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LLIaHOBHI KOAeru!

MponoHyto Bam BMGpaTU CBIlA cnoraH ans Lpboro Homepa.

SlckpaBe — MaHUTb,
Ta B psgKax Api6Horo wpugty
cosiofike — 3 FipKumM.

lporor: wwenit i3 nicky

VY BiTpax 3a MexoBummM fopamm NofeiikyoTh NPo NocTaTh, ka 3'ABASETLCA Ha MeXi CYTIHKY — Hi [1eHb, Hi Hid. Voro
3ByTb 3natosasvkuin fyx. BiH He npogae 36poi, He Toprye 3010TOM. BiH gapye mpii. Ane xogHa — He 6e3uiHHa. Mpasu-
TenAM BiH NPONOHye BrvB. BurHaHuam — apyrui waxc. Noetam — 6e3MexXHy HaTXHEHHICTb. Ane BCi MAyTb i3 TIHHIO.

OpHoro pasy Monoauin Mar 3anuTas:

— YoMy KOXHe TBOE 6adKaHHSA Hece KaraHn?

3naToA3MKMI YCMIXHYBCS 04MMa, LLO CBITUNCS, IK MOHETW Y [Kepeni:

— Bo HixTO He yMTae Hanucy Ha 3BOpOTi 6aXKaHHs, — i pO3TaHyB y Nuy 3abyTTS.

®pasza «[duason y gpibHUUAX» 4aBHO cTana 3BUYHOK. Ane CnpaBXHIN ii CEHC pO3KPMBAETLCA NULLIE TOAI, KONW nepen
Hamu He hbopmarnbHICTb, a BUBIp i3 HEO6OPOTHUMM HacnigKaMu.

3yCTpiHb A1 TOro, XTO MPOMOHYE Leapi yroam 6e3 LiHW, — MOXIMBO, A Kpalle 3po3yMiB 61, HOMY «6E3KOLUTOBHE»
4acTO BUABMAETLCA HAMOOPOXYMM. Ane, AKLLO YECHO, s BONIB 61 HIKOMM HE 3HAMOMUTUCH 3 TAKUMM.

KoxxHa, Ha nepLuui nornsg, [obépa npono3uLis 3acnyroBye Ha NuibHe 0kKo. 5o 61McK — He 3aBXAau CBiTNo. [Hoai
Le npumaHka. | 4yacto My po3yMieMo Lie 3ani3HO — KOJIN KiHeLb BXEe He CONMOAKUNA, a CONMOAKO-TiPKUNA.

XKutum npocto. XKutn yecHo. XKutn 6e3 6opry nepes TEMHUM — OT LLO BapTO.

licnsmoBa

MwHyno 6araTo pokiB, i TOM IOHWIA Mar cTaB CMBUM MaHApPiBHUKOM. BiH Tak i He 3BepHyBCs N0 6aXaHHs, He TOPKHYBCS
XOAHOi yrogn. Ane B MOro KHM3i 3’ABUUCA HOBI PO34iNn: He NPO Yapu — Npo BUOGIp.

OpHOro gHs BiH 3yCTpiB y4HA. ToW NUTaB, HOMY Mar TakvMi CUIIbHUIA, XO4a He Mae aMyrneTiB uM yrog 3 gyxamu.
— Tomy LLO A HABYMBCA YMTaTU OPIGHUM LIPUATOM, — BIAMNOBIB CTapuN.

— A 0 TaM HanncaHo? — He Braeas Y4eHb.

— 3aBXau OfiHe i1 Te caMe, — cKalaB Mar i yCMixHyBcs. — Te, Lo 3[a€TbCA KOPOTKUM LLJIIXOM,

Han4acTille € KOJIOM. E E
L

3 nosaroto, npo. [. IsaHos M E -
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Analysis of the use of artificial intelligence systems
for the development of physical exercise programs
during rehabilitation of nephrology patients

Abstract. Background. Artificial intelligence (AD is a direction of mathematical computer modeling
based on the abstract essence of mathematical thinking. Chronic kidney disease (CKD) is a nosological
unit, its final stage (end-stage renal disease) has seen an exponential increase over the past decade and is
considered by the World Health Organization as a global problem by cause of death. The global healthcare
industry is one of the main planes for practical application of modern developmentsin the field of Al thanks
to machine learning algorithms that provide new opportunities for solving the most complex problems of
medicine and pharmacy. The purpose was to analyze the possibility of using physical exercise complexes
(PECs) created by Al system in patients with CKD undergoing renal replacement therapy and fo compare
PECs created by Al with the list of PECs used in clinical practice (systematic reviews and meta-analyses) for
rehabilitation care in nephrology. Materials and methods. Scienfometric analysis of professional literature
from electronic databases PubMed, Embase, Scopus and Web of Science, Cochrane CENTRAL was
conducted. According fo the purpose of the study, the following methods were used: bibliosemantic,
systematic approach, descriptive modeling using Al systems — Gemini and ChatGPT. Results. Al systems
(Gemini and ChatGPT) proposed exercise programs for patients with CKD that take info account different
stages of rehabilitation (respiratory, aerobic, strength, strefching and relaxation). At the time of the
descriptive modeling, the database used by Gemini and ChatGPT is sufficient for their roufine use in the
development of exercise therapy complexes for the rehabilitation of nephrological patients with different
nosologies. Conclusions. Arfificial intelligence is a tool in the hands of a physician to provide medical care;
the quality of this tool will depend on the qualifications of the physician who will teach (machine learning)
Al to use their knowledge and competencies fo optimize the process of creating rehabilitation complexes
for patients with kidney disease from the standpoint of evidence-based medicine.

Keywords: physical exercises; chronic kidney disease; rehabilitation aid; artificial intelligence

Introduction

Artificial intelligence (Al) is a field of mathematical
computer modeling based on the abstract essence of mathe-
matical thinking. The history of the formation and deve-
lopment of Al, a term officially coined in 1956 by John
McCartney [1], is rather ambiguous, distinguishing between

the forerunners of formation, the stage of inception, the
stages of rapid development — boom and the stages of de-
cline — “winters” [2—4].

Chronic kidney disease (CKD) is a nosological unit
of kidney disease that has seen an exponential increase in
patients with end-stage renal disease over the past decade

© «Hupkm» / «Kidneys» (Pocki), 2025
© Bupaseub 3acnascokmit 0.10. / Publisher Zaslavsky 0.Yu., 2025
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and is considered by the World Health Organization to be a
global problem by cause of death [5—7].

The global healthcare industry is one of the main
“planes” of practical application of modern Al develop-
ments. At the initial stages of Al development, the focus
was on the development of machine learning algorithms.
Thanks to them, new opportunities were created to solve the
most complex problems in medicine [8—14] and pharmacy
[15, 16]. Recently, Chatbot’s have been widely used in me-
dicine to automate various types of tasks, from making an
appointment with a doctor to receiving basic first aid recom-
mendations and even psychological assistance. Currently,
the most advanced Al Chatbot’s are two competing neural
networks — Gemini by Google and ChatGPT by OpenAl.
They are capable of generating texts in various subject areas
(including medical), translating, creating creative content,
and answering user questions in an informative manner.

The purpose. To analyze the use of physical exercise
complexes (PECs) created by the Al system for use in pa-
tients with CKD undergoing renal replacement therapy for
rehabilitation care and to compare these PECs with the list of
PECsused in clinical practice according to the scientometric
search of research results (systematic reviews and meta-ana-
lyses) on rehabilitation care in nephrology practice.

Materials and methods

The study was performed within the framework of the
scientific theme of the Department of Pediatrics, Neo-

natology and Perinatal Medicine of Bukovinian State
Medical University on the subject “Chronobiological and
adaptive aspects and peculiarities of vegetative regula-
tion with pathological conditions in children of various
age groups”. The state registration No. 01220002245,
the deadline: 01.01.2022 — 31.12.2026. Scientometric
analysis of professional literature of electronic databases
PubMed, Embase, Scopus and Web of Science, Cochrane
CENTRAL. According to the purpose of the study, the
following methods were used: bibliosemantic, systematic
approach, descriptive modeling using Al systems: Gemini
and ChatGPT.

Results

These days, Al, through the use of mathematical me-
thods to predict or classify various types of medical data,
structured or unstructured, has made significant changes in
a number of professional areas in the medical field [§—14],
and nephrology is no exception [17, 18].

According to the objective, the study consisted of two
stages. At the first stage of our study, we tasked two Al
systems, Gemini and ChatGPT, with suggesting a set of
exercises that would be best for patients with CKD on he-
modialysis. Both programs emphasized the importance of
consulting a doctor before starting exercises and having a
physiotherapist monitor the exercises. The exercise sets
suggested by the Al included aerobic exercises, strength
exercises, and exercises.

Gemini Al suggested the follo-

Gemini

2.0Flash »

beneficial.

and frequency of exercise to allow the body to adapt and minimize the risk of injury.

Enjoyment and Motivation: Choosing activities that the patient enjoys will increase
adherence to the exercise program. Social support and encouragement can also be

Education and Support: Providing clear instructions, demonstrating exercises, and offering
ongoing support are essential for successful implementation.

By incorporating these types of exercises and considering the specific needs of hemodialysis
patients, a comprehensive and beneficial exercise program can be developed to improve their
physical and psychological well-being. Remember that this is a general proposal, and a
personalized approach guided by healthcare professionals is paramount.

wing exercises (Fig. 1):

1. Aerobic exercises (walking,
cycling, swimming) 20-30 mi-
nutes, 3—5 times a week to improve
cardiovascular function, increase
endurance, improve mood and sleep
quality.

2. Strength exercises (chair lif-
ting, arm bending with dumbbells
or water bottles, leg extensions,
exercises with an elastic band) 2—3
times a week to strengthen muscles,

Gemini

20Fash ~

Overarching Goals:

counteract this.

Propase and justify a set of exercises that would be best for
patients with cronic kidney diesease on hemodialysis

4 That's a thoughtful question. Designing an exercise program for individuals undergoing
hemadialysis requires careful consideration of their unique physiological challenges. Here's a

proposad set of exercises, along with the rationale behind each choice:

« improve Cardiovascular Health: Hemodialysis patients are at high risk for cardiovascular 1.
disease. Exercise can help improve blood pressure, lipid peofiles, and overall heart function.

* Enhance Muscle Strength and Endurance: Muscle wasting and weakness are common in
CKD, impacting functional capacity and quality of life. Strengthening exercises can

« Increase Functional Capacity: Impraving the abiity to perform daily activities e walking,
cimbing stairs, and carrying groceries is crucial for ndependence.

* Reduce Fatigue: While it might seem counterintuitive, regular, moderate exercise can actually
help combat the fatigue often experienced by hemodialysis patients.

+ Improve Bone Health: CKD can lead to bone mineral density

improve metabolism, and maintain
bone density.

3. Flexibility exercises (stret-
ching of neck, shoulder, back, and
leg muscles) daily to improve joint
mobility, reduce the risk of injury,
and relieve muscle tension.

ChatGPT AI suggested the fol-
lowing set of exercises (Fig. 2, 3):
Breathing exercises (daily,
5—10 minutes) to improve blood
oxygenation and reduce stress.

2. Warm-up (slow walking on the
spot, circular movements of arms,
shoulders, feet) 5—7 minutes.

3. Aerobic exercises (walking on

Joss. Weight-bearing and

the spot or on a treadmill, exercise

Figure 1. Gemini Al suggested the following exercises

bike, soft stepping) for 10—15 mi-
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nutes to improve cardiovascular
function.

4. Exercises for muscle
strength (squatting to a chair, ex-
tending and bending the legs in a
sitting position, lifting the arms
with a small weight, elbow plank)
for 10—15 minutes to prevent
muscle atrophy.

5. Stretching and relaxation
(stretching calf muscles, stret-
ching back, relaxation) 5—10
minutes to improve flexibility,
reduce the risk of muscle spasms
and improve psycho-emotional
state.

At the second stage of the
study, during a systematic review
and scientometric analysis of the
professional literature of the elec-
tronic databases PubMed, Em-
base, Scopus, Web of Science,
Cochrane CENTRAL, we selec-
ted and summarized the results of
3 meta-analyses, which included
131 scientific studies evaluating
the effect of physical activity on
the condition of patients with
CKD on renal replacement thera-
py (5780 patients with CKD) [19,
20, 22].

The authors of meta-analyses
have found that among the pos-
sible options for physical activity,
aerobic and strength exercises, as
well as their combinations, give
the best results. To evaluate the

ChatGPT v

Suggest a set of exercises that would be best for patients
with cronic kidney diesease on hemodialysis

Exercise can be highly beneficial for patients with chronic kidney disease (CKD) on
hemodialysis, improving cardiovascular health, muscle strength, and quality of life.
However, the exercise plan must be tailored to their health status, dialysis schedule,
fatigue levels, and any comorbidities (e.g., diabetes, hypertension, heart disease). Always
consult a healthcare provider before starting a new routine.

Here's a safe and effective set of exercises for hemodialysis patients, split into three main

categories:

ChatGPT v

Propose and justify a set of exercises that would be best
for patients with cronic kidney diesease on hemodialysis

For patients with chronic kidney disease (CKD) on hemodialysis, the best exercise
regimen should focus on improving cardiovascular health, muscle strength, endurance,
and overall quality of life, while being safe, low-impact, and adaptable to their

fluctuating energy levels. Here's a proposed set of exercises, categorized and justified:

ChatGPT v

Conclusion

The best exercise set for hemodialysis patients combines aerobic, resistance, flexibility,
and balance training, with an emphasis on intradialytic exercise to increase compliance
and health outcomes. This holistic approach supports physical function, reduces CKD

complications, and enhances mental and emotional well-being.

Figure 2. ChatGPT Al suggested the following set of exercises

ChatGPT ~
Weekly Sample Exercise Routine for Hemodialysis Patients
Day Type of Exercise Duration Details & Focus (w)]
Monday Intradialytic Aerobic + Resistance 20-30 mins - Pedal a mini-cycle or do seated leg lifts during dialysis
Training - Light dumbbell curls or band exercises for arms
- Avoid fistula arm
Tuesday Walking + Stretching + Balance 30 mins - 15-20 min walk (indoors or outdoors)
- 10 min stretching (hamstrings, calves, shoulders)
- 5 min balance (heel-to-toe, single-leg stand)
Wednesday Intradialytic Resistance + Flexibility 20-30 mins - Seated resistance band exercises (legs, arms)
- Gentle yoga/stretching post-exercise
Thursday Restorative Activity + Flexibility 15-20 mins - Light yoga or tai chi session
- Full-body stretching
- Deep breathing exercises
Friday Intradialytic Aerobic + Light 20-30 mins - Pedal or march in place

Figure 3. ChatGPT Al suggested the following set of exercises for patients with CKD on hemodialysis
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results, the authors of scientific studies most often used
the 6-minute walk test and quality of life, and it should be
noted that physical activity did not show a significant im-
provement in quality of life in patients with CKD. In most
studies, aerobic and strength training alone and together
(both interdialytic and intradialytic) significantly improved
the results of the 6-minute walk test [19, 20, 22].

Using Gemini Al, we summarized the physical exercises
proposed by the authors of the articles included in the meta-
analyses [19, 20, 22]. The exercises were used both individu-
ally and in combination. They differed in duration (from 10
minutes to an hour), frequency (from daily to 2—3 times a
week), and intensity (which was regulated by the Borg scale
or maximum heart rate and gradually increased).

A set of exercises for patients with CKD on hemodi-
alysis:

1. Aerobic:

— cycling ergometry;

— walking;

— jogging;

— aerobic movements with range of motion: wrist rota-
tion, ankle flexion and extension;

— exercises without resistance;

— pedaling. Strength exercises;

— exercises for the upper extremities: chest press, biceps
curls, triceps extensions, dumbbell press, incline deadlift,
overhead dumbbell press;

— exercises for the lower extremities: squats, knee ex-
tension and flexion, leg press, plantar flexion of the foot, hip
abduction and adduction, hip flexion, lower leg raises, lower
extremity raises;

— exercises for the core muscles: abdominal exercises,
pelvic lifting;

— specialized exercises: exercises with an elastic ball;

— stretching: exercises to stretch the lower extremities.

2. Combined training:

— aerobic + strength. Aerobic exercises are represented
by cycling, walking, step aerobics, circuit training. Strength
exercises include exercises with weights, elastic bands,
bodyweight exercises, dynamic exercises;

— aerobic + stretch/flexibility. Combine cycling er-
gometry with stretching and flexibility exercises;

— strength + stretching/flexibility. Combine strength
exercises with stretching and flexibility exercises;

— aerobic + strength + stretching/flexibility + balance
exercises. The most comprehensive combination that in-
cludes all the main components of physical fitness.

Summarizing the results of the second stage of our study,
we can conclude that the set of physical activities proposed
by Al corresponds to the physical exercises provided by the
authors of meta-analyses that included 131 scientific studies
assessing the effect of physical activity on the condition of
patients with CKD undergoing renal replacement therapy
[19, 20, 22].

Discussion

Both Al systems proposed PT complexes for CKD pa-
tients requiring renal replacement therapy that take into ac-
count different stages of rehabilitation (respiratory, aerobic,

strength, stretching, and relaxation). Thus, the knowledge
base inherent in Gemini Al and ChatGPT Al is sufficient to
be used in the development of physical activity programs for
the rehabilitation of patients with different diagnoses [17,
18, 23-29].

Currently, the issue of the legal framework for the use of
artificial intelligence in medical practice remains unresolved
in Ukrainian legislation, while there is hope that this issue
will be resolved with the availability of international experi-
ence and recommendations [30, 31].

Prospects for further research. Clinical analysis of physi-
cal rehabilitation methods for patients with CKD created
using Al.

Conclusions

Artificial intelligence is a tool in the hands of a doctor
to provide medical care, the quality of this tool will also
depend on the qualifications of the doctor who will teach
(machine learning) Al to use the doctor’s knowledge and
competencies to optimize the process of creating complexes
of exercise therapy for rehabilitation purposes for patients
with kidney disease.
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Bespyk B.B.", IBaHoB A.A.% LLkpo6aHeus I.A.3, IBaHYyk M., IBaruyk 1.4, CemaHb-MiHbko 1., lepBo3saHckka O.°
"BYKOBMHCBKIM APIKABHUA MEAMYHWA YHIBEOCUTET, M. YepHiBLi, YKpQiHa

’HavioHanbHm meandHni yHiepcuter imeHi O.O. boromonsLst, M. Kuis, YkpaiHa

SHaLioHaAbBHQ QKAAEMIsSt MEAMYHMX HAQYK YKpQiHW, M. KuiB, YkpaiHa

‘O6AQCHE KOMYHQAABHE HEKOMEPUIHE MIAMPUEMCTBO «YepHIBELbKQ OBGAQCHA KAIHIYHO AIKQPHSI», M. YepHiBui, YkpaiHa
SKoMyHQAbHE HEKOMEPLIMHE MIAMPUEMCTBO «MIChKQ AUTSIHA KAIHIYHO AIKQPHST», M. YepHiBLi, YkpaiHa

AHQOAI3 BUKOPUCTOHHSI CUCTEM LUTYYHOTO iIHTEAEKTY AAS PO3PO6KM Nporpam ¢isuyHUX BNPAB
nia yac peabiAitauii HepPOAOTiYHUX NALLIEHTIB

Pesiome. Axryanbnicts. LTyunuii intenexr (LII) — ue Ha-
MpsiM MaTeMaTUYHOTO KOMIT IOTEPHOTO MOJEJIOBaHHS, 1110 Oa-
3YETbCSl Ha aOCTPaKTHIill CYTHOCTI MaTeMaTUYHOTO MUCIEHHS.
XponiuHa xBopoba HupoK (XXH) € HO30/10TiUHOIO OAUHUIIEIO,
KUIbKiCTh TMAIli€HTIB 3 TEPMiHAJIbHOIO CTai€l0 SIKOi 32 OCTaHHE
JecATUPivYsl eKCMOHEHIiHO 3pocia, ToMy BcecBiTHsI opraHi-
3allisi OXOPOHU 3M0POB’SI BU3HAE 11 TII00ATBHOIO TTPOOJIEMOIO 3a
TMOKa3HUKOM cMepTHOCTI. CBiTOBa iHAYCTPisl OXOPOHU 300POB’sI
€ O/IHMM i3 OCHOBHUX HaMpsIMiB MPaKTUYHOTO 3aCTOCYBaHHS Cy-
yacHMX po3pobok y cdepi LU 3aBasiku airopurMam MaiimHHOTO
HaBUYaHHS, sKi BiIKPMBAIOTb HOBI MOXJIMBOCTI /ISl BUPILLIEHHSI
HANCKIAOHIIINMX 3aBOaHb MeAMUMHU Ta dapmauii. Mera: mpo-
aHaJi3yBaTM MOXJIMBICTh BUKOPHMCTAHHSI KOMIUIEKCIB (Pi3nuHMX
BrpaB (K®B), creopenux cucremamu LI, y nauienris i3 XXH,
SIKi TIPOXOJISITH 3aMiCHY HUPKOBY Tepartito, Ta mopiBHsatH KDB,
sanponoHosani LI, 3i crimckom K®B, 1m0 3acTocoByloThCsI B
KJIiHIYHIM MpakTuli (CMCTEMaTU4Hi OMISIAM Ta MeTaaHasi3M)
Ui peabiniTaniiHol mormomoru B Hedposorii. Martepiaau Ta
MeToau. bysio mpoBeeHo HAyKOMETPUUHMIT aHai3 podeciitHol
JIiTepaTypu 3 eIeKTpoHHUX 0a3 nanux PubMed, Embase, Scopus

ta Web of Science, Cochrane CENTRAL. BinnosigHo 10 meTu
NOCJTIKEHHsI BUKOPUCTAHO TaKi MeToau: 0i0JioceMaHTUYHUM,
CUCTEMHUI MiXil, OMUCOBE MOJENIOBAHHS 3 BUKOPUCTAHHSIM
cucrem LI — Gemini Ta ChatGPT. Pe3yabraTtu. Cucremu L1
(Gemini Ta ChatGPT) 3anponoHyBaiu nmporpamu BIpas s Ma-
uieHTiB i3 XXH, 1o BpaxoByloTh pi3Hi eranu peadimitaiii (au-
XaJIbHi, aepoOHi, C1JIOBI, PO3TSKKa Ta peyiakcailis). Ha MoMmeHT
OMUCOBOTO MOJENIOBAaHHS 0a3a JaHWX, 0 BUKOPHUCTOBYETHCS
Gemini Ta ChatGPT, € noctaTHbOIO AJ1s1 IXHPOTO PYTUHHOTO BU-
KOPUCTAHHS MPU po3po01li KOMILIEKCiB Hi3MUHUX BIpaB ISl pe-
abimitaiii HepPOJOTIYHUX TALIEHTIB i3 PI3HUMU HO3O0JIOTiISIMU.
BucHoBku. lITyuyHnii iHTEIEKT € IHCTPYMEHTOM y pyKax JiiKapst
NIl HAaJaHHS MEIMYHOI OMOMOTHU; SIKiCThb I[bOTO iHCTPYMEH-
Ta 3ajexxaTuMe Bia kBantidikaiii jikapsi, sikuii HapyaTUMe (Ma-
muHHe HaByaHHs) LI BukopucToByBaTH CBOi 3HaHHS Ta KOM-
TEeTEHIIil JUIsl ONTUMI3allil MpoIecy CTBOPEHHS peadiiTaliiiHuX
KOMIUIEKCIB JJIs1 TIALLIEHTIB i3 3aXBOPIOBAHHSIMU HUPOK 3 TTO3UILIi1
JI0Ka30BOi MEAULIMHU.

Kii0490Bi ciioBa: ¢isnuni Bnpasu; XpoHiuHa XxBopo6a HUPOK;
peabiniTaliifHa TOIMOMOra; ITYIYHUI iHTEIeKT

Tom 14, N2 3, 2025

www.mif-ua.com, http://kidneys.zaslavsky.com.ua 11



OpUriHaOAbHI CTATTI

HIPKU §

KIDNEYS

Original Articles

DOI: https://doi.org/10.22141/2307-1257.14.3.2025.545

O. Nikifin’, I. Kordubailo®2, O. Nishkumay" 3, Mike K.S. Chan?, D. KlokoP
'Bogomolets National Medical University, Kyiv, Ukraine

2Kyiv Regional Clinical Hospital, Kyiv, Ukraine

SEuropean Wellness Academy, Edenkoben, Germany

Analysis of salt tfransport indices, calcification markers,
and FGF23 in patients with nephrolithiasis
and crystalluria

Abstract. Background. Nephrolithiasis (NL) is a common polyetiological urological disease that is
frequently associated with reduced bone mineral density. One of the shared key factors contributing to
both osteoporosis and NL is insufficient intake of calcium-rich products. Another common pathogenic
mechanism involves the activation of calcification factors, such as osteopontin (OPN), osteocalcin (OC),
and fibroblast growth factor 23 (FGF23). The purpose was to evaluate indices of salt fransport, calcification
markers (OC, OPN), and FGF23 in patients with nephrolithiasis and crystalluria. Materials and methods. The
study was conducted af the Department of Urology of the Bogomolets National Medical University, and
the Urology Department of the Kyiv Regional Clinical Hospital. The work was carried out in accordance
with the research plan and is a fragment of the research project "Optimization of the management of
patients with urolithiasis with concomitant osteoporosis” (state registration number 0125U000958). The
diagnosis of NL was established based on the criteria according to the 2023 guidelines of the European
Association of Urology. The assessment of salt fransport, osteopontin, and FGF23 was carried out in a
certified laboratory (Medical Laboratory "DILA”, Kyiv, Ukraine). Osteocalcin was measured in the Ukrainian
Osteoporosis Center and Department of Clinical Physiology and Pathology of Locomotion Apparatus
of the State Institution "D.F. Chebotarev Institute of Gerontology of the National Academy of Medical
Sciences of Ukraine” (Kyiv, Ukraine). Results. Higher rates of oxaluria were observed in patients with NL and
crystalluria, which was predominant in the study groups compared to other indicators studied. The levels
of calcification markers (OPN, OC) and FGF23 were significantly lower in patients from group | compared
to those with NL and crystalluria. Conclusions. The level of FGF23 showed a positive association with serum
phosphate levels, which is consistent with its physiological mechanism of action. Further study is needed fo
determine the specific changes in calcification markers (OPN, OC) and FGF23 depending on changes in
bone mineral density.

Keywords: urolithiasis; vascular calcification; osteopontin, osteocalcin,; FGF23

Introduction

Nephrolithiasis (NL) is a common polyetiological uro-
logical disorder that is often associated with reduced bone
mineral density (BMD). In a large cohort study including
531,431 patients with nephrolithiasis, 23.6 % were found to
have a diagnosis of osteoporosis or fractures [1]. Moreover,
cross-sectional data from NHANES (13,357 participants)
demonstrated that reduced BMD (osteopenia and osteopo-
rosis) was statistically associated with a higher risk of kidney
stone formation (OR 1.24 and 1.41, respectively) [2].

One of the key shared risk factors for both osteoporosis
and NL is insufficient dietary intake of calcium-rich foods.
When calcium intake is low, the amount of free oxalates in
the intestine increases, enhancing their absorption and uri-
nary excretion, which in turn raises the risk of oxalate stone
formation [3].

Another common pathogenic mechanism is the activa-
tion of calcification factors such as osteopontin (OPN) and
osteocalcin (OC). Elevated OC levels are associated with an
increased risk of coronary atherosclerosis and myocardial
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infarction, partly through vascular calcification as an inter-
mediate mechanism [Mendelian randomization analysis:
OR = 1.07—1.29] [4]. Elevated OPN levels have also been
linked to cardiovascular complications, particularly in type
2 diabetes, where higher concentrations were associated
with a 32 % increased risk of CVD and a 25 % increased risk
of diabetic retinopathy per 1 SD increase [2]. However, data
remain limited on the role of these calcification markers in
patients with nephrolithiasis and crystalluria.

Vascular calcification is also a key comorbid factor. One
previous study demonstrated a significant association be-
tween abdominal aortic calcification (AAC) and the forma-
tion of calcium oxalate stones (OR = 5.76) [5]. Additionally,
other studies have shown correlations between fetuin-A le-
vels, cortical bone porosity, and vascular calcification in pa-
tients with NL, highlighting the interconnections between
bone structure, vascular pathology, and urological risk [8].

In the rapidly developing field of biogerontology, the
nephron — the fundamental structural and functional unit
of the kidney — has emerged as a key regulator of systemic
aging. This paradigm shift has been largely driven by the dis-
covery of the Klotho protein, known for its anti-aging prop-
erties, and its regulatory partner fibroblast growth factor 23
(FGF23). Together, these two molecules orchestrate es-
sential biological processes, including mineral metabolism,
vascular stability, and cellular homeostasis. Their coordina-
ted activity is now recognized as critical not only for main-
taining physiological organ function but also for promoting
healthy longevity and resilience to age-related decline [7].

Within the context of osteo-vascular interactions, the
FGF23-Klotho axis has been discussed as an important
regulator of skeletal-vascular homeostasis and a potential
therapeutic target [8]. Furthermore, recent literature sug-
gests that elevated FGF23 may serve as the most sensitive
marker of nephron injury. A meta-analysis of 11 studies in-
volving 1,946 patients with acute kidney injury (AKI) evalu-
ated the diagnostic accuracy of plasma FGF23 levels for de-
tecting AKI. The findings showed a sensitivity of 82 % (95%
CI: 66—91), specificity of 77 % (95% CI: 67—85), and an
AUC of 0.86 (95% CI: 0.82—0.88). Thus, elevated FGF23
appears to be a sensitive biomarker of nephron injury, ca-
pable of detecting early stages of AKI, often preceding tradi-
tional markers such as cystatin C and creatinine [9].

Taken together, current evidence highlights a deep
pathogenetic interplay between nephrolithiasis, impaired
bone density, vascular calcification, and regulatory bio-
markers (osteocalcin, osteopontin, FGF23/Klotho). This
underlines the need for further integrated research to de-
velop effective diagnostic, preventive, and therapeutic ap-
proaches for these comorbid conditions.

The purpose. To assess indices of salt transport, calcifi-
cation markers (osteocalcin, osteopontin), and FGF23 in
patients with nephrolithiasis and crystalluria.

Materials and methods

The study was conducted at the Department of Urology,
Bogomolets National Medical University, and the Urology
Department of Kyiv Regional Clinical Hospital. The work
was carried out in accordance with the research plan and is

a fragment of the research project Department of Urology
“Optimization of the management of patients with uroli-
thiasis with concomitant osteoporosis” (state registration
number 0125U000958). The diagnosis of NL was estab-
lished based on the criteria according to the recommenda-
tions of the European Association of Urology in 2023 [10].

The assessment of salt transport, osteopontin, and
FGF23 was carried out in a certified laboratory (Medical
Laboratory “DILA”, Kyiv, Ukraine).

Osteocalcin  measurement was carried out on the
Ukrainian Osteoporosis Center and Department of Clini-
cal Physiology and Pathology of Locomotion Apparatus
of the State Institution “D.F. Chebotarev Institute of Ge-
rontology of the National Academy of Medical Sciences
of Ukraine”, Kyiv, Ukraine (Chief of the Department
Prof. N.V. Grygorieva).

Patients with chronic kidney disease (CKD) and estima-
ted glomerular filtration rate (¢GFR) < 60 ml/min/1.73 m?,
calculated by the CKD-EPI formula according to KDIGO
2017 guidelines [11], were excluded from the study.

A total of 104 patients were enrolled: 21 men (20.19 %)
and 83 women (79.81 %), with a mean age of 57 years [23—
83]. The mean duration of menopause among women was 8
years [0—20]. Patients were divided into three groups:

— Group I: 41 participants without urolithiasis or crys-
talluria, who did not meet exclusion criteria (28 women
[68.3 %], 13 men [31.7 %]); mean age 58 years [50—65];
mean duration of menopause in women 8 years [0—18].

— Group II: 39 participants with urolithiasis (22 women
[56.4 %], 17 men [43.6 %]); mean age 55 years [52—61.5];
mean menopause duration 1 year [0—13.5].

— Group III: 24 participants with crystalluria (20 wo-
men [83.3 %], 4 men [16.7 %]); mean age 57.5 years [52.5—
63.75]; mean menopause duration 11.5 years [2.75—26.5].

Statistical analysis. Data processing was carried out
using MS Excel and Statistica EZR version 1.62-2023 statis-
tical programs. The Shapiro-Wilk W test was used to test the
distribution for normality. The frequency of quantitative in-
dices was indicated in absolute (n) and relative (%) frequen-
cies. The quantitative indices are presented in the form of
median (Me) for variables with a distribution that was diffe-
rent from the normal one and the interquartile range [IQR]
of QI + QIII indices. The Mann-Whitney U test was used
to assess differences between groups. The difference between
the groups was considered statistically significant at p < 0.05.

Results

Comparative analysis revealed no significant differences
in age, BMI, or duration of menopause among women, se-
rum calcium, phosphorus, creatinine, eGFR, urinary pH,
and urinary excretion of calcium and phosphorus among the
groups (p > 0.05).

Urinary oxalate excretion was significantly higher
in groups II and III compared to group I (p = 0.001 and
p < 0.001, respectively), with no significant difference be-
tween groups II and I11. Urinary uric acid levels were signifi-
cantly higher in group III compared to group I (p = 0.002),
although all values remained within the reference range
(Table 1).
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FGF23 levels were also significantly elevated in groups
1T and III compared to group I (p < 0.001 for both), without
significant differences between patients with urolithiasis and
those with crystalluria (Fig. 1). OC levels were significantly
elevated in groups I and I11 compared to group I (p = 0.003
and p = 0.002, respectively) (Fig. 2). Similarly, OPN levels
were significantly higher in groups Il and III compared to
group I (p < 0.001 for both) (Fig. 3).

Correlation analysis revealed a strong association se-
rum calcium and urinary phosphorus (r = 0.59, t = 7.43,
p = 3.288e-11); and serum calcium and urinary uric acid
(r=0.49,t=5.7,p<0.001). FGF23 was correlated with se-
rum phosphorus levels (r =0.42,t=3.14, p=0.002). eGFR
was negatively correlated with the duration of menopause
(r=-0.39,t=—4.32, p <0.0001).

Discussion

Literature evidence supports that elevated FGF23 is
an early and sensitive biomarker of nephron tubular injury,
outperforming serum creatinine and cystatin C in detect-
ing early kidney damage [12]. FGF23 is a peptide hormone
primarily secreted by osteocytes and osteoblasts, as well
as renal tubular cells. Its main target is the kidney, where
it maintains phosphate homeostasis by promoting urinary
phosphate excretion through inhibition of proximal tubular
phosphate reabsorption. In addition, FGF23 suppresses re-
nal synthesis of 1,25-dihydroxyvitamin D,, thereby further
modulating mineral metabolism.

Unlike other members of the fibroblast growth factor fa-
mily, FGF23 requires the obligate co-receptor Klotho for bin-
ding and activation of specific FGF receptors (FGFRs). This
dependence highlights the unique selectivity and tightly regu-
lated nature of the FGF23-Klotho signaling axis, which plays a
pivotal role in systemic phosphate and vitamin D homeostasis,
vascular integrity, and pathways related to ageing [13].

In chronic kidney disease (CKD) and ageing, renal
Klotho expression declines, accompanied by reduced active
vitamin D synthesis and elevated FGF23 levels. This dys-
regulation is further aggravated by reduced activity of renal
la-hydroxylase, impairing vitamin D activation and disrup-
ting the normal feedback regulation of parathyroid hormone
(PTH). The resulting maladaptive hormonal loop — charac-
terized by Klotho deficiency, excess FGF23, vitamin D de-
ficiency, and secondary hyperparathyroidism — contributes
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Figure 1. Comparison of FGF23 in patients with
and without NL

Notes: interval estimation of the average values of
FGF23 (the average value, the error of the average and
the 95% probable interval of the average are indicated);
* — significant difference between the indicators,
p < 0.05.

