulation, to improve
insulin sensitivity and treat prediabetes in women planning
to conceive. It readily crosses the placenta, but studies do
not demonstrate an associated teratogenic risk with short-
term use of metformin during pregnancy [33]. Metformin

has not been shown by most of the randomized controlled
trials (RCTs) to improve pregnancy outcomes, including
miscarriage, PTB, excess gestational weight gain, GDM, or
preeclampsia [34]. Although some observational trials and
meta-analyses have suggested that metformin may decrease
early pregnancy loss and preterm delivery the American So-
ciety for Reproductive Medicine published guidelines on the
role of metformin for ovulation induction in PCOS and con-
cluded insufficient evidence that metformin alone increases
live birth rates or decreases miscarriage [35]. The Preg-Met
study was an RCT among women with PCOS (Rotterdam
criteria) who were randomized to 1700 to 2000 mg met-
formin versus placebo at 5 to 12 weeks of pregnancy in 11
centers in Norway [36]. In both Preg-Met and Preg-Met 2,
metformin did not statistically reduce GDM, preeclampsia,
preterm birth, cesarean delivery, birthweight, or macroso-
mia (defined as > 4500 g) [37]. Similarly, a Cochrane re-
view and meta-analysis, which included RCTs of high-risk
women with PCOS, obesity, or IR who were treated with
metformin periconception or before 20 weeks gestation, did
not improve GDM risk (risk ratio 1.03; 95% CI 0.85—1.24)
compared with placebo [38]. The available data are insuf-
ficient to support metformin use to prevent miscarriage or
PTB. Long-term use of metformin seems to be effective at
reducing b-cell demand and progression of GDM to type 2
diabetes mellitus (T2DM) [39]. However, it is unlikely that
the short-term, marked IR of pregnancy, and the demand
for a 2-fold increase in insulin secretion can be significantly
mitigated by metformin.

The PCOS and GDM offspring studies were limited
by relatively small follow-up populations from the original
cohorts. A systematic review and meta-analysis of GDM
or PCOS RCTs (778 children) of mothers randomized to
metformin versus insulin or placebo concluded that prenatal
metformin was associated with increased offspring weight
but not height or BMI during childhood [40]. Recently, the
Metformin in Type 2 Diabetes RCT (MiTY) was completed,
which randomized 502 women with T2DM on insulin to
metformin or placebo in 25 centers in Canada and 4 in Aus-
tralia and included 17 % of women with PCOS (MiTy) [41].

PCOS is a high-risk condition, but studies are incon-
clusive on whether the prevalence of postpartum depression
is increased in this population [42]. However, screening for
depression and anxiety should be performed through the first
year postpartum [43].

Although PCOS is commonly associated with biological-
ly plausible physiologic and psychological causes of breast-
feeding challenges, such as IR, hyperandrogenism effects on
prolactin, and breast tissue transformation; higher BMI is a
stronger risk factor for lower breastfeeding rates than PCOS
alone [44]. Women who develop GDM and breastfeed for
at least 6 months reduce their risk for T2DM and the long-
term risk to their offspring for childhood obesity [45]. One of
the strongest risk factors for later obesity, metabolic disease,
and T2DM is postpartum weight retention [46]. Encoura-
ging the continuation of healthy lifestyle interventions and
resuming or initiating metformin in the postpartum period
are important for preventing the progression of metabolic
dysfunction and T2DM. Metformin can be immediately
resumed postpartum.
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PCOS is associated with multiple health factors and ad-
verse pregnancy outcomes that can challenge the transition
from pregnancy to parenthood and long-term chronic health
disease management.

Conclusions

Women with PCOS should be informed of their increased
pregnancy risks, including early pregnancy loss, GDM, hy-
pertensive spectrum disorder, and cesarean deliveries. Pre-
conception health optimization to screen for mood disor-
ders, diabetes, and cardiopulmonary risk factors with the
implementation of lifestyle interventions or specific therapies
is strongly recommended. Prospective, preconception in-
tervention studies are needed to determine efficacy of re-
ducing adverse pregnancy outcomes. Offspring of women
with PCOS have higher rates of increased BMI, abnormal
cardiometabolic markers, and neurodevelopmental disorders.
Further studies are needed to understand the genetic and
epigenetic contributions of PCOS, PCOS-related comorbi-
dities, placenta’s role in nutrient availability, and influence of
medications that may affect the long-term offspring health.
Metformin is not recommended to be continued beyond the
first trimester to improve perinatal outcomes, but it can be
immediately restarted after delivery.
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B30eMO3B’130K CUHAPOMY MOAIKICTO3HUX SIEYHUKIB i3 MTE€BHUMU YUHHUKOMU
TA HECNPUSATANBAM Nepebirom BAriTHOCTi

Pestome. Cunnpom nogikicrosuux sieanukis (CITKS) — eH-
MOKPUHHUIA i METaOOIIYHUI po31an Y XKiHOK pePOIYKTUBHOTO
BiKY, XapaKTepU3YEThCS MIABUILIEHUM PiBHEM aHAPOTEeHiB, HEpe-
TYJSIPHUMU MEHCTPYaLlisIMU Ta MOsIBOIO KicT B sieuHukax. CITKA
Bpakae mpu6an3Ho 10 % KiHOK perponyKTHUBHOTO BiKy OYIb-sIKOT
pacu ta etHiuHO1 rpynu. Y XXI cromitti CITKS posrisimaetbes sik
HaAUTOLIMPEHIIINI CepilO3HUI PETTPOLYKTUBHUI i MeTaOOTIUHMIA
posznan. CITKS — 1e 6aratogakropHa MMaToJiorisi, 10 BIIMBAE Ha
PETIPOAYKTUBHE 3M0POB’S XKiHOK, MPOBITHUI CUMITTOM OE3ILIiIIsI.
Ha T BaritHocTi XiHku i3 CITKS MaioTh migBUIEeHUI pU3UK
YCKJIaHEHb, TAKUX SIK recTaliiiHuii iykposuii giadet (I'LLI), re-
penyacHi nojoru. Ilompu nymky, mo 'L/l 3HKMKae micist moso-
IriB, TAKMI po3Jall € MPOBICHUKOM IIyKPOBOTO [iabeTy 2-ro TUILY,
MeTaboIiYHOrO CUHIPOMY Ta CEPLIEBO-CYIMHHUX 3aXBOPIOBAHb.
3rigHo 3 Aemani OiIbIIOIO KibKicTio mokasiB, 'L/ yckinagHioe
40 % saritHocTteit npu CITKSI, 1o cBiguuth mnpo te, mo CITKS
€ cdakropom pusuky po3sutky ['LIA. Orxe, CIIKS € TpuBamum
po3amoM, SIKUit MOKe TIPU3BECTH 10 PI3HOMAHITHUX YCKJIAIHEHb,
BKJIIOYAIOYM MOPYIIEHHSI MEHCTPYaJbHOTO LIUMKITY, Oe3IUIiams, Ti-

TepIuIasito Ta pak eHIoMeTpist. B orisimoBiit cTaTTi MmigKpec oeTh-
cs, mo CITKS ta '/l 3HaYHOI0 Mipolo TTOB’sI3aHi OAWH 3 OMHUM.
OnHak OUTBIIICTh TOCTIIXKEHDb OO0 PU3UKY po3BUTKY I'LI y
narienTok i3 CITKS € perpocniektuBHumuy. ToMmy BincyTHi repe-
KOHJIMBI 0Ka3u cTocoBHO Toro, yu € CITKS dhakTopoM pusnky
T'LL i 6ynb-sikoro iHimoro mos’si3aHoro ynHHuka. CITKS, mogti-
reHHa eHJIOKPMHOIIATISI, y pealbHOMY PO3YMiHHI PO3IJISIIAETHCS
SIK CYKYITHICTb 3aXBOPIOBaHb, 110 MOTipIIYIOTh CTaH opraHizmy. Pe-
MPOIYKTUBHI i1 MeTaboIiuHi po3iaau, rmos’s3ani 3 CITKS, cripu-
YUHSIOTH TaKi KJIIHIYHI CUMIITOMH, SIK TipCyTH3M, aKHe, TIcopias,
TPUBOXHICTb, MIEPeNaan HaCTPOIO, OOJUCIHHS, CEPLIEBO-CYAMHHI
po06JIeMHu, LIyKPOBUIA AiabeT 2-ro TUILY, 3HMKEHHS JIi0i10, HU3bKY
CaMOOIIiHKY Tolo. HeoOXiaHi momabIini JoCiIKeHHS 1T pO3y-
MiHHSI TEHETUYHOTO Ta ernireHeTnuHoro BHecKy CITKSI, cymyTHix
3axBOpIOBaHb, MoB’s13aHuX i3 CITKS, posi mianeHTH i JiKiB, 110
MOXYTb BIUIMHYTH Ha IepeOir BariTHOCTI i 310pOB’sl HAILIAAKIB.
Kiro04oBi c10Ba: cuHapoM MoJTiKiCTO3HUX SIEYHUKIB; YCKJIaTHEH-
HSI BaTiTHOCTI; TeCTalliifHUI LIYKpOBUIA OiabeT; CYITyTHI 3aXBOPIO-
BaHHs1, moB’si3aHi i3 CITKSI; orsin
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XQPKIBCbKM HALIOHAABHUI MEANYHUN YHIBEPCUTET, M. XQPKIB, YkpQiHa

OCo6AUBOCTI 3ACTOCYBAHHSA MEACQTOHIHY
NMPOAOHIOBOAHOIO BUBIAbHEHHS1 Y XBOPUX
HQO LLYKpOBUM AlabeTt 2-ro tmny

Pe3tome. Lykposwii giabet (i) Ta nos’sizaHi 3 HUM yCKIagHEHHs! € OQHUMM i3 FOIOBHUX MPUYUH CMEPTHOCTI
B ycboMy cBiTi. 3a gaHnmu MixHapogHoi giabetnyHoi cheaepadii ovikyeTbes, o o 2045 poky Big LyKpoBOro
fiabety ctpaxpatumyTb 65m3bko 700 MinbyioHiB ocib. L[] € nporpecyroumm XpOoHIYHUM 3aXBOPIOBAHHSM, siKe
Bpaxkae pisHi cuctemm opramiamy i MoXxe npu3BecTy 4O Ceprio3HMX YCKNaaHeHb (isndHoro 3qopos’s. lNokasaHo,
wo YA 2-ro tuny (UM 2) nos’sa3aHmii 3 6iNbLLOK 4YaCTOTOK PO3/aAiB CHY, SIKi MOXYTb 6yTy HAC/AKOM camMoi XBO-
pobu abo BUHUKATV Yepe3 BTOPUHHI YCKIaAHEHHS Yv CyryTHI 3aXBOPIOBaHHs, MoB’3aHi 3 giabetom. Pazom 3 Tum
enigemionorivyHi gaHi ceigyats rnpo BULLMV PUSUK OXUPIHHSA, MeTabosiqyHoro cuHapomy 1a LY 2 B oci6 i3 MeHLLOow
TPUBAsIICTIO Ta MOraHoK SKICTIO CHY. TOMy y MeXax KOMIIEKCHOrO MeAUYHOro 06CTEXEHHS npu HasiBHomy L[] 2
i 47151 rpyrn pU3NKY Mioro PO3BUTKY PEKOMEH[OBAHNMU € OLjiHKa IKOCTI CHY, Moro poanagiB 1a ix ¢hapmakorsioriyHa
Kopekuisi. Cepen chapmakoTepaneBTUYHUX 3aco6iB 415 JIIKyBaHHS MOpPyLUEHb CHY OCOG/MBY yBary npuseptae
mernatoHiH (N-ayeTui-5-mMeTokenTpunTamit) — iHgoamiH, ropMOoH enighisa, Kk CUHTE3YETbCS B OpraHiami Jio-
[WHW Ta Ha3Ba SIKOro ros’si3aHa 3i 34aTHICTIO FOPMOHa arperyBaTtu rpaHy v NirMeHTy MesaHiHy. BctaHoBeHo, Lo
MenaToHiH 6e3riocepeHbo 6epe y4acTb y 6aratbox 6i0/10riYHMX rpoLecax Ta 0OMexXye OKUCHIOBATbHUM CTPEC SK
M03akKIITUHHO, TakK i BHY TPILLUHbOKITITUHHO. EHAOreHHU MeniaToHIH Mae JliHiViHy KiIHeTUKY, nepion HaniBBUBeneHHS
3BUYaVHOI (hOpMUN MENATOHIHY 3i LUBUAKUM BUBINIbHEHHSIM nepebyBae B Mexax Bif 45 4o 65 XB, BiH LLUBUAKO MeTa-
6071i3yETHCA | NOBHICTIO BUBOANTLCA Yeped 3—4 roanHn. Hapasi npencrasneHi popmu MenaToHiHy nposioHroBaHoi
iy nodysBaHHi 1 1a 2 mMr, siki 3a6e3ne4yroTh MoBiTbHILLE Ta Tp1BasliLLe BCMOKTYBaHHS, MikoBa [03a B HUX BiACTPO-
YeHa Ta Mae MeHLLy BeJinduHy, a pisHi nigTpumytotscsa Big 8 go 10 roamH. Lle signosigae kpuBivi ¢igionori4Hoi
cekpeLii eHgoreHHoro menatoHiHy. OCKIilbk1 [03a MENATOHIHY y ¢hopmax i3 MOJOBXEHUM BUBITIbHEHHSIM 3HAYHO
MEHLLIa, HK Y chopmax 3i 3BNHaviHUM BUBISTbHEHHSIM, Lie JONOMOXEe 3HU3UTU VIMOBIPHICTb M05IBU 06IYHUX €¢heKTIB,
y TOMy yucsi y xBopux Ha L[] 2 Ta y rpynax pusuky moro po3BUTKY.

Kno4oBi cnoBa: MenaToHiH; MpoioHroBaHe BUBIMIbHEHHS, LYKPOBUI [ia6eT 2-ro TUrY; PEXuUM CHy

Llykposuii nia6et (LI1) Ta mos’si3aHi 3 HUM yCKJIaIHEH-
HS1 € OMHUMM i3 TOJIOBHUX NIPUUYUH CMEPTHOCTI B YChbOMY
cBiTi. MixkHaponHa miadbeTnaHa denepaliist olliHuIA, 110 10
2045 poKy BiI IIyKpOBOIO Aia0eTy CTPaXKIaTUMYTh OJIM3bKO
700 minbitoniB moneit [1]. LI € mporpecyrounm XpoHiYHUM
3aXBOPIOBAHHSIM, SIK€ Bpaxka€ Pi3Hi CUCTeMU OpraHiamy i
MOXe MPU3BECTU A0 CEPHO3HUX YCKIAaAHEHb (hiZUYHOTO
310pOB’sl [2], BKIIIOYHO 3 MiKpOCYIMHHUMHU (HedpomaTis,
PEeTUHOIIATISI, HEMPOTIaTisl) Ta MAaKPOCYIMHHUMM YCKIIaI-
HeHHsIMU (illIleMiuHa XBopoba ceplis, 1epeOpoBacKyJIsIpHi
3aXBOPIOBAHHSI, iHCYJIBT Ta 3aXBOPIOBAHHS NepUGEepUIHUX
cynuH Tono). [Tokazano, mo LI/ 2-ro tumry (LIJI 2) moB’s1-

3aHUI 3 OUTBLIOIO YACTOTOIO PO3JIa/liB CHY, SIKi MOXYTb OYyTH
HACJIiIKOM caMoi XBOpoOM a00 BUHMKATH Yepe3 BTOPUHHI
YCKJIaIHEHHS YU CYITyTHI 3aXBOPIOBaHHS, TTOB’s13aHi 3 Jia-
oetoM [3]. XBopi Ha L1]] mOBiZOMISIOTH ITPO OLIBIITY YACTOTY
0E3COHHSI, MMOTaHOI SIKOCTi CHY, HaJIMipHOI IEHHOI COHJIMBO-
CTi Ta yacTillle BAKOPUCTAHHSI CHOMIMHUX TIpernapatis [4].
[lopyiieHHST CHY MOXYTh OyTH HACIIiIKOM CaMOi XBOpOoOU
a00 (i3WYHUX YCKJIAIHEHb Ta MPOSIBIB XBOPOOU, TAKUX SIK
nepudepryHa HelpomarTis Ta MoJIiypis.

3 iHII0rO OOKY, eIiAeMioIOTiYHI 1aHi CBiYaTh TTPO BU-
LI PU3UK OKUPIiHHS, MeTaboJiuHOro cuHApoMy Ta LI/ 2 B
0ci0 i3 MEHIIIO0 TPUBAJICTIO CHY (< 5—6 TO/1/HiY), a TAKOX B
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0ci0 i3 ITOraHoIo SIKiCTIO CHY. J1OCTimKeHHS TAKOXK 3aCBiIdy-
10T BULIMI pU3KK oxkupiHHs Ta LI 2 B oci0 i3 30i/1b11IeHOI0
TPUBAJICTIO CHY (= 9 ron/nody). Kateropii nopyiieHb cHy,
SIKi CTIpUSIIOTH OXupiHHIO Ta [1J12, BKIIIoUaloTh: 3MiHU TPU-
BaJIOCTi CHY, XpOHIYHE OOMEKEeHHSI CHY Ta HaIMipHUI COH;
3MiHU B apXiTeKTypi CHY; (dparMeHTallito CHy; po3jiaau Ta
MOPYLIEHHS IUPKAIHOTO pUTMY (TOOTO IMO3MiHHA pOoOOTa);
0OCTpYKTHBHE aItHOe CHY [5]. Pa3oM 3 TUM ITOTOYHMIA CITOCIO
JKUTTS TTOCTYITIOBO MPOTPECYE 10 301IbIIeHOI aKTUBHOCTI
BHOYI Ta CUIISTYOTO JIGHHOTO PEXMMY, 1110 TAKOX MPU3BOANUTH
JI0 TIOPYIIEHHS IUPKATHOTO PUTMY [6].

TTpoaeMOHCTPOBAHO, 1110 TTOPYIIEHHSI CHY € 3HAUYIIUMU
dakTopamu pusuky LI 3i cTyreHem BIUTMBY, TTOIIOHUM 10
TaKOTO, 1110 CIIPABJISIIOTh TPAAULIiHI hakTopu pu3uKy. Tpya-
HOLLI i3 3aCMHAaHHSAM 301U1bLYI0Th pu3KK LIJI 2 Ha 55 %, Toxi
SIK TPYIHOIII 3 MiATPUMaHHIM CHY 30UIbIIYIOTh PU3UK Ha
74 %. IoaioHuM YrHOM pU3KK po3BUTKY LI 2, moB’a3aHumii
i3 HemocTaTHBOIO (< 5 Ton/Mo0y) a00 HaaAMIpHOIO TPUBAJIi-
CTIO CHY (> 9 roa/n00y) UM BUKOHAHHSIM MO3MiHHOI pPO0O-
TH, OYB MOPIBHSIHHUM i3 (bi3UYHOI0 HEAKTUBHICTIO. ABTOPU
TALLITM BUCHOBKY, L0 MOPYIIEHHS CHY CJTiJi CHCTEMAaTUYHO
BpaxoBYBaTH B PEKOMEH/AIISX [IOI0 CKPUHIHTY, a TaKOX
i yac po3poOku ctpareriii npodinaktuku LIJ1 2 [7].

Tomy ol1iHKa SIKOCTi CHY Ta MOro po3iaiiB sIK YacTUHA
KOMILIEKCHOTO MEIMYHOTO OOCTEXEHHSI, a TAaKOX (hapma-
KOJIOTiYHa KOpeKIlis 11i€l MaToJ0ril € peKOMEeHI0BaHUMU
npu HasgsBHOMY LIJI 2 i 17151 Tpyn py3uKyY 10ro pO3BUTKY [5].

Cepell OCHOBHHUX KJIACiB CydyaCHUX JiKapChbKUX 3ac00iB
(JI3), saxi pekomeHmoBaHi Wit (hapMaKOJIOTiYHOI KOPeKIIii
MOpyIIeHb CHY, BAKOPUCTOBYIOTh TIperiapaTu pi3HUX IpyIl.
JI3, 1110 BUSIBIISIIOTH CHOAIMIHY aKTUBHICTb, KJIaCUDIKYIOTh,
3 ypaxyBaHHSIM TPUHIIMATTY X [ii Ta XiMiuHO1 Oy10BU, Ha
MHoXiaHi 0eH30/1ia3eMiHOBOIO PsIy: HiTpa3enaM, Jiazernam,
JopaseniaMm, ceHasemnam, dhiypasernam, TeMasernam; perna-
patu pi3HOI XiMiYHOI OyOBU: 30JIITiIeM, 30MTIKJIOH; CHO-
OiiiHi mpernapaTy 3 HApKOTUYHUM THUIIOM [Iii, III0 MiCTSTb
TeTePOLMKIIIYHI CITOJIYKU — TTOXiJIHi 6apOiTypOBOi KUCIOTU
(beHnobapOiTan, eTraMiHai-HATPil1), Ta adipaTUYHI CIIOJYKU
(xnopasnriapar) [8]. Takox nj1ss HopMaltizallii CHy 3aCTOCO-
BYIOTh OKPEMi IpenapaTy iHIIMX TeparneBTUYHUX TPy, SIKi
BUSIBJISTIOTh CHOIIMHUI e(PeKT: 6JI0KaTOPHU TiCTaMiHOBUX
H1-peuenropiB (mumMenpos), 3acid njis HapKo3y (HaTpiio
OKCcuOyTHpar), mpenapar ropMoHa emigiza — MeJIaTOHiH
[9], KMt 3aciyroBy€E Ha OCOOIUBY yBary 3aBIsIKA IIPUPOJI-
HOMY MOXOXKEHHIO Ta pi3HOMAHITHOCTI KJIiHIYHUX e(DeKTiB,
oco6mBo nipu L] 2, Koiu piBeHb 1ILOTO TOPMOHA Y XBOPUX
€ 3HxeHumM [10].

Topmon menatonin (N-ameTusi-5-MeTOKCUTPUIITA-
MiH) — 1Ie iHIoJIaMiH, BUsIBIeHU y 1958 polii B ekcTpakTax
IIMIIKOIIOAIOHOI 3aJ1031 BeJIMKOi poraToi xynoou. Haspa
«MeJIaTOHIH» CITOYaTKy OyJa IMoB’si3aHa 3 MOro 34aTHICTIO
arperyBaTy TpaHy/Iu IITMEHTY (MelaHiH) y XxpoMaTodopax
wikipu xkab i pu6. [Monan 30 pokiB BBaxkasocs, 110 MeJsia-
TOHiIH BUPOOJISIETHCS BUKIIIOYHO B IIMIIKOIOAIOHIH 3a/103i
TBapuH, y SIKill iHgoNIaMiH Oi€ K HeiiporopMoH. OmHaK
Ha ChOTOAHI BiTOMO, 110 MEJaTOHIH TaKOX BUPOOISIETHCS
KiJIbKOMa OpraHizaMamu, 1o HajiexaTb 10 noMeHiB Eukarya
ta Bacteria. Floro 3HauHe MOLIMPEHHS HiATBEPIKYE TEOPi0
po Te, 110 1ei iHAoJIaMiH € CTapOJaBHbOIO MOJIEKYJIOIO,
sika 30epiriacst MpoTIroM eBOJIOLIT BCix opraHi3mis [11].