Table 1. Comparative evaluation of salt transport parameters in patients depending
on the presence of urolithiasis

Group | (n = 41) Group Il (n = 39) Group lll (n = 24)

Parameters P | Ve [ QF|’+ QL M =m | P p-value
BMI, kg/m? 23.8 [22-25.9] 25.9 [24.5-27.02] 24.77 [22.85-26) >0.05
Serum uric acid, pmol/L 256 [220-310] 308 [257-351] 269 [233-321.7] > 0.05
Serum calcium, mmol/L 1.24 [1.22-1.28] 1.23 [1.2-1.28] 1.26 [1.22—-1.29] > 0.05
Serum phosphorus, mmol/L 1.23+0.11 1.24 +0.24 1.53+1.72 > 0.05
Urinary oxalates, mg/day 16.2 [9.67-23.34] 24.01 [13.9-36.34]* 28.67 [20.66—-38.66]*
Urinary pH 6 [6-6.3] 6 [6-6.5] 6 [6-6.2] > 0.05
Urinary calcium, mmol/day 4.1 [2.9-5.6] 4.5 [2.65-6.35] 4.95 [4.4-5.6] > 0.05
%ﬂ':;% ;’yhOSphOr“S’ 21.46 + 7.89 26.34 + 10.06 25.88 + 8.79 >0.05
Urinary uric acid, pmol/day 2672 [1958-3756] 3490 [2625-4127] 4185 [3519-4368]* > 0.05
Serum creatinine, pmol/L 69.5 [56-87] 77 [59.5-86.99] 67.5 [55-85.49] > 0.05
eGFR, ml/min/1.73 m? 84.27 + 27.63 89.33 + 17.41 85.20 + 26.64 > 0.05
Osteocalcin, ng/ml 20 [12.5-25.3] 26.7 [19.7-28.4]* 28.3 [23.1-30.34]* > 0.05
Osteopontin, ng/ml 9.7 [8.2-11.9] 13.09 [12.4-18.2]* 17.3 [15-19.4]* > 0.05
FGF23, pg/ml 97.4 [66.96-177.59] | 840.26 [312.05-1805.33]* | 969.16 [283.4—931.79]* > 0.05

Notes: eGFR — estimated glomerular filtration rate; * — differed significantly compared with group I (p < 0.05).
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Figure 2. Comparison of OC in patients with
and without NL

Notes: interval estimation of the average values of OC
(the average value, the error of the average and the
95% probable interval of the average are indicated); * —
significant difference between the indicators, p < 0.05.

significantly to vascular calcification and arterial stiffness,
thereby increasing cardiovascular risk in CKD patients [8].

Since FGF23 promotes phosphate excretion in proxi-
mal tubules, it may increase calcium-phosphate precipi-
tation within the tubular fluid. High-phosphate diets can
exacerbate this process by raising solubility thresholds.
Hyperphosphatemia is a well-recognized risk factor for vas-
cular calcification and cardiovascular events; thus, dietary
phosphate restriction and phosphate binders are recom-
mended in CKD patients with hyperphosphatemia [14].
Importantly, hyperphosphatemia itself can directly induce
tubular and interstitial injury. As a phosphaturic hormone,
FGF23 serves as a surrogate marker of phosphate load on
nephrons. Its elevation should therefore be recognized as
a signal of excessive phosphate intake relative to nephron
mass, justifying early phosphate restriction even in the ab-
sence of overt hyperphosphatemia. Indeed, some authors
propose initiating phosphate binder therapy at CKD stage
2—3 when serum FGF23 levels rise, despite normal serum
phosphate concentrations [15].

Taken together, our findings suggest that elevations in
calcification markers — particularly FGF23 — may reflect
tubular injury and contribute to crystalluria, representing an
additional risk factor for urolithiasis and BMD violation.

Conclusions

Higher rates of oxaluria were observed in patients with
Kidney Stone Diseases and crystalluria, which was pre-
dominant in the study groups compared to other indicators
studied. The levels of calcification markers (OPN, OC) and
FGF23 were significantly lower in patients from group I
compared with those with NL and crystalluria. The level of
FGF23 showed a positive association with serum phosphate

Figure 3. Comparison of OPN in patients with
and without NL

Notes: interval estimation of the average values of OPN
(the average value, the error of the average and the
95% probable interval of the average are indicated); * —
significant difference between the indicators, p < 0.05.

levels, which is consistent with its physiological mechanism
of action. Further study is needed to determine the specific
changes in calcification markers (OPN, OC) and FGF23
depending on changes in BMD.
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HikitiH O.A.", Kopay6arno I.A."2, Hiwkymaw O.1." 3, Mike K.S. Chan3, Knokoa A.€.2
"HauioHanbHW meamndHn yHiepcutet iM. O.O. boromoabLsi, M. KuiB, YkpaiHO

2KHIT KOP «KiniBcbka 0OGAQCHQ KAIHIYHQ AIKQpHSI», M. KuiB, YkpaiHa

SEuropean Wellness Academy, Edenkoben, Germany

AHQOAI3 NOKA3HUKIB TPAHCMOPTY COAeN, MapKepiB KaAbumdikauii Ta FGF23
Y NALIEHTIB i3 HEPPOAITIA30M TA KPUCTAAYPIEIO

Pe3iome. Akryanbhicts. Cevokam’sina xsopoba (CKX) — we
TMOIIMPEHMI TTOTIETIONOTIUHMIA YPOIOTIYHMI CTaH, 1110 YacTO MO~
€HYETLCS 3 TMOPYILIEHHSIMM MiHEpaJbHOI IIJIBHOCTI KiCTKOBOI
TKaHUHU. OTHUM i3 CIIIBHUX KITFOUOBUX (haKTOPIB OCTEOIOPO-
3y i CKX € HegocTaTHE BXMBaHHS KaJbLIIBMICHUX MPOAYKTIiB.
Takox cminbHUMU MeXaHi3MaMU PO3BUTKY € aKTuBallisg (akTo-
piB Kanbiu@ikariii (octeonontrH (OPN), octeokanbiH (OC))
Ta (hakTopa pocry ¢diopobaacris 23 (FGF23). Mera: nposectu
OLIIHKY ITOKA3HUKIB TPAHCIIOPTY COJIe, MapKepiB KajabLupikailii
(OC, OPN) ta FGF23 y naitieHTiB i3 ceuokam’siHO10 XBOPOOOIO Ta
Kpuctanypieto. Marepiaau Ta MeToau. [1ociKeHHsT IPOBOI -
Jtocst Ha 6a3i kadenpu yposorii HartioHaJIbHOro MeIuYHOTO YHi-
Bepcutety iMeHi O.O. Boromonbist, BimmineHHs ypoJorii KHIT
KOP «KwuiBcbka obacHa KJliHiuHa JTiKapHsI» BiIMOBiAHO 0 Tija-
HY HayKOBO-JOCJIiIHUX PoOiT i € hparmeHToM HJIP «OnTumizaitist
BEICHHSI XBOPUX Ha YpOJIiTia3 i3 CyMyTHIM OCTEOIOpo30oM» (HOMED
nepxaBHoi peectpaitii 0125U000958). AHani3 TpaHCIIOPTY COJIei,
ocreonnoHTuHY Ta FGF23 BukoHyBanu y ceptugdikoBaHiii 1a60-

paropii TOB «MJI «/I1JIA». PiBeHb OCTEOKaJbLIMHY BU3HAYaAIU
Ha 0a3i YKpaiHChKOTro LIEHTPY OCTEONOPO3y Ta BiMmiay KIiHIiYHOT
¢iziosorii Ta maToJiorii ormopHo-pyxoBoro amapaty JlepxkaBHO1
ycraHoBu «IHcTUTyT reponTodorii imeni .M. Yeboraprosa Ha-
1IOHAJIbHOI aKaaeMii MemnuHuX HayK YKpainu» (KuiB, Ykpaina).
PesyabpraTu. BiporinHo Bullli MOKa3sHUKYM OKcalaTypil criocrepi-
ranucs B nawieHTiB i3 CKX Ta kpucranypieto, sika repeBaxaia B
TOCJTIKYBaHUX TPyMax MOPIiBHSHO 3 iHIIMMU MTOKa3HUKaMU, 110
BuBuanucs. PiBHi MmapkepiB kanbiudikariii (OPN, OC) ta FGF23
Oy 3HAYHO HMKYMMM B TALIEHTIB Ipynu | MOpiBHSIHO 3 TUMU,
xto MaB CKX ta kpucranypito. BucHoBku. Ymictr FGF23 nipoze-
MOHCTPYBaB ITO3UTUBHY acolliallito 3 piBHeM ¢docdariB y cupoBar-
i KPOBi, IO Y3rOIKYETHCS 3 MOro (Pi3ioJoriyHMM MeXaHi3MOM
nii. TToTpiOHe momanbllle BUBYEHHSI OCOOJMBOCTEN AMHAMIKU
Mapkepi Kanbuudikaiii (OPN, OC) ta FGF23 3anexHo Bin 3MiH
MiHEpaJIbHOI 11iJTbHOCTI KiCTKOBOT TKAHUHMU.

Ki104oBi cj10Ba: ceuoxam’sina xBopo6a; KanbLugiKaLisa CyIuH;
OCTEOMNMOHTUH; ocTeoKanbliiH; FGF23
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ANCOYHKLUIA eHAOTEAIO TA 3HNXKEHHS LUBUAKOCTI
KAYO04YKOBOI PiAbTPALT B OCIO PI3HOro BiKy
3 O3HOKOMU KAPAIOPEHOMETABOAIYHOro CUHAPOMY:
LUASIXU QHFIO- TA peHOoNpPOoTeKLil

Pestome. AktyanbHicTb. KapaiopeHoMeTab0oAHM cuHAPOM (KPMC) — Lie CyKyrHICTb MATOAOrYHUX CTA-
HiB, $IKi MOEAHYIOTb METABOAIYHI MOPYLLUEHHS], CEPLEBO-CYANHHY ANCOYHKLIIO TQ YOQXKEHHST HUPDOK, pOPMYIO-
YY1 BBAEMOIMOB ‘SI3QHY CUCTEMY YCKAQAHEHB. OCOBAMBY DOAb Y PO3BUTKY TQ MPOrPECYBAHHI LibOro CUHAPOMY
BiAIrPAE eHAOTEAIQABHA AMCOYHKLST — PAHHIN MQPKEP CYAUHHOIO YPQXKEHHS], LLLO ACOLOETLCST 3 MOPY-
LLIEHHSIM BA3OAMAQTALIT, XPOHIHYHVM 3QrNAAEHHSIM TQ MPOATeLOreHHMU 3MIHAMW. BOAHOYQC 3HVKEHHSI rMo-
KQBHWKQ PO3PAXYHKOBOI LLIBUAKOCTI KAY604YKOBOI pinbTpaLil (PLLK®D) BiaAOGPQXKAE HE AMLLIE QYHKLIIOHQABHIA
CTQH HUPOK, A V1 3AraQAbHUN PU3UK CEPLIEBO-CYANHHUX MOAIM TQ CMEPTHOCTI. Y KOHTEKCTI CTAPIHHST MOMyASILl
TQ 3POCTAHHS notwmpeHocTi KPMC cepea oci6 pisHOro Biky, 0COBAMBO CEPEAHBOIO ¥ MOXUAOIO, QKTYQAb-
HYM CTQE BUBYEHHS BSAEMO3B 'SI3KY MK AUCQOYHKLIEIO EHAOTEAIKD TQ 3HKEHHSIM PLLIK®. PQHHST AilQrHOCTUKO
LMX MopyLUeHb AO3BOAUTH HE AVILLIE BUSIBUTU OCIO 3 BUCOKUM KQPAIOPEHAALHVM PUSVKOM, Q W BIIOOBAAUTA
niaxoAm A0 MPOPIAQKTUKM, PAHHBOT AIQrHOCTUKI TQ AiKYBQHHSI. MeTa: OUiHUTA QYHKLIOHQABHU CTAH HUPOK
| CYAMHHOIO EHAOTEAIK B OCI6 pi3HOro Biky 3 03Hakamm KPMC TQ 3°s1CyBAT MOXXAMBOCTI KOPEKLLT BUSIBAEHMX
3MIH 3QCTOCYBQHHSIM EKCTPAKTY AeCrneAesn roAoB4acTol (Lespedeza capitatQ) sik MOTeHUiiHOro 3acoby
Hegpo- Ta aHrionpoTekuii. Marepiaan Ta metoAun. [1epBMHHO O06CTEXEHO 152 0CObU PI3HOrO BiKY. 3riAHO 3
KpUTEPISIMI BKAKOHEHHST BYAO BUKAKOYEHO 58 OCI6 3Q PI3HUMM MPUYMHAMIM, KOMAAEKCHE OO CTEXKEHHST MPOBE-
AEHO y 94 0cib pi3HOro Biky (CepeAHiv Bik cTaHoBuB 54,82 + 0,97 poKy), 3 ik Y GIAbLLOCTI BUSBAEHO 3HUXKEH-
Hs1 PLLK®, nipBuLLieHHS CriBBIAHOLLEHHS aAbGYMIH/kpeaTnHiH (CAK) y cedi Ta 3HKEHHS QyHKLIT EHAOTEAIIO.
ANsT KopeKUil BUSIBAEHNX 3MiH HQ QOHI MpOBEAEHHST CTAHAQPTHOI QHTUrINepPTeH3VBHOI Teparii 6yA0 AOAQHO
AO AiIKYBAHHS Lespedeza capitata, siky novsHQYQAM HE3AAEXKHO BiA, MPUKMOMY DKI MPOTSIrom 1 MicsiLs rnorne-
pPeAHbO o6CTexxeHM ocobam (n = 39). Kputepismim e pekTBHOCTI AiKyBAHHS1 6yAn: AmHamika pLLUK®, CAK y
cevyi TQ NMOKA3HMKM QYHKLIIOHQABHOIO CTAHY €HAOTEAID (MPUPICT KPOBOTOKY IMpu MPOBEAEHHI MPO6M 3 peaK-
TMBHOIO rinepemieto). TepMiH CrIOCTePEXXEHHST 3Q NALIEHTAMY CTAHOBMB 1 MicsiLb. OBCTEXKEHHS MPOBOANAMN
3 BUKOPUCTAHHSIM CTAHAQPTHUX KAIHIYHUX, QHTPOMOMETPUYHNX, AQOOPATOPHUX | IHCTPYMEHTAABHUX METO-
AlB. Pe3yAbTaT. 3 BIKOM BIAMIHQETLCSI TEHAEHLLiSI AO 3HVXKEHHS MOKQA3HMKA PLLIK® 3 79,73 + 1,91 Ma/xB/1,73 M?
y cepeaHboMy BiLli (47,28 + 0,72 poky) A0 64,01 + 2,21 mMa/xB/1,73 M? y noxuAomy BiLi (67,18 + 0,49 poky). B
oci6 cepeaHboro Biky (100 %) pPLLIK®D 3HaxoanTbCs B MexXax kateropii G2 (60-89 ma/xs/1,73 M%), BOoAHOYAC
y 46 % oci6 noxunoro Biky pLUK® 3HukyeTsCcst A0 kaTeropii G3a (45-59 ma/xs/1,73 M?). HopmanbHa a6o
Bucoka pLUK® (kareropiss G1, > 90 ma/xB/1,73 M?) 36epiraeTtscs aviue y 10 % 06CTEXXEHUX MOXUAOIO BIKY.
Cepea ocib cepeaHbOoro BiKy i3 HE3HQYHUM 3HKEHHSIM PLLUK® y mexxax kateropii G2 (60-89 ma/xB/1,73 M?)
BUSIBAEHO MABULLIEHHST MOKA3HMKA CAK'y ToOETUHM OOCTEXXEHMX, TOAI SIK B OCIG MOXUAOIO BiKY MOEBAAKOE 3HU-
SkeHHs1 PLLIK® a0 40-59 Ma/xB/1,73 M?, sike PO3LIHIOETHCST SIK XPOHIMHA XBOPO6Q HMPOK (XXH) y Mexkax kare-
ropii G3Q, Lo CyrpOBOAXKYETLCS MIABULLEHHSM MOKA3HMKA CAK'y 25 % ocib. [Npv ouiHUi QYHKLIOHQABHOIO
CTAHY EHAOTEAIO BEAVIKUX CYAUH BUSIBAEHO, LLIO Cepes 06CTexeHx oCib (n = 94) 3 pisHuMM KATeropisimm
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PLUK®D (G1, G2, G3a) 03HAKM eHAOTEAIQALHOI AUCOYHKLT criocTepiranmncs y 54 xsopux (67,45 %). 13 Hux y
19 nauieHTis (35,18 %) 3QpIKCOBAHO KPQWVHIVI CTyriHb MOPYLLIEHHST — BA30CMIQCTUYHY PEQKLO Mpu MpoBe-
AEHHI Mpobu 3a metoamkoro D.S. Celermajer, Lo CBIAYNTE MPO BUPOXKEHE MOPYLLEHHST EHAOTEAIN3ANEXKHOT
Basoamnnatauii, Cepes 0b6CTeXeHMX OCI i3 ANCOYHKLIEIO EHAOTEAID BeAnKX CyanH Y 70,4 % (38 oci6) ro-
kasHuK CAK BusiBuecst < 30 mr/r, B 29,6 % (16 oci6) susisurocs nipsuieHe CAK (y 10 ocié — 30-300 mr/r, a y 6
oci6 — noHaa 300 Mr/r). BoaoHOHQC y rpyrii OCi6 i3 36epeXXeHOI0 QYHKLIED EHAOTEAIKD BYAM TAKI MOKQA3HUKU:
y 65 % (26 oci6) CAK BusiBaeHO HA piBHi < 30 mr/r, y 14 oci6 CAK ctaHosmuao 30-300 mr/r, He BUSIBAEHO OCib 3
CAK noHaa 300 mr/r. TQKUM YUHOM, AVLLIE CEPEA MALIEHTIB 3 EHAOTEAIQABHOK ANCOYHKLEIO 3APIKCOBAHO
CAK > 300 mr/r (y 5 oci6, a6o 9,2 %), LLLOo AEMOHCTPYE BiPOMAHY CTATUCTUYHY Pi3HuLo (2 = 0,01, p = 0,03).
Cepea ocib6 3i aHKkeHHsM pLLIKD y mexkax kateropii G2 (60-89 ma/xB/1,73 M?) Ta G3a (45-59 ma/xB/1,73 M?)
BIAMIYEHO 3HVDKEHHST @HAOTEAIQABHOI GYHKUIT CYAVMH MIKPOLIMPKYASITOPHOI AQHKM Yy 84 % OOCTeXXeHUX, rnpu
ubomy CAK < 30 mr/r BusisaeHo y 50,00 %, CAK B mexkax 30-300 mr/r BusiBAeHO y 43,75 %, CAK noHaa 300 Mr—
y 6,25 % rnopIBHSIHO 3 rpyroto oci6 (16 %) 3i 36epeXxeHO YHKLIEID CYAMH MIKPOLMPKYASITOPHOI AQHKU:
33,30, 66,70 % BinnoBiaHO 3a BiacyTHocCTi oci6 i3 CAK noHaa 300 mr/r. Lisi teHaeHLuis HesiporiaHa (¢ = 0,08,
p = 0,13), NpoTe MOBTOPKOE TAKY XK TEHAESHLLIO LLOAO HASBHOCTI nokasHmka CAK noHaa 300 mr/r B oci6 i3
MOPYLUEHHSIM YHKLIOHQABHOIO CTAHY EHAOTEAIKD BEAMKNX CYAMH. [TOTDIOHO BIAMITUT HQSIBHICTE peHOME-
Hy B3QEMOOOBTKEHHST B OCI6 3i 3HMKEHOIO PLUKD B Mexax 45-89 ma/xB/1,73 M2 Tak, 56,25 % o6CTEXEHMX
MQIOTb MOEAHQHHST ANCPYHKLT EHAOTEAIKO BEAUKX TQ APIOHWUX CYAMH, 3 HUX Y 44,44 % BIAMIHEHO MOKQ3HMIK
CAK 30-300 mr/riy 11,11 % — CAK rnoHaa 300 mr/r. BiacytHicTe oci6 i3 piBHem CAK > 300 mr/r cepea na-
LiieHTIB 3i 36epeXkeHO0 eHAOTEAIQALHOK QYHKUIEIO (SIK Y CEPEAHLOMY, TAK i B TOXUAOMY BILli) CBIAYUTB MPO
TICHVI 3B 'S130K MIDK 3HQYHOKO QAbOYMIHYPIEIO TQ eHAOTEAIQABHOKO AUCOYHKLIED. IMOoBipHO, CAK > 300 mr/r
MOXKHQ PO3MASIAQTU SIK IHAMKQTOP 3HQYHOIO MOLLUKOAXKEHHSI CYAMHHOI CTIHKU, SIKUV BIAOBPQXKQE HASIBHICTb
CUCTEMHOI EHAOTEAIQALHOI ANCOYHKLT. 3 METOK KOPEKLii BUSIBAEHMX 3MiH 39 0OCO6QM PI3HOrO BiKy 3 MPOsIBA-
Mt KPMC A0 CTQHAQPTHOI QHTUIINEPTEH3MBHOI Teparnii YA MPU3HAYEHO eKCTPAKT AeCNeAe3u roOAOBYAC-
10i (Lespedeza capitata). Y BCix 06CTEXXEHMX NALIEHTIB Yepe3s 1 MiCsiLb CTAHAQPTHOI Teparii, AONoOBHEHOT
EKCTPAKTOM AEeCreAesn ronoB4acTol (Lespedeza capitatQ), 36iAbLLUMBCST MOKQ3HUK MPUPOCTY KPOBOTOKY,
LL{O CBIAYNTE MPO BIAHOBAEHHST QYHKLIOHAABHOIO CTAHY EHAOTEAIKD BEAVKUX CYAUH TQ CYAMH MIKOOLMPKY-
NSITOPHOI AQHKW. HQ OHI BIAHOBAEHHST GYHKLIOHAABHOIO CTAHY EHAOTEAIKD BIAMIYEHQ CTIVIKQ TEHAEHLIIST AO
36iAbLUEHHST YACTKM OCI6 i3 nokadHmkoM CAK< 30 mr/r (x? = 0,04, p = 0,07), O CBIAYUTb MPO BIAHOBAEHHS
@YHKUIOHAABHOIO CTAHY HUPOK. TaKui epeKT 3yMOBASHUU TVM, O eKCTPAKTY 3 MAroHiB AecrieAe3n rono-
BYACTOI XQPQAKTEPU3YIOTECSI AOBEAEHOK HEDPOMPOTEKTOPHOK AIEIO, LLIO AO3BOASIE BUKOPUCTOBYBATU iX
ANAST IDOGINQKTUKIA TQ AiKyBAHHST XXH. BUCHOBKW. Y OCi6 pi3HOro Biky 3 nposisamu KPMC HasiBHW peHoMeH
B3QEMOOOBTSKEHHSI: Y MOHQA MOAOBUHM NALEHTIB i3 PLUK®D 45-89 MA/xB/1,73 M? (66,25 %) BUSIBAEHO MOEA-
HQHY ANCOYHKLIKO EHAOTEAIO SIK APIOHUX, TAK | BRAUKUX CYAMH, LLLO CYMPOBOAXKYETLCSI MABULLEHUM DIBHEM
CAK (y 11,11 % — > 300 mr/r). OTOUMQHI AQHI CBIAYQTB MO BAXKAUBY POAb MABULLEHHST MOKA3HMKA CAK sk
MOTEHLIMHOro MQPKepQa eHAOTEAIQABHOI ANCOYHKLUIT HQ PAHHIX CTOAISIX 3HDKEHHST QYHKLIT HUPOK: BUCOKMK
piseHb CAK MOXKe BUCTYNQATt MAQPKEPOM HASIBHOMO MOLLKOAXKEHHS EHAOTEAIKD, TOAI SIK HU3bKI Y1 MOMIHI 3HQ-
yeHHs1 (CAK < 30 mr/r a6o 30-300 mr/r) Lie MOXKYTb CIIOCTEPIraTcst HQ pOHI 36epe keHOl QyHKLIT eHAOTEAIKD.
3 meToro aHrio- Ta HepponporekLii B oci6 3 KPMC AOLiAbHO A0 CTAHAQPTHOI QHTUrINePTEH3MBHOI Teparii
AOAQBQATM EKCTPAKT A€CeAe3un roAOBYACTOI (Lespedeza capitata).

KAIO4YOBi CAOBA: KOpPAIOPEHOMETABOAINHN CUHAPOM, XPOHIYHQA XBOPO6A HUPOK, PYHKLIOHAABHUKA CTAH
EHAOTeAIto,; Lespedeza capitata; peHOonpoTeKLis; QHIMOMPOTEKLis

Bctyn

OpHi€lo i3 cydacHMX CBITOBMX TEHACHIIN € CTpiMKe
CTapiHHSI HAceJIeHHSI pO3BMHEHUX KpaiH i3 30iIbIIeHHSIM
CcepelHbOI TPUBAJIOCTI XKUTTs. 3a MporHo3amMu BeecBiTHBHOT
opraHi3zaitii oxoponu 3n0poB’s (BOO3), y 2025 poui Kisb-
KicTb smozeii crapie 60 poKiB Ma€ 30UIBIIUTUCH Y TTICTh
pasiB nopiBHsiHO 3 1950 pokom. Excrieptu OOH mnipornHo-
3yI0Th, 0 10 2050 p. KiIbKiCTh 0Ci0 MOXMJIOro BiKy CTa-
HOBUTHMME TPETUHY BiJl 3arajibHO1 KiJbKOCTi HaceJIeHHs
rutaHeTu. [JloGasbHE cTapiHHS HaceJieHHs — 1€ JiliCHO
cepito3Ha rpobieMa, sika CTAaHOBUTb BUKJIMK JIJIST CYCTIiTb-
CTBa B IIIJIOMY, OCKIUJIBKM 30iJIbIIICHHS YaCTKU JIIOIEH I10-
XWJIOTO BiKYy MPU3BOIUTH 0 OaraThoX HEraTUBHUX HACIiI-
KiB, BKJIIOYAlOYM 3POCTAHHS HaBaHTaKEHHS Ha CUCTEMY
OXOPOHMU 3I0POB’SI 3a paxyHOK 30iJIbIIIEHHS YaCTKHU OCi0 i3

BiKacoliitoBaHuMmu 3axBoproBaHHsaMU [ 1]. [Topsiz i3 Takoro
TeHACHII€I0 TaKoxX 3a gaHumu BOO3, 1m0 rpyHTYIOTHCS
Ha pe3yJibTaTax MaclITaOHOTO eITiIeMioJIOTriYHOro MOCIIi-
mxeHHst STEPS (2019) B YkpaiHi, BinMiueHo, 1110 cTaHAap-
TU30BaHUI 32 BIKOM MOKa3HUK MOLIUPEHOCTI apTepiabHOI
rinepteHsii (Al') cepen nopociux Bikom 30—79 pokiB crta-
HOBUTH 43 % 3 po3moaiioM 3a ctaTTio 45 i 42 % BiInoBiTHO
Y YOJIOBIKiB i XiHOK [2]. Lle craHoBUTH 61M3bKO 13,2 MIIH
nopociux 3 Al''y 3a3HaueHOMy BiKOBOMY niara3oHi. Kpim
TOTO, TIPAaKTUYHO TTOJIOBUHA TallieHTiB 3 Al" (49 %) oTpu-
MY€ aHTUTIMepTeH3UBHY Tepariito, aje auiie 14 % maioTh
KOHTpoJiIboBaHMit apTepianbHuit TUCcK (AT) < 140/90 MM
pr.cT. Takuit BKpail HU3BKHI IMOKA3HUK €(GEeKTHUBHOCTI
KOHTpoJ10 AT y momyJisilii € K’II040BUM YMHHUKOM Ceplie-
BO-CYIMHHOI CMEpTi, 3a IKMM YKpaiHa BilHeceHa 10 KaTe-

18 Hupkm

. Kidneys

Tom 14, N2 3, 2025



OpwuriHaabHi ctarti / Original Articles

ropii KpaiH 3 1y>Ke€ BUCOKMM CEPLIeBO-CYAMHHUM PU3UKOM,
a Al po3rIsIIaeThbes IK HAUBIUTMBOBILIMI (haKTOP PU3UKY
PO3BUTKY aTepOCKJIEPOTUYHUX CEPLIEBO-CYAMHHUX 3aXBO-
pIOBaHb i cMepTi Big HUX [2].

Binomo, 1m0 AT € oiHi€l0 3 OCHOBHMX TTPUYMUH PO3BU-
TKY XpOHiYHOi XBopoOu HUpoK (XXH), Kou po3BUBa€ETh-
csl TOIIKO/XKEHHsI He(POHiB, KaHAJIBIIEBOTO eTIiTelilo Ta
E€HIOTEJiI0 CYyIUH HUPOK. 3TiTHO 3 aKTyaTbHUMU €BPOTIEH-
cbKUMU pekoMmeHaauismu, XXH Bu3HavyaeThcs sIK aHOMa-
Jii cTpyKTypu a00 (yHKIIiI HUPOK, SIKi HasiBHI IPOTSITOM
IoHalMeHIIe 3 MicALiB i MalOTh HACIIAKU JUISI 3M0POB’S
[3, 4]. Knacugikyerbcas XXH 3a kareropi€to MIBUIKOCTI
ki1yooukoBoi dinbrparii (LHK®D) (G1-GY) i kareropieio
anbOoyMiHypii (A1—A3). Jlist miarHOCTUKM 3aCTOCOBYIOTh
JIBa OCHOBHi MOKa3HUKU: PO3PAXYHKOBY IIBUAKICTh KIIy-
6oukoBoi @inbrparii (pLIK®), 1mo po3paxoByeTbCs Ha
OCHOBI piBHSI KpeaTWHiHY B CHpOBaTIli KpPoBi 3a ¢dhopmy-
noto Chronic Kidney Disease Epidemiology Collaboration
(CKD-EPI), a Takox criBBiHOIIEHHS aibOyMiH/KpeaTu-
HiH (CAK) y ceui. [Ipotsrom TpuBasoro 4acy, oco0JIMBO
Ha moyatkoBux cTanmisgx (G1—G2), XXH 3anmmumanacs He-
IOCTAaTHBO MiaTHOCTOBAHOIO, MOIPU ii 3HAYHUI BHECOK
y TiABUIIEHHS CeplLIeBO-CYAIMHHOI 3aXBOPIOBAHOCTI Ta
cMmeptHocTi. 3HmkeHHs1 pIIIK® Bigirpae Kiwo4oBy poib
y naroizionorii B3aEM0O3B’SI3Ky MiX ypaxKeHHSIM HUPOK i
KapaioBacKyJISIpHUMU MOIiSIMH, i, OKpiM iHIIUX (haKTOPiB
pusuky, XXH cama 1o co0i € ofHUM 3 HallCUIIBHIIINX (haK-
TOPIB PUBMKY CMEPTi Bijl CeplLIeBO-CYAMHHUX 3aXBOPIOBaHb
(CC3) [5]. Tak, y 2016 pomi XXH 6y:a 13-10 y clIUCKy TpH-
yuH cmepti. [IporHosyetnes, mo y 2040 poili BoHa cTaHe
5-10 IPUUYMHOO cMepTi [6].

Iloengnannsa crapinxsg, XXH Ta rirepreHsii cTBoproe
3aMKHEHE KOJO, A¢ KOXeH (DaKTop MOTipIIye iHIII, 110
MPU3BOIUTL M0 TiJABUIIEHOTO PU3MKY YCKJIaTHEHb Cep-
neBo-cynuHHoi cuctemu (CCC). KiiHiYHMM IposSIBOM
TaKoi matogisioyioriyHoi B3aeEMOil MixX (aKTopaMu pu-
3uky A, XXH i CCC € kapaiopeHOMeTabOJiYHUIT CHH-
apom (KPMC) [7]. Ak Hacninok, KPMC nos’s3anuii i3
OiTBIIO MMOBIPHICTIO BAHMKHEHHS ycKiagHeHb — [XC,
IHCYJIBTY, CeplLeBOi HEAOCTATHOCTI Ta parToOBOi CeplLEeBOl
cmepti [8]. Xapakrepno, mo KPMC cTocyeTbest THX, XTO
mae pus3uk CC3, ta Tux, xT0 Bxke Mae CC3. SIk Hacimox,
BYaCHa paHHSI IialTHOCTUKA Ta e(peKTUBHE JIiKyBaHHS 3 J0-
CSTHEHHSIM Ta yTpuMaHHsIM AT B MexXax ILIJTbOBOTO Iiara-
30HY, a TAKOX BIUIMB Ha (DakTOpM PU3MKY 3MaTHi 3HATHO
3MEHIIUTU PU3MK PO3BUTKY (haTaJbHUX Ta HedbaTaJIbHUX
YCKJIaAHEHb — MO3KOBOIO iHCYJBTY, iH(apKTy MioKapaa
Ta CceplLeBO-CyauHHOi cMmepTi. Kpim Toro, eheKkTuBHUIA
KOHTpoJib AT 3MeHIllye pU3UK PO3BUTKY (hiOpMIsILii me-
peacepab, cepieBoi HegoctatHocTi Ta XXH [2]. CyuacHi
JMOCITIIKEHHST aKIEHTYIOTh yBary Ha BaXXJIMBOCTi BUSIB-
JIEHHSI HaBiTh MTOMIPHOTO 3HWXEHHSI (PYHKIIiT HUPOK JUISI
CBOEYACHOTO BTPYYaHHS Y ITAlli€EHTIB 3 TPYIM PU3UKY. 3a
pekomeHaauissmMu 2024 poky MoTpiOHO pO3rJIsaaTi MOX-
JIUBICTB MoYaTKy JiikyBaHHs XXH 1mipu niepiiiomy X rnposisi
sHkeHHs pLIIK® a6o minsumenns CAK [9].

3 orisiay Ha Te, 110 HA ChOTOAHI HEJOCTATHBO IOCIi-
mxeHo xapakTep 3MiH CAK y ceui Ta iX B3a€EMO3B’SI30K i3
konuBaHHsIMU pLIIK® y nauieHTis i3 AT, 1110 o€ aHYETHCS

3 TUCGHYHKIIIEID €HI0TEi0, 3AIMIIAETHCS BaXXJIMBUM -
TaHHS OLIHKM PaHHIX MapKepiB MPOrpecyBaHHS yPaXKEHHS
HUPOK B 0¢ib 3 A" cepemHbOTO Ta JIITHHOTO BiKY.

Mera: ouiHUTH (DYHKIIIOHATBHWI CTAaH HUPOK i CyTUH-
HOTO eHJ0TeJIit0 B 0ci0 pizHOro Biky 3 o3HakamMmu KPMC Ta
3’CyBaTH MOXJIMBOCTI KOPEKIIii BUSIBIIEHUX 3MiH i3 3aCTO-
CyBaHHSIM €KCTpaKTy Jecrene3u romouacToi (Lespedeza
capitata extract) K IOTEHIIIiTHOTO 3aco0y Hedpo- Ta aH-
riOmpOTeKIIii.

MarTtepiaAn Ta meToamn

JlocnimkeHHsT MpoBeAeHO Yy Biaaili dapmaxkoTreparii
BiK3aJIeXKHUX 3axBoploBaHb 1Y «IHCTUTYT repoHTOJIOril
iM. JI.®. YeborappoBa HAMH Ykpainu». [TpoTokon po-
0oTu OyB yxBajieHUil KomiTeToM 3 MeIMYHOI €TMKU TMpU
Y «Iactutyt reponrosorii im. .M. Ye6oTtaproBa HAMH
Ykpainun» No 2/25 Bin 24.02.2025 p. KniniuyHe gocmimKeHHS
MPOBEJICHO BiITOBIIHO 10 YNHHOTO 3aKOHOJAaBCTBa YKpa-
iHM i mpuHUMIiB [e1bCiHCHKOT AeKIapaliii 3 paB JIOANHU.