Menaroniny nmputamanHa aM@ihiTbHICTh (KoeillieHT
posnoniny 1,2), ocKiibku BiH Malixke 0OIHAKOBO TUGbYHIYE
Yy BOOZHOMY Ta JIiIIiTHOMY CepeIOBHUILIi, 1110 OOYMOBIIIOE MOTO
PO3MOIi MO BCiX TKAaHMHAX opraHidmy. Lle moTyxHa aHTH-
OKCHUJAHTHA MOJIeKyJia, sika e)eKTUBHO MOTJIMHAE Maiixe
Oynb-sIKUii KUCeHb i a30T [12].

Sk GaraTodyHKLiOHaIbHA MOJIEKYJIa, MeJaTOHIiH 0e3-
IMocepeaHbO Oepe yJacTh y 0araTboxX 0ioJIOTIYHUX IIpOIe-
cax Ta Ma€ aHTUEHIKMHTOBI, TPOTU3aMalibHi Ta iIMYHO-
MOIYJIIOI0Ui BJIACTUBOCTI. SIK aHTMOKCUIAHT MeJIaTOHIiH
00MeXXye OKMCHIOBAJIbHUI CTpeC K MO3aKJIITUHHO, TaK i
BHYTPIllIHBOKJIITUHHO 32 JIOMIOMOT0I0 Pi3HOMAaHITHUX Me-
XaHi3MiB, SIK-OT IIpsIME BUJAJICHHS paUKaliB, CTUMYJISILIisT
aKTUBHOCTI Ta €KCIIpecii aHTUOKCUIAHTHUX (PepMEHTIB,
IMATPUMKA CUHTE3Y Ta PEUMPKYJIALIl TIyTaTiOHY, 3aXUCT
IHIIMX aHTMOKCUJAHTIB Ta 3HWXKEHHST aKTUBHOCTI IMIPOOKCH -
IaHTHUX (pepMeHTiB [13].

BcranoBieHo, 1110 11eil 0ioreHHUIT aMiH TaKOX IMO3U-
TUBHO BILJIMBA€E Ha MPOXOKEHHS OBYJISLIII Ta MOJIMIIY€E
SIKICTh OOIIUTIB, 1110 CIIPUSIE HACTAHHIO BariTHOCTI Ta Ha-
POJIXXEHHIO 3I0POBUX JITEH SIK y MPUPOAHUX LUKIIAX, TaK
i TIpy OE3TUTIMHOCTI ITicJIsI 3aCTOCYBAHHS TOMOMIKXHUX pe-
MPOIYKTUBHUX TEXHOJOTi. ¥ XiHOK penpoayKTUBHOIO
Biky 1o 40 pokiB Teparlisi MeJIaTOHIHOM ITOJIIIIYE SIKiCTh
OOILIUTIB i, B OKPEMHUX BUTIAAKAX, 1a€ MOXJIMBICTb YHUKHYTU
3aCTOCYBaHHsI AOHaLIil 0ouTiB [14].

MenatoHiH € HEOOXiTHUM IS KOHTPOJIIO LIUPKATHUX
PUTMIB 310poBOro Metabosizmy. IcHye nBa cienudivHi pe-
nernropu MeaaTtoHiny, MT1 i MT2, komoBaHi BigItoBiZHO
MTRNI1A i MTRNI1B [14]. Kosin MenaToHiH 3B’SI3yEThCS
3 MT1 i MT2, cybonunutii o i B/y IUCOLIIOIOTH, 3aITycKa-
FOUM CUTHAJIbHI LIJISIXU, SIKi BKJIIOYAIOTh aJIeHIIaTIIMKIIa3Yy,
docdoninazy C i dochomainazy A2. [TokazaHo, 110 IMO-
pYIIEHHS Ilepefadi CUTHAJIIB MeJIaTOHIHY Oepe yJ9acThb y
po3BuTKy LIJI 2, CipyuYMHEHOTO iHCYJiHOPE3UCTEHTHICTIO
[15]. Cnin 3ragaTy BaskKJIMBICTh MEJIATOHIHY i IJIsI CeKpelil
MeTabOJIiYHUX TOPMOHIB JIEITUHY Ta TPEJIiHY JJIs1 PeTYJIsLil
HACWUYEHHS Ta anetuty. JIeNTuH peryitoe aHOPEeKCUTEHHY
peaxilito IUISIXOM BIUIMBY Ha TPOAYKIIi0 HEUPOTIENTU/IIB
Ta HelipoTpaHcMiTepiB. Perynsiis aneTuty i HAaCUYEHHs,
BUKOPUCTAHHS Ta BUTPAT €HEPTii 3a0e3MeuyeThCs 3aBISIKU
CKJIaJHIll HEUpOryMOpalIbHill CUCTEMI 3 KACKaJIHOIO i€l i
OaraTbMa 3BOPOTHMMM 3B’si3KaMmu. HelogaBHo Oyso mo-
KazaHo, 10 nepegadya curHajiaiB MT1 moxke MomymoBaTu
rnepenavyy CUrHaliB JenTuHy. BctaHoBaeHO, 110 IIypu 3
nediuuToM MeJaTOHIHY MaJIi pe3UCTEHTHICTh J10 JIETITUHY
Ta B HUX 301JIbLIIyBasiacsl Maca Tija, i i nedpexktu Oyiu JTik-
BiJOBaHi BBEIEHHSIM MeJIaTOHIHY [16].

Takum yHOM, KOMOIHALLiST XPOHOOIOTUYHUX i LIUTOIPO-
TEKTOPHUX €(eKTiB MeJIaTOHiHY MOXKe OyTH iHHOBAILliiHOIO
crparerielo B JTikyBaHHi LI/ 2, ocKiTbKM ToBeAeHO, IO B it
KOTOpTi MALiEHTIB y OiBIIOCTI BUITAAKiB CIIOCTEPIra€ThCs
3HMKEHa HiYHa MIPOAYKILisl MEJIaTOHIHY TTOPiBHSIHO 3 0coba-
MM 6e3 miadety [17]. dekinbka qocimkeHb MoKa3au, 1110 pa-
30Ba 71032 MEJIaTOHIHY Y 3lI0POBUX KiHOK y ITOCTMEHOTIay3i Ta
npemeHoray3i (1 Ta 5 Mr BiANOBiIHO) MOTipIIye TOKa3HUKU
TeCTy Ha TOJIEPaHTHICTh IO INIIOKO31 BpaHIli Ta BBeuepi [18].
3 iHmoro GOKYy, JIIKyBaHHsI MEJIaTOHIHOM ITPOJIOHTOBaHO1
Iii (2 Mr) pOTSATOM 5 MicCAIIiB 3HIKYE piBeHb INTIKOBAHOTO
remoryiobiny (HbAlc) i mominiye koHTpoab rikemii. Kpim
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TOrO, 3aCTOCYBaHHS MEJIATOHIHY (6 MT) IIPOTIroM 3 Micsi-
L1iB MPUBEJIO 0 KPAIIOro KOHTPOJIIO MIiKEMil y MaLliEHTIB i3
1IJI 2 [17]. Y nauieHTiB i3 moraHo KoHTpoJjboBaHuM LIJ1 2
nonaBaHHsI MeaToHiHy (10 mr) i atetaty uuHKy (50 Mr) 10
MeT(hOpPMiHY IPUBEJIO A0 Kpallloi BiAIOBiai TKAHMH Ha MET-
dopmiH [10]. Y naitieHTiB i3 03KUpiHHSIM MTPUIIOM MeJaTOHi-
Hy (3 Mr/neHb) potsiroM 12 THXKHIB MOJTIMIIIYBaB Yy TJIMBICTh
IO iHCYJIiHY, a TAKOX 3arajbHe caMoItouyrTts [19].

OCKiJTbKM OKHMCHIOBAJIbHUI CTPEC Bilirpa€e BaskJIMBY POJIb
B iHAYKIIii pisHOMaHITHUX ycKiaagHeHb mipu LIJI 2, menaTo-
HiH 3aBISIKM aHTUOKCHUIAHTHII1 aKTUBHOCTI e()eKTUBHO 10T0
nocnabmoe. KpiM Toro, 1ieii ropMoH 3axuiiae 6eTa-KJIiTHHU
MiIIUTYHKOBOI 31031 3 HU3bKUM YMiCTOM aHTUOKCUIAHTIB
LIJISIXOM He#Tpanizalii aktuBHUX (popM KucHIo [20]. Takoxk
MeJIaTOHIH MOXKe BimirpaBaTy IMOTEHIIIHY POJIb Y KPAIIOMY
KOHTPOJIi TJTIiKeMil yepe3 MiABUIEHHS YyTJIMBOCTI 10 iHCY-
JIIHY Ta 3HMKEHHSI PiBHS T1I0K0o3u1 Hartie [17].

3acTocyBaHHSI MeJIATOHIHY MiITiTKaM, TIiTSIM i Heo0-
HOUIEHUM HEMOBJISITaAM 3 Pi3HUMM 3aXBOPIOBAHHSIMU HE
BUSIBUJIO 3HAUHUX MOOIYHUX e(eKTiB, 32 BUHSITKOM BUKO-
PUCTaHHS BUCOKHUX [03 MpenapariB abo 6aratopazoBoro
BBeaeHHs [17]. BimzHauaBcs edekT mpu mepopajibHOMY
3aCTOCYBaHHI MEJIATOHIHY OO MOJIETIIEHHS 3aIUIIKKA
(3 Mr Ha OOy IIPOTATOM 3 MICSIIiB) Y JOPOCIUX TALliEHTIB
i3 XpOHIYHOI OOCTPYKTUBHOK XBOPOOOIO JIETeHb i JJIsT 3a-
XUCTY MaLli€HTIB Bifl Aemnpecii Ta TPUBOIM ITiCJIsl oIepallii 3
MPUBOAY PaKy MOJIOUHOI 3a1031 (6 MT Ha 10Oy TIPOTSATOM
3 Mics11iB), cepiio3Hi MOOIYHI e(heKTH TP LIbOMY OYJIM Bifl-
cytHi [20]. OgHaK y AesIKMX AOCIIIKEHHSIX € TIOBiIOMJISHHSI
1I0JT0 He3HAYHUX MOOIYHMX e(heKTiB, TAKMX SIK KOPOTKOYAC-
He 3aIaMOpOYEeHHSsI, TOJIOBHUM OiIb, OHIMiHHSI, TTapecTe3is
pyK abo Hir i moripiieHHs 3aIUIIKA TIPU TepopaibHOMY
3actocyBaHHi [21, 22]. 3acTocyBaHHSI MenaTOHiHY (9 Mr
MperiapaTy yroBiJIbHEHOTO BUBIJIbHEHHS Ha IEHb TTPOTSTOM
4 TVKHIB) U151 IOJTIMIIEHHSI SIKOCTi CHY JTiTeH 3 ernijiencieto
MaJIo JesiKi mo0iuHi epeKTH, 30KpeMa paHKOBY COHJIMBICTb,
IIJTYHKOBO-KHUIIKOBI CUMIITOMU, TIOCUJICHHSI €HYpe3y, T0-
JIOBHMI OiJib, 3aIIaMOPOYEHHSI, Jiapero, BUCUIIAHHS Ta Ti-
norepmiro [23].