[lepBuHHO OyiI0 00CcTEXEeHO 152 0COOM pPi3HOTO BIKY.
[licna perenpHOro Bimbopy Oyj0 BUKIIIOUEHO 58 o0cid
(Taba. 1). Orxe, NpoBeeHO KOMIUIEKCHE oO0cTexXeHHs 94
ocib pi3Horo Biky (cepenHiit Bik 54,82 £ 0,97 poky), 3 HUX
4oJ10BiKiB 0ys10 29 (30,85 %), xiHOK — 65 (69,15 %).

Ipyny oci6 cepennboro Biky (47,11 £ 0,78 poky) cra-
HOoBWIA 55 oci6: 20 vonosikiB (36,36 %) 1a 35 XiHOK
(63,63 %), noxunoro Biky (67,18 £ 0,81 poky) — 39 oci6,
3 gkux 0yno 8 yosoBikiB (20,51 %) Ta 31 xinka (79,50 %).

Taxkum YMHOM, TOCITIIKEHHS 0a3y€ThCST Ha Pe3yJIbTaTax
MePBUHHOTO 00CTeXXeHHS 94 0cib pi3HOTO BiKY Ta CTaTi.

KputepisiMmu BKJIIOYEHHSI B IOCHTIIKEHHSI OyIu: 4o-
JIOBiKM 1 XiHKM BikoM 40—74 poxm 3 IOMipHUM, BHCO-
KIM i Iy*kKe BUCOKIUM pu3UKoM po3BuTky CC3 3a mKaiowo
SCORE-2 Tta AI' 2-T0 cTyneHs, HOpyIIeHHIMHN (DYHKITii
Hupok (CAK 30—300 mr/r ta moHaza 300 mr/r, plIIK® 45—
89 mi/xB/1,73 M?). OGOB’sI3KOBOIO OyJia 3[aTHICTH Malli-
€HTa A0 aIeKBaTHOIO CIIiBPOOITHMILITBA Ta MiANKMCcaHa HUM
MKUChbMOBA 3r0JIa Ha YUacTh y TOCIiIKEHHI.

Oo6cTtexeHi mManu (GakTopu CepleBO-CyIMHHOTO pU-
3UKYy Ta O3HAKW METabOJiYHOTO CUHAPOMY 3a KPUTEpisi-
mu ATP III [10]: okpyxHicTb Tamii > 102 cM y 40JIOBIKiB i
> 88 cM y XKiHOK; X0JIECTEPUH JIITOMPOTEiniB BUCOKOI IIiTh-
HocTi < 1,03 MMoJb/71y yosioBIKiB i 1,29 MMoJIb/1T Y XKiHOK;
TpunIinepuan > 1,7 MMoJb/J; piBeHb apTepialbHOTO TUCKY
> 130/85 MM PT.CT.; piBeHb TIIFOKO3M HATIIIE > 6,1 MMOJB/I.

Ta6nunys 1. [NlepBUHHE O6CTEXEHHS rpyn

Fpynu o6¢cTexxeHnx Oco6wnpi31|-l 502r DL

[MepBMHHO OrNsIHYTO 152

LA 2-ro tmny 7
OHkonaTonoris 8
I'Ioni!vlopéi,quCTb (micnsa rocTpumx 10

CTaHiB)

BukntoueHo 3a piHMMuK npu- 33

YMHaMm

BkntoyeHo 94
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OO0CcTexXeHHs MPOBOIMIN 3 BUKOPHUCTAHHIM CTaHIAPT-
HUX KJIiHIYHUX, aHTPOIIOMETPUYHUX Ta JaOOpaTOPHUX i iH-
CTpyMEHTaIbHUX MeTOiB. [iarHocTuky Al’ Ta BU3HAUEHHST
CC3 nmpoBOAM/IY BiJIITOBIAHO 10 YNHHUX EBPOTEUCHKUX Ta
HalioHaJIbHUX peKoMeHarii [2, 11, 12]. HasgBHicte XXH
Ta Kareropii 3miH pLLIK® i anp0ymiHypii OlLliHIOBaIM 3Ti-
HO 3 €BPOIENCHKMMU peKoMeHaalisimu |3, 4].

CraH BYIJICBOOHOTO OOMIHY OIIHIOBAJIM 3a PiBHS-
MU TJIiKeMii HaTie, IMOCTIpaHIiaIbHOI IIiKeMii, BU3HA-
YeHUMU (EePMEHTATUBHUM METOIOM 3 BUKOPUCTAHHSIM
aHaunizatopa Respons 920 (HimeyunHa), Ta piBHEM KO-
BaHoro reMorno6iny (HbAlc), Bu3HayeHUM iMyHOTYpOi-
ITUMETPUYHUM TeCTOM, ITocwieHUuM yacTuHkamu HbAc.

71 OLiHKY CTaHy JIiMiZHOro oOMiHYy BM3HAyajaud pPiB-
Hi 3aranbHoro xosecrepuHy (3XC), xosectepuHy JiiIo-
npoteiniB Bucokoi minbHocTi (XC JITIBIL) Ta HuU3bKO1
miabHocTi (XC JITTHILLL), rpurninepunis (TT) y cupoBariii
BEHO3HOI KpOBi 3a CTaHIAPTHUMM OiOXiMiYHUMU METO-
MMKaMU Ha aBTOMAaTUYHOMY OioxiMiuHOMY aHajizatopi
Respons 920 (HimeuuuHna).

PiBui 3XC BusHavanmum ¢epMeHTaTUBHUM (oToMe-
TpuyHuM Tectom CHOD-PAP, TI' — depmenTatus-
HUM (OTOMETPUYHUM TECTOM 3 TIiilepoia-3-docdar-
okcunazoio, XC JIIIBIL[ — omHOpimHMM iMyHOTECTOM
i3 Bu3HayeHHsIM KomiuiekciB AI'-AT, smict XC JITTHIIL
pospaxoByBanu 3a (popmynorw @pinsanpaa (XC JITHIL =
= 3XC — (XC JIIBIL + TI/2,2), mmonb/) [13]. Ingexc
aTeporeHHOCTi BUpaxoByBaBcs siK criBBinHomeHHsT 3XC i
XC JITIBLI.

11106 BUM3HAYMTH PUBUK PO3BUTKY CEPLIEBO-CYJAMHHUX
3aXBOPIOBaHb, PO3PAXOBYBAIN IMTOKA3HUK CEPIIEBO-CYTNH-
Horo pu3uky — iHmekc Castelli — SIK CITiBBiZHOIIEHHS
3XC/XC JIIBILI, ta ortucane Boizel criBBimHomenHs TT'
i XC JHIBILL > 3, 110 TexXX KOpeoe 3 PO3BUTKOM T'OCTPUX
KOPOHApHHUX YCKJIAIHEeHb, a TaKOX BMKOPUCTOBYBaJach
oHogsjeHa mkKana SCORE-2 [14, 15].

BusznauenHst plLIK® niposoawiu 3a hopmyoro CKD-
EPI 3 ypaxyBaHHSIM piBHIB KpeaTUHiHYy CUPOBATKU KPOBi
(https://www.mdapp.co/egfr-calculator-by-ckd-epi-79/)
[16—18]. AnbOyMiH-KpeaTHHIHOBE CIiBBiIHOLLIEHHS ceyi
Bu3Havyasim Ha aHaiizaropi ceui M7 URISCAN Optima
(YD Diagnostics Corp., Kopest, nmocrayaibHUK B YKpaiHi
TOB «<MEJl EK CEPBIC»).

OuiHKy (yHKIIOHAJIBHOTO CTaHy €HIOTEIiI0 MIKpOCY-
JTUHHOTO pycJia MPOBOIMIIM Ha TBOKAHAILHOMY JIa3€PHOMY
norepiscbkomy doymerpi BLF-21D (Transonic Systems
Inc, CIIIA) y BuXiZHOMY CTaHi CIIOKOIO, a TaKOX ITiCJIs
npoBeAeHHs (PYHKIIIOHATBHOI IIPOOU 3i CTBOPEHHSIM peak-
TUBHOI rinepemii [19].

DyHKIIi10 eHI0TeNi10 BeJMKUX CYAUH BU3HAYANM i3 3a-
crocyBaHHsaM npobu D.S. Celermajer, 3 MOCTOKITIO3iliHOIO
pPEakTUBHOIO TiMepeMielo 3a 3arajJbHOMPUHHSITO METO-
NMUKOIO Ha yJabTpa3BykoBoMy amnapati iE33 Philips, natumk
L 11-3 (4,0 MI1) 20, 21].

BxitoueHUM y AOCHiIKEHHST TalliEHTaM Ha JI0JaTOK
IO CTaHAAPTHOI aHTUTINIEPTECH3WBHOI Teparlii BiIIOBiZHO
0 YHi(iKoBaHMX KJIiHIYHUX MPOTOKOJIIB OYyJI0 IpU3HaUe-
HO eKCTpakT Jecrene3u rojopuactoi (Lespedeza capitata
extract) 3 MeTOI0 KOpeKllii (byHKIIIOHATbHOTO CTaHy HUPOK

Ta eHmoTelito B ocid pizHoro Biky 3 KPMC [2, 4]. Onna
KaricyJja gieTnanoi nooasku JIioepa (TOB «bixenc», Ykpai-
Ha) MiCTUTb: €KCTPAKT cTeb1a i IUCTS JIeCTeIe3U roJloBYac-
toi (Lespedeza capitata) mopommkononionuii 300 mr. Exc-
TpakT cTtebna i Jucts Jyecnene3un rojonuacroi (Lespedeza
capitata) MicTUTb (hJTABOHOINM, 30KpeMa (h1aBOHOJU — Py-
THH, (JIABOHM, KaTeXiHU Ta iHII 0i0JIOTiYHO aKTMBHI pe-
yoBrnHU. Komriekce 6ioforivHO aKTUBHUX PEUOBUH cTeO1a
1 JTMCTS JIECIIEAE3H TOJIOBUACTOI 30UIBIITYE iype3, 3MEHIIIYE
a30TeMilo, MiABUILYE BUAICHHS HATPilO i1 MEHIIIOI0 MipOIo
KaJjilo, crpusi€e 30iIblIeHHI0 HUPKOBOI (hiabTpallii, mpu-
CKOPIOE BUBEJIEHHS a30TUCTUX IIIAKIB i3 ceuelo.

IIpy BUKOHAHHI CTAaTUCTUYHOI OOPOOKM OTPUMAHMX
JIAHUX 3aCTOCOBAHi Taki METOJU: PO3PAXYHOK CEPeaHbO-
ro apu(pMeTUYHOro Ta oro cepeaHboi nmoxudbku (M + m),
OIIiHKA BipOTiTHOCTI Pi3HUIII OTPUMAHUX PE3YJIBTATIB y TTO-
PIBHIOBaHUX Ipyrnax 3a JIONoMorow Kpurepito CTbloIeHTa.
st TopiBHSIHHS 4acToTH (hikcallii sIKICHUX MOKa3HUKIB
3acTocoByBasM KpuTepiii x* [TipcoHa mist TaGIMIb CTIIONY-
YEHOCTI 3 TToIIpaBKoIo €ifTca.

Pe3yAbTaTK TO OGrOBOPEHHS

Pesynbratu aHamizy mokasajiu, IO Cepel yCiX ydacHU-
KiB IOCTIKEHHsI 3HaYHO MepeBaxaan XiHku (69,15 %),
TOMi SIK Y0IOBiKiB Oyino nauine 30,85 %. Ocobu cepenHbo-
ro Biky (47,11 £ 0,78 poky) cTaHOBJATH OLTBIICTD (62 %
BUOIPKM) 3 TIOMITHUM TIepeBakaHHSIM KiHOK (63,63 %). Y
IpyIi moxuiioro Biky (67,18 + 0,81 poky) yacTka 4oJI0BiKiB
3HavyHO Hikva (Juire 20,51 %), 1110 Moxe 6yTH MOB’s13aHO
3i crieln}ikoro TPUBAJIOCTI XUTTS Ta 3aXBOPIOBAHOCTI Ce-
pen 4osioBiKiB. MoXHa MOMITUTH, 1110 y TPYTIi CEPETHbOTO
BiKy 4acTKa YOJIOBIKiB 11Ie BiTHOCHO Brcoka (36,36 %), ane
y CTapliliii rpyIli BOHA 3HAYHO 3HWXKY€EThCs 10 20,51 %.

Lle y3romkyeThcs i3 3arajibHOIO TEHICHIIIEIO 10 CTapiH-
HSI HaceJIeHHs, 3a SIKOI XKiHKM MalOTh JOBIIY TPUBaJiCTh
KUTTSI, Ta BKa3ye Ha MeBHi aemorpadiuyHi ocoOJMBOCTI
BUOIpKHU, 30KpeMa TPUBAJIICTh XUTTS Cepell XKiHOK, sIKa 3a-
3BUYAl € BULLOIO.

Y po6oTi MiATBepIKEHO 3arajibHi TEHAEHIIi1 CTapiHHS Ha-
CEJIEHHSI, KOJIM KiTbKiCTh XXiHOK MOXWJIOTO BiKY ITEPEBUIILYE
KiJIbKiCTh YOJIOBIKiB Uyepe3 0i0JIOTiuHi Ta COoLliaIbHi (DaKTOPH.

PesynbraTu aHamizy ¢hyHKIIi1 HUPOK 3a JaHUMMU 3MiH T10-
kaszHuka plIIK® (3a piBHEM KpeaTUHiHY B CUPOBATLIi KPOBi)
Yy 00CTEeXKEeHUX CBiTJaTh IIPO ii 3HIDKEHHS y OUIBIIOCTI 0Ci0
crapioro Biky (67,18 £ 0,81 poky) mopiBHSIHO i3 ocobaMu
cepenHboro BiKy (47,11 £ 0,78 poky) — 64,01 + 2,21 mu/
xB/1,73 M?>1a 79,73 £ 1,91 mu/xB/1,73 m? BinnosigHo. Tax,
He3HauHe 3HMKeHHs pIIIK® y mexax kateropii G2 (60—
89 mui/xB/1,73 M?) mpuTaMaHHE BCIM OOCTEKCHUM Cepeli-
Hboro BiKy (100 % BUITanKiB), TOMI SIK B OCi0 MTOXMIIOTO BiKY
B 46 % BUTIANKiB BUsIBIICHO BiporinHe 3HWKeHHs pLLIK® y
Mexax Kateropii G3a (45—59 mu/xs/1,73 m?) (x*>= 0,0006,
p = 0,0002). Jlume y He3HauHOI YaCTMHU OOCTEKEHMX
(10 %) crioctepiraeTbest HopMaibHa a60 Brucoka pIIIK® y
Mexax Kareropii G1 (> 90 mu/xB/1,73 M?).

Amnani3 3miH nmokasHuka CAK ceui mokasas, moy 71 %
00CTeXXEeHUX 11611 TTOKa3HUK 3aJIMIIIaBCs B MeXax KaTeropii
anpOyMiHypii Al (< 30 Mr/r), 1110 CBiTYMTH PO Or0 HOP-
MaJIbHUIA a00 HE3HAYHO ITiIBUILEHUHN piBeHb. 3MiHU I10-
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kazHuka CAK ceui B mexkax kareropii A2 (30—300 mr/r) Ta
A3 (nonan 300 Mr/t) BusiBiIeHO Y 29 % o0cTexXeHnx — 24 Ta
5 % BiAMOBIIHO, IO CBIMYUTH MMPO HAsIBHE YpaxkKeHHS HU-
POK $SIK OpraHa-MillleHi.

IMpoananizyBaBIIM OTpUMaHi pe3yJibTaTH, MOXKHA PO3-
MHOIUTUTY OOCTEXXEHUX Ha TPU KIIHIYHI Tpynu 3a IoKa3-
HukoM pLIK® ta CAK: 1-ma rpymna — i3 moka3HUKaMHu
pIIIK® 60—89 mi/xB/1,73 m> Ta CAK < 30 Mr/T; 2-Ta TpYy-
ma — pIlIK® 60—89 mn/x8/1,73 m? Ta CAK 30—300 mr/T;
3-ts rpyna — plIIK® 45—59 mu/xB/1,73 m? Ta CAK 30—
300 mr/r Ta Bule (Tabi. 2).

IIpu perenbHOMY aHaji3i BMUIUIEHUX TPYIl BUSIBIE-
HO, 10 cepen ocib cepeaHboro Biky (1-1 ta 2-i rpym) i3
He3HauHUM 3HWXKeHHsSM pIIIK® y mexax kareropii G2
(60—89 mu/xB/1,73 M?) BUSIBJIEHO TTiABUILIEHHS TOKa3HUKA
CAK y TpeTuHU 00CTEXEHUX, TOi SIK B OCi0 ITOXUJIOTO BiKy
npeBanioe 3HWKeHHsT pILIIK® 40—-59 mi/xB/1,73 M?, sike
posuiHoeTbes Ik XXH y Mexxax kareropii G3a (ta6J. 3).

IToTpiOGHO 3a3HAYNTH, IO Y BCIX MiATPYITaX 00CTEXKEHNX
3 pisuumu kareropismu plIIK® (G1, G2 ta G3a) Buss-
JISITMCh 0COOM 3 HOPMaJIbHUM a00 HE3HAYHO TiIBUIIIEHUM
piBHEM ayibOyMiHypil B Mexax kateropii Al (< 30 mr/r).
Haii6inbiia yactora Takux XBOpux Oyja B MiATrpymnax ocio
cepeaHboro Biky 3 Kareropismu pLLIIK® G1 ta G2.

Cepen oci6 moxuioro Biky 3 kareropieio plIIK® G3a
migBuineHHss CAK BusHaueHo B 25 % oci6. OmHak Binco-
TOK 0¢ib noxusioro Biky i3 plLIK® G3a 6ys BiporigHo 6iib-
mwwuMm (p < 0,05), HiXX BiZICOTOK XBOPUX 3 ITOMipHUM TIi/IBU-
meHHsM CAK cedi mopiBHSHO 3 0c00aMU cepeIHbOTO BiKY.

3HWKeHHSsT (YHKILT HUPOK, 110 BU3HAYAETHCSI 32 TTOKAa3-
HukoM pLIIK®, acoiitoeThcs 3 MigABUILIEHUM PU3UKOM Cep-
LEeBO-CYIMHHOI 3aXBOPIOBAHOCTI Ta 3arajIbHOI CMEPTHOCTI, i
1Ieli TTOKa3HUK MOKHA PO3IJISIATH SIK (DaKTOp CeplieBO-CY-
IUHHOTO pu3uKy [22, 23]. Jesxki gaHi cBimyaTh mIpo Te, 110
eHjoTeiabHa TUc@YHKIiS HasiBHA HA PAHHIX CTa/IisIX HUP-
KOBOI HEIOCTaTHOCTI, ajie HeAOCTaTHLO JAaHUX IIPO ii MOX-
JIUBY POJIb Y IPOIPECYBaHHI 3aXBOPIOBaHHS HUPOK [24, 25].

[Ipu oniHLi (PYHKIIIOHAILHOTO CTaHY €HAOTEJIil0 BUSIB-
JIEHO, 1110 cepel 00CTeXKEeHUX MalieHTiB (n = 94) 3 pisHUMU
kareropismu plIK® (G1, G2, G3a) o3HaKu eHI0TETialb-
HOI TCcGYHKIIIT criocTepiramucs y 54 oci6 (57,45 %). 13 Hux
y 19 mamienTiB (35,18 %) 3acdikcoBaHo KpaiiHiii CTyMHiHb
TMOpPYIIEHHSI — Ba30CMAaCTUYHY Peakililo TPy MPOBEIeHHI
npobu 3a metonukoio D.S. Celermajer, 110 cBimuuThH TIPO
BUpaxkeHe MMOPYIIECHHS €HI0Teili3a1esKHO1 Ba30AMIaTallil.

Cepen o0CcTeXXeHUX i3 TMCPYHKIIEIO €HIOTENII0 BeIr-
kux cynuH y 70,4 % (38 oci6) mokasuuk CAK BusBUBCS
< 30 mr/t, B 29,6 % (16 ocio) — 30—300 mr/r (10 oci6)
ta moHan 300 mMr/r (6 oci6). Y rpymi ocib i3 36epexkeHO0I0
dynkuieio enporenio: y 65 % (26 ocio) CAK BusiBUBCS
<30 mr/r; y 14 ocio CAK BusiBuscst 30—300 mr/r; BiaCyTHi
ocobu 3 CAK nonanx 300 mr/r. TakuM YMHOM, JIUIIIE CepesT
Mali€HTIB 3 €HI0TEeNiaJTbHOI0 AUChYHKIIE0 3adiKCOBAHO
CAK > 300 mr/r (y 5 oci6, a6o 9,2 %), 10 1eMOHCTpYE
BiporimHy cratuctuaHy pisHuimio (x> = 0,01; p = 0,03)
(Tabn. 4).

Taxk, B 0ci0 3 TUCHYHKIIIEIO CHOOTEIiI0 BEIMKNX CYINH
ta 3HmKeHHsIM pLIIK® y mexax kareropii G2 (60—89 mu/
xB/1,73 m?) Ta G3a (45—59 mi1/x8/1,73 M?) BinmiueHe min-
BuieHHs1 nokasHuka CAK Bumie 300 mr/r (x> = 0,01,
p = 0,03) mopiBHSIHO 3 TPYNOIO OOCTEKEHUX i3 30epeXkKeHOI0
¢yHKuieo eHnoresio. IlopiBHSIHO 3 Ipymnolo Ialli€HTiB
i3 30epeXeHOI0 eHI0TeNiaTbHOI (QYHKILIEO 1€ MiICUITIOE
rinoTesy Mpo 3B’SI30K MiX MOPYIIEHHSIM €HI0TeNialbHOT
(yHkuwii, nporpecyBaHHsIM 3HUXKeHHST plIIK® Ta Mikpo-
aTb0yMiHypi€o.

B oci6 3i 3HmkenHsm pLIIK® y mexax kateropii G2
(60—89 mui/xB/1,73 M?) Ta G3a (45—59 mu/xB/1,73 M?) Bin-
Miu€HO 3HIKEHHSI eHIOTeTiabHOI (DYHKIII CyIMH MiKpo-
LUPKYJISATOPHOI JIaHKK ¥ 84 % Bumankis, ipu npomy CAK
< 30 mr/r BusiBieHo y 50,00 %, CAK B mexxax 30—300 mr/T
BusiBieHo y 43,75 % ta CAK nonan 300 mr — y 6,25 % oci6
MOPIBHSIHO 3 rpyroro ocio (16 %) i3 30epexkeH00 GYHKIIIE
CYIMH MIKpOLUMPKYJIATOpHOI JaHku: 33,30; 66,70 % Bimmo-

Ta6nunus 2. KniHidyHa xapaKTepucTuka o6CcTexeHux ocié

KniHiyHi rpynu (n = 94)
Moka3Huk
1-wa 2-ra 3-19
Bik 53,44 + 1,23 52,00 = 1,53 72,33 + 1,28**
KinbKicTb 06CTEXEHUX n=>55 n=27 n=12
pLUK® 74,50 + 1,99 80,82 £ 2,43 52,50 + 1,10*
CAK <30 30-300 30-300

Mpumitkn: * — p < 0,05 nopiBHsiHO 3 ocobamu 1-i rpynu; # — p < 0,05 nopiBHsAHO 3 ocobamu 2-i rpynu.

Ta6bnunys 3. BikoBa cTpyKTypa rpyn o6¢cTexeHux ocié 3a nokasHukom pLUIK®

KniHiyHi rpynum (n = 94)
MokasHuk
1-wa 2-ra 3-15
Bik CepepHin | Moxunuin | CepepHin | Moxunun | CepepHin | Moxunun
BiK BiK BiK BiK BiK BiK
YacToTa 5
. x?, ,=0,15,p=0,23
gvg/l:;eHHﬂ, 34 (62) 21 (38) 21 (78) 6 (22) 0 (0) 12 (100) s 1=2010001, b = 0,0004

lpumitka: * — p < 0,05 nopiBHsIHO 3 oco6amu 1-i rpynu.
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BinHO 3a BiacyTHocTi oci6 i3 CAK monan 300 mr/r. Llst TeH-
neHiist HesiporigHa (2= 0,08, p=10,13), mpoTe BOHA TOBTO-
PIOE TaKy X TEHAEHILIO 111010 HasiBHOCTI moka3dHuka CAK
noHan 300 Mr/T B oci0 i3 mopyieHHsIM (PYHKIIIOHATbHOTO
CTaHy €HJOTeit0 BeJMKUX cyarH. [1oTpiOHO BimMiTUTH Ha-
SIBHICTb (PeHOMEHY B3aEMOOOTSIKEHHSI B OCi0 3i 3HMXKEHOIO
pLIIK® B mexkax 40—89 mi/xB/1,73 M2 Tak, 56,25 % obcTe-
JKeHUX MaIOTh ITOETHAHHS AUCQPYHKIIIT €HAOTEIiI0 BEJIMKIX
Ta ApiOHMX cymuH, 3 HUX y 44,44 % BigMidyeHO MOKa3HUK
CAK 30—300 mr/1, y 11,11 % — monan 300 mr/t.

Takum ynHOM, B pe3y/abTaTi MPOBEISHOIO AOCIIiIKEH-
HSI MOXHaA BiOKpEeMUTU MEeBHI (PEHOTUIIM TMAILEHTIB 3i
sHmKkeHHsIM pIIIK® y mexax kareropii G2 (60—89 mui/
xB/1,73 M?) Ta G3a (45—59 miu/xB/1,73 M?): 3a BikoM —
CepeIHbOTO Ta TOXMJIOrO BiKy, 3a rokasHukoM CAK —
< 30 mr/r, 30—300 mr/r Ta moHan 300 Mr/T, 3 MOpyLIEHHSIM
(YHKIIIT eHI0TeJi10 BeIMKUX CYIUH Ta/a00 ApiOHUX CyI1H.

Bincythictb oci6 i3 piBHem CAK > 300 mr/r cepen na-
LIEHTIB 3i 30epeXeHO0 eHI0TeiabHOW (YHKILEI (K Y
CcepeaHbOMY, TaK i B IIOXIJIOMY Billi) CBiTYMTh IIPO TiCHUIA
3B’S130K MiX 3HAYHOIO aJIbOYMiHYpI€I0 Ta €HOOTeiaTbHOIO0
mucoyskuieto. ImoBipHo, CAK > 300 Mr/T MOXXHA pO3IJIsi-
JATU SIK iIHAMKATOP 3HAYHOTO IMOIIKOMKEHHS CYIMHHOI CTiH-
KU, SIKUI BijoOpaXkae HasIBHICTb CUCTEMHOI €HI0TeTiaIbHOT
nucdyHkuii. [Hakie kaxyuu, Bucokuii piseHb CAK moxe
BUCTYIATU MapKePOM HasIBHOTO MOIIKOIKEHHSI €HA0TeNi10,
Tofi SIK HU3bKi uu nomipHi 3HaueHHs (CAK < 30 mr/r abo
30—300 mr/r) 111e MOXYyTb criocTepiratucst Ha (oHi 30epe-
KeHoi ¢yHKIIi eHpoTenito. Lli pesyasraTi miakpecironTh
LIIHHICTh KOMIUIEKCHOI OIIIHKM $IK (DYHKIIil HUPOK, TaK i
(bYHKIIIOHATTLHOTO CTaHy €HAOTeNilo I cTpatvdikarii
CeplLeBO-CyINHHOIO PU3HUKY, OCOOIMBO B 0Ci0 i3 ITOYaTKO-
BuM 3HIKeHHSIM pIITK® y mexxax kateropii G2 (60—89 v/
xB/1,73 M?) Ha (OHI KapIiOpeHOMETAOOIIYHOTO CUHIPOMY.

Otxe, mpoBeneHe 00CTeXKEeHHS JO3BOIIIO ChOPMYITIO-
BaTU KOHIIEIIIIiIO 1100 MOTpeOUu paHHbOI AiarHOCTUKM Ta
KOpeKllii (PYHKIIIOHAJIbBHOTO CTaHy HUPOK Ta €HAOTENil0 B
oci6 pizHoro Biky 3 nposiBamu KPMC. Bigomo, 1o Lespe-
deza capitata (Jiecrienesa rosiopuacta), Lespedeza bicolor ta
iHIIi npeacraBHUKY BUny Lespedeza sp., mitouu sIK iHTi0i-
TOPH aHTIOTEH3WHIIEPETBOPIOBATIbHOTO (hepMeHTy (AITD),
MOXYTb MaTH aHTiOMPOTEKTOPHUIA Ta HE(PONPOTEKTOPHU I
edektu. [TokazaHo, 1o mpoaHrouiaHinuHu 3 L. capitata iH-
rioyots AIID in vitro. JlexiabKka €BpONEHChbKUX KITHIYHUX

JOCJTIKeHb MOKAa3aJIM, 1110 iH’€KIIil OuMIleHOro (IaBOHOI-
Ity Ta EKCTPAKTy MpoaHToLliaHiAnHY 3 L. capitata cnmpusimin-
BO BIUTMHYJIM Ha moaeit i3 XXH [26, 27].

Biniopanum B xomi mocmimkeHHs1 39 ocobam pi3HOTO
BiKy 3 nmposiBamu KPMC (Ta6:1. 5) 10 cTaHmapTHOI aHTHUTI-
MepTEeH3MBHOI Tepartii 0yJ10 MPU3HAYEHO eKCTPaKT JiecTie-
ne3u rosioByactoi (Lespedeza capitata extract).

SK My MOXeMO 0auMTH, BCi BKIIIOUEHI B JOCIIIKECHHS
0Cco0M MajiM BUCOKMI PU3UK CEPLEBO-CYIMHHUX YCKIIa/-
HeHb, MPO IO CBiTYUTH MOKa3HUK iHgekcy Castelli: 3XC/
XC JIIBIL, sxuii nepepuiye 3, Ta nmokasHuk SCORE-2.
Lle ocobu, GiNBIIICTD 3 SIKMX IOCSIIa ONTUMAIBLHOIO PiBHS
CHUCTOJIIYHOTO Ta AiaCTOJIYHOIO apTepiaIbHOTO TUCKY, IPOTE
BOHU MalOTb MOPYLUEHHA (DYHKLIOHATLHOTO CTaHy HUPOK Ta
eHzoTeito Ha (PoHi rinepriikemii Ta gucninigemii. EkctpakT
Jiecrienie3u rojosyactoi (Lespedeza capitata extract) mpusHa-
YyaBCs SIK JOAATKOBE JXKEPEJIo 0i0I0riYHO aKTUBHUX PEYOBUH
3 METOIO MOKpalleHHs! (hYHKIIOHAIBHOTO CTaHY HUPOK Ta
eHporelito no 1 karcyJi 3 pa3u Ha 100y He3aJIeXKHO Bifl TTpu-
oMy Xi mpotsarom 1 micsaist. XapakTepUCTUKY MAlli€HTIB,
BKJIFOYEHMX B JOCIIiI;KEHHS, BKa3aHi B TaOI. 5.

3icraBiaeHHs BuxigHux nokasHukiB plIIK®, CAK Tta
¢yHKIII eHaoTeNnio yepe3 1 Micsaib TMHAMIYHOIO CITOCTe-
peXeHHS TPU 3aCTOCYBAaHHI €KCTPAKTy JieCcrene3u ToJjo-
Buactoi (Lespedeza capitata extract) BUSIBUJIO, 10 TTOKa3-
Huk plIIK® nuiraerbest Heaminuum (67,42 £ 4,39 m/
xB/1,73 M?) MOpiBHSIHO 3 BUXiZHUMM maHuMu (p > 0,05) B
yciX 00CTeXEeHUX TalieHTIB yepe3 1 Micsib cTaHIapTHOI
Tepariii, JOIMOBHEHOI €KCTPaKTOM JiecIieie3d TojoBYaC-
toi (Lespedeza capitata extract), mpoTe BiporigHO 3pocia
(byHKI1is1 eHIO0Te {10 BEJTMKUX CyIUH Ta CyIUH MiKPOLIUPKY-
JIITOPHOI JTaHKY (Tabu1. 6). Ha oHi BimHOBIIEHHS (DyHKIIIO-
HaJIBHOTO CTaHy €HJOTEJiI0 BiAMiueHe 301IbIIEeHHST YaCTKU
oci6 i3 mokaszuukom CAK < 30 mr/r (x> = 0,04, p = 0,07),
IIO CBiMYUTH MPO TEHIEHIIiI0 IO BiTHOBIEHHS (PYHKIIIO-
HaJIbHOTO CTaHY HUPOK TMPHU 3aCTOCYBAaHHI €KCTPAKTY JieC-
nene3u rosnopuactoi (Lespedeza capitata extract). Takuii
edexT 3yMOBJIEHUI TUM, 1110 €KCTPAKTH 3 TIAarOHiB JIecTe/ie-
31 TOJIOBYACTOI Ta 3 TPABU JIECTIEAE3HU IBOKOIIPHOI OJIU3bKI
3a XiMIYHMM CKJIaIOM i (hapMaKoJOTiYHUMU BJIACTUBOCTSI-
MM, a IX €TaHOJIOBI EKCTPAaKTH MalOTh TPUBAIY iCTOpIitO 3a-
CTOCYBaHHSI i XapaKTepU3YIOThCS JIOBEACHOO Hedporpo-
TEKTOPHOIO [i€10, 110 JA03BOJISIE X BUKOPUCTOBYBATH JUISI
npodinakTuky Ta JikyBaHHs XXH [28—30].

Ta6nunus 4. KniHidyHa xapaKTepucTnka o6CTeXeHNX oCcib 3anexHo
Bifj hyHKLiOHaNIbHOro craHy eHAoTenito BesIMKuX cyanH

KniHiuHi rpynu (n = 94)
MokasHuk 36epexeHa pyHKLjis MopyweHa dyHKUisA )
eHpoTenio eHpoTenio X

KinbKicTb 06CTEXEHUX n =40 n =54
Bik 55,93 + 1,31 54,78 + 1,66
pLLK®D 69,69 + 2,59 72,21 + 2,58
CAK < 30 mr/r 26 38
CAK 30-300 mr/r 14 10
CAK > 300 mr/r 0 6* x2=0,01,p=0,03

Mpumitka: * — p < 0,05 NopiBHAHO 3 0ocobamu 3i 36epPEXEHOI0 PYHKLIEIO eHAoTeio.
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Pesynbratu nociimkeHHs MpoaeMOHCTPYBaIH, 1110 10-
JMaBaHHSI €KCTpakTy Jecrnene3u rosopyactoi (Lespedeza
capitata extract) 10 CTaHIapTHOTO JIiIKyBaHHSI € 6e3MeYHUM
IIJIsT HAIPKOBOI (PYHKIIiT, a TAKOXK MOTEHIIITHO e(DEKTUBHUM
y TIOKpallleHHi CUCTeMHOI eHpoTemianbHOl dyHKIii. [Li
3MiHM MOXYTb BilirpaBaTu poJjib y 3amoOiraHHi mojaasib-
1IOMY TIOTipIIEHHIO CTaHYy CYIMH Ta HUPOK, 1110 OCOOJIMBO
aKTyaJbHO IS MAIliEHTIB 3 TOYaTKOBUMU O3HAKaMU €HJI0-
TenianbHOI mucdynkii Ta mposseamu KPMC.