OCKiJIbKM MeJIaTOHIH B OCHOBHOMY METa0O0JIi3yETh-
ca uuroxpomom P450 (CYP) 1A2 i CYP2C19, caig matu
Ha yBa3i, 1110 iHrioiTopu LKMX GEepMEeHTIB MPU3BOASTDH 10
MiIBUIIEHHS KOHLIEHTpALlii MeJIaTOHIHY B opraHi3Mi [24].
MenaToHiH 3HUXYE apTepialbHUIT TUCK i PiBEHb IJTIOKO3HU,
TOMY TaIliEHTaM, SIKi OTPUMYIOTh aHTUTINIEPTEeH3UBHi a00
LIYKPO3HWKYBaJIbHI TIpeTiapaTH, il Yac Ipu3HaYeHHS Me-
JIATOHIHY CJIijl 3AiCHIOBATU KOPEKIIito iX 103U. OCKiIbKU
3aCTOCYBaHHSI MeJIATOHIHY IiJl Yac BariTHOCTI HE BUBYEHO,
oro NMpr3HaYEHHST He PeKOMEHIYEThCS BATiTHUM XiHKaM.
3acTtocyBaHHS MeIaTOHIHY XXKiHKaMMU, SIKi TOAYIOTh IPYIIIO,
BUKJIMKAE COHJIMBICTD YIIEHb Y IXHiX HEMOBJIAIT [17].

I1pu nepopanbHOMY NpUiOMi MEIATOHIH y A03aX 10
80 MI BCMOKTYEThCS IIBUIKO Ta BiAIIOBiTa€ KiHETULII TIep-
1IOTO TIOPSIKY [25], mocsraloun MakKCUMaIbHOI KOHIICH-
Tpauii B 1a3Mi uepe3 30—60 xpunuH. [IIBUAKICTb BUBEIECH-
HSI MeJIaTOHIHY 3 OpraHi3My 3aJIeKUTh Bifl JO3U Ta LUISIXY
BBeIeHHs. MellaTOHIiH pO3YMHHMI Y BOJI Ta XKUpax, JIETKo
MPOXOIUTD Yepe3 TKAaHUHU, KJIITUHU Ta KJIITUHHI KOMIIapT-
MeHTHU. Ilepion HamiBBUBEAEHHSI MeJIaTOHIHY IIpU Mepo-
paIbHOMY MPUITOMi CTAHOBUTH MPUOIN3HO 46—65 XB TSI

0,5—6 mr [25]. TIpu nepopanbHOMY 3acTOCYBaHHi jinie 10—
15 % MenaToHiHy HOCSATa€ CUCTEMHOTO KPOBOOOITY, a peliTa
iioro metabouizyetbess CYP1A2 1o 6-rinpokcuMenaToHiHy
Ta BUBOIMTLCS i3 ceUelo ITiciis KOH Iorallii 3 cyiabdaTom abo
[JIIOKYPOHOBOIO KucyioTolo [17, 25]. Cnin 3a3Ha4uTH, 1110 Y
IiTeil ejiMiHaIlisl MeJIaTOHIHY BimOyBa€ThCs IIBUIIIE, HiXK
y mopocnux [26].

Hwusbke BCMOKTYBaHHSI 31 IUTYHKOBO-KMIIIKOBOTO TPaK-
Ty Ta BUCOKA IIBUKICTb METa00Ji3My pOOJISTh MEJIATOHIH
IperapaToM i3 HU3bKOIO 0iogocTymHicTio. Yepes HU3bKY
0iOIOCTYIHICTh MPOIOHYIOTHCS iHIII LIJISIXW BBEICHHS,
30KpeMa MiAlKipHa iH €Ki, a TAKOX TpaHCAePMalIbHO,
MepopaibHO, TPAHCMYKO3aJIbHO Ta iHTpaHa3aIbHO [25].
EnnoreHHuit MeJlaTOHiH Mae€ JiHiliHY KiHeTuKy. [licas ex-
30T€HHOTO M1ePOPaIbHOTO BBEICHHS TIperiaparty 3 HeralHuM
BUBUIBHEHHSIM MEPio HalliBBUBEACHHSI MEeJIaTOHIHY nepe-
OyBae B Mexax B 45 1o 65 xB. MenaToHiH IMIBUIKO META00-
JII3Y€EThCS 1 TOBHICTIO BUBOAUTLCS yepe3 3—4 roqunHu [26].

Hapasi B nesskux KpaiHax CBIiTY BXe 3apeecTpOoBaHi Ie-
popaibHi (popMu MeTaTOHIHY MPOJIOHTOBAHOI il y 103Yy-
BaHHi 1 Ta 2 Mr. 3arajioM y ¢opMi 3 TPOJIOHTOBAHUM BU-
BiIbHEHHSIM BiIOYBa€ThHCS 3aTPHUMKa ITIKOBOI 1031, IIPOLIeC
tpuBae Bix 90 mo 210 xB, 3a1€XKHO BiJ TUITY JIiIKapchbKoi hop-
mu. [lepion HamiBBUBEAECHHS TAKOX MOXe ITOI0BXKYBAaTHUCS,
nocsratouu Bin 3,5 10 4 ronuH [27]. Takum ynHOM, JliKap-
CbKi (hOpMM MEJIaTOHIHY 3 TPOJIOHTOBAaHUM BUBLIbHEHHSIM
3a0e3I1euyIOTh ITOBUIbHIIIIE Ta TPUBAJIillle BCMOKTYBaHH!I,
HixX ¢hopMU 3 HeraitHUM BUBiIbHeHHSIM. [1pu 1IbOMY TTiKOBa
1032 BiICTPOUEHA Ta Ma€ MEHIIY BEJIMUMHY, a KOHLIEHTPALLisT
B KPOBI MinTpuMyeThes Bi 8 mo 10 roguH, momioHo 10 Kpu-
Boi (bizioIoriyHoi cekpellii eHIOreHHOro MeJaaToHiHYy. Tomy
MEeJIaTOHIH MIPOJIOHTOBAHOI i1 MOXe iMiTyBaTH (hiziosioTiuHy
KpUBY ceKpellii MenaToHiHy [28].

Y 11boMy CeHCi CKJTaJIHO BCTAHOBUTU KOHIIEHTpAILi0 Me-
JIATOHiHY B IJIa3Mi KpOBi, HEOOXiTHY came JIJIsi CHY, OCKiJIb-
KU Ha CbOTOIHI BiICyTHI MoaiOHi mocimkeHHs. [1pumycka-
IOYM, 110 KOHIIEHTpAIlii B IJIa3Mi KPOBi, SIKi MePEeBUILLYIOTh
IIiK eHJOTeHHOr0 MeJIaTOHiHY, € e()eKTUBHUMMU ILIOI0 BU-
KJIMKaHHSI Ta MATPUMKHU CHY, (POpMU MeJTaTOHIHY i3 TTO0B-
KEHUM 4acOM BUBUIBHEHHSI MOXYTb OYTU e(heKTUBHUMU
MPOTATOM YChoro UKy cHY [29, 30]. [Tompu Te, 1110 HeMae
YiTKOTrO 3B’SI3KY MiXX CTapiHHSIM i 3aCBOEHHSIM MeJaTOHiHY
(Xo4ya BCTAaHOBJIEHO BMCOKHUI CTYMiHb MiKiHIMBiZyaJIbHOL
BapiabeIbHOCTI ), TAKOXK CTAHOBUTD BEJIMKHI iHTEPEC OLiH-
Ka 0i0I0CTYITHOCTI MeJIaTOHIHY Y BIKOBUX I'pyMax, CXWIbHUX
IIo TopyiieHsb cHy [31, 32].

HoBa ¢opma MesaToHiHY IPOJOHIOBaHOI Jii cxBajie-
Ha SIK MOHOTEepaItisi 1Jiss KOPOTKOYAaCHOTO JIiIKyBaHHS (J10
3 TUKHIB) MMEPBUHHOTO OE3COHHS, 1[0 XapaKTePU3yEThCS
HU3bKOIO SIKIiCTIO CHY, Y MAIi€EHTIB BiKoM > 55 poxkiB [33].
KninigHi qocmimkeHHs MeJJaTOHIHY TTPOJIOHTOBAHOI il He
BUSIBWIM MiABUILIEHOIO PU3MKY KOTHITUBHUX MOPYIIEHbD i
TICUXOMOTOPHUX MOOIYHUX SIBUILL, TAKUX SIK TIA/IiHHS, TTepe-
JIOMM Ta aBTOMOOIJIbHI aBapii, SKi MoB’s13aHi 3 OeH30/1ia3e-
IMiHAMU Ta iHIIMMM CHOOIMHUMM IIperapaTaMu, 0COOINBO
y aiTHix moneit [34, 35]. [Ipu 3acTocyBaHHI MeJaTOHIHY
PiIKO MOBiZOMIISIIOCS IIPO 3allaMOPOUYEHHSI, BTPATy CBi-
nomocTi Ta maninHsg [36]. Hapasi Hemae XXOTHUX TOKa3iB,
sIKi © CBiTYMJIU TIPO T€, 1110 MeJATOHiIH MPOJOHIOBAaHOI il
BUKJIMKAE TOJIEPAHTHICTD, 3aJIe3KHICTh, €(heKT BinMiHM ab0
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6e3conHs [37]. B ogHOMY 3 mOCHiIKeHb BUSIBICHO 3HU-
KeHHSsT e(eKTUBHOCTI Uyepe3 2 TUXKHI Micst MPUMUHEHHS
MPUIROMY MEJIaTOHIHY, ajle XapaKTepPUCTUKU CHY BCE OJIHO
3aJIAIIAIMCS KpallluMU, HiX 10 JikyBaHHS [38].

Ilomxo B3aemoaii 3 iHIIMMU JiKapCbKUMU 3aco0aMu
rnepeBara HaZa€eThCsl caMe MPOJIOHTOBaHUM (hopMam MeJsia-
TOHiHY, OCKiJIbKY (hJIyBOKCAMIiH MiIBUIIYE KOHLEHTPALIiIO
MeJIATOHIHY LIJISIXOM IIPUTHIYeHHS MeTa00J1i3My (hepMEHTIB
uutoxpomy P450 (CYP) 1A2 i 2C19. Tomy ciig yHUKATH
1iei KomOiHarii JikapchbKux 3aco0iB. Ciim 3 00epexxKHiCTIO
npu3HavyaTu i popMU MeTaTOHIHY 0c00aM, SIKi OTPUMYIOTh
mumeTuauH (inricitop CYP2D6), 5- a6o 8-MeTOKCHUIICO-
pasieH abo teparnito ectporeHom (iHrioitop CYP1A1li 1A2),
OCKIJIBKHM 11i mpernapaTv TaKOX MOXYTb MiIBUILYBaTA KOH-
LeHTpalIilo MeJIaToHiHy. TeopeTMYHO MOKJIMBA B3aEMO/IIS 3
iHmmMu inrioitopamu CYP1A2 (Hanpukiiaa, XiHOJTOHOBU-
MU aHTubioTnkaMu) Ta iHmykropamu CYP1A2 (Hanpukian,
KapbamazerniHoM, pudaMITiLIMHOM, TTPOAYKTaMU TaJliHHS )
[37]. He ciin BUKOPHCTOBYBATH MPOJOHIOBaHUI MeIaTOHIH
3 OeH30mia3emiHaMM Ta CIIOPiTHEHUMI CHOMITHIMH TIpera-
patamu. Lle minBuillye pu3MK KOTHITUBHUX i ICUXOMOTOpP-
HUX HECIIPUATIUBUX e€(PEKTiB, a JaHi moao e(peKTUBHOCTI
1iei koMOiHali1 BiacyTHi. [lamieHTam TakoX CJIi YHUKATh
OJJHOYACHOTO BXWBAHHS aJKOTOJI0, OCKIJIBKU 11€ MOXe
BIUIMHYTHU Ha BJIACTMBOCTI MTPOJIOHTOBAHOTO BUBLIHLHEHHS
MeJIaTOHiHY [29].

PexomenoBaHe 103yBaHHS MeJIaTOHIHY TIPOJIOHTOBAHOI
Iii cTaHOBUTH 1 TabNeTKy (2 MT) OJMH pa3 Ha JIeHb 3a 1—2
TOOVHU A0 CHY. TaOIeTKY CJIil KOBTATH LIIMMU TIiCIIS iXKi, He
TMOIPiGHIOBATH, He PO3KOBYBATH i HE PO3IUISTH. [3Xa CIIOBiTb-
HIOE BCMOKTYBaHHsI MeJIaTOHiHY, ajie He BIUIMBA€E Ha IiKOBi
KOHIIEHTpallil a00 3araJibHy MONIMHEHY KiIbKICTb [35, 39].

Takum ynHOM, (pOpMU MeTATOHIHY i3 IIPOJIOHTOBAHOIO
€0 MAOTh ABOCTYNEHEBUI (papMaKOKIHETUIHUI TIPO-
Ginb, IKU 1eMOHCTPYE BUIII KOHLEHTpALlii MeJIaTOHiHY
B IIJIa3Mi MOPIiBHAHO 3 eHIOTeHHUM MeynatoHiHoM. Paza
BUBIJIbHEHHSI TTPOJIOHTOBAHOTO MEJIaTOHIHY TPUBAE JIOBIIIE,
HiX y 3BuvyaitHux ¢gopm. Lle poduts popmu MenaToHiHY i3
MOIM(DIKOBAHUM BUBLIBHEHHSIM JyKe TEPCIEKTUBHUMU
TepaneBTUYHUMU (pOpMaMU He TUTBKU IS iHAYKIII CHY,
aje ¥ s oro marpuMKu. OKpiM JTiKyBaHHS PO3JIaIiB CHY,
MEJIATOHIH Yy MPOJIOHTOBaHIi (POpMi TaKOX MOXE BILUTUHY-
TU Ha TOJIMILIEeHHS MPOTHO3Y OCHOBHOIO 3aXBOPIOBAHHS.
MMOBipHO, 1ie TIOB’S13aHO 3 OTEHII{iTHOIO TIPOTH3AITAIBHOIO
Ta aHTUOKCHMJIAHTHOIO Ji€l0 1i€i crioayku. [1ponoHrosana
¢dopma MesnaToHiHY Mae OibII IIMPOKUIA Aiara3oH y vaci
IUISI TIPUIAOMY, 1110 CTBOPIOE 10JaTKOBI 3pyYHOCTI Ta IepeBa-
ry. [Ipu3HayaTi MeIaTOHIH CIIif i3 ypaxXyBaHHSIM MOKIMBUIX
B3aEMO/Iii 3 IHITMMM JIiIKapCbKUMM 3ac00aMU, SIKi MpuiiMae
MAali€HT, a TAKOX MOOIYHMX SIBUIIL i TPOTUIIOKA3aHb Y KOX-
HOMY KOHKpeTHOMY BuUManky. OCKiJIbKM 1032 MeJIaTOHIHY
y hopmax i3 MOIOBXKEHUM BUBLILHEHHSIM 3HAUHO MEHIIIA,
HiX y ¢hopmax 3i 3BUYaiiHUM BUBIIBHEHHSIM, 11€ IOTTOMOXKE
3HU3UTHU UMOBIPHICTh MOSIBU MOOIYHUX €(EKTiB, Y TOMY
yucai y xsopux Ha LIJI 2 Ta y mpeacTaBHUKIB i3 TpyIy pu-
31KY PO3BUTKY LIi€1 XBOPOOU.

IIpu miaroToBLi OTO OIJISIAY IOLIYK JTepaTypu IMPO-
BoauBcsi B MEDLINE (yepe3 PubMed), EMBASE, nieH-
TpaJibHiit 6a3i naHux Cochrane Ta 6a3i naHux Web of Science
3 MOMEHTY iX CTBOpPeHHsI 10 TpyaHs 2022 poKy.

KondurikT inTepeciB. ABTOpU 3as1BJISIIOTh PO BiZICYTHICTh
KOHOJIIKTY iHTepeciB Ta BiacHoi (hiHaHCOBOI 3alliKaBJIEHO-
CTi IIpY MiATOTOBIIi JAHOI CTATTI.
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Features of using prolonged-release melatonin
in patients with type 2 diabetes

Abstract. Diabetes mellitus (DM) and its complications are one of
the leading causes of death worldwide, with approximately 700 mil-
lion people expected to suffer from DM by 2045, according to the
International Diabetes Federation. DM is a progressive, chronic dis-
ease that affects various body systems and can lead to serious physi-
cal health complications. Type 2 diabetes mellitus (T2DM) has been
shown to be associated with a higher incidence of sleep disturbances,
which may be due to the disease itself or secondary complications
or comorbidities associated with DM. However, epidemiological
evidence suggests a higher risk of obesity, metabolic syndrome, and
T2DM in individuals with shorter sleep duration and poor quality of
sleep. Therefore, an assessment of the quality of sleep, its disorders
and their pharmacological correction is recommended as a com-
prehensive medical examination for existing T2DM and for groups
at risk of its development. Among pharmacotherapeutic agents for
the treatment of sleep disorders, melatonin (N-acetyl-5-methoxy-
tryptamine) attracts special attention. It is indoleamine, a pineal

hormone synthesized in the human body, which name is related to
the ability to aggregate melanin pigment granules. It has been found
that melatonin directly participates in many biological processes
and limits oxidative stress both extracellularly and intracellularly.
Endogenous melatonin has linear kinetics, the half-life of the usual
form of melatonin with rapid release ranges from 45 to 65 minutes,
it is quickly metabolized and is completely excreted after 3—4 hours.
Currently, 1 and 2 mg prolonged-release forms of melatonin are
available, which provide slower and longer absorption, a delayed and
lower peak dose, and levels maintained for 8 to 10 hours — similar
to the physiological secretion curve of endogenous melatonin. Since
the dose of melatonin in prolonged-release forms is much lower
than in immediate release forms, this will help reduce the risk of
possible side effects, including in patients with T2DM and in groups
at risk of its development.

Keywords: melatonin; prolonged release; type 2 diabetes; sleep
quality
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Mepuesa H.O.", YypciHosa T.B.", [ouLuHsiKoBA A.A.?
T AHIMPOBCHKNM ASDIKABHUM MEANYHUA YHIBEPCUTET, M. AHIMPO, YkpaiHa
2 BCIT «YHiBepCUTETCHKA KAIHIKQ» AHIMPOBCHKOrO A€PXKQABHOIO MEAMYHOIO YHIBEPCUTETY, M. AHINPO, YKpaiHa

finopeHiHeMiYHU rinOAAbAOCTEPOHI3M
9K NPOSsiB BereTatuBHOi HenMponarii y nauieHTa
3 LYKpOBUM Aiab6eTom 2-ro tTuny
HO POHiI KOPOHABiIPYCHOI XBopoobu COVID-19.
KAiHiYHUIM BUNOAOK

Pestome. KopoHasipycHa xBopoba COVID-19 Hepigko CyrnpoBOAXYyeTbCS YCKIaAHEHHAMMU 3 6OKY eHAOKPUHHOT
cuctemu. HaBegeHuii KniHidHui BUNagok nauyieHta 3 yykposum giabetom (L) 2-ro tury, skmii nepeHic iHghekyito
COVID-19, nicns Akoi, no-nepie, noctana notpeba y npoBeneHHi 6a3ncHo-6010CHOI iHCyniHoTeparii, no-gpyre,
BUHWKIIA BUpaxeHa apTepiasibHa rinoTeH3isi. MexaHiam MoLUKOAXEHHS B-KIiTUH NigLLTyHKOBOI 3a51031 Y XBOPOro
€ auckytabesnbHuM. [poaHanisysasLLmn 0cobnamBocTi nepebiry LI, My BUSBUIN roCTPUVA No4aTok 3aXBOPIOBaHHSI
Y Billi 44 poku 3 BUPaXKeHoro rineprrikemieto Ta KETO30M, L0 MoTpebyBanv MNPoBEREHHS iHCyniHoTepanii, Hagani
npOTAroM TPUBAJIOro Yacy noTpeba B iHcyniHoTepanii 6yna BifCcyTHS | NayieHT npuiMas MeTEOPMIH, Maro4n Has-
MIipHY Macy Tina, BigCyTHICTb aHTUTIN 4O aHTUreHIB B-KNiTWH. TakoX HEMOX/IMBO BUKTloYMTY BriimB SARS-CoV-2
Ha IHKpeTopHY OyHKLito B-KITUH MiQLLTYHKOBOI 3a103u. BignoBigHo, IHTepec CTaHoB/IATb NMPUKAaAN 3 KITHIYHOI
rpaKkTUKK1, aHasi3 sakux goromarae 3po3yMiTh He TiflbKW MeXaHi3M rnepebiry 1a nporpecyBaHHs Uiei iHgekuii,
arne vi [iarHoCTuKy Ta JliKyBaHHs ii ycKknagHeHb. Hamu onvcaHo pigkicHui BUNagoK po3BUTKY riNOPEHIHEMIYHOro
rimoanbgocTepoHiamy y navieHta 3 i 2-ro tuny nicnsa nepeHeceHoi iHgekwii COVID-19. OcobnuBicTio nepebiry
rirnopeHiHeMi4HOro rinoasibgocTepoHiaMy 6yrna BIACYTHICTb y NnavieHTa e/IeKTPOsITHUX MOpYLLEeHb 38 HasgBHOCTI
BUpaxxeHoi apTtepiasibHoI rinoTeH3il, cynpecii peHiHy Ta anbgoctepoHy. M BBaxaemo, LLjo pO3BUTOK riropeHiHe-
MIYHOro rinoasnb4oCTEPOHI3MY 6yB MOB’SA3aHMI 3 MPOrpPecyBaHHAM XPOHIYHUX YCKIaAHeHb LyKPOBOro giaberty,
repeBakHoO aBTOHOMHOI HeviponaTii Ha gooHi iHgbekuii COVID-19. 3 MeToro KopekLii BUSBIIeHMX MOpYLLIEeHb NalieHTy
6ys10 nNpu3Ha4eHo 3amicHy Tepanio MiHepanokopTukoigamu. [Npu go6opi 403U hry[POKOPTUIOHY MPOBOAUBCS
KOHTPOJIb apTepiasibHOro TUCKY, CUMIATOMIB 3aTPUMKU piauHu Ta PiBHA eneKTponitis. NayieHT nepebysace nig
Harnsgom npotsrom 14 micsyis, notpeba y npoBefeHHi 3aMiCHoI Tepanii ¢oryapoKOpPTU30HOM 36epiraeTbcsi 4O
CbOrogHi. MNMpakTn4HUM sikapsiM HeoOXigHO 3BepTaTu yBary Ha LiarHOCTUKY BeretatuBHUX ropyLLeHb, SIKi PI3KO
BHUWXYIOTb SIKICTb XUTTA NayieHTIiB, € He3aleXHUM (hakTOPOM cepLeBO-CYANHHOI CMepPTHOCTI.