BucHoBKMU

1. PesynbraTu aHanizy aemorpadiuHoi BUOIpKHU MoKa-
3ajI, 110 YacTKa XiHOK BABiUi (69 %) Oiiplia 3a 4acTKy
BKJIIOUEHUX Y TOCTiIKeHHS 40noBiKiB (31 %). Ll TeHneH-

11is1 30epiraeThes K cepen ocid cepeanworo (47,11 £ 0,78
POKY: XiHKU — 63 %, gonoBiku — 37 %), TaK i MOXUJIOTO
Biky (67,18 * 0,81 poky: xiHku — 79,5 %, 4o/IOBiKM —
20,5 %). Bubipka miaTBepIKye 3arajbHi gemorpadidi
TEeHAEHIIii: XXiHKM TIepeBaXkaloTh, a iX YacTKa 3HA9HO 3pOC-
Tae 3 BikoM. YacTka 4oJIOBIKiB Y MOXWJIOMY Billi 3HAYHO
sHmkeHa (20,5 %), 1mo Moxe OyTH ITOB’SI3aHO 3 BUIIIOIO
CMEPTHICTIO cepell YOJIOBIKiB: BOHM MalOTh KOPOTIIY Ce-
PENHIO TPUBAIICTh XMTTS Ta CXWJIBHICTh 0 CEepleBO-CY-
IVHHUX 3aXBOPIOBaHb y OUIBII paHHbOMY Billi.

2. BustBnnena BiporigHa pisautis (> = 0,0006, p = 0,0002)
MiX BiKOBUMHU TpyIaMHM, IO MiATBEPIXKYE TEHIEHIIIO IO
nporpecytouoro 3HmkeHHs plIIK® y mipy crapiHHs: 3 Bi-
KoM BigmiueHe 3HmkeHHs pLIIK®, 1o cBiguuTh npo mo-

Tabnuys 5. KniHiYHa xapakTepucTUKa BKI/TIOYEHUX B AOCTIAXEHHS 0Ci6 pisHoro Biky 3 nposisamu KPMC

XapakTepuctuka Fpyna (n = 39)
Yonosiva ctatb, abc./% 11/28,20
JKiHoua cTaTb, abc./% 28/71,79
Bik, poku 59,51 + 1,59
IMT, kr/m? 30,72 + 0,68
HbA1c, % 5,88 + 0,12
G2 (60-89 mn/xs/1,73 m?), abc./% 29/74,36
G3a (30-59 mn/xe/1,73 m?), abc./% 10/25,64
CAK < 30 mr/r, a6c./% 16/41,02
CAK 30-300 wmr/r, a6c./% 20/51,28
CAK > 300 wmr/r, abc./% 3/7,69
CAT, MM pT.CT. 130,73 £ 2,92
OAT, MM pT.CT. 82,16 + 1,44
E® Benukux cyauvH, % 9,76 = 1,47
E® gpi6Hux cyauH, % 68,25 + 3,79
IHoekc Castelli: 3XC/XC NMNBLY, 3,67 =0,12
IHpekc Boizel: TI/XC JINBLL 0,86 = 0,07
SCORE-2, % 20,04 + 2,03

Mpumitkn: IMT — iHgekc macu Tina; CAK — cniBBigHOLWEeHHS anb6ymiH/kpeaTuHiH; CAT — cuctoniyHui aprepi-
anbHmii tuck; JJAT — giactoniynmii aprepianbumnii TuICK; E® — eHgoTtenianbHa ¢hyHKUis1.

Tabnuuys 6. QuHamika noKasHUKIB (hYHKLIIOHaNIbHOro cTaHy HUPOK Ta eHAOTeilo ocié pi3Horo BiKy
3 nposieamn KPMC Ha ¢hoHi 3acTocyBaHHSI eKCTpaKTy necriefesu rososyacTtoi (Lespedeza capitata extract)

MNMokasHuk [o nikyBaHHs 1 micsiub nikyBaHHSA p
G2 (60—-89 mn/xB/1,73 m?), abc./% 29/74,36 31/79,49 ¥?=0,59,p=0,78
G3a (30-59 mn/xe/1,73 m?), abc./% 10/25,64 8/20,51 x?>=0,59,p=0,78
CAK < 30 mr/r, abc./% 16/41,02 25/64,09 x?=0,04,p=0,07
CAK 30-300 wmr/r, abc./% 20/51,28 14/35,90 x*=0,17,p=0,25
CAK > 300 wmr/r, abc./% 3/7,69 0 ¥?=0,07,p=0,24
pLUK®, mn/xe/1,73 m? 68,38 + 3,30 67,42 + 4,39 p > 0,05
E® Benuknx cyguH, % 9,76 + 1,47 23,86 + 4,84* p < 0,05
E® gpi6HUx cyavH, % 68,25 + 3,79 95,67 + 6,12 p < 0,05

lpumitka: * — p < 0,05 nopiBHsAHO 3 0oco6amu A0 JliKYyBaHHS.
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CTYIIOBE MOTipIIeHHs (YHKILI HUPOK — B OCi0 cepemHbo-
ro Biky (100 %) plIIK® mepeGyBae B MeXax Kareropii
G2 (60—89 ma/xB/1,73 M?), Tomi sk y 46 % ocib moxuioro
Biky plIIK® 3Huxyerbcst no kateropii G3a (45—59 mu/
xB/1,73 M?). HopmanbHa a6o Bucoka plIIK® (kareropist G1,
> 90 mi1/xB/1,73 M?) 30epiraernest utire y 10 % obCcTexeHUX.

3 BiKOM He Julle BipOTiJHO 3pOoCTa€ yacTka ocid 3i
sHmkeHHsIM pIIIK® y mexax kareropii G3a (45—59 mi/
xB/1,73 M?), a i1 BiAMiYa€ThCS TEHACHILIST 10 3HUXKEHHS T10-
kasHuka pIIK® 379,73 + 1,91 mur/x8/1,73 M? y cepeiHbO-
My Bili (47,28 £ 0,72 poky) no 64,01 + 2,21 mi/x8/1,73 m?
y noxusiomy Biti (67,18 0,49 poky).

3. TIpu ouiHuUi (PYHKIIOHAIBHOIO CTaHy EHAOTENil0
KPYMHUX CYAWH BUSIBJIEHO, 1110 cepel OOCTeXKEeHUX Malli-
€HTiB (n = 94) 3 pizHumu kateropissmu pLLIK® (G1, G2,
G3a) o3HaKu eHAoTeialbHOT TUChYHKILIT CITIOCTepirajmncs
y 54 oci6 (57,45 %). B oci6 3 quchyHKIIEIO eHA0TENI0 Ta
sHmkeHHsIM pIIIK® y mexax kareropii G2 (60—89 wmu/
xB/1,73 m?) ta G3a (45—59 mn/xB/1,73 M?) BimmiueHe -
ButieHHs rmokazHnka CAK 6inbire 3a 300 mr/t (x> = 0,01,
p = 0,03) mopiBHAHO 3 IPyIOI0 00CTEeXEeHMX 3i 30epexke-
HOIO (DYHKIII€I0 €HOOTEMIO.

4. B oci06 3i 3HmxxeHum piBHeMm pLIIK® y meskax kaTero-
piit G2—G3a (45—89 mu/xB/1,73 M?) BUSIBJICHO TEHACHIIIIO
JIO MOPYLLIEHHS €eHI0TeMialbHOI (DYHKIIIT CYTUH MiKpOLp-
KYyJIITOPHOTO PYycJia, 1110 CYNMPOBOIXYETHCS 30iIbIIEHHSIM
yacTOTH anboyminypii. ¥ 84 % takux ocib 3adikcoBaHO
IUCHYHKIIIIO €HAO0TENII0, MPUIOMY Y 6,25 % — 3 BUCOKUM
piBHem CAK (> 300 mr/r), Ha BigMiHy Bia rpynu i3 30e-
pexXeHOI0 MiKpOCYIMHHOIO (PYHKIIIEIO, Y SIKiii MOKa3HUK
CAK 0yB y Mexxax < 300 mr/r. Xoua BUSIBJIEHI BiIMiHHOCTi
cTaTUCTMYHO HeBiporinHi (x* = 0,08; p = 0,13), cocTepi-
Ta€THCS MMOBTOPEHHS MOMIOHOI 3aKOHOMIPHOCTI i IS TI0-
pYLIEHb €HOOTENiI0 MariCTpaJbHUX CyOIuH. BaximBoio €
HasIBHICTh (hDeHOMEHA B3aEMOOOTSIKEHHS: Y MOHA/ MOJIO-
BUHM nauieHTiB i3 pIIIK® 40—89 mu/xB/1,73 m? (56,25 %)
BUSIBJIEHO TTOEAHAHY TUC(YHKIIiIO €eHAOTEMIIO SIK NPiOHUX,
TaK i KPYMHUX CYJMH, 1110 CYTIPOBOMIKYETHCS MiABUILIEHUM
piBaeM CAK (y 11,11 % — > 300 mr/r). OTpuMaHi naHi min-
KPECTIOITh BaXJIMBY poJib MiaBuileHHsS nokazHuka CAK
SIK TIOTEHIIiIHHOTO MapKepa eHaoTe liaabHOI TUCchYHKIIT Ha
pPaHHIX CTaisX 3HUXKEHHSI (YHKILi1 HUPOK.

5. JlomaBaHHSI €KCTpaKTy Jiecrene3u rojosyactoi (Lespe-
deza capitata extract) mo craHgapTHOI Teparrii B ocio 3 KPMC
MPOTITOM | MiCSIIISI CIIpHSIE TIOMIIIIEHHIO (DYHKIIIT €eHI0Teii0
CYIVH 3 TeHIEHIIIE€I0 10 3pOCTaHHS YaCTKU IALIIEHTIB 3 HOP-
manizoBaHuM piBHeM CAK. lle BKa3ye Ha MOTeHLIHI Kap-
Ilio- Ta He(POIPOTEKTOPHI BJIACTUBOCTI €KCTPAKTY JIeCIIeAe31
rojioBuacTtoi (Lespedeza capitata extract) ii 0OIpyHTOBY€E 10-
LIJTBHICTB 11 3aCTOCYBaHHS Yy KOMILIeKcHil Teparnii KPMC.

KonduaikT iHnTepeciB. ABTOpu 3asiBISIIOTH TIPO BiACYT-
HIiCTb KOH(UIIKTY iHTEpeciB Ta BiacHOI (hiHaHCOBOI 3alli-
KaBJIEHOCTI TIPY TiATOTOBIII TaHOI CTATTi.
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Endothelial dysfunction and reduced glometular filiration rate in individuals
of different age groups with signs of cardio-renal-metabolic syndrome:
angio- and renoprotection pathways

Abstract. Background. Cardio-renal-metabolic syndrome
(CRMS) is a cluster of pathological conditions that combine meta-
bolic disorders, cardiovascular dysfunction, and kidney damage,
forming an interconnected system of complications. Endothelial
dysfunction plays a key role in the development and progression of
this syndrome as an early marker of vascular damage associated with
impaired vasodilation, chronic inflammation, and pro-atherogenic
changes. At the same time, a decrease in the estimated glomerular
filtration rate (¢GFR) reflects not only kidney function but also the
overall risk of cardiovascular events and mortality. Given the popu-
lation aging and the increasing prevalence of CRMS among indi-
viduals of various age groups, especially middle-aged and elderly,
studying the relationship between endothelial dysfunction and re-
duced eGFR is highly relevant. Early diagnosis of these changes
may allow timely identification of individuals at high cardiorenal
risk and implementation of approaches to the prevention, early
detection, and treatment. The purpose was to assess kidney func-
tion and vascular endothelial status in individuals of different age
groups with signs of CRMS and to evaluate the potential for cor-
rection of the detected changes using Lespedeza capitata extract
as a potential nephro- and angioprotective agent. Materials and
methods. A total of 152 individuals of various ages were initially
examined. Based on inclusion criteria, 58 people were excluded
for various reasons. Comprehensive examination was carried out
in 94 individuals (mean age of 54.82 £ 0.97 years), most of them
demonstrated decreased eGFR, elevated urinary albumin-to-creat-
inine ratio (UACR), and impaired endothelial function. To correct
these changes, Lespedeza capitata extract was added to standard
antihypertensive therapy. The supplement was administered at a
dose of one capsule three times daily regardless of meals, for one
month, to pre-screened individuals (n = 39). Effectiveness crite-
ria included changes in eGFR, UACR, and markers of endothelial
function (flow-mediated dilation assessed by reactive hyperemia).
The observation period was one month. The examination included
standard clinical, anthropometric, laboratory, and instrumental
methods. Results. With age, a tendency toward decreased eGFR
was observed: from 79.73 £ 1.91 mL/min/1.73 m? in middle-aged
individuals (47.28 £ 0.72 years) to 64.01 = 2.21 mL/min/1.73 m?in
the elderly (67.18 £ 0.49 years). Among middle-aged people, eGFR
was within G2 category (60—89 mL/min/1.73 m?) in 100 % of
cases, while in 46 % of elderly individuals, it had decreased to G3a
category (45—59 mL/min/1.73 m?). Normal or high eGFR (Gl
category, > 90 mL/min/1.73 m?) was preserved in only 10 % of el-
derly participants. Among middle-aged individuals with a slight de-
crease in eGFR within the G2 category (60—89 mL/min/1.73 m?),
increased UACR was found in a third of the examined people, while
in the elderly, a decrease in eGFR to 40—59 mL/min/1.73 m? pre-
vails, which is considered as chronic kidney disease within the G3a
category accompanied by an increase in the UACR in 25 % of in-
dividuals. When assessing the functional state of the endothelium
of large vessels, it was found that among the examined participants
(n = 94) with different categories of eGFR (G1, G2, G3a), signs of
endothelial dysfunction were observed in 54 (57.45 %).Of these, 19
patients (35.18 %) demonstrated severe impairment characterized
by a vasospastic response to reactive hyperemia (by D.S. Celerma-
jer method), indicating impaired endothelium-dependent vaso-

dilation. Among individuals with endothelial dysfunction in large
vessels, 70.4 % (n = 38) had UACR < 30 mg/g, 29.6 % (n = 16)
had increased UACR: 10 people — at the level of 30—300 mg/g,
and 6 people had UACR > 300 mg/g. At the same time, among in-
dividuals with preserved endothelial function, 65 % (n = 26) had
UACR < 30 mg/g, 14 individuals had UACR of 30—300 mg/g, and
none had UACR > 300 mg/g. Thus, UACR > 300 mg/g was recor-
ded exclusively among patients with endothelial dysfunction (5 peo-
ple, 9.2 %), showing a statistically significant difference (%> = 0.01;
p =0.03). Among individuals with eGFR reduced within categories
G2 (60—89 mL/min/1.73 m?) and G3a (45—59 mL/min/1.73 m?),
there was a decrease in microvascular endothelial function in
84 %. Among them, UACR < 30 mg/g was observed in 50.00 %,
30—300 mg/g — in 43.75 %, and > 300 mg/g — in 6.25 %. In par-
ticipants with preserved microvascular endothelial function (16 %),
the distribution was 33.3 % (< 30 mg/g) and 66.7 % (30—300 mg/g),
with no individuals having UACR > 300 mg/g. Though this trend
was not statistically significant (> = 0.08, p = 0.13), it mirrored the
association of UACR > 300 mg/g with large-vessel endothelial dys-
function. Importantly, a mutual burden phenomenon was observed
in individuals with eGFR 45—89 mL/min/1.73 m?, with 56.25 %
having combined large- and small-vessel endothelial dysfunction.
Among them, 44.44 % had UACR of 30—300 mg/gand 11.11 % had
UACR > 300 mg/g. The absence of UACR > 300 mg/g among pa-
tients with preserved endothelial function in both middle-aged and
elderly groups confirms a strong association between significant
albuminuria and endothelial dysfunction. UACR > 300 mg/g may
indicate severe vascular wall damage and systemic endothelial dys-
function. To correct the detected changes, 39 individuals of vari-
ous ages with manifestations of CRMS were prescribed Lespedeza
capitata extract in addition to standard antihypertensive therapy.
After one month of treatment, all patients showed an increase in
flow-mediated dilation, indicating restored endothelial function in
both large and microcirculatory vessels. Restoration of endothelial
function was accompanied by a stable trend toward increased pro-
portion of people with UACR < 30 mg/g (x> = 0.04, p = 0.07),
suggesting improved kidney function with Lespedeza capitata ex-
tract. This effect is likely due to the proven nephroprotective action
of Lespedeza capitata extract, making it a promising agent for the
prevention and treatment of chronic kidney disease. Conclusions.
Individuals of different age groups with CRMS demonstrated
a mutual burden phenomenon: more than half of patients with
eGFR of 45-89 mL/min/1.73 m? (56.25 %) had both macro- and
microvascular endothelial dysfunction, often accompanied by el-
evated UACR (> 300 mg/g in 11.11 %). These findings highlight
the importance of UACR as a potential early marker of endothelial
dysfunction during the initial stages of renal function decline. El-
evated UACR may reflect existing endothelial injury, while low or
moderate levels (UACR < 30 or 30—300 mg/g) may still be observed
in patients with preserved endothelial function. For nephro- and
angioprotection in individuals with CRMS, the addition of Lespe-
deza capitata extract to standard antihypertensive therapy is advis-
able.

Keywords: cardio-renal-metabolic syndrome; chronic kidney
disease; endothelial function; Lespedeza capitata; nephroprotec-
tion; angioprotection
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POAb Ce4OBUHU NPU NATOAOTIYHUX CTAHAX

Pestome. CyyacHi AOCAIAKEHHSI AEMOHCTRYIOTb 3HQYHY POAb CEYOBYVHM TA [T MPOAYKTIB B PO3BATKY HU3KI
3QXBOPKOBAHbL. B OCHOBI ii MATOAOrYHMX BIIAMBIB A@XKNTb ANCQOYHKLIST GEPMEHTIB LIMKAY CEHYOBUHM BPOAXKEHO-
ro Yy HABYTOro XQPAKTePYy, O PEAAIZYETLCS Yepe3 QKTMBALLIKD OKCUAQTVBHOIO CTPeCy, aronrosy, Kapba-
MIAKOBAHHSI, TOPMOHQABHY AU3PETYASILIIO. BUBYEHHST MEXAHI3MIB BAVBY L€l OPraHIYHOI CIIOAYKM HQ MATOQI-
3I0AOrIYHI MPOoLeCH BIAKPUBAE LUMPOKI MepCreKkTyBm B 3QCTOCYBAHHI HOBUX QQPMAKOAOTYHUX MIAXOAIB ANSI
NIKYBQHHST 3QXBOPKOBAHb HUPOK, MNEYiHKM, CepLEBO-CYAMHHOI TQ HEPBOBOI CUCTEM, OHKOMATOAOTI]. 3 IHLLIOrO
60Ky, 30AbOBAHE BU3HQYEHHSI PIBHSI CEHOBWHM B KPOBI Q60 ii CriiBBIAHOLLIEHHST 3 KDEATUHIHOM TQ AALOYMIHOM
€ HQAIVHUMU MOOTrHOCTUYHUMU MQPKEPAMM TSHKKOCTI TA CMEPTHOCTI Moy PIBHOMQHITHIV MATOAOTI.

KAIO4YOBi CAOBQ: CeyoBMHQ, MATOAOTIS,; QrOMNTO3; KAPOAMIAKOBAHHST

CeyoBMHA — 1I¢ OpraHiuHa CIoJIyKa 3 HeBEJIMKOIO Ma-
COI0, SIKa € OCHOBHUM MPOAYKTOM a30TUCTOr0 OOMiHY BHa-
CJIiTOK KaTabouri3My OilKiB Ta aMiHOKUCIOT. OCHOBHUMU
opraHamu, siki 6epyTh y4acThb B iATPUMaHHi 6ajlaHCy cevo-
BUHU B OpraHi3Mi, € MeviHKa Ta HUPKU. AHaJIi3 JTiTepaTypu,
KUl OyB NTOIAHWIA y TTONEPEHbOMY OIJISAlI, TTOKa3aB, 110
CEYOBUHA € HE TIJIbKU KiHIIEBUM MPOIYKTOM OOMIiHY, aje i
izio0oriyHO aKTUBHOIO PEeUYOBMHO0. TpaauliliiHO BBaXa-
€ThCSI, 1110 CEUOBMHA Oepe yyacThb y Tpolieci 00OMiHy OiIKiB
Ta ocMoperyJisiiii. Asie criekTp i aii 3HauyHo mwmpiuuit. Le
perysuisg mBUIKOCTI KiyooukoBoi ¢insrpauii (LKD),
apTepiaJIbHOTO THUCKY, peIIPOAYKTUBHOI (PYHKIIi, altonTo-
3y, OKMCHIOBAJILHOTO CTpPeCY, 3anajeHHs Ta ¢ioposy [1—4].
IlinTBepmKeHHIM BaxXJIMBOI (hi3ioJOriyHOl posi CEYOBUHU
€ BIiIKPUTTS I03aMev4iHKOBOIO IIUISIXYy YTBOPEHHS Ce4yo-
BUHU, TIPU SIKOMY He BiIOYBa€eTbCs HeUTpaiizalii amiaky.
Lle Moxe BKa3yBaTh Ha BaXJIMBY POJIb CEHOBUHU B PEryJisi-
TOPHUX TIpoliecax Ta MparHeHHs OpraHi3My 30eperTu ii Ha
MocTiifHOMY piBHi B Mexax Bif 2,5 1o 8 MMob/i1. 11 piBeHb
MOXe 3MiHIOBaTUCh TIpU (Di3ioJOTiUHUX i MATOJOTIYHMX
CTaHax, SIKi BKJIFOUYaOTh TOCTPY Ta XPOHIYHY TATOJIOTI1O.

[IpyunHamMy MMOBUILEHHST KOHIIEHTpAllii pPiBHSI ce-
YOBMHU B KPOBi MOXYThb OyTHM 3HEBOOHEHHS BHACIIIOK
3MEHILEeHHS BXXMBAaHHS pidnHM a0o ii BTpaTH Mix Jac mia-
pei, 6yIIoBaHHS, TIOTOBUAIEHHS; TUC(YHKIIiSI HIPOK BHA-
cligoK ix roctporo nomkomkeHHs (I'TIH) a6o xpoHiuHO1

xBopoou HMpoK (XXH) nuisixom mopyuieHHsT inbrpartii
Ta peabcopOliil CeYOBUHM, 110 MAE 3HAYEHHS, 30KpeMa,
IIJIs TIALliEHTIB 3 cepiieBolo HemoctatHicTio (CH) BHaci-
JTIOK 3MEHIIIEHHSI KPOBOTOKY B HUpKax. CTaHu, sKi Cynpo-
BOIKYIOTbCSI TIABUIIEHUM KaTaboJli3MOM OilKiB (TpaB-
MU, OIEepaTUuBHI BTPYYaHHs, OMiKHW, 3alaJibHi MPOLIECU B
M’s13aX, CUCTeMHE 3amajieHHs1) Ta MeTabOoJiuHO IHU3pe-
TYJISILIEI0 TIPU €HIOKPUHHUX 3aXBOPIOBAHHSIX (IyKpPOBUIA
niabet (LLJ1), 3axBoproBaHHS IIMTOTONIOHOI 3271031, Ha/I-
HUPHUKIB), TPU3BOAATH 0 HAIMIpHOTO HAKOMWYEHHS
ceuyoBMHU B KpoBi. LIboMy cripusie mimBuUIleHE BCMOKTY-
BaHHS MPOIYKTIiB po3Iany OiTKOBMX KOMIIOHEHTIB KpOBi
MpU ITYHKOBO-KUILIKOBUX KpoBoTeuax. [ligBuilieHa KOH-
LIEHTpALlisl CEYOBUHM B KPOBi IIpUTaMaHHA IaTOJOTiUHil
BariTHOCTI MpH IMaTOJIOTil pO3BUTKY I10aa Ta TUCHYHKIIIT
MeYiHKY abo HUPOK Y BaritHoi. HeobOximHO BpaxoByBaTu
TaKOX STPOT€HHI BIUIMBUA Ha 3pOCTaHHS KOHLEHTpaLlii ce-
YOBUHMU IPU NTPU3HAYEHHI AiypeTUKiB, aHTUOIOTHKIB, CTe-
pOiTHUX TOPMOHIB [5].

3HUXKEHHS PiBHSI CCUOBMHU CITOCTEPIra€ThCS B MEHIIII i
KIJTBKOCTI BUMAAKIB i 30e0iIbIIOr0 OOMEXKYETHCSI 3aXBO-
PIOBaHHSIMU TI€YiHKM (CTeaTo3, remaTuT, IUPO3 MEeUiHKU
(LIIT)) [6]. JocUTh pigKO MPUYMHOI 3HUKEHHSI YTBOPEH-
HSI CEUOBUHU MOXYTb OyTU F€HETUYHI MOPYILIEHHS LIUKITY
ceuoBuHu (LIC), 1110 mpu3BOAATH 10 FTOCTPOi 00 XPOHIYHOI
IHTOKCHKallii aMOHieM [7].
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MeTo10 HALIOrO OIJISIAY € PO3IJISA POJIi CEUOBUHM Ta il
JIarHOCTUYHOTO Ta MPOTHOCTUYHOTO 3HAYEHHS TpU Jesi-
KHUX MMaTOJOTIYHUX CTaHaX.

KnacuyHoo mMonesito Ijid BUBYEHHSI MEXaHi3MiB il
cedyoBMHU € TanieHTu 3 XXH Ta TepMiHaIbHOIO CTami€ro
HupkoBoi HegoctatHocTi (TXHH). Ipu nux cranax KoH-
LIEHTpallisi CCHOBMHM B KPOBi MOXXe IepeBUIIYyBaTH B 5—6
pa3iB MOKa3HUKM Y 3I0pOBHX 0ci0. PaHimie BBaxkaaoch, 110
i piBHI CEUOBMHU MOXYTh CYTTEBO HE BILIMBATHA Ha Op-
raisMm. binbln mi3Hi gocaimKeHHST BKa3ylOTh Ha IpsIMi Ta
HemnpsMi o06iuHi epeKTr CeYOBMHM Ha Pi3Hi OpraHu, XxoJa
11 MaTOreHHICTh AOCI MiAAAETHCS CYMHIBY, OCKIJIBKM TOCITi-
JKEHHSI, 110 OLLHIOIOTH ii MO0iYHI edpekTH, He MalOTh O~
HopinHocTi [8—10].

[linBuILIeHWIH piBEHb CEUOBUHU B KOHILIEHTPALLiSIX, TUITO-
BUX JIJIS MALIIEHTIB 3 YPEMi€I0, BUKIIMKAE PYHHYBAHHS KUILI-
KOBOTO eIiTelliaJIbHOro 6ap’epa, 110 MPU3BOIUTH 10 TPaHC-
JIoKallii 6akTepiallIbHUX TOKCHHIB y KPOBOTIK Ta CUCTEMHOTO
3anayieHHs. MexaHi3M LIboTo rnpoliecy OyB 3’sICOBaHUH B €KC-
neprMeHTi. HakonmueHHs ce40BMHM Y BHYTPIIITHBO- Ta IO~
3aKJIITUHHIN PiayHI y TALIEHTIB Ta TBAPUH 3 IIPOTPECYIOUI0I0
XXH nipu3BonuTh 10 ii 3HAUHOTO HAAXOMKEHHS 0 IIUTyHKO-
Bo-KuikoBoro TpakTy (LLIKT) nuisixom macuBHoi audys3ii Ta
BKJIIOUEHHS JI0 3aJI03MCTOT0 CEKPeTY. Y MPOCBITi KUIIIEUHUKA
CEUYOBHMHA TiAPOJIi3yEThCs CIIOHTAHHO MiKpOOHOIO ypeasolo,
YTBOPIOIOUM BEJIMKY KiJIbKICTh aMiaKy, SIKMi IepeTBOPIOETh-
¢sl Ha TiApoKcK I aMoHito. OCTaHHiH € i1KOI0 OCHOBOIO, 31aT-
HOI BUKJIMKATH LIMTOTOKCUYHICTH Ta TOIIKOIKEHHS TKa-
HUH, 110 CITPUSIE Pi3KOMY ITOPYIIeHHIO 6ap’epHOI (DyHKIIII Ta
pYIHYBaHHIO KirfodoBoro Oinka TJ (1mispHOTO 3’€mHaHHS):
kmoanuHy- 1, okmonuny Ta ZO1 [11].

IcHyroTh TIOmmMpeHi HempsIMi HACTIIKM ITiABUIIEHOTO
PiBHSI CEYOBMHU B pe3yJIbTaTi peakiliii KapOaMiTioBaHHS,
IIe TIPOAYKT KaTtaboJj1i3My CEeYOBMHM — i3011iaHOBA KHCJIO-
Ta — pearye 3 TiojJaMu Ta aMiHOTrpymnaMu OiJKiB, aMiHO-
KMCJIOT, LIYKpiB Tollo. [301iaHoOBa KUCJIOTa TaKOX BUPO-
OJISIETHCSI B OpraHi3Mi B pe3y/ibTaTi MeTa0o1i3My TiolliaHaTy
3a yJacTio Miesoriepokcuaasu [12, 13]. Bkazanuii mpoiec
CYTTEBO BILJIMBA€E HA CTPYKTYPHi Ta (yHKIIIOHAJIbHI Bjac-
TUBOCTI OiJIKiB i MPU3BOAUTH A0 MPUCKOPEHOrO MPOLECY
ix crapinHs. KapOamintoBaHHS TakKoX BIUIMBAE Ha Taki
MaKpOMOJIEKYJIU, SIK TeMOIJIOOIH, JIMOIIPOTEiHN TUIa3MU,
aIbOyMiH, MeMOpaHHi OiJTKM Ta epUTPOIIOETUH Y MAIliEHTIB
i3 XXH, cripustroun po3BUTKY aHEMil, HUpKOBOMY (iOpo3y,
arepockiieposy [13]. Tak, y mauienTiB i3 XXH cmoctepira-
JIMCS 3MiHM Y CTPYKTYPi TeéMOTI00iHy Ta HEreMOBMX Oi/IKiB
epuTpouuTiB [14]. In vitro micist 0OpoOKU €pUTPOLIUTIB ce-
YOBMHOIO BiIMiYa€ThCS 30UIbIIEHHS TUIMHHOCTI JIiMiIHOT
MeMOpaHU Ta 3MiHU LIMTOCKeIeTa MeMOpaHU epUTPOLIMTIB
[15]. KapbamintoBaHHS Ta OKUCHEHHS in Vitro IPU3BOISITh
JI0 aronTo3y B JiMdouuTax [ 16]; BAKIMKAIOTH 3MiHU Y BTO-
PUHHII Ta TPETUHHII CTPYKTYpi OiIKiB, BIIMBAIOYM Ha J10-
CTYIMHICTh aKTUBHOTO 1IEHTPY Oisika mis dhepMeHTiB. Lleit
MPOLIeC TAKOX MPU3BOIUTD 0 3MiH y O1JTOK-0iTKOBUX Ta/
a0bo Oinok-nimigHuUX B3aeMoisix. Tak, kapOamitoBaHHS
KosareHy | Tury mpu3BOAMTHL A0 TOPYUIEHb Y CTPYKTYpi
MOTPiiHOI cmipai, 110 3HMXYE IOJiMepM3alliiiHy 3maT-
HiCcTh HOpMaJbHUX BOJIOKOH [17]. KapbaminboBaHi Oiiku
MOXYTb aKTMBYBAaTU Me3aHTia/IbHi KIITUHU 10 mpodidpo-

Te€HHOI (POPMH, 1110 MOKE CITPUSITU PO3BUTKY HUPKOBOI He-
nmocrtaTHOCTi [18].

Y cBoto yepry, KapOaMiJIbOBaHi JIMONPOTEIHU HU3bKOL
miabHocti (JITTHI) BruimBaoTh Ha aTepOCKICPOTUYHUI
Mpolec Yyepe3 yyacTb B YTBOPEHHI MIHUCTUX KJIITWH, iH-
IYKIIil aronTo3y eHA0TeTiaIbHUX KJIITUH Ta TipoJtidepartii
IJIaIKOM SI30BUX KITHH. Y IIBOMY IIporeci Oepe ydJacTb
mienonepokcunasa [12, 19, 20]. CeyoBuHa iHIyKye BUPO-
GyieHHs akTUBHUX (hopM KucHio (ADK) B eHaoTeianbHUX
KJIiTUHAX aopTU JIIOAMHM, IO MPU3BOAUTH OO aKTHBAlIil
Mpo3anajbHUX LJISXiB Ta iIHAKTUBALLIT aHTUATEPOCKIIEPO3-
Horo ¢epmeHTy PGI2-cuHTa3u B eHOoTeialbHUX KIIiTU-
Hax apTepiil JIOAWHM, BUKIMKAIOUYU 3MiHA B MiTOXOHIPi-
aJbHMX OiJKax i B eKcripecii 3ananibHux Mapkepis [20, 21].
Kpim Toro, y KJliTMHaX TJaakux M’si3iB aOpTH JIIOIUHU Ce-
YOBMHA BIUIMBAE Ha ekcripecito BAD (mpoMoTtopa cmepTi,
nos’si3aHoro 3 B-kiiTuHHOO sNiMmdpomoro 2 (BCL2), npo-
arornito3Horo wieHa ponuHu BCL2) [22]. Lle siBule moxe
CIIPUATHA TIOCUJICHHIO arlorTo3y, IO CITOCTEePIraeThes B
aprepiaibHiil cTiHmi manmieHTiB i3 XXH, i Moxe cripusti
MenianbHili Kanbuugikamii cynuH [23]. Ilpu gocmimkeHHi
BILUIMBY (Di3i0JIOTIUYHUX i MATOJOrIYHUX KOHLIEHTpaLIill ce-
yoBMHM Yy nauieHTiB 3 XXH Ha JiHil0 eHnoTeaiaJbHUX KJTi-
TUH JoauHu 3 Mikpouupkyssuii (Human Microvascular
Endothelial Cells-1, HMEC-1) OGyn0 BCTaHOBJIEHO, IO
ceyoBrHa (5 /1) CIIpUYUHSIE 3HUKEHHS IIBUIKOCTI MpO-
nmidepallii Ta CTUMYJIIOE TIEpeXil eHIOTEI0 B ME3eHXiMY
(EndMT), cnpusie nepeOynoBi aKTMHOBHUX HUTOK, 3Ha-
YHO 30iJIbIIYE €KCITPECiI0 MATPUKCHUX METAJIONPOTETHA3 2
(MMP-2) ta 3MiHIOE piBeHb iHIINX OiomapkepiB EndMT
(kepatuny, ¢iopmiiny-2 ta Komareny 1V). Ilicis BruBy
ceyounn Ha HMEC-1 BusBUIIacCh CyTTEBO ITOPYIIEHOIO
eKcrmpecis OUIKIB IUMeTWIapriHiHAMMEeTUIaMiHOTiIpoa-
34 i Ba30opUHY, SIKi Oe3mocepeaHbO IOB’SI3aHi 3 CepleBO-
cynuHHUMU 3axBoploBaHHsaMU (CC3) [24].

Kpim TOro, ceyoBrHa CTUMYJIIOE OKCUAATUBHUIA CTPeC
Ta TUCGYHKIIIO B agdMoOLMTaX, 110 MPU3BOAUTH IO iH-
CYJIIHOPE3UCTEHTHOCTi. bysno moka3zaHo, 10 00pobka
agurnouuTiB 3T3-L1 ceyoBMHOIO B KOHIEHTpaLlisiX, I0-
IiOHUX IO TUX, IO € y IMauieHTiB 3 XXH, nmpuzBonuts 1o
MPOAYKyBaHHS aKTUBHUX (popm KucHio (ADK), BUKIHU-
Ka€e iHCYJiHOPE3UCTEHTHICTh, 30LIbIIYE EKCIPecilo aau-
MOKiHIB, PETUHOJI-3B’SI3yI040T0 Oika 4 Ta Pe3MCTHUHY, a
TaKoX 30inblnye piBeHb MomudikoBaHux O-3B’SI3aHUM
N-aLeTUIrII0K03aMiHOM CUTHAJIbHUX MOJIEKYJ iHCYIiHY
[25]. ITpu XXH 4yacTo cmocTepira€Tbes MOPYILIEHHS roMe-
0CTa3y INIIOKO3M, 1110 MPU3BOAUTDH A0 IMiABMIIEHOI CMEpT-
HocTi nauieHTiB. Lle, iIMOBipHO, TTOB’SI3aHO 3 TTOPYILICHHSIM
cekpellii IHCYJiHY, 1110 MOXe OYTH pe3yJIbTaTOM MPSIMOi Ail
CEYOBMHU Ha B-KIITHHY IMTiANUTYHKOBOI 3aJ1031 [26].