Kno4oBi cnoBa: uykposuii giabet 2-ro Tury; rinopeHiHemidHuii rinoasbgocTepoHi3M; KOpoHaBipycHa XBopoba;
BereTaTviBHa Hevponarisi; giarHocTuka

Koponasipychna xBopoba COVID-19 xapakTepu3yeTbcs
CHCTEMHMM 3aIaJIcHHSIM 3 YPaskKe€HHSIM Pi3HMX CUCTEM Opra-
Hi3MYy JIIOAWMHU, 30KpeMa eHIOKPUHHOI, CEPIIEBO-CYINMHHOI,
HEpBOBOI, onopHo-pyxoBoi. Ha Tii indekuii COVID-19
OMnucaHi BUNaAKU PO3BUTKY TUPEOIAUTIB, HEAOCTATHOCTI
HaJIHUPKOBUX 3aJ103, IiyKpoBoro aiadety (LI1). COVID-19

MIPU3BOAUTS K OO0 HOBUX BUITAIKiB po3BUTKY LI/I, Tak i mo
IIeKOMITeHcallil Bxke HassBHOTO 3axBopioBaHHd [1, 2]. Ha
KaJlb, y JIiTepaTypi MOKH 1110 HEIOCTATHHO BUCBITIIOIOTHCS
JTaHi 1100 HOBUX BUMAAKIB PO3JIaliB eHIOKPUHHOI CUCTe-
Mu y xBopux 3 COVID-19, ockiibku BeiIeHHS 11i€] KaTeropil
TaliEHTIB BiIOYBAETHCSI B OCHOBHOMY Ha PiBHi CITeliaJlicTiB
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MEePBUHHOI JJaHKK a00 (axiBIiB, SKi PiIKO 3yCTPidalOThCSI
3 eHJIOKPUHHOIO TaToJiorieto |3, 4]. Tomy HaM 31a10¢s1 KO-
PUCHUM BUCBITIMTU BUITAIOK 3 KJIiHIYHOI TPAKTUKM 1100
MiarHOCTUKU TiMOPEHIHEMiIYHOTO TilMoaIbI0CTEPOHI3MY,
SIKWI po3BUHYBCH y nauieHTa 3 LIJI 2-ro Tuny nicns nepe-
HeCceHOi KOPOHaBipyCHOI XBOpOOH.

J10 eHTOKPUHOJIOTIYHOIO BilIiIEHHSI YHiIBEpCUTETCHKOT
KJTiHiKM JIHIITPOBCHKOTO IEep:KaBHOTO MEAWYHOTO YHiBEp-
cutety y xoBTHi 2021 poky rocmirajiizoBaHo xBoporo I,
55 pokiB, 3i cKapramu Ha 3HIDKEHHST apTepiaJlbHOTO THUCKY,
rnepeBaxkHO B paHKoBUii yac, 1o 70—80/40—50 MM pr.cT, 1110
CYIIPOBOIKYETHCS 3aIIaMOPOUYCHHSIM Ta Pi3KOIO CIa0KiCTIO.
Kpim Toro, maitieHta TypOyBaiu CyXiCTb y pOTi, OHiIMiHHSI
CTOI, CYIOMM B HWXKHIX KiHIliBKax, Mpody3He MOTOBUII-
JICHHSI B TUISTHIII TPYAHOI KJIITKA BHOYI.

Hani anamHe3y: 3 2010 poky crpaxaae Ha LIJI 2-ro Tumy,
oTpuMyBaB MeThopMiH y 103i 2000 Mr Ha 100y. XBOpuii MaB
HaJIMipHY Macy Tijla, He JOocsiraB KOMITeHcallii ByTJIeBOIHO-
ro ooMiny, riaikoBaHuit remorio6in (HbAlc) nepedysasB y
nianasoHi 8,5—9,5 %. 3 XpoHIYHUX YCKIIaIHEHb BUSBICHO
niabeTUYHY IUCTAIbHY IOJiHeporarito. Y TpyaHi — ciuHi
2021 poky mamieHT nepenic COVID-19, nikyBaBcs mapa-
neramojioM 1500 Mr Ha 100y npoTsiroM TvKHsI. Ha T iH-
exl1lii po3BUHYBCS KeTO3, 3HM3WIAcs Maca Tijla Ha 12 KT, y
3B’SI3Ky 3 UMM ITallieHTa OyJI0 IepeBeaeHO Ha 0a3ucHO-00-
JIIOCHY iHCyJiHOoTeparito (Tpecuba 22 O] yBeuepi, HoBopa-
mig 6—10 OJ] 3aexkHO Bif KiJIbKOCTi BYIJIEBOIIB TpUUi Ha
neHb). 3 mororo 2021 p. namieHT Bin3HavyaB 3HUXKEHHS ap-
TepiasibHOrO THCKY 10 80—90/50—60 MM PT.CT., TIepeBakHO
B paHkoBwuii yac. [lo 3axBoproBanHst Ha COVID-19 natieHT
MaB HOpPMaJIbHUI piBeHb apTepiaibHOro TUCKY. EHmoKpu-
Houstor nipuszHauuB pociaimkerHuss TTI (2,31 MmkMO/mn),
KopTusoiy miasmu (12,4 mxr/mn), Kaiito (4,7 MMOJIb/I),
Hatpito (141 mMonb/m). Yei oTpuMaHi pe3yabTaTi mnepe-
OyBasin B Mexax pedepeHcHUX 3HaYeHb. OO’ €KTUBHO:

Tabnuys 1. Pe3ynbTat 6ioXiMidHUX BOCNiAXEHD

nayieHra

BioximMiuHi napameTpu Pesynbtat | Hopma
Kanin, mmons/n 4,73 3,5-5,5
Hatpii, Mmonb/n 142 132-146
Xnop, Mmonb/n 102 98-107
KpeaTtuHiH, MKMonb/n 87 61-108
LUK®D, mn/xs/1,73 m? 85 > 90
ANT, Op/n 62 4-41
ACT, Op/n 56 4-31
Binipy6iH, Mmonb/n 14,7 5-21
3aranbHUin XoNecTepuH,
MMOIb/1 74 3.1-52
XC NNHL, mmonb/n 5,46 <3,0
XC JIMNBLU, mmonb/n 1,5 >1,0
Tpurniuepvamn, MMosb/n 0,95 <17
HbA1c, % 9,2 <7
[o6osa anbbymiHypis,
Mr/24 rop, 1473 <30

HOPMOCTEHIUHOI cTatypu, 3pict — 184 cm, Bara — 79 KT,
IMT — 23 xr/m?. LIKipHi TOKPUBH 3BUYAITHOTO KOJIBO-
py, momipHo cyxi. [1pu ayckynbraiiii ceplsi BU3HAYa€ThCS
MPaBWIbHUI PUTM, TIPUTITYLIEHICT TOHIB, AT — 70/40 MM
pr.cT., YHCC — 86 3a | xB. I1ig yac 0GCTEXKEHHST OpraHiB
NUXaHHSI, TUTYHKOBO-KHUIIIKOBOTO TPAKTY, CEYOBUIIIBHOL
CUCTEMMU IaToJjiorii He BusiBieHo. BinzHavaetncs rinep-
KepaTo3 CTOII, TOPYIIEHHS TAKTWJIBHOI Ta TEMIEePaTypHOL
yyTIMBOCTI Yy HUX. [lynbcauis cyquH Tviy cton 30epexeHa.
[NepudepnuHnx HaOPSKiIB HEMAE.

Pe3yavmamu aabopamoprux ma incmpymeHmaibHux o0-
cmedxcens (ncoemens 2021 p.). 3aranbHuii aHai3 KpoBi 6e3
KJIIHIYHO 3HaYMMUX 3MiH. B aHaisi ceui BU3Havaiacs ane-
ToHypis (++). [mikemisa HaTie B Mexax 7,0—11 Mmonb/i,
rnocrrpaniaibHa — 8—14 mmosnb/n. Pesynbratu nmposene-
HUX 0610XiMiYHUX AOC/iIKEeHb HaBeAeHi y TaoI. 1.

V GioxiMiuHOMY aHaJIi3i KpOBi BUSIBIEHO UCIITIAEMIIO,
MOMipHE TiBUILEHHST aKTUBHOCTI IMeYiHKOBUX (DEPMEHTIB,
B aHaJi3i ceui — MikpoalbOymiHypito. [lalieHT orssHyTUiA
odTaTbLMOJIOroM, JIaHi 0(hTaIBMOCKOTIII: y TapaMaKyJIsipHiit
TUTSTHII CITKiBKM 000X 04eit IToMipHa KiJIbKiCTh MiKpoaHe-
BPHM3M, MOOAMHOKI TOUYKOBIi iHTpapeTUHaJIbHI reMoparii.
BucHoBoK: niabetnyHa HenpoJlihepaTMBHA pETUHOIIATIS
000x oueid. I1ig yac mpoBeneHHs Y31 uepeBHOI MOPOKHUHU
BUSIBJICHO O3HAKM XXUPOBOI iH(IIbTpallii MeviHKu.

Jiaeno3 Kkainivnuil: 1yKpoBUIt 1iaGeT 2-ro TUIMY, Cepe-
HBOTO CTYITeHS TSDKKOCTI y CTaHi JeKoMreHcallii. /liabetrmaHa
Hedpomnatis. XXH II cranii. liabetnuHa HenpotichepaTuBHa
petuHomnaris. [liabeTnyHa AucTajbHa CEHCOPHO-MOTOPHA
Heiipornarisi. CreaTorenaTo3. JAucnimigemis.

3 ypaxyBaHHSM PO3BUTKY Y MalliEHTa apTepiaJbHOI Ti-
MOTeH3ii HaMu OyJIO IIpoBeaeHO qudepeHIiaIbHY diarHOC-
THKY i3 KapIioBacKyJISIpHOIO aBTOHOMHOIO HeliponaTielo Ta
XBOp000I10 AmmicoHa.

[Tpu nposeneHHi audepeH1iaaTbHOT TiIarHOCTUKY 3 aB-
TOHOMHOIO He¥poIlaTi€elo MM aHaJi3yBaJl BapiaOeIbHICThb
cepueBoro putMy npu peecrpailii EKI (tect «rmmuboke au-
XaHHS», IIpo0a BayibcaibBu), XONTepiBChbKe MOHITOPYBaHHSI
EKT, onintoBanu intepsan QTc (kopuroBanuii intepsan QT)
3a joroMoroio hopmyu bazerra. ITig yac mpoBeieHHS TeCTy
«rmmboKe nuxaHHI» criBBimHoIIeHHS RR Ha Bumuxy Ta RR
Ha Bauxy 1,05 (Hopma > 1,2). ITpu upomy piznuisg YCC Ha
BIOMXY Ta BUOMXY craHoBMIA 10 yu/xB (HOpMasIbHA Pi3HULIS —
noHan 15 ya/xs). Ilix yac mpoBeaeHHs podu BanbcanbBu
MAaI€eHT 3MiliCHIOBaB (POPCOBAHU BUAMX Y TPYOKY, 3’ €THAHY
3 MOHOMETPOM, TiATPUMYIOUN TUCK 40 MM PT.CT. TIPOTSTOM
15 ¢, notim auxaB BinbHO. KoediuieHT BanbcanbBu po3pa-
XOBYBaBCSI SIK BiTHOIIIEHHSI MaKCHUMaIbHOTo iHTepBary RR y
nepii 20 CeKyHI Ticst Tpodu 10 MiHIMaJIbHOTO iHTEpBaTy
RR mig yac mpo6u i nopiBHioBaB 1,08 (y HOpMi KoediltieHT
Banbcanbsu > 1,21). IMonoexenHs iHtepBainy QTc Ha EKT He
BUsIBJIEHO, TpuBaticTh QTc cranoBuma 425 mc. I1in yac xoJ-
TepiBcbKoro MoHiTopyBaHHsI EKI BusiBIeHO 3HMKEHHS 1IUp-
KamHoro iHaekcy 1o 1,1 (Hopma 1,24—1,44). Takum UMHOM, y
TMalieHTa Majo Miclle 3HIKeHHS ITOKa3HMKIB BapiaOeIbHOCTL
PUTMY Ceplisl, 110 CBIMYUTH PO HAsSIBHICTh KapIiOBaCKYJIsIp-
HOi (popMM aBTOHOMHOI HEeMpOIIaTii.

[TinTBepmXyrOThCSI BEreTaTUBHI MOPYIIEHHSI CKapramu
nalieHTa Ha Mpody3He MOTOBUIAUICHHS B AiSHI TPy~
HOI KJIITKX BHOUI Ha TJi HOpMorJikeMii. [Ipn akTuBHOMY
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OINMUTYBAaHHI MalliEHTa TAKOX BUSIBJICHO CKapTu Ha BUpa-
>KE€HY CYXiCTh IIKipY Ta 3HUKEHE MOTOBUAIEHHS B TUTSTHIL
HIDKHIX KiHIIIBOK. TaKMM YMHOM, Y XBOPOI'O BiI3HAYaINCS
MPOSIBU CYZIOMOTOPHOT TUCHYHKITII.

VY tabu1. 2 HaBeneHi JaHi TOpMOHAJIBHUX Ta CEPOJIOTIYHUX
TOCITiIKEeHb, 110 OYJIM TTPOBENIEHI MallieHTY.

XBopoba AxnicoHa Oysia BUK/IIOYEHA Ha ITiICcTaBi HOP-
MaJIbHUX PiBHIB KOPTU30JIy CUPOBAaTKM Ta JOOOBOI eKCKpe-
il KOPTU30JIy i3 cevero, a TaKOX Pi3KO 3HMKEHOIO PiBHSI
peHiHY.

OcCKiJIbKY cymnpecist peHiHy CYITpOBOIKYBaTacs 3HUKEH-
HSIM PiBHSI aJIbIOCTEPOHY, MU TiMIILIA BUCHOBKY IIPO TeE, 1110
MPUYNHOIO apTepiaJibHOI TIMOTEH3i1 € TimopeHiHEMiYHUIA
rimoanpaoctepoHi3m. [loMipHe MiaABUILIEHHS alpeHOKOp-
TuKoTponHoro ropmony (AKTT'), iiMOBipHO, CBiTYUTH IIPO
Ooro NMEeBHUI BIJIMB HAa CEKPELII0 albJA0CTEPOHY Ta iCHY-
BaHHs 3BOpOTHOTO 3B’s13Ky Mixk AKTI Ta anbmoctepoHOM.

OTXe, Ha MiACTaBi HASIBHOCTI y XBOPOTO apTepiaibHOI
rinoTeH3sii, pe3yabTaTiB J1abopaTOPHUX AOCIIIKEeHb, 1110
BKJTIOYAIOTh 3HUKEHHS PiBHSI aJIbJIOCTEPOHY Ta HU3bKY KOH-
LIEHTPALiO PEHiHY MJ1a3MU, IPOBEACHOI AU(epeHLIiaIbHOT
IiaTHOCTUKU OYyJIO BCTAHOBIICHO 3aKAIO4HUL KAIHIYHU dia-
2H03: IIYKPOBUi1 1iabeT 2-To TUITY 3i CXMJIBHICTIO 10 KETO3Y,
TsKKa popma y cTaHi nekomrieHcarlii. liabetnuHa Hepo-
narist. XXH II cranii. liabernuna HernipostiepaTBHA peTH-
Horarid. JliabeTnyHa qucTajibHa CEHCOPHO-MOTOpPHA Heli-
ponartisi. BereratuBHa nosiHeiponaris. ['inopeHiHeMiuyHmit
rinoanbaoctepoHizM. CteatorenaTtos. JuciimigeMis.

V cramionapi mamieHT OTpUMYBaB JIiIKYBaHHSI: O-JTiIIIOEBA
kuciora 600 Mr Ha 100y BHYTPIlITHBOBEHHO, COMYIEKCHU]
600 JIO BHYTpIIIHBOM SI30BO IIIOIEHHO, aTopBacTaTuH 20 M
Ha no0y. [lamieHTy Oy0 MpU3HAYEHO 3aMiCHY Tepallilo
MiHepajloKopTuKoigaMu: (GuyapoKopTu3oH 50 MKT micis
CHinaHKy. byio pekoMeH0BaHO 3aMTOBHEHHS 11I0ICHHUKA
CaMOKOHTpOJIIO apTepiajibHOro Tucky (AT), yepes 2 TUXHi
KOHTPOJIb HATPil0, KaJjlilo, Bi3UT 0 KJIiHiKH.

[TawieHT BiaBigaB KJIiHiKy yepe3 2 TUXKHI Tic/Isl ToYaTKy
npuiiMaHHs QIyIpOKOPTU30HY. AHATI3 IIOAEHHUKA Ca-
mokoHTposto AT nokasas, 110 piBeHb AT y paHKOBMIT yac
y 60 % BUMipIoBaHb cTaHOBUB 85—95/60—65 MM PT.CT., ¥
40 % BumiptoBanb AT Ha piBHi 80/50 MM PT.CT., IpH 1IHO-
My Mauli€eHT MPOIOBXYBaB BiluyBaTH cJIa0KiCTh, 3aamMo-
poueHHs. [Ipotsrom mHs piBeHb AT mepeOyBaB y Mexax
90—100/60—65 MM pr.cT. [Ipn 06’€eKTUBHOMY OTJIsIII OyIH
BiZICYTHi 03HaKH 3aTPUMKU pinvHU. PiBeHb €J1eKTpOoJIiTiB:
HaTpiit — 143 mmonb/n, Kaniii — 4,5 mmonb/n. [latieHTy
0yJ1I0 peKOMEHI0BAHO 30iIbIIUTU A03Y (PIyAPOKOPTU30HY
1o 100 MKT miciisa CHigaHKY.

[TamieHT BigBimaB KiiHiKy yepe3 4 TUXXHI TpUiiMaH-
Hs QIyIpoKOpPTU30HY, A03a sIKoro ctaHoBmwiIa 100 MKT Ha
n00y. HlogenHuk camokoHTposito AT nokasas, o y 80 %
paHkoBuX BuMipoBaHb AT craHoBuB 90—100/60—65 MM
pT.CcT., y 20 % BumiptoBanb AT 80/50 MM PT.CT., MPOTSATOM
nHst — 100—105/60—65 MM pr.ct. ITix yac orjsiay marti-
€HTa nepudepndHi HaOpsAKKM He BUABJICHI. PiBeHb enek-
TPOJIiTiB TIepeOyBaB y Aiana3oHi pe)epeHCHUX 3HAUYCHD:
Hatpiii — 142 Mmmonb/n, Kaniit — 4,6 mmonn/n. TatieHTy
0yJ10 peKOMEH0BAHO Mojajbliie 30iablIeHHs 103U hITy-
IpOKOPTU30HY 10 150 MKr/mo0y (100 MKT Mic/ist CHiZaHKY
Ta 50 MxT 0 16:00). PekoMeHIOBaHO TTPOIOBXKUTHY BeICHHS

II0JeHHUKA CaMOKOHTPOITIO AT, OTJIsi Ta KOHTPOJTb €JIeK -
TPOJIITiB uepe3 2 THUKHi.

Hactynnuii orisin naiieHTa BinOyBcs yepe3 6 THUKHIB
MpUMaHHSI MiHEPAJIOKOPTUKOIIB Ha TJIi TTOTOYHOI JO3U
150 Mxr dyapokopTuzoHy Ha 100y. Hamu BigzHaueHo 1mo-
3UTUBHY TWHAMIKy y 3araJlLHOMY CTaHi TMalli€eHTa, a came:
crabinizyBasivcs undpu AT, He TypOyrOTh C1a0KiCTh Ta 3ara-
MOPOUEHHSI B paHKOBUI Yac. 3rigHO 3 JaHUMU IOACHHUKA
caMOKOHTpoTo, piBeHb AT y pankosuii yac 90—100/60—
65 MM pr.cT., iporsrom g — 100—110/60—65 MM pr.cT.
[Tin yac 06’€eKTUBHOTO OMJISIAY HE OYJIO CUMITTOMIB 3aTPUMKU
pinuHu. PiBHI HaTpito, KaJlilo epedyBaiu y MexaxX HOPMHU.

Hapnani maitienra Oyjio orjisiHyTO yepe3 8 THXXHIB Mpu-
MMaHHS MiHEpPaJOKOPTUKOIiB, BUSBIEHO TEHAEHILIO 10
migsuieHHst AT y npyriii mojoBuHi gHs 1o 140—150/80—
90 MM PT.CT., Y 3B’SI3KY 3 UMM 1032 (GIyIpOKOPTU30HY OyIia
3MeHIeHa 10 100 MKT omHOpPa30BO ITiC/IsI CHiTaHKY.

Yepes pik cioctepexkeHHs (>(koBTeHb 2022 p.) cTaH Matli-
€HTa CTaOUIbHUM, OTPUMYE 0a31MCHO-00JIOCHY iHCYIiHOTe-
parmiio (Tpecuba 22 O] BBeuepi, HoBopamnin 6—10 O] epen
OCHOBHUMM TpuiioMaMHu ixi), dbaynpokopTuzoH 100 Mxr
ITiCJIS CHimaHKy, aTopBacTaTuH 20 ML

06’extuBHO: IMT — 21,4 Kr/M%. PUTM cepiist paBUITb-
Huii, YCC — 80 3a 1 xB, piBeHb AT y IOJI0XEHHI CUATIN
craHoBuB 110/80 MM pr.cT. [1epudepuuni HaOpsikU HEe BU-
3Havanucs. [laTosorii opraHiB AUXaHHS, CEYOBUAIIEHHS,
IUTYHKOBO-KHUIITKOBOTO TPaKTy He BUSIBJIEHO. Pedynbratn
J1abOpaTOPHUX JOCHIIKEeHb: Kaliii — 4,73 MMOJIb/J; Ha-
Tpiit — 142 MMOIB/1.

O6rosopeHHs

Hamu HaBenmeHuit KIIiHIYHUI BUITamokK mnamieHTa 3 LI/
2-1o TUMY, KU1 nepeHic iHbekito COVID-19, micns skof,
mo-TIepiie, ImocTaja Imorpeda y IpoBeaeHHI 6a31cHO-00-
JIIOCHOI iHCYJIiHOTepallii, Mo-Apyre, BAHUKJIA BUpakKeHa
apTepiajbHa TilMOTeH3is.

MexaHi3M MOIIKOKEHHS B-KIITHH MiAIUTyHKOBOI 3a-
JIO3U y XBOPOTO € AucKyTadeabHuM. [1poaHaizyBaBIId 0Co-
osmBocTi nepebiry LI, My BUSBUIM TOCTPUIA MOYATOK 3a-
XBOPIOBaHHS Y Billi 44 pOKU 3 BUPAXKEHOIO TilleprilikeMie€ro
Ta KeTO30M, IIIO ITOTpeOyBaIi IIPOBEACHHS iHCYIiIHOTEeparlii,

Ta6nunys 2. NopMoHasnbHIi Ta ceposorivHi
aocigXeHHs nayieHta

MapameTpu Pesynbtat | Hopma
KopTunson cupoBaTku, MKr/on 11,4 3,09-16,6
[o6oBa ekckpeList kKopTu3ony
i3 ceyeto, MKr/noby 185 58-403
AKTT, nr/mn 85 7,0-69
AnbOoOCTEpPOH (BepTUKaNbHE -
MOMOXEHHS), HI/an 3.8 7,0-30,0
PeHiH akTnBHUI, MKMO/MR <0,5 4,2-45,6
C-nenTtnpg, Hr/Mmn 0,85 0,81-3,85
AHTUTINA 0o ryTamMataekap-
6okcunasu, Op/mn 74 <17
AHTUTINA Jo TpaHcnopTepa
unHKy 8, Og/mn <10 <15
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Hagaji IpOTSATOM TPUBAJIOr0 4Yacy IoTpeda B iHCYJiHOTE-
pariii OyJ1a BiACYTHsI i MalieHT mpuiiMaB MeThOpPMiH, Mato-
4y HaAMIipHY Macy TiJla, BiICYTHICTb aHTUTLJI 0 aHTUTE€HIB
B-xoritiH. Ha mincrasi kiracudikartii L1, mpwitasitoi BOO3
y 2019 pouii [5], MU BCTAaHOBWIX AiaTHO3: LIyKPOBUIA 1iabeT
2-r0 TUITY 3i CXWIIbHICTIO 10 KeTosy. Ls dopma LI cyrnpo-
BOJIKYETBCSI Pi3HUM CTYIeHeM aediluTy iHCyITiHY.