LlikaB1M € TO¥ (pakT, 1110 TUMYACOBUIA BIJIUB CECUOBUHU
Ha KJIITUHY BUKJIMKAE CTiliKe BUPOOJEHHS MiTOXOH/Ipiaib-
Hux ADK Ta eHmoTenianbHy TUCGHYHKIIIO HaBiTh TiCIISI Te-
Momianizy. Criiike 30iabieHHs piBHsg ADK micis Toro, sik
KJIITUHY TPUBAJIO HE IMiIIAIOThCS BIUTUBY CEUOBUHM, MOXKE
BimirpaBaTv BaxKJIMBY POJIb Y MONAJIBIIOMY ITOIIKOIKEHHI
HUPOK Ta iX ()YHKIiOHAJIbHOMY 3HMKEHHIi, He3BaXKalouu
Ha 3HIXKEHHSI PiBHSI CEUOBMHU Micis mianidy. Pesynsratu
JOCJTIIKEHHSI TIPOTIOHYIOTh MOJIEKYJISIPHY OCHOBY JIJISI pO-
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3yMiHHSI YpeMiuHOI Iam’sTi, sIka MOXe ITOCTIMHO crpu-
YUHSATU PO3BUTOK CYIMHHMX MOILIKOMXEHb, BUKIUKAHUX
YPEMI€0, HaBiTh KOJM YPEMiUHU CTaH 3HWXEHUI abo
HOPMaJli30BaHUl. YpeMiuyHa ImamM’sITb MOXe ITOSICHUTH He-
3/IaTHICTh NIEpioAUYHOTO Aianizy 3MeHIuTH yactotry CC3y
nauieHTis 3 TXHH [27].

OcTtaHHIMM poKaMM Bce OiIbIIe MOCHTIIKEHb TMOKa3y-
IOTh, IO PiBeHb a30Ty ceuoBuHU (BUN) He uiie € BimoOpa-
KeHHSIM (YHKIIii HUPOK, a i MOXKe OyTH IIOB’SI3aHMIA i3 3a-
HaJbHUM CTaHOM opraHizmy. CUCTeMHUM iMyHO3amaIbHUMN
inmexc (SII) — 1e KOMIUIEKCHMI iHAEKC, SIKUII BPaxOBY€E
KiJIbKICTb TPOMOOLIUTIB, HEUTPODiNIiB i JiMdOIUTIB i BBa-
JKa€EThCS €(heKTUBHUM IJIsI BiToOpaxkeHHsT iMyHHOI'O CTaTyCy
OpraHi3My Ta 3amajbHOI peakiii. JlocmimKeHHs, sIKi Oyau
npoBeeHi y nomyJsiuii miatiTki y CLLIA, BusiBUIM 3HAaUHY
HeraTMBHY KopeJisitiito Mixk piBHsimu SII Ta BUN, nipuyomy
piBHi BUN 3meHtryBanucst, ko piHi SI1 3poctanu (BUN
SIK 3ajexxHa 3MiHHa Ta S1I sk 3MiHHa pe3yibrary) [28].

3HaTHICTh 1O CHMHTE3y CEYOBMHM IOB’s3aHa 3 (PYHKIIi-
OHAJILHOIO Macolo TIeUiHKKM, TOMY BOHA 3HWKYEThCS Y Ta-
mienTiB 3 LI abo mopymeHHsaM (PYHKIIII TeYiHKY 3 iHIINX
npuuvH |3, 4]. 3HKEHHS 30aTHOCTI 10 CUHTE3y CEYOBUHU
MOTIPIIIY€E 30aTHICTh IMAalliEHTa BUBOAUTU ITOTEHLIIMTHO TOK-
CHMYHi piBHi a30TUCTUX PEYOBUH, i, 3pEIITOIO, 11€ MPU3BOAUTH
JI0 TiABUIIIEHOTO PU3KKY MeYiHKOBOI eHledanonarii [29].

Bupaxenuit nediuut abo mOBHaA BiICYTHICTh aK-
tuBHOCTI (epmenTiB LIC — kapbGamindocdarcuHTazn
(CPS1), opnitunrpanckap6amoinazu (OTC), apriHiHO-
cykuuHarcuHTasu (ASS1), apriniHocykimHariasu (ASL),
apriHasu (ARG) a6o npoaynieHTa kKodakropa N-aleTu-
[JII0TaMaTCUHTA31 — MTPU3BOAUTH JJO HAKOTTMUYEHHS aMiaKy
Ta iHIIMX MEeTa0OJIiTiB MOIePeIHUKIB YIIPOIOBXK ITePIINX
NMHIB XuTTs. HeBaoB3i micis HapomKeHHsI PO3BUBAETHCS
HaOpPsSIK TOJI0BHOTO MO3KY 3 ypaxeHHsM LIHC (mewinko-
Ba eHlledasonaris, HEBPOJOTiYHi Ta PyXOBi IMOPYIIEHHS).
ITpu meHI TsoKKoMY nediuuTi uux GepMeHTIB i Mpu He-
npoctaTHOCTI ARG TycKOBUM MOMEHTOM TrilepaMOHieMil
MOXYTb OyTH 3aXBOPIOBaHHS a00 CTPECOBi CUTYallily Oyab-
sitkomy Billi [7]. MexaHi3MmiB, 3ainydyeHuUX y naTodiziosioriio
nopyueHHs uukiy cedoBruHu (ITLC), 6araro, ajne € aaHi,
10 TMiACUJIEHU OKCUIATUBHUIA CTpeC Ta 3arajbHUI Mpo-
11eC BiTOBigabHI 32 YaCTMHY TOIIKO/KEHb KJIITUH MO3-
Ky. Tak, ipu 00CTeXXeHHI MALIEHTIB 3 pi3HUMU AediluTa-
M ocHOBHUX (pepMmeHTIB LIC BCcTaHOBICHO ITiABUINECHUIA
BMICT Y KpOBi IIPOAYKTIiB OKMCHEHHS JIITiOiB (IMOXiTHUX
Tio0apOiTypoBOi KMUCIOTH), OiIKIB (KapOOHiTYy) Ta 30i1b-
meHHs npodananbHux (IL-6, 1L-8, TNF-o) Ta mpoTtu3sa-
naabHux uuToKiHiB (IL-10) [30].

IlikaBuM € BuBuYeHHs LIC y naiieHTiB i3 3aXBOpIOBaHHSI -
MU IeYiHKU pi3HOi eTiosorii. Tak, y mauieHTiB 3 aJIKOrOJIb-
HUM renatutoM (AD') MopyiyeTbCs CUHTETUYHA (DYHKILisI
Ta TPUCYTHII 3amajJibHUI KOMITOHEHT, ajie SIK 1li TPOTH-
JIexKHi eheKTH 30aJ1aHCOBaHi, 3aTMIIAETHCSI HE3PO3YMIIUM.
BcraHoBneHO, 1110 BBeACHHSI HU3bKHUX 703 JIKOTOJIIO Pi3KO
3HIKYE CUHTE3 CEUOBUHHU Y 3I0POBUX TOOPOBOJIBIIIB, THUM-
YacoBO CHPUSIOUN 30€peKeHHIO a30Ty, i Heil epekT, iMo-
BipHO, HE 3aJIEXKUTh Bill TOPMOHAIBHOI perysmii [31].

Pesynprat mocaimkeHHs1 mokaszanu, mo Al 3HauHO
3HUKYE 30aTHICTDh O CUHTE3Y CEUOBHMHMU, i 11€ BiTOYBa€ThCS

IIO piBHS, SIKMI paHillle CrocTepiraBcs JUIle MpU rocTpiit
MeYiHKOBill HemocTtaTHOCTI. KpiM TOoro, 3HMKEHHS 31aT-
HOCTI IO CMHTE3y CEYOBUHU IOB’sI3aHE 3i 30iIbIICHHSIM
TSDKKOCTI KJTIHIYHOTO 3aXBOpIOBaHHS. MeTtabojiuyHa He-
nocTtaTHicTb 1py AT IpU3BOAUTH 10 HE3IaTHOCTI MEUiHKKU
aZieKBaTHO CIPUSITA MeTaOOiuHil perysiii, 1o cro-
CTEpiraeTbcsl TP iHIIUX CTPECOBUX CTaHAX, TMOB’SI3aHUX
3 ro3arnevyiHkoBUM 3anajeHHs M. Lle Moxe OyTu nmoraHoio
MPOTHOCTUYHOIO 03HAKOIO, OCKIJIbKW CTaBUTH MiJl 3arpo3y
3/IaTHICTh OpraHi3My afganTyBaTHCSl JIO TOMEOCTATUYHUX
notpe0 3ananeHHs npu Al [32].

IMopymenus LIC Mae nporHocTUYHE 3HAYEHHS Yy Malli-
€HTIB 3 HEAJIKOTOJIbHUM CTE€AaTOTeNaTUTOM i MOXe CIIpUYM-
HSITUCS €TIreHETUYHUM TOIIKO/KEHHSIM TeHiB (pepMEeHTIB
LIC Ta migBuIleHUM CTapiHHSIM rerarouutiB. Lle mpu-
3BOIUTh 1O TiMepaMOHieMii, aKTUBAIlil 3ipyacTUX KIITUH
Ta MPOTpPecyBaHHS 3aXBOPIOBAHHS 3 PO3BUTKOM (hiOpO3Yy.
[MpobGaema Moke mocuroBaTrCs MapajebHUMU 3MiHAMU B
[JIyTaMiHOBIl/TilyTaMaTHill cucteMi. B ekciepumenTi Oysio
BCTAaHOBJICHO 3HIKEHHS eKcIipecii reHiB Ta 6i1kiB OTC Ta
CPS1, a Takox aktuBHicTe OTC, 110 MOB’I3aHO 3 MpPOIIE-
caMu TirnepMeTuitoBaHHs. BctaHoBIEHO, 1110 HAKOTTMYEHHS
JKUPY B MEYiHLi Ma€ 3BOPOTHUI BIUIMB HA 3HWXKEHHST (DYHK-
il 1MX (bepMEeHTIB. Y CBOIO Yepry, HaKOMMYEHHs aMiaKy B
MeYiHli MPU3BOAWUTH IO 3aIlajeHHsI, aKTUBallil 3ipyacTux
KJIITUH Ta po3BUTKY ¢ibpo3y. Lle Moxe OyTH BaXXIMBUM Me-
XaHi3MOM MepeXoy JIETKOro CTeaTo3y B CTeaTorernaTuT i 1ai
B LIIT ta renatouemonsipny kapunHomy (LK) [33, 34].

BcraHnosneHo takox U-1iofiOHMIi 3B’5130K MiX piBHEM
CEYOBMHU Ta TSKKICTIO 3aXBOPIOBAHHS MEYiHKU. Y Malli-
€HTIB 3 HU3bKUM DPiBHEM CEUOBMHU CITOCTEPIraBCs MilBU-
IIEeHUI pU3UK po3BUTKY (idpo3y nmevinku, LI ta meuin-
KOBOI AeKoMIeHcalrii [35].

30aTHICTh 1O CHHTE3y CEYOBMHU IIPUCKOPIOETHCS B
CTPECOBUX CHUTYallisIX, TAKUX K OiJib, HEIlIOJaBHsI omepa-
11is1, HEKOHTPOJIbOBaHU AiabeT i 3amajeHHs, 1110 BigOyBa-
€ThCS 1032 TIeviHKolo [36]. Tak, eKcrepuMeHTaIbHO 1HIY-
KOBaHe 3arajieHHsl TPU3BOAMTh 10 301LIbIIEHHS 31aTHOCTI
IO CUHTE3y CEUOBMHH Y IITYPiB, 1110 MOXE CIIPUSATH BTpaTam
a30Ty B OpraHi3Mi Ta M’s130BOi MacH Tijia, a OTXe, CTAHOBU -
TH 3arpo3y JUIsl LiJTICHOCTI OpraHi3aMy i MOTipIIUTYU KJTiHiU-
Huii nepe6ir [37, 38].

[ligBuimeHnii piBeHb CEYOBUHU KPOBi OyB HE3aJIeKHO
OB’ sI3aHUI 3 MOPYIIEHHIM (YHKIIiI TTeprudepunIHux He-
pBiB y nauieHTis 3 LIl 2-ro Tuny (LI2) [39].

V nitepartypi € MOBiTOMIEHHS, 110 MALiEHTU 3 aKTUB-
HUM 3aMaJIbHUM 3aXBOPIOBAHHAM KMIIIEUHUKA MAlOTh He-
raTuBHMI OanaHc a3oTy. [lpoBedeHi mociimXeHHs 3 Te-
peBipkr 0a3aJIbHOTO Ta aMiHOKUCJIOTHO CTUMYJIbOBAHOTO
CHHTE3y CEYOBMHMW Y TAIi€EHTIB 3 xBopoboto Kpona Ta
HecTnieuM(piYHUM BUPA3KOBUM KOJIITOM BKa3yrOThb Ha ITi/l-
CWJIEHUI 11 CUHTE3 TP aKTMBHOMY 3alajibHOMY TPOILIECi,
MpU 1IbOMY PiBEHb PETYJSATOPIB CUHTE3y CEYOBUHU (TJIIO-
KaroH, koptuzon, IL-6, IL-1a, IL-1B, TNF-o) He Bimpi3-
HSIBCS Y TIALIIEHTIB 3 HEAKTUBHUM 3aIlaJIbHUM TPOLIECOM.
Lle BKa3ye Ha Te, 1110 MPUCKOPEHE MEePEeTBOPEHHST aMiHO-
KHUCJIOTHOTO a30Ty B MEYiHIli CIIpUSIE MEHIN e(heKTUBHIN
€KOHOMIi a30Ty y MalLli€HTIB 3 aKTUBHMMMU 3aIlaJIbHUMU 3a-
XBOPIOBaHHSIMM KulieuyHuka [40].
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Ilicas HeyckaagHeHOl XipypriyHoi TpaBMU Y JIIOAMHU
OyJ10 BCTAHOBJIEHO, 110 AMiHOKHCIOTH BUAAISIOTHCH 3
KpPOBi IMEYiHKOIO HUISIXOM MOJABOEHHS MEUYiHKOBOI edek-
TUBHOCTI CUHTe3y cedoBUHU. [1pu Oynb-sKiii KOHLIEHTpa-
111 aMiHOKHUCJIOT y TiIa3Mi BUBOJMTHLCS BABIYi OibIle aMi-
HOA30TY, HiXX 30Ty CEUOBUHU, i TAKUM UYMHOM BTPAYaETHCS
MOXJIUBICTh JUIsi cuHTe3y Oinka. Llst crpecoBa peakilist
MEYiHKY TPUBAE IIPOTSITOM OTHOTO TVIZKHS ITiCJIsI OIIepallil.
30iIbIICHHSI CMHTE3y CEYOBMHU CaMe IO CO0i ITOSICHIOE
6m3bKo 50 % micasonepaliiHuX BTpaT a30Ty. BusiBeHHs
naTodizioNoriYHUX 3MiH IIiCJIsI XipypriyHOi TpaBMU, MMO-
BipHO, € BUpilIaJbHUM JISI 3yCWIb ILIOAO IMOKpAaIlleHHS
micsionepaliiiiHoi 3aXBOPIOBAHOCTI Ta cMepTHOCTi [41].

JAu3perynsiiiisi Ce4OBUHU, MMOBIpHO, € CIIUILHUM ITOPY-
LLIEHHSIM Y MO3KY TIalli€EHTIB 3 HeiipoiereHepaTUBHUMU PO3-
Jlagamu — XxBopoboto Anblireiimepa (XA), xBopoboro [aH-
TiHrTOHA, [TapKiHCOHA Ta CyAMHHOIO AEMEHIIiI0 — i MOXe
BiZlirpaBaTy MeBHY POJib Y MaTOreHe3i LIMX 3aXBOPIOBaHb Ue-
pe3 pyiiHyBaHHSI remMaroeHIiiedaniyHoro 6ap’epa, oKcuma-
TUBHUI CcTpec Ta KapOaMilloBaHHS, TOMy BOHA CTAaHOBUTh
MOTEHLITHY TepalleBTUIHY MilieHb [42]. KinacuuHi o3Hakm
naToJiorii XA, sIKi, Ik BBaXKa€ThCS, ii CIPUINHSIIOThH, BKITIO-
4aloTh OJISIIIKK aMisioiny OeTa, a TakoxX HelipodiopuisipHi
Tay-KIyoku. OqHaK JOCTiIKeHHS LIMX KJIaCUYHUX O3HAK He
MOXYTb MOSICHUTU MPUYMHHO-HACTIAKOBOro 3B’ s3KYy. Ilin-
BULICHUI pPiBEHb CEYOBUHM Ta aMiaKy, BUSIBJICHUIA y BUMa/l-
kax XA, Bkasye Ha aucdyHkiioHanbHuii LC, 3anissHuit B
XA. ®epmenTu LIC, 110 CTaHOBISTH iHTEPEC TIPU 1aTOJIO-
rii XA, Bkmouaots OTC, i3odpopmu NOS, ARG1, ARG2,
opHiTuHaeKkapookcwiazu (ODC) Ta € mnepcrieKTMBHUMU
TepareBTUYHUMU MillleHsIMU. MeTaboliTh CeYOBUHU TIpU
XA MaroTh pi3Hy KOHIIEHTPALIiIO B Pi3HUX IUITHKAX MO3KY
Ta Pi3HUX TUIAX KITUH (HEMPOHU, MiKpOIJIisl, aCTPOLIUTH).
3pemrolo, poiab UT-B gk momynasTopa KilipeHCY poOUTh
1eit 0i7I0K KJIFOUOBOIO MillIeHHIO 151 HocimkeHHs poii LIC
B MO3KY XBopux Ha XA [43].

BaxumBuM it KIIiHIYHOI MPaKTUKM € Te, 110 MeTabo-
JIiyHi nepenporpamyBadHs B LIC maroTh BUpilllajJbHe 3Ha-
YeHH:I B IIPOrpecyBaHHi MyXJIMH Pi3HOI JIOKaJTi3allil.

BcraHOBJIEHO, 1110 ceYOBMHA Ta ii METa0OIiTH HEeTaTUB-
HO BIUIMBAIOTh Ha TIPOTPECYBaHHs IIIOMU — HaHIIoIpe-
Himoi 3nosikicHol myxauHu [ITHC. [Tpu BUBYeHHI BIIIUBY
p53 — Ginka-cynpecopa MyxJIMH — Ha ITPOTrpecyBaHHsI TJli-
omu nursxom perymoBaHHs LIC Oy10 BcTaHOBJICHO iHTiOY-
ounii BIUMB pS53 Ha ekcrpeciio pepmentiB LIC Ta reHes
cedyoBuHU B KiithHax rimiomu. Hokmayn CPS1, mepioro
kiaouoBoro ¢epmenty LC, mpurHidye mpodidepailiito,
Mirpailito Ta iHBazilo KJIIiTWUH riioMu. PiBeHb mosiamiHy,
metabouity LIC, Takox peryitoBaBcst pS3 y KJIIiTUHAX IJli-
oMu 1usixoM npurHideHHs LIC, 1110 cripusie mpUrHiYeHHIO
MporpecyBaHHs T1iomu [44].

I'HK € onHMM i3 HalOLIbII CMEPTEJIbHUX BUIB paKy y
cBiTi. BctanosneHo, 1o CPS1 ciabo ekcripecyeTbesl B TKa-
HuHax 'K Ta nmupkynoouux myxXJIMHHUX KITHUHAX, 110
HeraTMBHO KOpestoe 3i crafieto Ta nporHozomM ['IK. ITo-
JAaJIbIII TOCIiIKEHHS IT0Ka3yIoTh, 1m0 CPS1 — me manuis 3
IBOMa KiHIISIMU. 3 OMHOTO OOKY, BiH IPUTHIYy€E aKTUBHICTb
docharunmnxonin-cnenndiuHoi ¢pochomimazu C, 6J0Ky-
oun 6iocuHTe3 mAiauwiriinepony (DAG), 110 npu3BoauTh

o 3HWXeHHs1 perynsuii mwsixy DAG/mnporeinkinazu C
IIJII MIPUTHIYEHHS iHBa3il Ta MeTacTa3yBaHHS PaKOBMX KJTi-
TuH. 3 iHmoro 6oky, CPS1 cripusie mpodidepallii KJIiTHH,
301JIbITYIOUM BHYTPIITHBOKIITUHHUIN S-aIeHO3UIMETIOHIH
Ut ocuieHHsT Monudikanii m6A MPHK uiena 3 ponuau
PO3YMHEHMX PEYOBUH | — KJIIOYOBOTO TpaHCTopTepa st
CIOXMBAHHS acraprary. 3pelTo, HajMipHa eKCIpecis
CPS1 ageHoaco11iiioBaHOTO BipyCcy MOXKe TaJIbMyBaTH IIPO-
rpecyBanHsa 'IHK. ¥ cykymHOCTI 1ie mpu3BOOUTH A0 TOTO,
o CPS1 e mepemukayeM Mix mpoJtichepalli€ro Ta MeTacTa-
syBaHHIM ['LIK 1u1sixoM 30ibIIeHHS BHYTPIiIlTHBOKJIITUH-
HOTro piBHS acnapTary [45].

IMopyenHs peryisitii LIC Gyno BUSIBJIEHO i TIpU KOJIO-
pekraibHoMY paky (KPP). OnHak BIIMB CEUOBUHU Ha PO3-
BuTOK KPP 3anuinaetbcst He3posyminum. [1pu obcTexxeHHi
MalieHTIB 3 MOTCHUIMHUMU (aKTopaMu PU3UKY (PEXKUM
XapuyBaHHs, MeTaboiuHi pakropu — IMT, LHK®, 1112,
TeHETUYHUI Mpodisib) BUSIBIEHO, 1110 HAXYi PiBHI CEUOBU-
HU B CHPOBATIIi KPOBi OyJIM ITOB’sI3aHi 3 BUIINM PU3UKOM
po3Butky KPP, mpuuomMy Ginbinl BupaxkeHUit eeKT CIIo-
crepiraBcs y oci6o 3 LIJI2. IlinTpumka cTaGinbHOro piBHS
CEUOBMHU B CHPOBATIIi KPOBi Ma€ BaXKJIMBi HACIIAKU IS
npodinaktuku KPP [46].

K110 TOBOPUTH B LILJIOMY IIPO MATOJIOTiUHI CTaHU, SIKi
noB’s13aHi 3 nmopyueHHsaM L[C, To 11 MOBHOTO po3yMiHHS
narodiziooriyHuX MpoLEeciB HEOOXiTHO HAragaT Mpo Me-
XaHi3MU PeTyJIsiiii CMUHTe3y CEYOBUHHM.

Jns noBHouiHHOTO hyHKITiIoHyBaHHS LIC, okpim I’ saT
OCHOBHUX (hePMEHTIB, TAKOX MOTPiOHI iHII (hepMEeHTH Ta
MIiTOXOH/pPiaJIbHi TpaHCIOpTepu amiHOKUCIOT. [loBHMIA
LIC excmipecy€eThbes B IIEUiHIli Ta HEBEIMKOIO MipOIO TAKOX
B eHTepouuTax. OmHAaK BMCOKOpPETyJbOBaHa EKCIIPECis
KinpKox ¢depmeHTiB, mpucyTHix y LIC, BimOyBaeTbcs Ta-
KOX y 0araThbOX iHIIMX TKaHUHAX, 1¢ 1i (pepMeHTH O0epyTh
ydacTb y cuHTedi NO, moniaMiHiB, NPOJIiHy Ta TIyTaMaTy
[47]. IIBuakicTh yrBopeHHs1 cedoBuHU B LIC KoHTpOIIIO0-
€TbCS Ta OOMEXYy€eTbcsl (hepMEHTaMU TEPUIOTO Ta TPEThO-
ro uukiaiB — CPS1 ta ASS1 BinnosigHo. CPS1 € dbepmen-
TOM, 110 TeHepye MOoTiK, a ASS1 € hepMeHTOM, 1110 JIiIMIiTY€E
IIBUIIKICTh, OCKIJIBKM BiH Ma€ HalHMXYY MaKCUMaJbHY
BUIKICTh cepen (epmeHTiB nukiy. IBuaKicTb cMHTE3Y
CEYOBMHU TOJIOBHUM UMHOM BU3HAYAETHCS KOHIIEHTpAIli-
€10 B KPOBI ii cyOcTpaTy, aMiHHOTO a30TY, a CIIiBBiIHOIICH-
HSl «CyOCTpaT — MPOAYKT» PETYIIOETHCS HU3KOI0 TOPMOHIB
Ta iHTepseiikiHiB [48, 49]. KpiMm Toro, BupoOJeHHs cevo-
BUHU 3QJIEXKUTH Bil (PyHKIIIOHAIBbHOI Macu nedinku [50].

[1oxaroH, iHCyJIiH Ta TJIIOKOKOPTUKOIAM € OCHOBHU-
MM peryiaaropaMmu ekcripecii ¢epmenTiB L[C y medini.
Ha npotusary 11.omy dbepMeHTH LIMKIY CEYOBUHU B He-
MEYiHKOBUX KJIIITMHAX PETYJIOITHCS ITUMPOKUM CITIEKTPOM
Mpo- Ta MPOTU3ANMAJIbHUX LUTOKIHIB Ta iHIIMX areHTiB.
Perynsauisa uux ¢gpepmMeHTIB 3HAYHOIO MipOI TPaHCKPUII-
1ifiHa MPaKTUYHO Y BCiX TUMax KJiTuH [47]. [l1tokaroH €
HAWUCWIBHIIIAM BiZIOMUM DPETYJISITOPOM, SIKWUI TTiIBUIILYE
CMHTE3 CEYOBMHU SK y 0a3aJbHOMY CTaHi, TakK i ITiJ Jac
cTuMyJIsLiil ananiHoM [51]. BomHovac iHCyniHOMODIOHMIA
daxrtop pocty-1 (IGF-1) € cuabHUM 3HIKYBaJIbHUM pe-
ryastopoM ii cuHTte3dy [49]. CrioxxuBaHHS Oifka B pauio-
Hi 30i7bllly€e, a BYIJIEBOMIB — 3MEHIIYE KOHIIEHTpallilo
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aMiHOKMCJIOT Y KPOBi, 1110 BiAIOBIZTHMM YMHOM BILJIMBA€E
Ha CUHTE3 ceyoBUHMU. [IpumyckaeTncs, 10 COXUBAHHS
OiJKa IMiIBUIILYE CUHTE3 CEYOBUMHU HE TUIbKU 3a PaXyHOK
cybcTpaTHOrO edexTy, a i 3a paxyHOK CTUMYJISILIT (hepMeH -
TiB. [TokazaHo, 1110 3HWXKEHHST KJIipeHCY a30Ty B TEYiHIli
IJIFOKO3010 3aJIeXKUTh BiJl TiMepriikemii Ta JOCSATAETHCS
aIUTUBHUM e(heKTOM TIPsSIMOI TOPMOHOHE3aJIeXHOT il
TJIFOKO3U Ta OMOCEePEIKOBAHO Yepe3 MPUTHIYEHHST TTI0Ka-
roHy. [HCy/iH He € MPSIMUM KOHTPOJIEPOM KJIipeHCY a30Ty
B IIEYiHIIi, ajJie BCE K BBAXKAEThCS BaXKJIMBUM PEryJISTO-
POM CUHTE3y CEYOBUHU 3aBISIKU CBOEMY 3HUXYBAJTbHOMY
BIUIMBY Ha KOHIIEHTpaLlil0 aMiHOKUCIOT Y KpoBi [52]. T1in-
BUILIEHHS PeryJisilii CUHTe3y CEYOBUHM aMiHOKUCIOTaMU
Ta CMOXHWBAHHSIM XapyoBOro Oilka Moxke OyTH Mopylie-

He y MauieHTiB i3 XpoHiyHUM naHKpeatuToM (XII) uepe3
3HUXEHY CEeKpellilo IIroKarony [53].

BBe/ieHHS TIIOKOKOPTUKOINIB MPU3BOAUTH 10 BTPATU
a30Ty Y BUIJISIII CEYOBMHU YACTKOBO 4yepes3 crieludiuHmii
MEeYiHKOBUI MeXaHi3M, 10 MiATBEPIKYETHCS MiABUILIEHUM
(byHKIIiOHATBHUM KJTipeHCOM a30Ty B neviH1i. [J1rokokop-
TUKOIMHI PElEenTOpy IMEeYiHKU KOHTPOIIOIOTh CUCTEMHY
¢ynkiio ta L C nediHky IIIIX0M TPaHCKPUIILIIAHOI pery-
sl excrpecii ARG1. [opMoH pocTy Ma€e IpOTHIIEXKHUI
eeKkT, a TakoX HeHlTpasidye e(heKT TIIIOKOKOPTUKOIIiB
IIpUY OJHOYACHOMY 3aCTOCYBaHHI 3 IpeaHizosoHoM. Lle mo-
TOBHIOE PO3YMiHHS PO3BUTKY Ta MOXJIMBOCTEM JTiKyBaHHS
KaTaboJ1i3mMy crepoinis [54].

BuzHaueHi 3MiHM C€YOBUMHU 3rpyIoBaHi B Ta0J. 1.

Ta6nunys 1. [pu4nHM 3MiH piBHSI CEH4OBUHU B KPOBI

Mpuy4nHKM NiABULLIEHHSI KOHLIEHTPAaLLii Ce4OBUHU B KPOBI
(ceyoBuHa > 7,8 mmonb/n a6o > 22 mr/pn)

®dizionori4yHi

36iNbLUEHHS BUPOBIIEHHS CEHOBUHMU

MinsuLLeHHs 6inka B pauioni T

MepeBaxkaHHs KaTaboNi4YHUX MPoLeCiB, 3HMXKXEHHS LLIKD

BikoBe 36iMbLLEHHS PiBHA CeHOBMHM (Moxmnuii sik T)

MatonorivyHi

3axBoproBaHHA HNPOK (NOpyLLEHHs peabcopbLii Ta dink-
Tpaujii)/HnpKoBa HefocTaTHICTb

rmy 771
XXHT—TT, XXH Ver. TTT

Oerigpatauis

3MeHLUeHHs BXMBaHHA pignHn T
3HesopgHeHHs BHacnipok giapei T — TT, 6mosanHa T —
T, notosuginexHs T

SHWKEHHSA HUPKOBOI Nepdoyaii

Cepuesa HepocTaTHicTb T (oekomneHcosaHa TT)
MnosonemiyHmii wok TT
Tsxka rinotensis T — TT

CTtaHu 3 nigBuLLEHNM KaTaboniaMoMm 6inkis

FonopysaHHs T

Tpasmu T

Onikn T — TT

Benwuki onepatueHi BTpy4aHHsa T
CucTeMHe 3ananeHHs

Mioautn T

MigBuLLeHe HagxomxeHHs 6inka (protein breakdown)

LLInyHKoBO-KMLLIKOBI KposoTedi T

MeTa6onivyHa gusperynsis

EHpokpuHHI 3axBoptoBaHHs (LU, natonoris wutonogibHoi
3an103u, HagHUpHUKiB) T

[MaTonoris BariTHOCTI

Matonoris poasutky nnoga T
OvcyHKLis nediHkn a6o HMPOK y BariTHux T

FATporeHHi pakTopu

CrepoinHi ropMOoHW, BiypeTUKK, aHTUBIOTMKM

MpUYNHN 3HMKEHHA KOHLeHTpaLlii Ce4OBMHU B KPOBI
(cevoBuHa < 2,5 mmonb/n a6o < 7,0 mr/pn)

®dizionorivri
3HMKEHHS CUHTE3Y Jieta 3 HU3bKUM yMicTOM 6inkis |
SHWKEHHS CMHTE3Y Ta NiABULLIEHHS BUBEAEHHS BaritHictb |

lMaronorivyHi

MopyLueHHs 6yab-AKoro 3 epMeHTIB LKy CEHOBUHN

[eHeTuYHiI (CSP1, OTC, ASS1, ASL, ARG) a6o npogyueHTa kodak-
Topis (NAGS): nosHuin aediumt L — LI, vactkosuii |
Mineprigparauis HapamipHe cnoxueaHHsa a6o BBefeHHs pianHm |

CVHIPOM HealeKBaTHOro AiypeTnyHOro ropmMoHy 4

3HWKEHHS CUHTE3Y

3axBOPIOBAHHA NEHiHKK, SIKi CYNPOBOAXKYIOTLCS FOCTPOIO
MediHKOBOI HepocTaTHICTIO L1, XpOHIYHOI0 NeviHkoBo
HepocTaTHicTio (HACI 1, XPOHIYHUI renaTut 1, ankoronb-
Huit renatnt 4 — L, umpos nevinkm L)
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B excnepuMeHTi BCTaHOBJIEHO, 1110 3a YMOB IOCTPO-
ro TicJS0NepallifHOrO CTpecy KaTexoJaMiHU, KOPTUKO-
CTEpOH Ta TJII0KAroH pa3oM 3abe3rnedyioTh 6Ju3bko 40 %
30i7bIIIEHHS] CUHTE3Y CEYOBUHU in vivo. [lpocTarnaHauH
E2 (PGE2) cam no cobi He BIJIMBAa€ Ha CUHTE3 CEUOBU-
HU, ajie MpUcKopioe aito ropmoHiB [41]. PGE npotsirom
TPUBAJIOTO Yacy BBaXKaJUCsl KaTabOJTiYHUMU TOPMOHAMMU,
ajie OCTaHHI JaHi CBigYaTh Mpo Te, 110 BOHU MOXYThH Ce-
KpeTyBaTUCS y KPUTUYHO XBOPUX MAILi€HTIB IJIsI IPOTHUII1
TOPMOHAM CTpecy, CTUMYJIIOIOUM CHHTe3 6inKa. IX BuKO-
PUCTAHHS IJ1s MOJIIIIIEHHS MiKpOLMPKYJISLil MeYiHKY Ta
SIK LIUTOMPOTEKTOPHUX 3aCO0iB IepedyBa€e il MUJIbHOIO
yBarow. Y mnauieHtiB 3 LII1 PGEl 3HuxXye mBUAKICTb
CUHTE3y CEYOBMHM B IEUiHIIi He3aJeXXHO Bill TOPMOHIB
Ta/ab0 TEeYiHKOBOIO KPOBOTOKY, MOXJIMBO, BIUIMBAaIOYU
Ha TepudepuyHOMY pPiBHi Ha TPaHCIOPT aMiHOKMCIIOT,
TUM CaMUM 3MEHILIYIOYU HAIXOIKEHHsI aMiHOKUCIIOT J10
nevinku [55].

Ha oOMiH ceuoBMHM BIUIMBAE i piBeHb rimpaTallii opra-
Hi3my. Tak, BCTAHOBJIEHO, IO TOCTPE TTOMipHE 3HEBOIHEH -
H$I 3HUXKYE SIK 3arajibHUI CUHTE3 CEYOBUHU, TaK i ii UyTIu-
BicTbh o rmokaroHy. OctaHHe OyJi0 MOB’sI3aHE 3 BTPATOIO
BHYTPIIlIHbOKJIITUHHOI BOAU. TaKMM YMHOM, 3HEBOJHEHHSI
MOXe MPU3BOAUTU A0 €KOHOMIi a30Ty 3a paXyHOK BHECKY
MEeYiHKM B roMeocTa3 a3oTy. MexaHi3M 1boro e@ekTy Ta
3B’130K 3 TOTOKAMU HATPilO Ta KaJiito HeBimoMi [56].

JlocnimkeHHsT BIUIMBY i0HIB HATPIlO Ta KaJlifo Ha OOMiH
CEYOBUHU TTOKA3YIOTh TaKe.

YucneHHi eKCIeprMEeHTH JOBEJIH, 110 BUCHAXKEHHS Ka-
JIiI0 3HIDKYE eKCIIPEeCilo TeHiB Ta CMHTe3 OiJIka, TUM CaMUM
3HIKYIOUM PICT, KOHILIEHTpPALIilo Ta aKTUBHICTH (hepMEHTIB
3arajioM. PiBeHb aMiaKy B IIJIa3Mi 3HAYHO 3pOCTAa€ ITiI Yac
TiTroKasieMmii, 110 BKa3y€e Ha 3HIDKeHHS (PYHKIIIOHATbHOCTI
1IC, ane iHmIi MexaHi3MU TaKOX MOXYTb OyTH BaKJIMBU-
mu [57]. JochnimkeHHs MmoKa3aju, IO IpU eKCIIepUMeH-
TaJIbHIM TiMmoKajieMii BMICT Kalilo B HUpPKax Ta M sI30Biit
TKaHWHI 3HAYHO 3HU3UBCS, ajie 3ATUIIMBCI HE3MIHHUM Y
TKaHWHI mediHku. Excrpecisg OUIKiB HaTpi€eBO-Kali€BUX
HACOCiB MEYiHKM 3aJIMIIIacs He3MiHHOo. [imokasiemist
3HMXKYyBaJa 31aTHICTb 10 CUHTE3Y CEYOBUHM IILISIXOM 3HU-
JKEHHsI eKcrpecii KITo4oBUX (PEPMEHTIB LIMKITY CEYOBUHU
ASS1, 1110 MPU3BOAMIIO 10 BUPAXKEHOI rinepaMoHiemii. Ase
11€ SIBUIIIEe € OOOPOTHUM TIiCJIsl TOMOBHEHHS Kautito [58].

BruiuB Hatpito Ha OOMiH CEYOBUHM 1€ TOCTATHBO HE
BUBUYeHMI. OHAK IOBEIEHO, 1110 CEYOBMHA CTBOPIOE T10-
3UTUBHUI OajlaHC HATPIIO B IJ1a3Mi i e(peKTUBHA IIPU CUH-
IPOMi HeaaeKBaTHOI CeKpellil aHTUA1ypeTUIHOTO TOPMOHY
[59] Ta nnsa Kopekuii HaTpieMii y MalliEHTIB 3 rinepBoJie-
MiYHOIO ceplieBoio HemoctaTHicTio [60]. TlepopanbHa ce-
YOBMHA Hapasi peKOMEHIYEThCSl B €Bpori A1l JIiKyBaHHS
XPOHIYHOI TirmoHarpiemii [61].

IcToTHa poib CEYOBMHM B MATOJOTIYHUX IPOIEcax
poOuTh ii LIIHHUM MapKepoM B IMPOTHO3YBaHHI mepeodiry
3aXBOPIOBaHHS Ta cMepTHOCTI. KitacuuHo piBeHb ceuoBU-
HU Pa30M 3 KpeaTUMHiHOM BUKOPUCTOBYETHCS JJISI OLIHKU
GYHKIII HUPOK, a i30JIbOBaHe BU3HAUCHHS B KPOBI — 5K
MapKep IopylIeHHsT pyHKil medinku. Huska kmiHidyHMx
JOCTIKeHb MoKa3ajia JiarHOCTUYHE 3HAYeHHS i30JIbOBa-
HOTIO BU3HAYEHHS a30Ty CEYOBUHU IIPU Pi3HUX HO30JIOTISX.

JlocaimkeHHsT IToKa3aay BaxJIMBICTb BUBHAYEHHS a30Ty
CEYOBMHM B KPOBI /I PAHHBOTO MPOTHO3yBAHHS CMEPTHOCTI
rpu roctpoMy nankpeatuti [62], CH [63]. ITigBuineHuii pi-
BeHb CEYOBUHU TiCHO TTOB’s13aHMI 3 30-IeHHOIO CMEPTHICTIO
Bill YCiX MPUYMH Y MALiEHTIB, TOCMiTali30BaHUX 3 TOCTPOIO
naTosoriero [64], Ta 30iMbIIEHHIM CMEPTHOCTI Y KPUTHY-
HO XBOpMX TIALIIEHTIB 3 piBHeM KpeaTuHiny 0,8—1,3 mr/mn
He3aJIeXXHO Bill piBHSI KpeaTUHiHY B CHpOBATLi KpoBi [65].
Cepen TalLi€HTIB 3 HECTAOUIbHMM KOPOHAPHUM CHUHIPO-
MOM Ta MepeBaXXHO HOPMAJIbHOIO 00 HE3HAYHO 3HUXKEHOIO
LK ® nigBuilieHMit piBeHb CEYOBUHU B KPOBI ITOB’SI3aHMIA 3
301IbILIEHHSIM CMEPTHOCTI He3anexkHO Bin omiHok [TTK® Ha
OCHOBI KpeaTHHiHy Ta iHIIX 6ioMapKepiB [66].

Y kIIiHiIYHIN npakTULli OUTbII €(eKTUBHUM AJIs1 TIPOTHO-
3y 3aXBOPIOBaHb BBAXXKAETHCSI BUKOPUCTAHHS BiTHOCHUX Be-
JurH. Tak, BeJIMKe MPOTHOCTUYHE 3HAYEHHS Ma€ CITiBBiI-
HoleHHs a3oty ceuoBrHU (BUN)/KpeaTuHiHy, 1110 B riepiiy
Yyepry BpaxoBye BIUIMB (DyHKIIIOHAJIbHOTO CTaHy HUPOK Ha
riepe0bir 3axBoproBaHHs. CriBigHo1eHHss BUN /kpeaTuHi-
Hy MOXe BimoOpaxkaTu HeiiporyMopaibHy aKTHUBallilo (0co-
O/JIMBO ITABMINEHHS PiBHSI apriHiHy Ba3oIpecuHy), 3MiHy
HUPKOBOTO KPOBOTOKY a00 iHIII IMaTodi3ioaoriyHi MexaHi3-
MM, SIKi HE BKJIIOUEHi B 3BUYAlHi TPOrHOCTUYHI 3MiHHi.

Binbi Bucoke crniBpinHoieHHss BUN/kpeaTuHiH aco-
LI{IOBAJIOCH 3 TipIIMMU HACiAKaMU MPU FOCTPiid cepleBiii
HEIOCTaTHOCTI, Y Malli€HTIB i3 XpOHIYHOIO CEPLIEBOIO HEMIO-
CTaTHICTIO Y BCbOMY CITeKTpi (hpakilii BUKUIY JIiBOTO LILTY-
Houka HesajexHo Bix LIIIK® ta NT-proBNP [67]; Ta majo
3HAYHY MPOTHOCTUYHY IiHHICTb JJIsI CMEPTHOCTI Bif ycix
TIPUIMH JJIS 1€l Kareropii mamienTiB [68]. ITiguieHmit
piBeHb ce4yoBMHU KpoBi Ta criBBimHOomeHHss BUN/kpe-
aTUHIH IIPY TOCIIiTaJi3allil € He3aIeXKHUMHU IIPeaUKTOpa-
MU IOBI'OCTPOKOBOI CMEPTHOCTI y Ialli€EHTIB 3 iH(apKTOM
MioKapa 3 eneBaltieto cermeHTa ST He3anexxHo Big [ITK®
npu rocmitanizarii [69]. Bucokuii piBenb BUN/KpeaTtuHi-
HY CYTTEBO 30isblllye pu3uK po3BUTKY IXC y maiiieHTiB 3
L 2-ro tuny [70]. Lleii iHnekc Ma€e neBHY cnelngidyHiCTh
i MoB’s13aHMi1 3 ToyaTKoM Ta cMepTHicTio Big ['TIH y mari-
entiB 3 COVID-19 [71].

IHIIMIT TIPOrHOCTUYHMI iHAEKC — 1Ie CITiBBiTHOIICHHS
BUN/anb0ymiH, sike aesiKi J0CTiMHUKY iTeHTU(hIKYIOTh K
HOBHI ITOKa3HWK 3aIabHOTO i XapuoBOTO cTatycy. Moro
3HAYEHHS K HEe3aJeXXHOTro TPOTHOCTUYHOTO MapkKepa
OyJI0 OBENEHO ISl PO3BUTKY KOHTPACT-iHIyKOBAaHOI He-
¢pomnarii y maui€eHTiB, fAKi IPOXOOSITh KOopoHaporpadiio
abo uepesIIKipHe KopoHapHe BTpy4yaHHs [72]. BiH € Haii-
KpalluM MapaMeTpoM [UIsl POTHO3YBAaHHSI CMEPTHOCTI Ta
nepeOyBaHHs Yy BilIiJIEHHi iHTEeHCUBHOI Teparlii y malli€HTiB
3 HEXPOHIYHUMM 3aXBOpIOBaHHAMU HUPOK [73]. [TigBuiie-
Huit koedittienT BUN/aib0yMiH OyB CUJIBHUM Ta He3aJ1eX-
HUM TIPpEIMKTOPOM BHYTPIlLIHbOJIIKapHSIHOT Ta 90-neHHOT
CMEPTHOCTI Bill YCiX MPUYMH Y TIALIIEHTIB 3 3arOCTPEHHSIM
XPOHIYHOTO OOCTPYKTHBHOTO 3aXBOPIOBAHHS JIeTeHb [74].

Cy4acHi 10CTiIKeHHST IEMOHCTPYIOTh 3HAYHY POJIb Ce-
YOBUMHM Ta 11 IPOAYKTIB Y pO3BUTKY HU3KHU 3aXBOPIOBaHb. B
OCHOBI 11 MAaTOJIOTIYHMUX BILIMBIB JIEXKUTh TUCHYHKILIS (ep-
MEHTIB LIUKJTy CEUOBMHU BPOIKEHOTO Y1 HAaOyTOro Xapak-
Tepy, 110 pealli3ye€ThCsl Yepe3 aKTHUBALlil0 OKCHUIATHBHOTO
CcTpecy, amonTo3y, KapOaMilloBaHHSI, TOPMOHAIbHY W3-
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peryJsuio. BuByeHHs1 MeXxaHi3MiB BIUIMBY LIi€i OpraHiqHOi1
CIOJIYKHY Ha MaTo(i3io0riuyHi MpolecH BiTKpUBa€ IIMPOKi
MEepCreKTUBA B 3aCTOCYBaHHI HOBMX (DapMaKoJOTiYHMX
MiIXOMiB IS JIIKyBaHHS 3aXBOPIOBaHb HUPOK, IMEYiHKU,
CepIIeBO-CYIMHHOI Ta HEPBOBOI CMCTEM, OHKOIIATOJIOTIl. 3
iHIIIOrO OOKY, i30JIbOBaHE BU3HAYEHHSI PiBHSI CEYOBUHU B
KpOBi a00 ii CTiBBiIHOIIIEHHS 3 KPEaTMHIHOM Ta ajbOyMi-
HOM € Ha/IiHUMU TPOTHOCTUYHUMU MapKepaMU TSKKOCTI
Ta CMEPTHOCTI IIpY pi3HOMAaHITHii ITaTOJIOTIi.

KonduikT inTepeciB. ABropu 3asIBIsIIOTH PO BiACYT-
HiCTb KOHQJIIKTY iHTepeciB Ta BjaacHOi (hiHaHCOBOI 3alli-
KaBJICHOCTI IPU MiATOTOBII JaHOI CTATTi.
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The role of urea in pathological conditions

Abstract. Modern research shows the significant role of the urea
and its products in the development of a number of diseases. Its
pathological effects are based on dysfunction of the urea cycle
enzymes of congenital or acquired nature, realized through the
activation of oxidative stress, apoptosis, carbamylation, hormonal
dysregulation. Studying the mechanisms of action of this organic
compound on pathophysiological processes opens up broad pros-

pects for the application of new pharmacological approaches to
the treatment of kidney, liver, cardiovascular and nervous diseases,
and oncopathology. On the other hand, isolated determination of
the blood urea level or its ratio with creatinine and albumin are
reliable prognostic markers of severity and mortality in various pa-
thologies.

Keywords: urea; pathology; apoptosis; carbamylation
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KIDNEYS

Cy4yacHuUM niaXiA AO AIKYBOHHS LLUCTUTIB
Yy NPAKTUL CIMENHOro Aikaps:
edeKTUBHICTb, 6e3neYyHICTb i 3anobIiraHHSA peunAnBaM

Indexuii cevoBuBiguux nuisixis (ICL) — ue HecneLu-
iuni iHbeKiitHI mpoliecH, sIKi BpaxkaloTh CEYOBUIIIbHY
cucTeMmy. 3riHo 3i cTaTucTuayHuMu nanumu, y CLLIA BoHn
€ TIPUYMHOIO IMOHAJ 8 MJIH LIIOPIYHUX BiIBiMyBaHb JIiKapiB i
noHaz 100 Trc. rocmiTaiizaniii Ha pik. [1pu mboMy maToso-
rist mpu6an3Ho B 50 pasiB yacTillie 3ycTpiuaeThesl B XKiHOK
i CTAHOBMTD y 1IiJIOMY OJTU3bKO 5 % yci€l 3aXBOPIOBaHOCTI
HaceJleHHs. Y CTPYKTYpi BCiX YPOJIOTIYHMX 3aXBOPIOBaHb
6m3bko 20 % nipuriagae Ha roctpuii uctut. Y 30—50 %
BUMAIKIB BiH MOXe ITepeXOIUTHU B XPOHIUHY (hOpMY, 1110 Cy-
MPOBO/IKYETHCS YAaCTUMU PELUAMBAMU, SIKi BUKIUKAIOThH
CTpaKIaHHS MALi€EHTIB i 3HAYHO 3HMXKYIOTb SIKiCTb IXHBOTO
SKUTTSL.

OCHOBHMI KJIac MpenapariB, 110 MPU3HAYAETHCS TTPU
iH(EeKIIisSIX CECUOBMBIIHUX 1IISAXiB, — aHTMOAKTepiabHi 3a-
cobu. OnHak, 3 OrJIsiay Ha HEBIIMHHE 3pOCTaHHS aHTUOi0-
TUKOPE3UCTEHTHOCTI, MPU HEYCKJIAJHEHUX LIUCTUTAX, Oe3-
CUMIITOMHI# GaKTepiypii, y cKJajai KOMIUIEKCHOI Tepartii,
a TakoX 11 TTpodiakTUKM peuuaunsiB xpoHiuHux [CIL
MOXe BUKOPHCTOBYBAaTUCH aJIbTepHATUBHA Tepartisi mperia-
paTamMu pOCIMHHOTO TTOXOKEHHST.

14 motoro 2025 poky 3a minrpuvkn 'O «YKpaiH-
cbKa acouiaiis MeIu4Hoi ocBiTH» Ta BumasHm4yoro gomy
«3acaBCbKUii», MEIMYHOro NOpTATy Www.mif-ua.com
BinOyBcsi memuunmii popym «Global General Practice
(GGP). Session 2», y paMKax sKOro po3rjisigajucs cCy-
yacHi miaxoau 10 audepeHuiaabHOl TiATHOCTUKH T0JIOB-
HOTO 00110, BECTHOYJISIPHOTO HEHPOHITY, BUKOPUCTAHHS
OeTa-0J0KaTOpiB y JiKyBaHHI apTepiajbHOi rimepreHsii,
cTpaTerii JiarHOCTUKM Ta JIKYBAHHS 3aMaMOpPOYEHHS,
¢ynkuioHaapHMX OiiapHUX PO3JadiB i IUCTHTIB.

3 nonoBigmio «CydacHuii minxin A0 JIKyBaHHS IHUC-
TUTIB Ta 3anM00iraHHs pelUAMBaM Yy NMPAKTHI CiMeiiHOro
Jikapsi» Bucrynuaa Map’sna Mukoaaiia Cesnok —
npodecop Kadeapu tepamii YKpaiHCbKOI BilicbKOBO-Me-
nnyHoi akanemii (M. KuiB, Ykpaina).

Ha cbhoroaHi roctpuii HeycKJIamiHEHUIA IUCTUT 3a I0-
IIUPEHICTIO i MPU3HAYEHHSIM aHTUOAKTEepiaIbHUX 3aCO0iB
rnocifae mepure Miclle cepell YCiX YpPOJIOTIYHMX 3aXBOPIO-
BaHb. 3a yactotoio ICII mocTymaioTbes TiIbKM pecItipa-
TOPHUM 3aXBOPIOBAHHSIM.

Luctut — 11e 3amajgeHHs CIM30BOi 000JJOHKU CEUOBOTO
Mmixypa. YacToTa pi3HUX BUIIB IIUCTUTY BapilO€ B ITUPOKUX
MeXKax i 3aJIeXUTh Bill €TioJIorii Ta 0COOJIMBOCTEM ITOITYIIsI-

1i1 mauieHTiB. B YKpaiHi mommpeHicTh TOCTPOro HUCTUTY
CcTaHOBUTH 314 BUMAAKiB, a XpoHiuHOro — 175 BUMAaAKiB
Ha 100 Tuc. HaceseHHSs. 3a CTATUCTUYHUMU JTaHUMU, TIPU-
OJIM3HO TIOJIOBMHA XXIHOK Y CBOEMY XXMTTi XBOPilOTh Ha
ICII, y 25 % ui 3aXxBOprOBaHHsI MalOTh PELMIMBYIOUUI
XapakTep.

BinburicTs BUManKkiB HeyCKIaqHeHOT iH(eKIii ceuoBU-
BIIHUX ILISXiB BUKJIMKAETHCS TPAMHETaTUBHUMU MiKpO-
opraHizMamu i3 cimeiictBa Enferobacteriaceae, mpuaomy
OCHOBHUM 30yTHUKOM € Escherichia coli. 3a naHuMM pi3HUX
aBTOpIB, yacTKa FE.coli B HeyCcKIagHEeHil iH(peKIlii ceuoBu-
BIIHMX IIJISIXiB cTaHOBUTH 75—90 %; 3Ha4HO piale BUIi-
ssttoth Enterococcus spp. — 11 %, Klebsiella pneumonia —
8 %, Candida spp. — 7 %, Staphylococcus aureus — 3 %,
Proteus mirabilis — 2 %.

Ho dakropis pusuky [CII HaiexaTb: JJoKaJabHe repe-
OXOJIOMKEHHSI IIJITHKY TIOTIepeKY, Ta3a, Hir; HeIOTpUMaH-
HS TIPaBWJI iIHTUMHOI TiTi€HW; HECBOEYACHI MOXOIU 0 TYy-
aJIeTy; CXWIbHICTB JI0 3aTOPiB (KUIIIEYHUK, PO3TAIlIOBAHU I
BIIPUTYJI IO CEYOBOTO MiXypa, TUCHE, BUKJIMKAIOUU TTOPY-
LIEHHSI KPOBOOOITy, AMCGhYHKIIIO Ta 3amajeHHs); HeIoJIi-
KOBaHi iH(eKIIii ceuocTareBoi chepH, 3anajieHHsT OpraHiB
MaJIoro Taszy, AMCOAKTepio3 MiXBU; aHATOMiyHi aedeKTu
ypeTpu; HaaMipHO OypXJIMBa ceKcyalbHa aKTUBHICTb; IO~
CTilfHMIA cTpec; BXXMBAHHS TOCTPOI iKi Ta MPSTHOILIIB.

be3nocepenHiMuM MpUYMHAMU LIMCTUTY € HAasIBHICTh
MaTOreHHUX MiKpOOpTraHi3MiB, MOPYLIEHHS YPOAUHAMIKH,
nucTpodist, po3aau MiclIeBOro KpoBooOiry (imemist) cTi-
HOK CEYOBOT0 Mixypa, MOPYIIEHHSI pUTMY CEUOBUITYCKaH-
Hs1. OnHAK TOJIOBHOK MPUYMHOK BUHUKHEHHS IIUCTUTY
€ iH(}IKyBaHHSI BHYTPIIIHBOIO IIapy CIM30BOI 00OJIOHKU
CEYOBOTO Mixypa. BUmiisioTh BUCXiTHMI IIUISIX 3apaske HHS
(3 ypeTpu) abo HM3XimHMI (i3 ce4oBOAIB). TakoX 30yTHUK
MOK€ 3aHOCHUTHUCS pa3oM i3 KpOB’I0 YU JiMPOIO 3 iHIIUX
BOTHMUIII XPOHIYHOTO 3amajeHHs (IIpY aHTiHi, THEeBMOHIi).
Kpim Toro, yMoBHO-1maToreHHa MikpodJopa, siKa 3aBxXIu
€ B OpraHi3Mi, MOXe PO3MHOXYBAaTUCh Ha TJIi HU3bKOTO
iMyHiTeTy a00 MOTparuIsiTU 330BHIi IiJ 4Yac XipypriyHUX
MaHinyJsii. HesaxulleHi cekcyajibHi KOHTAaKTH MOXYTh
MPU3BOJUTH IO 3apaXkeHHs iHDeKIisIMU, SIKi TIepe1aroTh-
Csl CTaTeBUM IIJISIXOM, IO TaKOX CIPUSIE BUHUKHEHHIO
TOCTPUX LIUCTHUTIB.

3ritHO 3 peKoMeHmalisIMu €BpONeNCchKOl acoIialii
ypodoriB (EAU-2023), nina kiacudikaitii iHdexiiit ceaoBu-
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BiTHUX LLJISIXIiB 3aCTOCOBYETBCS KOHIIETLisSI HEYCKIaJHEHUX
i ycknangHenux ICII 3 pisHumu moaudikaiiisymu (puc. 1).

Heycknanneni ICIII — ue rocrpa, cnopaauyHa abo
peuuaMByOYa HWXHSI (HEYCKJIaJHEHUN UUCTUT) i/abo
BepxHs (HeyCKJIaJHeHU TiesoHedpuT) iHdeKIis cevo-
BUBITHUX 1LISIXiB, 1110 CTOCYETHCS BUKJIIOUHO HEBariTHUX
JKiHOK 0€3 BiZIoMUX aHATOMIYHUX i (PyHKIIIOHATTbHUX Bill-
XUJIEHb Y CEUYOBUBIIHUX LIJIsIXaX a00 CYMyTHIX 3aXBOPIO-
BaHb. YckmamHeHi ICII — yci iHGexil ceqoBUBITHUX
LIUISIXiB, SKi HEe BU3HAUYEHI SIK HEYCKJIaAHEHi B Ialli€HTa
3 IMABMUIIEHOI0 iIMOBIPHICTIO YCKJIQIHEHOIro Iepeoiry,
TOOTO B YCiX YOJIOBIiKiB, BariTHUX XXiHOK, Ialli€HTIB 3 BilI-
MOBITHUMM aHATOMIYHUMMU 200 (PyHKILIOHATbHUMU aHO-
MaJlisIMM CEYOBMBIIHUX ILIISIXiB, MOCTIMHUMU CEYOBUMMU
KaTeTepaMu, 3aXBOPIOBAHHAMU HUPOK i/a00 3 iHIIMMU
CYNyTHIMM iMyHOAEDIUMTHUMU 3aXBOPIOBAHHSIMM, IIy-
KpPOBMM J1iabeToM.

Peuynuytoui ICHI — 11e peunaMBu HEYCKIJIaTHEHUX
i/abo ycknagHenux ICI i3 yacToTOM0O Bim TPHOX €IMi30/1iB
iH(ex1il Ha pik 200 ABOX €Ii30/iB 32 OCTAHHI 6 MiCSILIiB.

Karerep-acomniiioBani ICIIl BMHMKAIOTH y JIIOOMHM,
CEUOBMBIIHI IIUISIXU SIKOI B TaHUI Yac KaTeTepru30BaHi abo
y sIKOi OyB BCTAHOBJICHUI KaTeTep MPOTSAroM OCTaHHix 48
TOJIMH.

Ypocerncuc BU3HAYA€eThCA K 3arpo3jiuvBa Uil KUTTS
IUCMYHKILiSE OpraHiB, CIPUYMHEHA AUCPETYIbOBAHOIO pe-
aKIliero Xa3siHa Ha iH(pEeKIIifo, III0 TTOXOINTD i3 CEUOBUBII-
HUX LIUISIXiB 1/a00 YOJIOBIUMX CTATEBUX OPraHiB.

KniHiYHUMHU CMMIITOMaMHM TOCTPOTO IIUCTUTY € JIMC-
koMdopT, TIeUiHHS, OiNb i Yac CeYOBUIMYCKAHHS; He-
MPUEMHI BiUyTTS BHU3Y XWBOTa HajJ JOOKOM; Ti/BU-
LLIEHHs TeMIlepaTypu; OuIb y TONepeKy; 3MiHa KOJIbopy
ceui. OmuryBanbHUK ACSS m03B0OJISIE OLIIHIOBATH TSLKKIiCTh
CUMITOMIB rOCTpOro mucTuty. JlabopatopHa giarHocTUKa
nependayvae MPOBENeHHST aHalli3y Cedi 3a TECT-CMYXKKOIO.
JocnimkeHHs KyJbTYpU cedi peKOMEHIYEThCS MPU Miao3pi
Ha roCTpUiA MieoHePUT, 32 HASIBHOCTi CUMITTOMIB, 1110 HE
YCYHYTi a00 MOBTOPIOIOTHCSI MPOTATOM 4 THXKHIB ITiCJIsI 3a-
BEpILICHHS JTIiKyBaHHSI, Y )KiHOK 3 aTUTIOBUMU CUMITTOMaMM
200 BariTHUX XiHOK.

bescumnTomHua Gakrepiypisi (BBY) — 1ie BUsiBIEHHS
GakTepiil y cepeaHiii mopiiii cedi B KiibkocTi > 103 KYO,/ M
3a TOBHOI BiJICYTHOCTI KJIiHIYHUX CUMIITOMIB, 3 MOXXJIM-
BOIO JIeKoUUTypi€to (2 3pa3ku 3 iHTepBaioM 24 TOINHMN).
BBY Bpaxkae g0 0,5 % uonosikiB, 1—4 % niBuar i 10 %
KIiHOK. Y 3akjagax JOBrOTPUBAJIOrO AOTJISIAY O€3CHUMII-

TOMHa 6akTepiypist BusiBiisieTbest B 30 % vosoBikiB i 50 %
XKiHoK. TakoX 10 momMpeHHs 6€3CMMITOMHO1 OaKTepiypii
MPU3BOASTh LIYKPOBUI 1iabeT, MeTabOJiYHUIA CUHIPOM i
(byHKIiOHaTBHI TTOPYIIEHHSI CEYOBUBIAHOI CUCTEMU. 30-
JIOTUM cTaHaapToM BusBiIsiHHSI BBY e Gaktepiosnoriune
NOCTiIKeHHsT — 3abapBiieHHs cedi 3a [pamom 3 migpaxyH-
KOM KiJIBKOCTi OaKTepiii Ha mpeaMeTHOMY ckJIi (> 1y mouri
30py). TakoX BUKOPUCTOBYIOTh alTeYHi eKCIIPeC-CMYXKU
(HiTpatn+ i neiikouuTu+).

JlikyBaHHSI UMCTUTIB Mae OyTu e(peKTUBHUM, 0e3-
MeYHUM i MOBMHHO 3amobiratu peuunuBaMm. ieTUdHU-
MU peKOMEHAAlisIMU MPU LIMCTUTI € BXMBAHHS MOPCIB,
OBOYEBHUX, (PPYKTOBUX COKiB, KOMIIOTiB (i3 OpycHMIL,
JKYPaBJIMHU), XJOPUIHO-KaJIbLIEBOI MiHEpaJbHOI BOIH,
TpaB’sIHOTO Yalo, HEMILIHOTO 3eJIeHOTO YW YOPHOTO 4Yaro
6e3 1yKpy, cBixkux (GpyKTiB (BUHOTpaj, Ipylii) abo OBOUiB
(rapOys3, capxa, cejepa, meTpylilika, Oripki, MOPKBa).

AHTrOaKTepiajJbHa Tepallisl peKOMeHIOBaHA Ha ITif-
CTaBi TOTO, 1110 KJIiHIYUHUI YCTTiX 3HAUHO OiIBIINI Y KiHOK,
SKi OTpUMYBaJId aHTUOIOTWKU, MOPIBHSIHO 3 MPUIOMOM
miane6o. [1pu Bubopi aHTMOaKTepiaIbHOI Teparii CiIim Ke-
PYBaTHUCS: CIIEKTPOM i KyJBTYpaabHOIO YYTIUBICTIO €TiONI0-
TYHUX YPOIIATOreHiB; €(heKTUBHICTIO I10J0 KOHKPETHUX
MoKa3aHb 3TiIHO 3 pe3yJbTaTaMM KJIiHIYHUX JOCITiIXKEeHb;
MEePEHOCUMICTIO Ta MOOIYHUMM pPeaKLisIMU; MOXJIUBUMU
HECTIPUSATIAMBUMHU €KOJIOTIYHUMMU HaCJliIKaMU; BapTiCTIO.

EAU-2023 migkpectoe, 110 aMiHOMEeHIWIiHY 1 hTOp-
XiHOJIOHM OiJTbllIe He ToKa3aHi 1y1st eMmipuaHoi Tepartii [CLL
yepe3 BUCOKY Pe3UCTEHTHICTD E.coli B ycbOMy CBiTi Ta Hera-
TUBHI €KOJIOTiYHiI HacainKu. PekoMeHnoBaHO 3aCTOCOBYBa-
TU TIEHILWIiHM, 1edanocrnopuHu, GochomilivH, HiTpody-
paHTOIH i cynbdaHimaminy. 1 mpodiTakKTUKI PelanBiB
ICI1, y mmepiry 4epry rocTporo MUCTUTY, CIiI MiHIMi3yBaT
3aCTOCYBaHHSI aHTMOIOTHKIB. PexoMeHmoBaHO BXXMBaHHS
JIOCTaTHBOI KiJIbKOCTI PiiWHM, peTebHa iHTMMHA Tiri€Ha,
YHUKHEHHSI TIepeOXO0JIOMKEHHS i TpUiioM (hiTompernapariB.

Hedpomgon® (Bim  ¢apMaleBTUYHOI  KOMIIaHii
«CamoTapic») — 1ie JiKapchbKMil 3acid, 10 cKjamy SIKO-
ro BXOAMTb: TpaBu 3ojoTtoTucsuHuKy (Herba Centaurii)
18 mr, kopeHs moouctky (Radix Levistici) 18 mr, nucts
po3mapuny (Folia Rosmarini) 18 ML

AKTUBHUMM KOMITOHEHTaMU, 1110 MIiCTUTb JIMUCTSI PO3-
MapuHy, € pO3MapMHOBa KHUCJIOTa, KapHO3Ha KUCJIOTa,
ypcoJioBa KMCJIOTa, KapHA30J1, PO3MaHOJI, OJleaHOBa KUC-
JIoTa, TeHKBaHiH, aIlireHiH i JmoTeomiH. Po3amapumHoBa
KMCJIO0Ta 3[IaTHa MpPUTHiYyBaTU OakTepiasbHy (opy Ta

’I Uucrur I «

MeiaTopu 3amnajeHHs, KapHa30J
i pO3MaHOJ YUHSTDH CIIa3MOJIITHY -
Hy Aito, (IaBOHOIAM Te€HKBaHiH

HeycknagHeni ICLL | >| NMienonedppur

[«

YeknagHeHi ICLU i JIIOTEOJIIH MaloThb BUPAXKEHUI

>| Peuunausytoui ICLL |<

| Karerep-acouiitosaHi ICLL |<

HusbKui I

ICLL y yonosikis |<
PU3MK

>| Ypocencuc ’-

MpoTU3anaibHUi eeKT.

VYV nocmimkenHi R.S. Borges
et al. (2019) ouiHOBaIM aHTUMI-
KpOoOHY akKTuBHicTb Rosmarinus
officinalis mpoTu IBOX TIpamIlo-
3UTUBHUX i JDBOX TpaMHEraTHB-
HUX IITaMiB OakTtepiii. byno Bu-
SIBJICHO, III0 30Ha iHTiOyBaHHS

Bucokuit
PU3UK

PucyHok 1. Knacudpikauis HeycknagHeHux i ycknagHennx ICLL (EAU-2023)

KOJIMBa€eThcs Bim 9,18 MM mis
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Staphylococcus agalactiae no 18,51 mm nnst Escherichia coli.
ABTOPM TOCHTIIXKEHHS AiMIUIM BUCHOBKY, 110 Rosmarinus
officinalis YMHUTH MOMITHY aHTUMIKPOOHY JIif0.

Takox y criekTpi GiosoriyHoi akTUBHOCTI Rosmarinus
officinalis BumiisitoTh 1Oro mpoTu3anaibHi 1 TTPOTHHA-
OpsIKOBI BJIACTMBOCTi, OOyMOBJeHi mi€to 1,8-1uHeony,
o-TiiHeHy, KaMGbOpu, JMMOHEHY i MipLIeHY.

Kpim anTmbakTepiaabHOI, IIpOTU3anaIbHOI Ta IIPOTH-
HaopsKoBoi aii Rosmarinus officinalis YMHUTH IpOTUTPUO-
KOBU e(eKT, aHTUIIpOJipepaTUBHY M CHA3MOJITUYHY
Ni10, 3aXUIIA€ Bil ileMiuHO-TIepdy3iiHOIO YIIKOIKEHHS
HUPOK.

Jlo akTUBHUX KOMITOHEHTIiB KopeHs Jioouctky (Radix
Levistici) Hanexatb draniau it edipHi ofii. 3a paxyHOK
CMa3MOJIITUYHOI Aii dTaniaum nonomaraloTh nojaoiatu 60-
JIbOBUI CUHIPOM i TIOJIETHIYIOTh ceuoBUmyckaHHs. Jliype-
TUYHUN edeKT (TanifaiB nepemkomkae peabcopOiiii Bogu
B HUpKax. EdipHi oii YMHATH Cria3MOIITUYHY {10 Ta T10-
KpalnyoTb KpoBooOir. KpiM Toro, ito0MCcTOK Ma€e aHTUOAK-
TepiajabHi BIACTUBOCTI Ta 3MaTHUI TTOCUJTIOBATH Jil0 aHTH-
OaxTepiaJlbHUX IpeIaparis.

HoBuii ¢ranin, a came 7-meToKcu-3-npomniageHedra-
Jig, 6yB BUAiIeHuUit 3 KopeHiB Levisticum officinalis WDS
Koch, mmpoxo Bimomoro sk mo6uctok. BiH mpusHaya-
€ThCS B TPaAULIiNHIA MeIUIIMHI 3 OIJIsIAy Ha Horo cras-
MOJIITUYHY 1 CEUYOTiHHY Mil0. AHTUOAKTepiaJbHy aKTUB-
HICTb 1€l CMIOJIYKM JIIOOUCTKY OLIHIOBAIMW in Vitro IPOTU
Staphylococcus aureus, Enterococcus faecium (pe3rCTEHT-
HUI 0 BaHKOMILMHY KJIiHIYHUWI IITam) SIK TpamIlo3u-
TUBHUX OakTepiit i mporu Escherichia coli i Pseudomonas
aeruginosa SIK TpaMHeTaTUBHUX OakTepiii. Pe3ynbratu mo-
CITIKeHHS TTOKa3alu, IO I CIojyKa Oy/la aKTUBHOIO

npotu Staphylococcus aureus, Escherichia coli i cTiiikoi 10
BaHKOMILUMHY FEnterococcus faecium 3i 3HaueHHAM MIC
16,04 i 128 mxr/mu BimnosigHo (Mean M. et al., 2020).