Takox HeMOXTMBO BUKII0UMTH BIUIMB SARS-CoV-2 Ha
iHKpeTOpHY (DYHKIIi0 B-KITITHH MiANUTYHKOBOI 3a7103U. Bi-
IoMo, 1110 KopoHaBipyc SARS-CoV-2 npoHuKae B KIiTUHY
3a JOMTOMOTI0I0 PeLeNTOpa aHTiOTEeH3UHITEPETBOPIOIOYO-
ro ¢pepmenty 2 (ATID2) Ta TpaHCMeMOpaHHOI CEPUHOBOT
npoteasu 2 (TCII12). Excrpecist petienitopiB ATI®2 i TCII12
BUSIBJIEHA NTPAKTUYHO Y BCiX €HIOKPMHHUX 3aJ103aX: TiMo-
TajaMyci, Trinmoisi, MUTONomiOHI# 321031, HATIHUPKOBUX
3aj103ax, MiALUTYHKOBIl 3a/103i, sSIEUKax, 10 poOUTH 11i Op-
ranu yytauBuMu 10 SARS-CoV-2 [1, 6, 7]. TaKuM 4MHOM,
MOXHa TIPUIYCTUTH TPpoTHicTh SARS-CoV-2 o B-xmituH
ocTpiBLiB JlaHrepraHca ta 6e3mocepenHiii BIUIUB Bipycy Ha
IHKpETOPHY (PYHKIIIIO MiAIUIYHKOBOI 3aJI031.

3 orisiay Ha PO3BUTOK apTepiajibHOI TIMOTeH3il micst
nepenecenol iHdek1ii COVID-19, ska cynpoBoaxyBanacs
HU3bKOIO KOHIIEHTpALli€I0 PEHiHY Ta abIOCTEPOHY IJIa3MU,
IpU [IbOMY IIIOKOKOPTUKOIACHUHTE3yIoua (HYyHKIIiST Hald-
HUPKOBUX 3aJ103 Oysia 30epexkeHa, BCTAHOBJEHO J1iarHO3
«TiMOpPeHIHEeMIYHUI TiMoaJbIOCTEPOHI3M» i TPU3HAYEHO
3aMicHY Tepartito ¢ayapokopTuzoHoMm. Jlosy diryapokop-
TH30HY TUTpYBaiu Big 50 go 150 MKT Ha 100y, IPU LILOMY
MOHITOPYBan apTepiajibHUI1 TUCK, CUMIITOMU 3aTPUMKU
pIIVHU Ta eJIEKTPOJIITA KPOBi.

ApTepianbpHa TilOTEeH3is € HeYaCTUM CUMITOMOM Y
nauieHTiB i3 L1, y pasi ii mosiBu HeOOXiTHO BUKITIOYNUTHU
rinopeHiHEeMiYHUM rinoaabIOCTEPOHI3M, SIKUMM € KITiHiu-
HUM CUHIPOMOM, TIOB’SI3aHUM 3 HeaIeKBaTHUM CUHTE30M
PEHiHY, a TAKOXX BTOPUHHUM J1e(DilIMTOM MiHEPATOKOPTUKO-
imiB. J10 MpUYMH TiMOpeHiHeMiYHOIO Til0aabI0CTePOHI3ZMY
HaJleXaThb:

— XpOHiuHa XBOpoOa HUPOK, 110 PO3BUHYJIACS HA (DOHI
niabeTYHO1 Hedbpomnarii, XpOHIYHUX TYOYTOIHTEPCTUILiAIb-
HUX 3aXBOPIOBaHb, [NIOMEPYJIOHEPPUTY;

— TMpUHOM MEIMKaMEHTIB: HECTePOiTHUX MPOTHU-
zananbHux npenapatiB (HI13I1), inrioiTopis AIID, iH-
ridiTopiB anrioteH3uHny lI, mpsaMux iHriGiTOPiB peHiHY,
Kajiz0epiratounx IiypeThKiB, rernapuHy, iHTi0iTOpiB Kajib-
LIMHEBPUHY;

— HUPKOBUI KaHajblLeBUid aunnos [V tumy.

Heo06xigHo Bin3HAUUTH, 110 OyIb-SIKMIA CTaH, TIPU KO-
MY MOpYIIeHa PeHiH-aHTiIOTEH3UH-AJIbJI0CTEPOHOBA BiCh,
MOTEHIITHO MOXe TIPU3BECTHU 10 HUPKOBOTO KaHAJIbIIEBO-
ro auumo3y 1V tumy, Tomy «rirnopeHiHeMiYHUI TiloaIbao-
CTEPOHI3M» Ta «HUPKOBUIA KaHa/IbIIeBUI1 auuno3 1V tumy»
BBaXalOTbCs CHHOHIMAMMU.

MexaHi3M po3BUTKY TilTOPEHIHEMIUHOTO TiMoabI0CTe-
poHi3my y nauieHTiB i3 LI no KiHus He BuBYeHMit. [lepen-
0avaeThCs, 110 KIIOYOBMM MEXaHi3MOM € TillOpeHiHEeMis
Ha TJIi MOLIKOIXXEeHHSI I0KCTArJIOMepY/ISIpPHOTO anapaty Ta
MOPYIIEHHS KOHBEPCii MpopeHiHy B akTUBHUI peHiH. Cy0-
CTpaTOM IJISl IIUX MATOJOTiYHMUX TPOLIECiB € AiabeTuyHa
HedpormarTis 3 6e3rmocepeaHiM ypaxkeHHIM KIyO0OUKOBOTO
amapary, a TaKOoXX aBTOHOMHa Helipomarisi, a came TMpu-

THiYeHHS ii CHMIATUIHOTO Bimmiry (y HOPMi CTUMYJISIIIIST
[B-ampeHopelenTopiB MPU3BOAUTH 10 BUBLTLHEHHS PEHIHY)
[8]. AudepeHLianbHa JiarHOCTUKA pi3HUX (DOPM Tiloaabao-
CTEpPOHiI3MYy MOTPEOYE AOCTIIXKEHHS aKTUBHOCTI PEHiHY,
aJIbIOCTEPOHY Ta KOPTU3OJTY.

Cepen MPpUYMH TIMOPEHIHEMIUHOTO TiloaTbI0CTePOHI3-
My, HasIBHUX Y MPEICTABIEHOTO MalliEHTa, MOXKHA BUALTATH
LIJI Ta xpoHiYHi yCKIamTHEHHSI — AiabeTUYHY HedpomaTiio
Ta aBTOHOMHY HeipomnaTito, a TaKoX nepeHeceHy iHgek-
uiro COVID-19 ta npuitom HII3I1. OcobiuBuii BHECOK y
PO3BUTOK 1IbOTO YCKJIAMHEHHS, Ha Hallly IyMKY, 3poouia
aBTOHOMHAa HelpoIiaTis, CAMIOTOMU SIKOI MpOrpecyBaiu
mics indekuii COVID-19. Tak, y naitieHTa crioctepiraamcs
Pi3HOMAaHITHI KJIiHIYHI TPOSIBU BEreTaTUBHOI AUCHYHKIIIT:
CyIOMOTOpHA AMCQYHKIIiS, KapAiOBaCKY/ISIPHI ITOPYIIEHHSI.
[1pn boMy CymoMOTOpHA TUC(YHKIIIS CBiTYMIa PO ypa-
JKEHHSI CUMIIaTUYHUX YTBOPEHb CIIMHHOTO MO3KY, MPOSIBU
rapacuMITaTUYHOI HETOCTATHOCTI OyJiv BUSIBJICHI Ha eTarti
NiarHOCTUKY KapioBacKyJ/IsIpHOI (h)OpMU aBTOHOMHOI Heli-
poIaTii mpu IpoBeACHHI TeCTY «INIMOOKE TUXaHHS» , IPOOK
BanbcanbBu, xontepiBcbkoro MoHitopyBaHHs EKI.

lNnmopeHiHeMidyHMI TiITOAIbIOCTEPOHI3M YaCTillle aco-
LiiloBaHUI 3 TinepKalieMi€lo, OIHAK Y JiTepaTypi TaKOXK
OIMCaHi HOpMO- Ta rinokKaniemiuHi BapianTu [8—10]. Y mo-
JTAaHOMY HaMU KJIIHIYHOMY BUMAJKY Bil3HauyaBCsi HOPMO-
KajiemiuyHuii BapianT. HaliimoBipHillle, icHye KoMOiHallist
MeXaHi3MiB, sSIKi 3aITyCKalOTh TIOpEeHIiHEMITYHUI TiIToaabIo-
CTepOHi3M y nauieHTiB i3 L.

Mu criofiBaemocs, 1110 OMKUC 1IbOTO BUIAAKY Oyie KO-
PUCHUM SIK y MPAKTUILLi ciMEeHOTO JliKaps, Tak i B poOOTi
iHIIMX (paxiBLiB, SIKi 3aliMalOThCS JiKyBaHHSIM Ta pealii-
Tauieto naieHTis 3 COVID-19.

KondurikT inTepeciB. ABTOpU 3as1BJISIIOTh MPO BifICYTHICTD
KOHOJIIKTY iHTepeciB Ta B1acHOi (hiHaHCOBOI 3alliKaBJIEHO-
CTi IIpY MiATOTOBIIi JAHOI CTATTI.
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Hyporeninemic hypoaldosteronism as a manifestation of autonomic neuropathy
in a patient with type 2 diabetes mellitus against the background of coronavirus disease.
A clinical case

Abstract. Coronavirus disease (COVID-19) is often associated with
endocrine complications. The article describes a clinical case of the
patient with type 2 diabetes mellitus and COVID-19 after which, for
the first time, there was a need for basal-bolus insulin therapy, and
secondly, a significant arterial hypotension occurred. The mecha-
nism of damage to B-cells of the pancreas in the patient is debatable.
After analyzing the features of diabetes course, we found an acute
onset of the disease at the age of 44 years with pronounced hyper-
glycemia and ketosis, which required insulin therapy. Then for a
long time there was no need in insulin therapy, and the patient took
metformin, having overweight, no antibodies to -cell antigens. It is
also impossible to exclude the effect of SARS-CoV-2 on the secreto-
ry function of B-cells of the pancreas. Accordingly, clinical cases are
interesting, as their analysis helps to understand not only the mecha-
nism of development and progression of this infection, but also the
diagnosis and treatment of its complications. We have described a
rare clinical case of the hyporeninemic hypoaldosteronism in the

patient with type 2 diabetes mellitus after COVID-19 infection.
A feature of the hyporeninemic hypoaldosteronism course was the
absence of electrolyte disorders in the patient, with severe arterial
hypotension, suppression of renin and aldosterone. We believe that
the hyporeninemic hypoaldosteronism has been associated with the
progression of chronic diabetes complications, mainly autonomic
neuropathy against the background of COVID-19. To improve the
identified disorders, replacement therapy with mineralocorticoids
was prescribed. The blood pressure, symptoms of fluid retention and
electrolyte levels were monitored when selecting the dose of fludro-
cortisone. The patient has been under observation for 14 months,
the need for fludrocortisone replacement therapy persists to this
day. Practicing doctors need to pay attention to the diagnosis of
autonomic disorders, which reduce the patients’ quality of life and
are an independent risk factor for cardiovascular mortality.
Keywords: type 2 diabetes mellitus; hyporeninemic hypoaldostero-
nism; coronavirus disease; autonomic neuropathy; diagnosis
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