AKTUBHUMM KOMITOHEHTaMW TpaBM 30JOTOTUCSYHU-
Ka € (heHOTKapOOHOBI I KOPUYHI KUCJIOTH, (JIABOHOIIH,
KCaHTOHM, aJIKaJIoi TeHIiaHiH. [J1iko3uau cBetiaMapuH i
CBEPO3UI IIPUTHIYYIOTh PiCT OaKTepiil, ITepelIKoIKaloTh iX
IIPOCYBaHHIO Bropy (BucxigHa ingexiist). Denonkap6oHo-
Bi KMCJIOTH JAIOTh OCMOTUYHUM €(DEKT i MeperKomKaoTh
3BOPOTHOMY BCMOKTYBAaHHIO BOIM Ta COJIel HATpPilo, TUM
caMuM 3a0e3I1euyIoTh CEYOTiHHY Mil0.

VYci npupoaHi KOMITOHEHTH, IO BXOISATh OO0 CKJIALy
npenapary Hedpomon®, MaioTh GiblLIy CIIOPiTHEHICTH 10
KJIITWH JIIOAUHU, HiX 13071b0BaHi XiMiYHO YMCTi peUOBUHMU,
BOHU Kpalle MPUCTOCOBYIOThCS 10 010XiMiYHUX MPOLIECiB B
opranismi mogrHu. Kommnonentu npenapaty Hedpomon®
YUHSITh KOMIUIEKCHY JIi10 32 PaXyHOK $IK 0i0JIOTiYHO aKTUB-
HUX, TaK i CynmyTHiX peuoBuH. [1pu 11bomMy Bci BoHU € 6e3-
MMeYHUMM, HaBiTh TIPU TPUBAJIOMY 3aCTOCYBaHHi.

Otxe, pocnuHHMII Tipenapar Hedpomon® 3meHInye
BUpaXXEeHICTh O0JLOBOTO CHHIPOMY, JTOJIA€ 3allajeHHs Ta
cna3My, Ma€ IOMIpHMI CEUOTiHHUI e(eKT, CIpuse BU-
aJICHHIO MiKpOOPTraHi3MiB i3 C€YOBMX IILUISIXiB, 3MEHIIIYE
PM3UK PEeLUAMBIB i MA€ IPUEMHY IIiHY.

Hedpomon® moxke OyTH peKOMEHIOBaHUI JOPOCIUM Ta
IiTsiM 3 12 pokiB 1o 2 TabaeTku 3 pa3u Ha no0y (3arajib-
Ha 1000Ba 103a — 6 TabieToK). TabneTKM CJ1ia KOBTaTh He
PO3KOBYIOUM, 3 JOCTATHBOIO KIJIBKICTIO pifuHU. TpuBajicTh
JIIKYBaHHsI BU3HAvae jikap iHauBigyansHo. Hedpomon® no-
3BOJIEHO 3aCTOCOBYBAaTH B IE€PioJl BariTHOCTI.

MNigrotyBana TersiHa Ynctuk W
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Gamma-aminobutyric acid as an element
of the mechanisms of cerebro-renal interactions

Abstract. The presence of many common aspects in autoregulatory mechanisms and processes of
ensuring the constancy of the internal environment determines the uniqueness of the cerebro-renal
system. Gamma-aminobutyric acid (GABA), in addition to the key coordinating role in brain activity
and its metabolism, has inherent regulatory effects in non-neuronal tissues. Given the fact that there is a
relationship between GABA levels and the functional and metabolic state of other organs and systems,
the aim of the work is to focus on scientific information regarding local GABAergic systems, the location
of their components in the nephron and the renal effects of GABA under different conditions. In addifion
to the fact that GABA has therapeutic potential against acute kidney injury and chronic kidney disease,
pharmacological modulators of GABA can provoke nephrotoxicity. The reasons for the diversity of renal
responses under the influence of GABA and agents with agonist activity are multifactorial in nature, which
should be taken info account, and within the framework of GABAergic strategies, effective and safe

therapeutic approaches should be sought and applied.
Keywords: gamma-aminobutyric acid; cerebro-renal system, mechanisms of interrelationship

The nervous system and the kidneys interact to main-
tain normal body homeostasis. In pathological processes,
disruption of these relationships can lead to impaired re-
nal function and sodium ion processing, resulting in fluid
and electrolyte imbalance. Increasing evidence suggests the
importance of interactions between the nervous system and
the kidneys, given the high prevalence of acute kidney in-
jury (AKI) and chronic kidney disease (CKD) in patients
with cerebrovascular diseases [1]. The presence of many
common anatomical and physiological aspects determines
the uniqueness of the cerebro-renal system. In addition to
the need for a stable and constantly high blood volume and
local autoregulation of blood flow, there is a close connec-
tion between the brain and the kidneys both in normal and
pathological conditions. Nerve impulses from the central
nervous system (CNS) regulate renal blood flow, glomerular
and tubular processes. The kidneys interact with the CNS
through thinly myelinated and unmyelinated nerve fibers to
regulate sodium ion processing [2].

Among neurohumoral regulators of homeostasis, one
of the most common neurotransmitters in mammals is
gamma-aminobutyric acid (GABA), which is distributed
in most brain regions and in 40 % of inhibitory synapses in
adult vertebrates [3]. Components of the GABAergic system
have structural, molecular, and functional differences and
are present in neuronal and non-neuronal tissues, modulate
physiological processes, and participate in the pathogenesis
of a number of diseases [4].

The aim of the work is to focus on scientific information
regarding local GABAergic systems, in particular the loca-
tion of its components in the nephron, and the renal effects
of GABA under different conditions of renal function.

GABA is a natural amino acid that acts as the primary
inhibitory neurotransmitter in the CNS. Performing its bio-
logical function at the interneuronal synapse, GABA binds
to postsynaptic receptors that modulate ion channels, hy-
perpolarize the cell, and inhibit action potential transmis-
sion [5]. GABA signaling in the CNS has been extensively
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studied. GABA, GABA,, and GABA, receptors, despite
their differences in physiological, biochemical, functional,
and pharmacological properties, are the main inhibitory re-
ceptors in the CNS and they regulate neuronal excitability
when GABA is released into the postsynaptic nerve terminal
[6]. GABA is functionally opposite to the major excitatory
neurotransmitter glutamate (glutamic acid, Glu), which,
like GABA, is the most abundant neurotransmitter in the
CNS. GABA-mediated neuronal activity occurs due to the
coordinated and dynamically regulated balance between
inhibitory (mainly GABAergic) and excitatory (mainly glu-
tamatergic) effects mediated by GABA receptors and Glu
receptors (NMDA receptors). Proper GABA/Glu balance is
essential for the normal functioning of most complex brain
processes, and imbalance has been implicated in neurode-
velopmental pathology, neurodegenerative/neurological,
psychiatric diseases, and acute neurological disorders [7, 8].

The biological significance of GABA is not limited to
maintaining excitatory/inhibitory balance. In addition to
the fact that GABA is a key coordinator of brain activity and
its metabolism, the GABA system has regulatory functions
in other, non-neuronal tissues and organs. It is now known
that GABA levels are interconnected with the physiologi-
cal state of metabolic organs and the pathogenesis of meta-
bolic diseases. GABA is synthesized in significant quanti-
ties in the islets of the pancreas [9]. GABA released from
B-cells can have both autocrine and paracrine effects in hu-
man islets of Langerhans. The result of the action of GABA
through GABA receptors on c-cells of the pancreas is the
production of glucagon, on B-cells — insulin secretion [10].

Disturbances in GABA signaling have significant conse-
quences in several physiological processes in the liver, as well
as liver diseases. Today, there is a sufficient number of scien-
tific reports that GABAergic innervation of the liver not only
exists, but may also play an important role in the regulation
of liver development and function. Activation of GABAergic
processes can protect the liver from toxic damage to hepa-
tocytes, and GABA production by hepatocytes plays a key
role in the regulation of blood glucose and feeding behavior
in obesity; therefore, reducing GABA in the liver improves
insulin sensitivity [11].

GABA has been reported to affect cardiovascular regu-
lation through central and peripheral GABAergic mecha-
nisms. A systematic review and meta-analyses show that
oral GABA reduces blood pressure in patients with high
normal blood pressure and stage 1 hypertension [12].
GABA, receptor activation/inhibition affects post-infarc-
tion ventricular remodeling by modulating monocyte/mac-
rophage subsets [13]. Atrioventricular node pacemaker cells
have been shown to have an intrinsic GABAergic system
[14]. Along with GABAergic vesicles, GABA metabolic en-
zymes, receptors, and transporters have been identified in
atrioventricular node pacemaker cells. In the same study,
the authors suggest that the endogenous GABAergic sys-
tem, by ensuring consistent atrioventricular contraction,
plays a key role in the conduction of impulses from the atria
to the ventricles.

AKI is known to modulate the CNS, and the end result
is an increase in central sympathetic influences, which exa-

cerbates kidney damage [15]. In CKD, renal denervation
modulates sympathetic outflow also through GABAergic
mechanisms [16]. Stimulation of GABA, receptors in the
CNS mediates the preventive effect of GABA in AKI due
to inhibition of increased renal sympathetic activity du-
ring renal ischemia/reperfusion [17]. Functional relation-
ship between the kidneys and the CNS through GABA was
confirmed by research [18], where it was established that af-
ferent renal nerves are involved in GABAergic changes in
the paraventricular nucleus of the hypothalamus. Renal af-
ferents are known to play a crucial role in the regulation of
renal function, being activated by changes in pressure, fluid
composition and oxygen levels in the kidneys. It is suggested
that an increase in GABAergic inputs to the paraventricular
nucleus occurs to attenuate sympathetic excitation in reno-
vascular hypertension in rats, carrying information from the
kidneys to the CNS.

It is worth noting that sympathetic activation increases
the expression of the renin-angiotensin system, the synthe-
sis of its components and the release into the circulatory
system [19, 20]. When the renin-angiotensin system, which
controls blood pressure and sodium homeostasis, is overac-
tivated, its sodium-retaining effect is mediated by intrarenal
and extrarenal, including central, mechanisms [21]. Evi-
dence for the involvement of GABA in the integrated effects
of the renin-angiotensin system in the kidneys, cardiovas-
cular system, and CNS comes from studies indicating the
dependence of GABAergic synaptic inputs in the CNS on
the activity of angiotensin II [22].

Thus, the role of the GABAergic system in renal func-
tion has been practically established. The hypothesis of
the existence of a renal GABAergic system has received
evidence from the study on the effects of GABA on the pre-
vention of renal pathology and the identification of GABA
components in the kidneys. Studies in rats with hyperten-
sion and CKD showed that GABA, receptor expression in
the CNS was increased, central GABA levels were reduced
in the cerebrospinal fluid, and peripheral GABA levels were
increased in serum. Renal denervation in CKD restored glu-
tamate decarboxylase (GAD) activity, similar to the effect
observed with baclofen (a GABA, receptor agonist), and
systemic administration of gabapentin (a GABA analog)
reduced blood pressure. It has been shown that improving
GABA system dysfunction prevents the development and
reduces the severity of cardiorenal syndrome in rats with
CKD [23].

Of particular note is the information about the specifi-
city of the distribution of GABA components in the neph-
ron. An understanding of the peculiarities of the localization
of the renal components of the GABAergic system provides
an understanding of the functional significance of this ami-
no acid in renal processes, the mechanisms of interaction
between the nervous system and the kidneys through the
GABA system, which is of great importance for the progress
of knowledge in the field of the theory of diseases based on
the patterns of pathology development [24].

Studies on the expression of the GABAergic system in
non-neuronal tissues have shown that each of its compo-
nents is present in the kidneys. Analysis of the presence of
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GABA-like immunoreactivity (GABA-LI) in the rat kidney
using light and electron microscopy revealed GABA-posi-
tive structures in vibratome sections of the medulla and cor-
tex [25]. The specific distribution of GABA in the tubular
epithelium demonstrated the functional significance of this
amino acid in the transport processes in the tubules. Thus,
the distribution of GABA-LI was heterogeneous: the inner
strip of the outer medulla was most strongly and almost uni-
formly labeled, while GABA-LI in the cortical substance
was mostly limited to only a few tubules. GABA-positive
structures included epithelial cells of the thin and thick as-
cending parts of the loop of Henle, connecting tubules and
collecting tubules. In GABA-positive connecting tubules
and collecting tubules, immunoreactivity was present in the
cytoplasm of approximately half of the epithelial cells. As
shown by electron microscopy in this study, the labeled cells
in the collecting tubules were light (principal) cells.

Analysis of GABA-related RNA template molecules by
RT-PCR revealed a unique set of GABA receptor subunits
and subtypes in the kidneys of Wistar-Kyoto rats [26]. Thus,
in the renal cortex, as in the cerebral cortex of Wistar-Kyoto
rats, the expression of GABA, receptor subunits, o1, 33, 8,
€, m, was detected, mainly in the apical region of the corti-
cal tubules. Immunofluorescence study of protein localiza-
tion showed that the ol subunit is widely distributed in the
proximal tubules; 3 subunits were observed in the proximal
tubules, in particular in tall cells and cells with a structure
similar to a brush border, as well as in the distal tubules. The
staining of the m subunit was mainly in the distal tubules and
to a lesser extent in the proximal tubules. At the same time,
immunoblotting showed that the kidneys can express similar
or higher amounts of 3, p1 subunits than the brain. Both
subtypes of GABA, receptors, R1 and R2, and the pl and
p2 subunits of the GABA_. receptor were also found in the
rat kidney cortex. At the same time, GAD enzymes involved
in the synthesis of GABA, GAD67 and GADG65, the GABA
transporter, GAT2, and the GABA-transaminase enzyme
that metabolizes GABA were expressed in the rat kidney,
which, according to these scientists, suggests the existence
of a local renal GABAergic system with an autocrine/para-
crine mechanism.

It is worth noting that 90 % of the renal cortex is made
up of renal tubules, which play an important role in homeo-
stasis and are the structures with the greatest energy needs
of the kidneys. Tubular segments (proximal and distal seg-
ments, nephron loop, collecting tubules) have unique re-
absorption properties, most pronounced in the cells of the
proximal convoluted tubules. Under normal conditions, all
glucose, amino acids, 65 % of sodium ions and water are
reabsorbed in the proximal segment; sodium, potassium and
chloride ions are reabsorbed together through a symporter
in the thick ascending limb of the loop of Henle; in the distal
segment, as in the collecting tubules, primary active trans-
port of sodium ions occurs on the basolateral membrane
and secondary — on the apical membrane [27]. The energy
supply of tubular reabsorption is carried out by Na+/K+-
ATPase, which is able to modulate the sensitivity and ex-
pression of neurotransmitter receptors, in particular GABA
and NMDA; therefore, it participates in the control of the

functions of membrane neurotransmitter receptors [28]. In
turn, modulation of Na+/K+-ATPase activity by endo- and
exogenous ligands alters transtubular transport in the kid-
neys, suggesting a relationship between this pump and the
renal GABA system.

Given the presence of the GABAergic system in the kid-
neys, a study was conducted on the influence of the GABA/
glutamate system on the vasoactive response from renal mi-
crovessels [29]. The results demonstrate for the first time that
activation of endogenous GABA and NMDA receptors in
the kidneys significantly alters microvascular diameter with
important consequences for renal blood flow. The GABA-
and Glu-mediated effects on renal capillaries revealed in
this study were surprisingly similar to their central regula-
tory effects on the CNS capillaries. It was noted that since
dysregulation of renal blood flow is associated with CKD,
alterations in the GABA system may have a significant im-
pact on long-term renal function.

The important role of GABA in renal physiology and
pathology is evidenced by the results of studies on its reno-
protective effects. GABA-enriched salt has a protective
effect against the negative impact of high salt intake in pa-
tients with cisplatin-induced nephrotoxicity, which is cha-
racterized by suppression of hematological and biochemical
toxicity, renal cell apoptosis, and renal inflammation [30].
GABA administration significantly improved the markedly
elevated blood urea nitrogen and creatinine levels and de-
creased creatinine clearance in the progression of glycerol-
induced renal failure, and fractional excretion of sodium
ions was also reduced [31].

The first study to investigate the immunomodulatory
mechanisms of GABA in renal failure demonstrated the ef-
fects of GABA on renal inflammation both in vivo and in
vitro. GABA regulates renal inflammation by significantly
reducing serum inflammatory markers, induction of mono-
cyte migration, and the number and infiltration of macro-
phages, which are crucial for the initiation of renal inflam-
mation. The results suggested that GABA has a protective
effect against renal injury [32]. The use of a combination
of amikacin and GABA without/with loading on chitosan
nanoparticles confirmed the protective effects of GABA
against amikacin nephrotoxicity, as it improves renal func-
tion, oxidative stress and demonstrates a significant homeo-
static role mediated by the suppression of inflammatory cy-
tokines of the Th1, Th2 and Th17 types [33].

Recent studies have revealed a novel role for GABA
in combating oxidative stress under high glucose condi-
tions. In Mongolian sheep kidney cells, GABA markedly
increased cell viability and effectively mitigated oxidative
damage induced by high glucose stress through upregula-
tion of antioxidant genes and regulation of metabolic path-
ways, suggesting a potential mechanism for adaptation to
extreme conditions [34]. The antioxidant effects of GABA
are linked to its impact on mitochondria [35, 36]. The kid-
neys, especially the cells of the proximal tubules, are rich
in mitochondria, so nephrotoxicity of drugs is manifested,
in particular, by mitochondrial damage [37]. GABA type A
receptor-associated protein is a protein that plays a role in
stabilizing GABA, receptors and is involved in mitophagy.

Tom 14, N2 3, 2025

www.mif-ua.com, http://kidneys.zaslavsky.com.ua 41



Oraga / Review

By removing dysfunctional mitochondria from renal tubular
epithelial cells, reducing local inflammation and oxidative
damage, activation of mitophagy is protective in AKI [38].

Of particular note are reports of nephrotropic effects
of pharmacological neuromodulators that act through the
GABAergic system. Piracetam, a nootropic drug, a cyclic
derivative of GABA, improves markers of renal function
such as urea and creatinine, reduces histological damage,
the presence of inflammatory cells in the renal tubules,
and inhibits apoptosis in cisplatin-induced nephrotoxicity
[39]. At the same time, the use of GABA analogues for ade-
quate control of postoperative pain was associated with a
risk (higher for gabapentin compared to pregabalin) of de-
creased kidney function and the development of CKD [40].
Use of the tranquilizer diazepam, which increases GABA
receptor sensitivity, is associated with an increased risk of
AKI in children [41]. Valproic acid, whose anticonvulsant
activity is provided by inhibition of the enzyme GABA-
transaminase and GABA reuptake in brain tissues, can
cause obvious damage to the renal tubules, which is asso-
ciated with proximal tubular mitochondrial toxicity [42].
The renal effects of new-generation anticonvulsants with
anxiolytic activity, neurosteroids (ganaxolone), which, like
their endogenous analogues, activate extrasynaptic GABA
receptors, have not yet been studied. However, their need for
complex molecules to enhance biopharmaceutical proper-
ties such as B-cyclodextrin raises the risk of nephrotoxicity,
especially in renal disease [43].

As noted above, GABA receptor subunits are widely re-
presented in the renal tubules, which probably causes a simi-
lar damaging effect of other drugs with nephrotoxicity (an-
timicrobials, cytostatics, nonsteroidal anti-inflammatory
drugs), mainly in the proximal segment of the nephron. The
presence of GABA receptors in vascular smooth muscle re-
ceptors determines the vascular mechanisms of renal effects.
The following should be noted here: not only components of
the GABAergic system can be targets; the pharmacological
action of GABA analogues, like any drugs, has a multifac-
torial dependence; the function of GABA receptors in the
kidneys has not been definitively determined; the activity
of GABA receptor subunits is specific and depends on their
structure and function; the direct and indirect mechanisms
of GABA in the norm and pathophysiology of the kidneys
remain completely unknown. At the same time, taking into
account the broad relationships of GABA in the functional
and metabolic continuum of the body, its diverse reactions
in non-neuronal tissues, and the spectrum of protective ef-
fects, research on the renal GABA system, the search and
application of effective and safe approaches to pathogenetic
therapy of kidney pathology remain relevant for GABAergic
strategies.
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faMMa-aMiHOMACASIHO KUCAOTA SIK AOHKO MEXAHi3MIB LLepebpopeHAAbHUX B3OEMO3B’ a3KiB

Pestome. HasBHicTh 6aratbox CHibHUX aCIEKTiB B aBTOPETYJISI-
TOPHUX MeXaHi3Mmax i mpoliecax 3a0e3neyeHHsI CTaI0CTi BHYTPilll-
HBOTO CEPEIOBUIIA 3yMOBIIOE YHIKaJIbHICTh LiepeOpopeHaTbHOT
cucremu. [amma-aminomacsHiit kucnoti (TAMK), okpim kiio-
YOBOi KOOPAMHATOPHOI POJIi B aKTUBHOCTI MO3KY i 1iOro Mera-
00J1i3Mi, MpUTaMaHHi PEryJsTOpHi BIUIMBUM B HEHEUPOHaJIbHUX
TKaHuHaxX. bepyun 1o yBarm Te, 110 iCHYE B3aEMO3B’SI30K MixX
piBHsaMu TAMK i ¢pyHKIIIOHaJIBHUM Ta METaOOJIYHUM CTAaHOM
iHIIMX OPTaHiB i CUCTEM, METOIO POOOTH € 30CEPEIKEHHS yBaru
Ha HayKOBMX BiZloMOCTsX 1010 JiokaibHuXx TAMKepriunux cuc-
TEM, PO3TalllyBaHHSI IXHiX KOMITIOHEHTIB y He(POHi Ta peHaTbHUX

BruiuBiB TAMK 3a pizHux ymos. ITopyu i3 Tum, mo FTAMK mae
TeparneBTUYHUI MOTEHLIiaJl MPOTU FOCTPOro MOUIKOAXKEHHS i Xpo-
HiYHOI XBOPOOU HUPOK, hapmakosioriuHi moaynstopu TAMK mo-
XYThb CITPOBOKYBAaTH HE(MPOTOKCUYHICTh. [IpnunHU pi3HOMAHIT-
HOCTi HUPKOBUX peakuiii mia BriuBom TAMK i areHTiB 3 aronic-
TUYHOIO aKTUBHICTIO MalOTh 6araTroakTOpHY MPUPO.Y, 1O CIIif
Opatu 1o yBaru, a B Mexax TAMKepriunux crpareriit notpioHo
LIYKAaTH Ta 3aCTOCOBYBaTU e(eKTUBHI i1 Oe3IeuHi TepaneBTUUHI
MiAXOIN.

Kimo4oBi ciioBa: ramma-amiHoMacisiHa KUCJIOTa; LiepeGpope-
HaJbHa CUCTEMa; MEXaHi3MU B3aEMO3B’sI3KiB
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HedpoAoriyHi acnektu cuHaApomy bapae — biaasg
Y NeAIaTPUYHIN NPAKTULL:
KAIHIYHUIM BUNOAOK i AiTepATYPHi ACHI

Pestome. CuHapom bapae — bianst (Cbb) — Lie QBTOCOMHO-PELIECHBHQ LIMAIONQTIS, SIKA XAPAKTEPU3YETh-
CS1 MIrMEHTHUM PETUHITOM, OXKUPIHHSIM | OB 'SI3QHUMU 3 HUM Y CKAQAHEHHSIMM, MOCTAKCIQALHOK MOAIAQKTUAI-
€10, KOMHITUBHUMW MOPYLLIEHHSIMU, [IMOroHQAOTPOMHUM rifOroHAAM3MOM TQ/Q60 Ce4YOCTATEBMMU BOAQMU, A
TAKOXK BAAQMM PO3BUTKY HUPOK TA/Q60 3QXBOPKOBAHHSIM MAPEHXIMWN HUPOK. TPAAMLIMHO aAlarHocTuka Cbb
BiABYBAAQCST HO OCHOBI KAIHIYHMX MPOSIBIB 3QXBOPKOBAHHST 3 MOAQABLLLVM IMATBELAXKEHHSIM AIQrHO3Y 3Q AOMO-
MOroK reHETUYHOro TeCTYBAHHS. OAHAK KAIHIYHI 03HaKM CBb MQKOTh Pi3HMKM HOC MAHIipeCTALl, LLO MOXXe Bia-
TEPMIHYBATU AIQrHOCTUYHM ripoLec. CepeAHiv Bik BCTAHOBAEHHSI AiQrHO3y Cbb cTaHOBMTE 8—9 pOKiB, npoTe
HQSIBHICTb BPOAXKEHUX QHOMQOAIV HUPOK Y MOEAHQHHI 3 IHLLIVMIM O3HQKAMMU, SIKI MOXKHO BUSIBATA MPEHATAALHO
Qb0 rpu HAPOAXKEHHI, SIK-OT MOAI- Q60 CUHAQKTUAIS, AQHOTb MIACTABU ANST BRAKOYEHHST CBB Y AIQrHOCTUYHNN
MOLLYK CYTTEBO PaHiLLe. OKpIM TOro, HAsIBHICTs AHOMQAI HUPOK | CEYOCTATEBOI CUCTEMM MPU3BOANTL AO BU-
HUKHEHHS1 XPOHIHHOI XBOP OO HUPOK (XXH). Y yacTvHm nauieHTiB XXH Moxke nporpecyBaT AO HUPKOBOI He-
AOCTQTHOCTI, LLiO € OCHOBHOHO MPUNYNHOKO CMEPTHOCTI cepea nauieHTiB i3 Cbb. Y cTarti HaBeAeHi AQHI LLOAO
MOXKAMBUX 03HAK CBb, pOAI ypQskeHHST HUPOK y AlarHoCTvLi Cbb, a TAKOXX IHLLIi CUHAPOMM, KAIHIYHI MPOSIBA
KX MOTPEBYIOTE AnpepeHruiauii 3 Chb. TaKOX POSIASIHYTUV KAIHIYHU MPUKAQA nauieHTa 3 ChB, sk npo-
SIBASIBCS] MOAIAQKTUAIEIO, ANCTPOQIEID CITKIBKY, HOQAMIDHOK MQACOK TIAQ, IHLUMMM BROAKEHUMMN BOAQMU 1
YOQKEHHSIM HUPOK, LLO AQAO MOXXAUBICTb 3QMIAO3PUT TQ BCTAHOBUTU AlarHo3 CBb vy BiLi 3 pokis. Xouya Cbb
He Mae crneum®idHOro AiKyBAHHSI, PAHHE BUSIBAEHHST AQE MOXKAMBICTb 3AAYYUT MYABTUANCLMIAIHQPHY KO-
MQHAY AO BEAESHHST MALEHTQ TQ 3HU3NTN PUSUNKIN BUHMKHEHHST TSIDKKUX YCKAQAHEHD, TAKUX sIK XXH.

KAIOYOBI CAOBAL: cLiHAPOM BQpae — BiaAS; LAIONQTIl; HUPKW, HUPKOBQ HEAOCTATHICTB, AiTH

Bctyn

CriagkoBi 3aXBOPIOBaHHSI, 1110 MPU3BOJSATH 0 PO3BU-
TKy aHOMaJliii a00 JAereHepaTUBHUX 3MiH, SIK-OT TOJIiKic-
TO3 HUPOK, He(DPOHOPTU3, IIIrMEHTHUI PETUHIT Ta iHIINX,
BITHOCSITh JIO LIWJTIOMATiii — Cy4aCHOTO TOHSTTS, SIKe OMu-
cye XBOpOOU, CIIPUYMHEHI MOPYIIeHHIM (YHKIIii BilAKO-
NOMiOHMX KIITUHHUX OpTaHes, BidoMUX K 1uiii. OmHUM
i3 TIpeACTaBHUKIB LMIionartiii € cuHapoMm bapne — binnsa
(Cbb) (Bardet-Biedl syndrome (BBC), OMIM 209900).
e wmynbTUCUCTEMHA aBTOCOMHO-pPElIECUBHA IIMJIioMNa-

Tisl, IO XapaKTepU3y€EThCS TEePEBaKHO MITMEHTHOIO JTUC-
Tpodi€to CiTKiBKU [1], OXUPIHHSIM i MOB’I3aHUMU 3 HUM
YCKJIaIHEHHSIMU [2], TTocTakciaabHOO MoJjinakTuiieto [3],
KOTHITUBHUMM TOPYIIEHHSIMU [4], TiITOroHagoTpPOITHUM
rinoroHaaM3MoM Ta/abo ceyocTtaTeBUMU Bagamu [2], a Ta-
KOX BaJlaMM PO3BUTKY HUPOK Ta/ab0 3aXBOPIOBAHHSIM Tia-
peHxiMu HUPOK [3, 6]. Ile 3axBoproBaHHS, CIIpUYMHEHE Oi-
aJieJIbHMMU MaTOreHHMMU BapiaHTaMM i3 BTpaTolo (pyHKIIi1
HoHaMeHile y 26 reHax nepesaxHo rpynu BBS [7]. My-
tauii y BBS1 — BBSI18 cranoBnath 61u3bko 70—80 % Bu-

© «Hupkm» / «Kidneys» (Pocki), 2025
© Bupaseub 3acnascokmit 0.10. / Publisher Zaslavsky 0.Yu., 2025

[Ina KopecnoaeHuii: Icbkis Map'aHa HOpiiBHa, kaHAMAAT MeAUYHNX HayK, Nikap-neaiaTp, MeANYHNiA reHeTUK, HayKoBMiA CNIBPOBITHUK, BIAAINEHHA KNiHiuHoT reeTuki, [IY «IHCTUTYT CnagkoBoi nato-
norii HAMH Ykpainu», Byn. Mukonu Jlucenka, 31-A, m. Jbgi, 79008, YkpaiHa; e-mail: iskivmarjana20@gmail.com; Ten.: 4380 (96) 139-49-80; acuctent, kadespa nepiatpii Ta couianbHoi MeauLmHM,
BITH3 «JTbBiBCbKMit MeAnuHMil yHIBepcuTeT», ByN. Banep'ana Moniwyka, 76, m. Jlbgis, 79018, Ykpaia

For correspondence: Mariana Iskiv, PhD in Medicine, Pediatrician, Medical Geneticist, Research Fellow, Department of Clinical Genetics, Institute of Hereditary Pathology of NAMSU, Mykola Lysenko st.,
31-A, Lviv, 79008, Ukraine; e-mail: iskivmarjana20@gmail.com; phone: +380 (96) 139-49-80; Assistant, Department of Pediatrics and Social Medicine, Private Higher Education Institution “Lviv Medical
University", Valerian Polishchuk st., 76, Lviv, 79018, Ukraine

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

Tom 14, N2 3, 2025 www.mif-ua.com, http://kidneys.zaslavsky.com.ua 45



Oraga / Review

MajiKiB Y BChOMY CBiTi, 50 % miarHO3iB y 3aXimHMX KpaiHax
3yMOBJICHI MyTallisiMu y TeHax BBS1, BBS2Tta BBS10|8].

Kniniuni o3naku ma diaenocmuka. TpanuiiiiHoO 3a Bif-
CYTHOCTI TOCTYMHUX METOJiB MOJIEKYJSIPHOI T€HETUYHOI
niarHoctTuku CBb giarHocTyBaBCs 3a CyKYIHICTIO HASSBHUX
kJiHivHMX o3HaK. KuiniunHi nposisu CBb noninsitorbest Ha
OCHOBHI Ta ApyropsigHi. @opcaiit i bins [9] pekoMeHayI0Th
BCTaHOBTIOBaTU KiiHiuHUI giarHo3 CBbb 3a HasBHOCTI 4
OCHOBHUX TPOSIBiB 200 3 OCHOBHUX i 2 1I0AaTKOBUX O3HAK.

Jlo OCHOBHMX O3HaK HaJleXXaTh IIIrMEHTHA AUCTPOdis
CITKiBKM, OXMPiHHS LIEHTPAJbHOIO TeHe3y, MoCTaKcialb-
Ha TOJIiAaKTUJIis, KOTHITUBHI MOPYILIEHHS, TilIOrOHaAu3M
i MOPYLIEHHS CeYOCTaTeBOl CUCTeMU, 3aXBOPIOBaHHSI HU-
pok. [lo ApyropsiiHUMX O3HAaK — iHIII HEBPOJIOTIYHI Ta
MCUXIaTPUYHI BiIXWJIEHHS, TIOPYILIEHHS HIOXY, aHOMaJil
POTOBOI ITOPOXKHUHM Ta 3y0iB, ceplieBO-CYyAMHHI 200 Topa-
KaJIbHi aHOMaJTii, aHoOMaJIil IIUTyHKOBO-KHUIIIKOBOTO TPaKTy
1 eHIIOKPUHHI 200 MeTabOoIiuHi MOpyIIEeHHS.

OpmHak 3acTOCYBaHHS IIMX KPUTEpiiB Ma€ IeBHi oOMe-
>KeHHS1. BUHMKHEeHHs 0araTthoX KJIiHIYHUX CUMITOMIB Bil-
OyBa€ThCS y pi3Hi BIKOBI Mepioau, BIiAIIOBIAHO, YYTIMBICTh
3aIIPONOHOBAHUX MiarHOCTUYHMX KPUTEPiiB € HU3BKOIO,
0C00JIMBO Y paHHbOMY Billi. HeoOxinHO mepionuyHoO mepe-
JISIATU KJTiHIYHI TPOSIBY Y MALIIEHTIB i3 MiI03pOI0 Ha J1iarHO3
CBb. Takox mist CBbb xapakrepHa 3HauHa BapiaOeIbHICTh
KJIiHIYHMX NposiBiB, y MeTaaHasizi 2019 p. [7] Oyno onucaHo,
1110 JesIKi 0co0U, SIKi € TOMO3UTOTaM1 a00 CKJIaJHUMU reTe-
pPO3UTOTaMU 3a MATOTeHHUMU BapiaHTaMU I'€HiB, acolliiioBa-
Hux i3 CBbb, He BianoBinatoTh 3a1pONIOHOBAHUM KPUTEPIisIM.

Cepen o3Hak CBb ogHUMU 3 KITIOUYOBUX € ypaskKeHHSI
HUPOK i CEYOBUBITHUX ILISIXiB, OCKiJTbKM BOHU € OIHIEIO
3 OCHOBHUX IIpUYMH cMepTHOCTI nanieHTiB 3 CBbb. Ypa-
KeHHsT HupoK npu CBbb BKiIo4aloTh CTpyKTypHi aHOMaTil,
ypakeHHs TapeHXiMH, a TaKOX MOXJIMBI ypakKeHHS cedyo-
BUBIIHUX IUISIXiB, TaKi SIK BE3UKOYpeTepaIbHUIA pedIioKC
[6]. Cepen CTPYKTypHUX aHOMAaJiil 3yCTpidarOTbCS ITif-
KOBOMNoOAiOHa, eKToMiyHa, MoABiiiHa abo BiACYyTHSI HUPKA,
a TaKOX JMCIJIACTUYHE KICTO3HE ypaK€HHSI HUPOK, SIKe
MOXe€ BapiloBaTU BiJl MOOAMHOKMUX OJHOOIYHMX JIO MHO-
KMHHUX IBOOIYHUX KiCT.

TMopyuienHs: yHKIii i1 aHOMAaJil pO3BUTKY HUPOK €
MPOBITHUMHU TIPUUYMHAMM 3aXBOPIOBAHOCTI Ta CMEPTHOC-
Ti y nauieHTiB i3 CBB, mpote ixHs TSXKICTh 3aJIeXKUTh Bif
KOHKpPETHMX BapiaHTiB MyTaitiii [10].

Ilin yac mpeHaragbHOI AIATHOCTUKU MOXHA BUSIBU-
T He(ppOMErajlilo i3 MiABUIIEHOI €XOTeHHICTI0O HUPOK
i KiCTO3HMMM 3MiHaMM, SIKi 4aCTO MOXHa CIUTyTaTU 3 aB-
TOCOMHO-PELIECUBHUM I10JIiKicTo30M HuUpoK [11]. Takox
OIMMCYIOThCS BUMAIKKU PaHHBOI CMEPTHOCTI, MOB’sI3aHOI 3
BUHUKHEHHSIM BOASIHKM IJIOAa Ta KPUTUYHOTO TTOPYILIEH-
Hs1 GYHKILIIT HUPOK [6].

Menmie Hixx y 10 % niteii i3 Cbb BUHMKa€E TsKKa HUP-
KOBa HEIOCTATHICTh, a TPUOJIM3HO TPETUHA XBOPUX MA€E
Jerki opmu xpoHiuHOi XBopoou Hupok (XXH) [5]. I xoua
HUPKOBA HEJOCTATHICTb MOXE BUHUKHYTHU Y OYIb-IKOMY
Billi, cepen miTeii ii MmaHidecTallisl mepeBakKHO BiIOYBAETh-
Cs1 TIPOTSTOM IIEPIIIOTO POKY KUTTS [5].

l'imocrenypiss, TOOTO 3HMXKEHA 3MATHICTb KOHLIEHTPY-
BaTU Cevy, 1110 IIPU3BOAUTH IO MOJIiypil Ta MOIiAUIICII, CITo-

crepiraerbest Ha Beix cranissx XXH nipu CBb, 1i HasiBHICTh
MOe OyTH MOTeHLIMHUM paHHIM MapKepoM HeCITPUSITIU -
BOTO MPOTHO3Y 151 PyHKIIiT HUpoK [12, 13].

[HIIi cymyTHI 3aXBOpIOBAaHHS, TaKOX XapaKTepHi IS
CbBb, 30kpeMa aprepiajibHa TirnepTeH3is Ta LyKpOBUI Iia-
oet 2-ro tumny (LIJ12), MOXYTb BIJIMBATH Ha TTPOTPECYBaH-
Hst XXH. Takox y nopocimux y 5—10 % BunaakiB MOXYTb
BUHMKATU YPOJIOTIUHI YCKJIAQIHEHHS, BKJIIOUAIOUu HEWpPO-
TeHHUI CeYOBMIA MiXyp i 0OCTPYKIIiIO BiITOKY cedi 3 ceuo-
BOTO Mixypa [5].

Mudgpepenuiiina diaenocmuxa. Cbb mae criabHi pucu
3 iHIIMMU CUHApPOMaMU SIK 3a TeHOTMIIOM, TakK i 3a ¢e-
HOTUIIOM, OCOOJIMBO Y KOHTEKCTi ypaxkeHHs1 HupoK. Ha-
MPUKJIaA, CUHIPOM MeKKesl 4acTo MPU3BOJAUTH 10 BHY-
TPILIHBOYTPOOHOI CMEPTi Yepe3 TSKKi Baau opraHis. st
IIbOTO 3aXBOPIOBAHHSI XapaKTepHi MOTUINYHE MEHIHTOCH-
nedastonesie, OUCIUIa3is HUPOK, TIiMOILIa3is JereHb, situs
inversus i momigakTwiis [14]. Ha neruiomy KiHIIi criekTpa
OIVH BapiaHTHMI ajieib i3 BTparoro ¢pyHKuii rena CEP290
MOXe CIIPUIMHUTH HepoHOo(THU3 y Jopociomy Bili. He-
¢poHOGTU3 — yYacTa IMpUIMHA TePMiHAILHOI CTaii HUp-
KOBOI HEIOCTaTHOCTI, 110 XapaKTepU3YEThCS HasIBHICTIO
KiCT Y KOPTMKOMEAY/ISIPHil 30Hi HUPOK.

Ille onHa uwiionarisi, sska kjaiHiuHo Haranye CBb, —
CUHAPOM AJIbCTPbOMA, AaBTOCOMHO-PELIECUBHE 3aXBOPIO-
BaHHSI, BUKJIMKaHe BapiaHTamu reHa ALMSI1. ALMSI
KoJaye 0i10K 6a3abHOTO TiJIbLS BillOK, i 3 YacOM HOro Bil-
CYTHICTh MPU3BOJUTH 10 BTPATH BiliOK, OCOOJMBO Yy TPO-
KCUMasIbHUX KaHasblsix HUpoK [15]. [1pu CBb yrBopeHHs
BillOK Maiike He TOPYIIYEThCS, OHAK MOPYIIYEThCS TXHS
¢ynkiig. Takox y mamieHTiB i3 CMHAPOMOM AJILCTPhOMA
MOXeE CITOCTepiraTucs AUCTpo(is CITKIBKM, paHHE OXMU-
PpiHHSI, TiMTOTOHAAM3M i MOPYIIEHHS (YHKIIii HUPOK, IO
Takox xapakTepHo 111 CBbb. 15 mamieHTiB i3 CMHIpOMOM
AJbCTpbOMa He XapaKTEepHi IOJIigaKTUIis a00 KOTHITUBHI
nopyuieHHs:. OQHaK y HUX MOXYTb (hiKCyBaTUCS Heipo-
CEHCOpHa BTpaTa CIyXy, HU3bKUI1 3picT, nuiartalliiiHa Kap-
nioMiornaris i BUImii pusuk LIJ12.

Mera: npoaeMoHCTpyBaTH KitiHigyHuii Bunanok CBb B
YKpaiHi, a TaKOX 3BEpHYTH yBary JikapiB-IeaiaTpis i Jiika-
piB-HedpoJioriB Ha KiiHiYHI o3Haku CBb Ta iHmmx 1inio-
MaTiii y miTeii.

KAiHiYHUM BUNAAOK

V BigmineHHs nemiaTpii HamiAIIOB XJIOMYMK 5 POKiB 3i
cKapraMu 0aTbKa Ha XpOHiuHi 3ammopu (Ha MOMEHT HaaIXo-
JKeHHs 3amop TpuBaB 10 AHIB), BiZcTaBaHHS y IICUXOMO-
TOPHOMY PO3BUTKY (HE TOBOPUTb, MA€E MOPYIIEHHST KOOP-
NMHAallii) Ta HaAMipHY Macy Tija.

B anamHesi xxuTTs: xjonuuk Haponuscs Bim Il Barit-
HOCTI 3 recrauiinumu BikoM 36 tix., macorw 2800 1, 10-
BxuHOI0O 51 cM. OwiHka 3a mkanowo Anrap 7/8 Oaiib.
Marepi nutuHu 42 poku, yKpaiHKa 3a HalliOHaJbHICTIO,
0aTbKOBi — 45 poKiB, KaBKa3bKOI HAIliOHAJILHOCTI (Ha3BaB
cebe MycyJabMaHUHOM). B 000X 6aTbKiB 11e Apyruil nuioo.
YV matepi crapira nutrHa 15 pokiB, 3mopoBa. Y 0aTthKa Ha
OaTbKiBIInHI 2 miteii, 14 ta 10 pokis, 3moposi. I1ig yac Ba-
TITHOCTI MaTu IepeHeca 3arpo3y BukuaHs ta ['PBI y Tpe-
TbOMY TPUMECTPI.
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IIpu HapoIKeHHi y XJ10murKa Oyau BUSBJIEHI MOMigaK-
TUJIisl (IIOCTUI Tajiellb Ha KUCTi Ta CTOMi), CUHAAKTUIIs
(3pomiennst 111 Ta IV nanbuiB Ha niBiil KMCTIi Ta JiBiil CTO-
mi), 1BOOIUHMI KpUnTOpXi3M. Takox i3 paHHbOTO BiKY Bill-
3HavYaJIuCs 3BY:KEHHSI OYHUX LIIJIMH, BUPAXEHUI JTOPI03,
nedopmattii rooBu. OCKiIbKM TUTUHA HE OTPUMYBaJIa Bi-
TamiH D i3 mpodinakTuuHO©O MeToto, nedopmallii KicTKo-
BOI CCTEMU PO3LIIHIOBAJINCS SIK MOXJIMBI IIPOSIBU PAXITY.

VY xjionuuka BificTaBaHHSI y TICUXOMOTOPHOMY PO3BU-
TKY — CaMOCTIiiHO 1mo4aB cuait B 11 micauiB, xooutuy 18
MicCs1IiB, 10Ci He TOBOPUTh. Bim HapomKeHHs 4acTi 3aI1opu.
3 2-ro poKy XUTTs Y AUTUHU IIBUAKE 30iIbIIEHHS Macu
Tina, y 3 poku BoHa gocsaria 19 xr, mo Bianosinae 99-my
MEePLECHTUITIO.

Ha 3-my poui kiiHiuHO Oyso 3anigo3peHo Cbb. Byino
MPOBEJIECHO MOJIEKYJISIPHO-TEHETUYHE JOCIIIKEHHSI, 3a pe-
3yJibTaTaMU SIKOTO Yy AUTUHU BUSIBIICHO MyTallii B €K30Hi 2
reHa BBS10 ¢.271dupT i c.583G>A (p.G180E) y kommnay -
reTepo3UroTHOMY CTaHi, yCITaAKOBaHi Bil OaTbka Ta Mare-
pi, SIKi € 3MIOPOBUMM HOCISIMH, IIIO JAJIO 3MOT'Y BCTAHOBUTH
niarHo3 Cbb.

Ilin yac 06’€KTUBHOTO OOCTEXKEHHSI HA MOMEHT HaJl-
XOIIDKeHHSI y BiiIeHHSI (PiKCYIOThCSI TaKi O3HAKM: JUC-
Mopdi3M 00MuYs (TilnepTesopru3M, NMIMO0KO po3TallloBaHi
MaJIeHbKi od4i), aHoMaJlii po3TalryBaHHs 3y0iB (XJIOMYMK
Ma€ TPYAHOILL 3 MepeKOBYBAHHSIM 1Xi), BUPAXKEHUIA JOp-
J103, O3HAKM XipypriuHOi KOPEKIIii MaJblliB BEPXHiX i HAX-
HiX KiHIIiBOK; Maca TiJla CTAaHOBUTH 25,4 KT, 1110 TIEPEBUIILYE
99-i1 mepueHTWIb; i Yac OISy XJIOMYUK HE BCTAHOB-
JIIOE KOHTAKT, HE Bi/IMOBi/Ia€ Ha 3BEPHEHHSI, € TIOPYIICHHS
KoopauHalii. 3 00Ky JiereHb Ta cepilsl pu (izikaaTbHOMY
oOcTexkeHHi 3MiH He BusBIeHO. 2KUBIT 4epe3 3OyTTSI Ta
HaAMIipHUM 1Iap XXMUPOBOI KIITKOBUHU HeE ITiagaBaBCs T~
OOKill masibnarii.

JunTrHi 0yJ10 MpOoBeNeHO 3araJbHUIi i OioXiMiuHMI aHAa-
JIi3 KpOBi, 3arajJbHUI aHaji3 cedi, Y3/l BHYTpillIHixX opra-
HiB; AUTHMHa OyJja OMISIHYTa AUTSYUM €HIAOKPUHOJIOIOM,
TUATSYUM O(DTATBMOJIOTOM, TATSYUM YPOJIOTOM i TUTSYUM
Hedpoaorom.

[Toka3zHMKM 3arajbHOIO aHaJli3y KpOBi Ta ceyi, a TaKOX
OioxiMiyHOTO aHasi3y KpoBi Oy;1u B Mexxax HopMu. [1ix yac
VY3]1 BHYTpillIHiX opraHiB OyJi0 BUSIBIEHO 3MiHU: MOJIiKiC-
TO3 HUPOK, renaTomeraiisi, 1udy3Hi 3MiHU TTiIUTyHKOBOT
3aJ1031; LIUTOIOAIOHA 3a/103a — 3,6 MM?, TOMOT€HHa.

JAuTSYrM eHIOKPUHOT0JI0M OyB BCTAHOBJIEHUT /1iarHO3
oxupinss 11 ct., 3aTpuMKa cTaTeBOro po3BUTKY, HOPMOLJTi-
KeMisl, He3HauHa auciinigemis. Jutsyum opTaabMoI0romMm
mig yac orjsimy Oy/10 BUSIBIEHO MOPYLIEHHS IirMeHTallil
CITKiBKU Y BUIVISIAI Kpam4yaToCTi, pedJieKCu y AUISIHI Ma-
KyJIM HeuiTKi. JIUTS4uM yposioroM OyJ0 ONMMCaHO HasiB-
HICTb MiKpOTIEHICY Ta IBOOIYHOTO KpUNTOPXi3My. JAuTsaunii
Hedposor BctaHOBUB fiarHo3 XXH I cT. 6e3 mopyiieHHst
GYHKIIiT, TTOTiKicTO3 000X HUPOK.

O6roBopeHHs

Cbb — e pinkicHe TeHeTUYHE 3aXBOPIOBaHHS, SIKE IIIe
piale 3ycTpidyaeThCs Ha TepuTopii YKpainu. Bucoka Bapia-
OEJIbHICTD 32 TEHOTUIIOM i (DEHOTUITOM IIPOSIBIB YCKIIATHIOE
JiarHOCTUKY LIbOT0 3aXBoproBaHH:. CepeaHili Bik BCTAHOB-

neHHs giarHo3y CBB y niteit cranoBuTh 8—9 pokis [16]. Le
3YMOBJIEHO TOCTYITOBUM BUHUKHEHHSM OCHOBHMX MpO-
SIBIiB 3aXBOPIOBAaHHSI, SIK-OT HaJIMipHa Maca Tijla, 3aTpUMKa
PO3YMOBOT'O PO3BUTKY Ta ITiIrMEHTHA JTUCTPOdis CITKiBKH.
[IpoTe HasIBHICTB iHIIMX O3HAK, SIKi MOXYTh MTPOSIBIISITUCS
SIK BPOJIKEHI BaJl PO3BUTKY, 30KpeMa TOJiIaKTuIis, na-
10Th miactaBu 3amnino3put CBB y 6inbll paHHROMY Billi.
J1o TakMX IPOSIBIB HaJIeXKaTh aHOMAaJIii HUPOK i CEUOBUBII-
HOI cucTteMu. Y poOoTi Simonini Ta CITiBaBT. 3a3HAYa€THCS,
mo y 94,7 % maui€eHTiB i3 UTiONAaTIIMU OyJI0 BUSIBIEHO
MIiIBUILIEHY €XOTeHHICTh HUPOK, a y IioxaiB i3 Cbb Haii-
OiJbII TIOIIMPEHOI OCHOBHOIO aHOMai€l0 HUPOK OYB
rinpoHedpos [17]. ABTopM 3a3HaAYalOTh, 11O MOPYIIEHHS
cevocTrareBoi cuctemu nepeBaxkatotb npu Cbb. HasiBHicTh
30ibIIEHNX, TiIMePeXOreHHUX HUPOK, $SIKi iMITYIOTh COHO-
rpadiyHy KapTUHY MOJIiKiCTO3y HUPOK, MOXEe OYyTH OTHUM
i3 giarHocTnyHMX MapkepiB CBb, 1o 6ys10 Takox mpome-
MOHCTPOBAHO Yy IOCIiIKeHHsIX Mary Ta ciriBaBrT. [18].

Nowak-Ciotek, Szczepanska Ta criBaBT. MpeacTaBUIN
koropty 3 BocbMu aiteit 3 Cbb [19]. Haii6inbi mommpe-
HUMU CUMIITOMaMU OyJIX 3aXBOPIOBAHHS HUPOK, BUSIBJIEH
y BCix miTeit, i monmigakTuiis, 3acdikcoBaHa y 6 Mali€HTiB.
ABTOpM 3a3HayalTh, 110 ITOYATKOBI O3HAKM YypaxKeHHS
HUPOK i CeYOCTaTeBOI CUCTEMM OY/IM BUSIBJICHI 1€ i yac
MpeHaTaJbHOI 1iarHOCTUKM, OJHAK JIMIIIEe HE3HAYHIl Kilb-
KOCTi XBOpHX OyJI0O BCTAaHOBJIEHO AiarHO3 Ha TaKiil paHHil
cranii. BomHouac y »xomHoro naiiieHTa He OyJl0 BUSIBIEHO
MoJIifakTUiIito npeHataabHo. CepefHiil BiK MOCTAaHOBKU
IiaTHO3y CTaHOBUB 22 Micsii. Ha MOMeHT 3BepHEHHS 110
JliKapsi mopyiieHHs QyHKIIii HUPOK CTIOCTEPIrajiucst y ceMu
TMAaIi€HTIB, MOJIIAKTUIIISI — Yy IIECTH TMAaI[iEHTIB 3 OXUPiH-
HSIM, a 3aTPUMKA ICUXOMOTOPHOTO PO3BUTKY — Yy IBOX.

Atmus 3i criiBaBT. y 2019 p. onucanu koroprty 3 23 aiteit
3 Cbb 3 anomanissmu Hupok [20]. Meniana BiKy Ha MoO-
MEHT IIOCTAaHOBKM JiarHO3y cTaHOBMJIA 84 Micsii. ¥ Bcix
23 niTeit OyaM BUSBIECHI aHOMaJlil CEYOBMBIIHUX IILISI-
xiB 3a ganumu Y3/. Lli aHomauii BKIIOYaJIM MOJIKiCTO3
(34,8 %), minBuIeHY rinepexoreHHiCTh HUPOK (34,8 %),
rinomasito nmpuHaitMHi omHiel Hupku (21,7 %) i rigpo-
Hedpo3 npuHaitMHi oxHiel Hupku (17,4 %). MixypoBo-
CEUYOBITHMUI pedIIIoKC i HEWpOreHHUI CEYOBMH Mixyp
BusBieHi B 11,1 1 22,2 % nauieHTiB (3a JaHUMHU LIUCTOY-
peTporpaMu) BiImoBigHO, mporeinypist — y 39 %, rinep-
TeHsist —y 21,7 %. Y mectu 3 23 nmiteit (26 %) y 1iii Ko-
ropti Oynu goBeneHi myTalii y renax BBS. IT’sarepo 3 Hux
(83,3 %) manu roMO3UTOTHI MyTallii B reHi BBS10, a onHa
3 HHX MaJla TOMO3MIOTHY MyTallilo B reHi BBS2. ¥ Bcix 23
JiTeii OyB MIrMeHTHUI peTuHIT, y 22 i3 Hux (95,6 %) Oynu
TPYAHOILI 3 HABYAHHSIM/KOTHITUBHI MOpyllIeHHs, a 'y 17
(82,6 %) — oxkupiHHS. YpaxkeHHsS HUPOK 3apa3 BU3SHAETh-
Csl KapAWHAJbHOIO O3HAKOIO Ta HaWBaXJIUBIIIUM (haKTO-
poM, 110 cripu4uHsie cMepTHicTh pu CHB.

Kwuraiiceki nocnignuku Wang i criiBaBT. MpOBeJId KOMIT-
JIeKCHMI aHani3 4 minrBepmkeHux Bunaakis Cbb y miteit
BikoMm 8—10 pokKiB, 1110 cIOCTepirajncs y HepoJoriuHOMY
BimminenHi [lekiHchkoi auTsdoi Jikaphi [21]. ¥ Bumagkax
1, 2 Ta 3 BaHaMHe3i OyJ1a MoJIiypisl Ta IMOJIIAUTIICIsI, Y BUIIAI -
Ky 4 3axBOpPIOBaHHsI pO3II0YaOcs 3 HAOPSIKiB Ta OJIrypii.
V Bcix ciocTepiraiucs He3HayHi 3MiHA B pyTUHHOMY aHa-
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Ji3i ceui. Y Bumazgkax 3 i 4 coctepiraiacsi HeBeJMKa abo
CepenHsT MPOTeiHypisl. Y XKOAHOI IUTUHU He OyJIO MiKpo-
CKOITIYHOI reMatypii. ¥ BCix crocTepiraBcs pi3HUI CTYITiHb
ypaxkeHHsI HUPOK, Y BuIagkax 1 Ta 3 OyJ0 BCTaHOBJIEHO
XXH III cr., y BumanKky 4 — XXH V ct. 3 moTpe6oio y mia-
Jizi. Y BCix BUMaaKax CIocTepiraaucs O4eBUIHI aHOMAaJTil
VY3]1 ceyoBUBIIHUX NUISIXiB, Y 3 3 HUX OYyJIM XpOHIUHi qu-
Gy3Hi ypaxkeHHs 3 YTBOPEHHSIM KicT 000X HUPOK. B omHiel
MATUHU OyJia TUCTUIa3isl MpaBoi HUPKM Ta 3pollieHa HUPKa.

YV Hamoro mauieHTa 5 pokiB € Bci ocHOBHi ntposiBu CBb:
MOJIiJaKTUIIisl, TIirMeHTHA AUCTPOdist CiTKiBKY, KOTHITUBHI
MOPYIIEHHS, OXKUPiHHS, TiIMOroHaAU3M Ta YpakKeHHST HU-
pok. Cepen ApYropsiIHUX O3HAK — MOPYILIEHHSI KOOpAUHA-
11i1, 3aXBOPIOBaHHS KUIIEYHUKA Ta MeviHKu. | xoua nmepuii
o3Haku CBb Oynu BusiBIeHi ofpa3dy Micjisi HapOKEeHHSI,
BiK BCTaHOBJIEHHSI JiarHO3y OyB 3 pOKM, KOJU BigOyiacs
MaHidecranis iHmmx o3Hak CBb, sk-or HaamipHa maca
TiJla Ta KOTHITMBHI MopylieHHs1. Bapro 3ayBaxkutu, 1o y
XJIOIYMKa Oysia BUsiBJieHa MyTallisi reHa BBS10. Taka my-
Tallis YacTillle acOIIOEThCS 3 YPaXKEHHSIMU HUPOK i I10-
JmigakTwiiero [1], a TakoxX BUIIUM iHIEKCOM MacH Tila y
Bili 2—11 pokiB, 1110 OyJIO XapaKTepHO B OIIMCAHOMY HAMU
Bunaaky [22]. He3Baxkarouu Ha ypaxkKeHHsI HUPOK, Y IIpel-
CTaBJIEHOTO TAlliEHTA Ha LIeif MOMEHT HEMAa€ 03HAK PO3BU-
TKy XXH.

VHiKaJIbHICTh TAKOTO BUIMAIKy — Yy iloro MaHigecra-
mii B YkpaiHi. [luTrHa ycnaakyBajia Ba PeLiECUBHI TeHU
Cbb Bin 6aTbka KaBKa3bKoi HALLIOHATBHOCTI (151 KUTEJTiB
KaBKa3bKOTO PeTioHy XapakTepHi nedektu B reHi BBS10)
Ta XXiHK €BPOIEHCHKOI HAIIIOHAIBLHOCTI — YKpaiHKu. O~
HakK y TMorepenHix 1uiodax B 000X 0aTbKiB Oyau 310pOBi
TTH.

BuUCHOBKMU

Cbb oxorutioe MMPOKUii CIEKTP KIIHIYHUX 03HAK, SIKi
JIOAATKOBO BapilOIOThCS 3aJI€KHO Bill T€HOTUITY 3aXBOPIO-
BaHHs. Po3mizHaBaHHSI paHHIX O3HAK, TaKUX K MOJigaK-
TWJIisl TA CHHIAKTUWIIIS, BDOJDKEHI Baly CE40CTATEBOI CUCTE-
MM i ypaxkeHHsI HUPOK a0o0 1X CTPYKTYPHi aHOMaJlii, MatoTh
HACTOPOXYBAaTU KJIiHILMCTIB IIOAO0 MOXKJIWBOTO AiarHO3Y
CBb no momeHTy MaHiecTallii iHIIKUX KJIiHIYHUX O3HAK.
PanHg niarHocTrKa Ta BiAITOBiIHE KJTiHIYHE CITOCTePEKeH-
HS$I 1al0Th MOXJIMBICTh BUACHO pearyBaTH Ha IporpecyBaH-
HSI KJTIHIYHUX O3HAK 3aXBOPIOBAHHS, TAKUX SIK BUHUKHEH-
HSI HUPKOBOI HEIOCTATHOCTI, 1110 € OCHOBHOIO TTPUYNHOIO
cMmepTHocTi manieHTiB i3 Chb.

KonduikT iHTepeciB. ABropu 3asBJsIIOTH PO BiACYT-
HiCTh KOH(JIIKTY iHTepeciB i B1acHO1 (hiHaHCOBOI 3alliKaB-
JIEHOCTi MPY MiATOTOBII JAHOI CTATTi.

Indopmania npo dinancyBanngd. OtpumaHHs (hiHaH-
COBOI BUMHAaropoau 3a ydyacTb Yy JOCJiIXKEeHHi a0o Hamu-
CaHHS PYKOITUCY He Oyno. [xepesna ¢piHaHCYBaHHS TOCITi-
JKeHb BiJl (hapMalleBTUYHUX KOMITaHil, 3alliKaBJIeHUX Y
MPOAAXY MOCTiITHULIBKUX TIpernapaTiB, He Oyso, BCi AOCITi-
JDKeHHST Ta JIIKYBaHHS TalliEHTa, ONMKMCAaHOTO B PYKOITHCI,
MPOBOIMIINCS 3a BIACHUI KOIIT. Bynb-sikoro dhiHaHCyBaH-
HS Bif opraHi3alliii, 3alliKaBJeHUX y MeBHUX Pe3yabraTax
IOCJiIXKeHb, IiJl Yac HallMCaHHS PYKOIIUCY He 0YJI0.
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Nephrological aspects of Bardet-Biedl syndrome in pediatric practice: a clinical case and literature review

Abstract. Bardet-Biedl syndrome (BBS) is an autosomal recessive
ciliopathy characterized by retinitis pigmentosa, obesity and re-
lated complications, postaxial polydactyly, cognitive impairments,
hypogonadotropic hypogonadism and/or genitourinary anomalies,
as well as developmental defects and/or parenchymal diseases of
the kidneys. Traditionally, diagnosis of BBS has relied on the pres-
ence of clinical manifestations, with subsequent confirmation
through genetic testing. However, clinical features of BBS manifest
at various ages, which may delay diagnostic processes. The average
age of BBS diagnosis is 8—9 years, but the presence of congenital
renal anomalies together with other features, such as polydactyly or
syndactyly, which can be detected prenatally or at birth, provides
grounds for including BBS in the differential diagnosis much earli-
er. Additionally, the presence of renal and genitourinary anomalies

results in chronic kidney disease (CKD). In some patients, CKD
may progress to renal failure, which is the main cause of mortality
among individuals with BBS. This article presents data on possible
manifestations of BBS, the role of kidney injury in its diagnosis, as
well as other syndromes and clinical features that require differen-
tiation from BBS. A clinical case is also described of a patient with
BBS presenting with polydactyly, retinal dystrophy, overweight,
other congenital anomalies, and, notably, renal involvement, which
enabled suspicion and diagnosis of BBS at the age of 3 years. Al-
though BBS has no specific treatment, early detection allows for
the involvement of a multidisciplinary team in patient management
and may reduce the risk of severe complications, such as CKD.
Keywords: Bardet-Biedl syndrome; ciliopathies; kidneys; kidney
failure; children

Tom 14, N2 3, 2025

www.mif-ua.com, http://kidneys.zaslavsky.com.ua 49



AN HOTATOK



0. CYIEKOBOHKIA

S H0PUONYHA
' [IMEHA

L MEJIWYHIX
PALLIBHIK

KAIHIKA CYYACHOT HEBPOROFj “AKCIMED"

[locibHMK MicTUTb BKpal HeobxigHy IHdopMalil [ons
KOMHOr0 MeMYHOr0 NpauiBHUKA He3anexHo Bif HanpAMKY
noro pianbHocTi. KHura byne HapiiHUM NOMIYHUKOM Y pasi
BUHUKHEHHSA KOHPNIKTHUX abo HenepenbayyBaHuX CUTYaLLiiA
Y LLOJGHHIN NPaKTUYHINA OIANBHOCTI.

+(0d) 390-0058




HiTpodypaH z
OCTaHHbLOro
NMOKONIHHA'

20 TABJIETOK, BKPUTWX OBONOHKD 0 RMLUAISD45/01/01

fE. (HETRYwIs JCTOCy R

Crnaag: ,.Emvapemm-mpmnu 200 Mr;}oww«pruww
£000, 1ans.

MBHlG CTESPAT, WEAATHH, wla«sm. caxapada, marho xapGarar, TTary
niowcwyy E171), aice B ann ounineRa.
Tinn goknagHoi eSopaayli g, TRl S8 MATMNHOTD JACIOCYDArSIL

3 Monlnem C| Mﬂuﬂumwnm wopa, 11
201121 Minan! - Hranis. Bigobee: floanens

Dapmaneytiui C Bia Bontypwo, 38 -
@ mjm \‘Kuumne c'mn'p:mﬂﬁ""'w"‘ A
‘

MAKMIPOP

HipypaTenb, Tab. 200 mr

3SHAUAITb BUXIA
3 IAGIPUHTY
XPOHIYHOro
NPOCTATUTY™

© Llnpokuin cnekTp aii (TpuxomoHaga,
Mikonnasma, 6akTepiansHa dropa)?

© MiHiManbHMN piBeHb Pe3UCTeHTHOCTI
naToreHig**

© [lo6bpe NpoHUKAE B TKAHUHY
nepegmixyposoi 3ano3n*

Koporwa xapasTepwcriena nikapcokora 3acofy MAKMIPOP, mﬁmanpuntﬁunmm PJ'CIFLIA."SMMI."N mmsyupammnuasnummmau
Talmena wicrirs digyperenn 200 wr. Mikapeska popna: rainer, kprri MNokasanms. &) i IHGERLE, BARMKZH YyTINENMY 10 NpENapaTy
SOy eAKaMA (ATOrEHHING MIKDOOPCRHENEN, TORKOMOHATANM, rpaﬁﬁam piprame, ioavininn, rpwbiamu pogy Candida). 3B0peani ceuncraresdi cacTews (ACTHT,
yperpu, nienonefpe, nieni). Mporunoxasanss: Bilona EMeT/ansH2 NgBALEAT YYTIHEICTS 10 Likuck mmuaﬁnmmmunmﬂm ngenzpary. (nod6
mﬂﬂm&mhmmm jbpwﬂmﬁ:mipaanmmﬁynmmwmwmmmm THERa N MOMAKEDCTL ) AiyEAHHA
p i 'umaﬁoh‘amlp@nmmm Kpew safinanoiii, Basmueo: naujesram, Ak wmmﬂanmwmmﬂnw
mm i 3y 04 1oy, H R 1] 430 FIEYBAHHA,
mMampq]mwmeuc,npemmoanwmme,qnmmmmmmmmamm.ﬂmmiIﬂpmmmmpu.\epemummmaammmMmminuam pa}.umuam
npkifoni. TipwiivaTi ngenapar nicna L TouBanicrs NKYBSHHA CTaHOBMTH 8 cepebomy 10 1uis, eyl cespsuaiin winms, Jopocni: pexweniosana 1033 npenapary
JAENTD B THRKDCT 33XEODKIBAHKR | CTasI0BATH 3-6 Tafineron wa oy (ro6ma no 200-400 Mr) a npsibam 3 paz Ha e NcnA (39, Kype nikYBaHNA CTaROBAT B CEpefisomy 1-2
T Jimu & 6 powis | amapuie: pesaeni0eaea 4033 craneas 10-20 r Ha 1 v wao Tina Ha Aoy, poaginesa ka2 npuiowd. I'Ipummmﬂmnm Iaﬁnm Mampupﬁm

M2 33CTOCCEYEATH AR (DGO SEsA KYD) Nikyeai o wyBaHHA sl CEOBAEIDHAX WA
TRABHOTO TDaKTy:pidko (< 1/10 000, <141 000): Hyaors,fipkora s pori, apes; Mnﬁwmﬁuw Giniopais, pxnendn, :ﬁwwnlp« ipich
Wostei ameprivei peanuic e ik < 1/10 O00): Bchrianitn Ha Lukip, porsne Aika, ceepfi Mopywenis 3 Boky mpauemtmem nepiepiki Hedpanati. Baaemopia 3
HULIAMM AiKAPCIHMH 330538 TR Ml Buiw B3aemogii, Knikio BcTakoanee. Dapmaronoriui
MWMMMWMMWEWHWW Wﬂh Jocni i /in i P mEKTp il

TOTH MIKPOOPraHI3MES, WO BINKIMKIITY iNeeUl CeOCTaTeBOf CACTEMM, TaKOM RNGCTWES GHTAMPOTI30RMA | NPOTHTWGKDES SXTIBHICTL. %wrenbs nm&lmwm
3a(060M 7 TRNHEraTHBHAX | TpaMNO3HTHEH K 2epoBiany | axaepabiat GakTepii. Hidyparens ne e va Lactabadilus spp. Hiyparens He Bawtkae nepexpecsy peanCTesHicTs
Mikpospraiwie 40 Ik npenaparie. 3a 30 PaKia e BUABAEHO MOIHOTD BHTIAKY PESHCTERTHOCT 10 Higyparen. Dapuwaronemusn, Higyparem mmmmﬁmmﬂw
PPAKTIYHO Y B TXa#HRX opraniawy. Tepion Haniapoanafly CTanoBMTs 2,75 + 0,8 rogsten. MipwGnissio 015 % HiGypaTent BUBORITEA 3 (B4EHD B HESMINEROMY BWTAR. |
VACTWHR EMBHTLCA Y BAMAR) Meraboniis. Hi b HE BIABREHHA ¥ BHYTPILUMEANESEIOBIH UMpRyTEALT, TR OTDAMEHHA ETanGHOE infopaaLi 3HafoMTE 3 HOTpYKLEN
A MEIRHON 33CTOC/ERKA Nk | GOpMaLER AR dexieyie EDPOHH 30P0S'A | NOLEPEHHA Nig Yac cemikapis, KongeperLil, Cun0siiME T2 L H2yNDERY
SAAIB 3 MESHHOI TEMITARN.

1, Dubind . Antimi ¥ ; i i 1565

2 ey i , Wi MO o SR 05012017,
Yorasn LB, e P i RS mmﬂw‘ paners, 104, 2015,

4 framsa B, i sniaaa, 194, 2020,

Cxema nikyBaHHA XpOHi4YHOro npocratury*

1-7-1 peHb nikyBaHHA HacTynHi 10 gHiB nikyBaHHA

NleBodnokcauyuH
OpHigaszon
HipypaTens (Makmipop)

IHdopmauia npo nikapcekuii 3acib. Indopmadia anA daxisuie oxopoHK

0,5r 3 pa3u B geHb

0,5r 1pa3 B geHb

KeiteHb 2021

2 1abn. 3 pa3u B aeHb

3/10p0OB'A ANA BUKOPUCTaHHA B NpodeciiHii AiansHOCTI. FARMA

) 1 04119, m. Kuis,
BupoBHWK nikapceKoro 3acoby: yn. 0pia lnnerka, 83-1, o6, 404
[Honnens ®apmaueyTiui Cp.n. Bia BontypHo, 48 — Keinto fe Cramni — Ten.: (044) 538-01-26,
20089 Pouuano (MI) — Itania, daxc: (044) 538-01-27

E’
P
] ¢




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket true
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Remove
  /UsePrologue true
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
    /Peterburg
    /Times-Bold
    /Times-BoldItalic
    /TimesET-Bold
    /Times-Italic
    /TimesNewRomanPS
    /TimesNewRomanPS-Bold
    /TimesNewRomanPS-BoldItalic
    /TimesNewRomanPS-Italic
    /Times-Roman
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /MonoImageFilter /FlateEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f300130d330b830cd30b9658766f8306e8868793a304a3088307353705237306b90693057305f00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /FRA <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2540 2540]
  /PageSize [612.000 792.000]
>> setpagedevice


